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Abstract

The development of innovative and convenient methods for efficient synthesis of C-glycosides
could facilitate access to novel potent therapeutics. Distinct carbohydrate donors are useful
precursors for direct C-C bond formation. Vinylogous dienolates, as one type of C-C bond
formation substrates, can act as enabling chemical tools for introducing the desired motifs in an
atom-economical and efficient manner. However, the vinylogous dienolates are underreported in
C-glycosylation. The development of novel catalytic methods for C-glycosylation with vinylogy
concept, such as Lewis acid or halogen bond catalysis could open up new ground in carbohydrate
chemistry.

In this work, we have demonstrated a number of C-glycosylation methods, including a
Zn(OTf), catalyzed Ferrier rearrangement utilizing vinylogous dienolate nucleophiles achieving
a-anomeric selectivity and absolute vy-regioselectivity. Additionally, we have disclosed a
Ca(NTf,). catalyzed strain-release pyranosylation displaying high p-anomeric selectivity using
various vinylogous dienolates. Further, the influence of different O-6 substituents of the
carbohydrate as well as protecting groups and a-/y- substitutions of the dioxinone dienolates were
studied. A thorough investigation of the reaction mechanism by in situ NMR measurements
unveiled the previously unknown significance of water. Finally, we unraveled the first solely
halogen bond (XB) catalyzed y-vinylogous C-glycosylation through glycosyl trichloroacetimidate
donors. To show also possible applications of the obtained products, the C-glycosides were tested

in cell-based assays and revealed potential activity in the hedgehog signaling pathway.

C-glycosylation

APl O O
RO O OR P Lewis acid catalyst RO Z
77 | > o0
OR -
RO W\OPG halogen-bond catalyst RO OR_-><,




Zusammenfassung

Die Entwicklung von neuen und anwenderfreundlichen Synthesemethoden fir C-
Glykosylierungen kénnte zur Entdeckung von neuen und aktiven Wirkstoffen fiihren. Modifizierte
Kohlenhydratdonoren sind nitzliche Ausgangsstoffe fir die direkte Bildung von neuen C-C
Bindungen. Vinyloge Dienolate konnten als Bausteine dienen um die gewinschten Motive auf
atomdkonomische und effiziente Weise zu synthetisieren. Jedoch sind vinyloge Dienolate im
Kontext der C-Glykosylierung schlecht erforscht. Die Entwicklung neuer katalytischer Methoden
fir die C-Glykosylierung, zum Beispiel durch Lewis Sdure oder Halogen-Bindungs Katalyse,
kénnten neue Mdglichkeiten in der Kohlenhydratchemie eréffnen.

In dieser Arbeit haben wir C-Glykosylierungen anhand einer Anzahl verschiedener Reaktionen
gezeigt. Diese beinhalten eine Zn(OTf).-katalysierte Ferrier-Umlagerung mit vinylogen Dienolat-
Nukleophilen, welche sich sowohl durch a-Anomerenselektivitat als auch durch eine absolute y-
Regioselektivitdt  auszeichnet.  Zudem  konnten  wir eine  Ca(NTf.).-katalysierte
spannungsgetriebene Pyranosylierung mit hoher B-Anomerenselektivitat entwickeln, in welcher
verschiedenste Dienolate verwendet wurden. Des Weiteren, wurden die Einflisse verschiedener
0O-6 substituenten am Kohlenhydrat sowie verschiedener Schutzgruppen und a-/y-Substituenten
am Dioxinonedienolaten untersucht. Eine Untersuchung des Mechanismus durch in situ NMR-
Messungen zeigte eine zuvor unbekannte Beteiligung von Wasser an der Reaktion. Schlie3lich
konnte die erste, nur durch Halogen-Bindungen-katalysierte (XB), y-vinyloge C-Glykosylierung
mit  Glykosyltrichloroacetimidséureesterdonoren  entwickelt werden. Um  potentielle
Anwendungen der erhaltenen C-Glykoside zu erforschen, wurden diese in Zell-basierten Assays

untersucht und zeigten potentielle Aktivitat im Hedgehog-Signalweg.

C-Glykosylierung
o ) o
RO © OR O’X\O Lewis-S'aiure-KataIysator> RO ./ .
+ i 1 [ 0O (0]
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1 Introduction

Efficiently accessing biologically active molecules is a fundamental research area in developing
potential candidates or tool compounds in chemical biology, medicinal chemistry and drug
discovery. Carbohydrates are considered as one of the most prevalent biomolecules due to their
crucial roles in mediating biological processes including cell-cell recognition,! inflammation,?
cellular respiration and post-translational modifications.® As a result of this, they can also serve as
biological active substances. C-glyosidic bonds are enzymatically and chemically stable towards
hydrolytic enzymes in vivo and therefore C-glycosides have become a potential alternative for the
naturally labile O-glycosides in therapeutic applications.*

One successful example is the development of a series of sodium glucose co-transporters
(SGLTs) 2 inhibitors to target type Il diabetes based on Phlorizin.® Phlorizin has played an
important role in the investigation of renal glucose reabsorption but was later found to be a non-
selective SGLTs inhibitor.® The O-glycoside Phlorizin has poor metabolic stability due to p-
glycosidase degradation in vivo. However, the clinically approved C-aryl glucoside derivatives,
Empagliflozin, Dapagliflozin and Canagliflozin, showed resistance to degradation in the

gastrointestinal tract and was confirmed to be a selective SGLT2 inhibitor (Figure 1).°

N
HO Cl o)
e T T
HO (0]
OH
Empagliflozin (EMPA), 2014
Jardiance®, Boehringer Ingelheim
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s N ~ <
HO OH OH ( h
O O HO Cl OEt
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0
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OH Dapagliflozin (DAPA), 2014
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(& J

( N\

HO Me
HO & O i/ \
: .
OH F

Canagliflozin (CANA), 2017

Invokana®, Janssen
. J

Figure 1. Structure of SGLT2 inhibitors.
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1.1  General synthetic methods of C-glycosides

Carbohydrate building blocks acting as donor precursors for direct formation of C-C glyosidic
linkage are the key substrates in C-glycoside synthesis. Examples include C-glycosylation via
glycals (Figure 2; a),” glycosyl halides (Figure 2; b)}? strain-release reactions from 1,2-
cyclopropanated sugars (Figure 2; ¢),° thioglycosides (Figure 2; d)1° and glycosyl imidates (Figure
2;e).1t

(a) C-glycosylation through glycals
—0 catalyst 0
RO C-nucleophile (R1O)%C‘R

(b) C-glycosylation through glycosyl halides

0
ROPT=\x  _calabst o
X=F Cl.Br | C-nucleophile (R'O) C-r

(c) C-glycosylation through 1,2-cyclopropanated sugars
(R'O)< catalyst (R'0) C-Rr
C-nucleophile
R' R'
(d) C-glycosylation through thioglycosides

—7O0 catalyst le)
1 = A: , —_—
(R'0O)™= S\RZ C-nucleophile (R1O)%C‘R

(e) C-glycosylation through glycosyl imidates

NO
(R'0)" =10 _CCls catalyst
T i

C-nucleophile (R'0) R

NH

Figure 2. Representative carbohydrate donors and the methods for the synthesis of C-

glycosides.*



1.1.1 C-glycosylation via glycals

Reactions in which glycals can undergo nucleophilic substitution at the C-1 position followed
by allylic rearrangement to convert into 2,3-unsaturated glycosides are commonly referred to as
Ferrier rearrangement (FR, Scheme 1).4'213 Lewis acid catalyzed Ferrier rearrangement gets

undoubtedly the most attention.?

RO Lowis acid RO z e) RO

ewIs acl u
oY A oy M oy
RO~= = ~—Nu

Scheme 1. The Ferrier rearrangement.'?

The acyl group at C-3 is activated by a Lewis acid to form the oxocarbenium ion which is
attacked by a nucleophile (Scheme 2).!2 The stereoselectivity is primarily determined by the
conformation of the oxocarbenium intermediate at the C-3 position. Another factor affecting the
stereoselectivity is through nucleophilic attack by the carbon nucleophile of the lower energy
conformation I. The formation of the favored half-chair conformation (a, H) results from the
bottom face attack of I; the top face attack of | leads to the disfavored boat confirmation (3, B).
As a result, the a-anomer is the predominant product but formation of the B-anomer cannot be

completely suppressed.

Nu
pa H 1 o
R'O
S — ")
3OR1 Nu R»]O 4

R / RC o H
R4 O® Nue favored o-anomer
— N\ o pi
M_ Nu
I 3 Nu
favored \ R4 R H

o L

R'O Lewis acid BB ¥
|y, ———— disfavored o

R'O 2
2 Ce—
R\“/O OR1 R1O -0
© / R? RANU
A RY O® © o, B \
LA = Lewis acid HN=37" Nu X\
\_ Nu OR! o Nu
[ y R10
disfavored RE A M » _
4
for glucal: R® = H, R* =OR ks o  Nu RO
for galactal: R® = OR, R* =H B, H B-anomer

Scheme 2. Stereoselectivity of the Ferrier rearrangement.?



Strong Lewis acids such as BFz-OEt, and TiCls were initially employed in the FR reaction,
however milder reagents such as Yb(OTf)z and Zn(OTf). were found to be efficient catalysts of
these reactions. Schmidt et al. reported that Yb(OTf)z acted as a good catalyst for this reaction
with a number of silane nucleophiles 2a and 2b on the acetylated glucal 1 (Table 1) with high
stereoselectivity and good yields.” However, when the optimized condition was applied to the silyl
enol ether nucleophiles 2c and 2d, the good yields were maintained but the stereoselectivity
slightly decreased. Furthermore, it is worth mentioning that enhanced variety was reported by Grée
et al. who utilized an ionic liquid as solvent under Yb(OTf)z catalysis to perform the FR reaction
with high stereoselectivity for the highly reactive silyl enol ether nucleophiles 2¢ and 2d (Table
1).14

Table 1. Yb(OTf)s catalyzed Ferrier rearrangement with silyl-nucleophiles.”*

o
AcO | Yb(OTf)3 > ACO O .Nu
K C-nucleophiles (2a—2d)'
AcO it AcO™ =
OAc
1 3a 3d
0, 0, H H
C-nucleophiles Product 10.moI % Yb(OTf); 5% Yb(.OTf)3 in [omim][NTf,]
Yield % a/B Yield % a/B
~SiMe; o 80 > 95:5
2a
& siMe; a 65 > 95:5
2b
OSiME3
8:1 65 > 95:5
Ph
2c
OSiMe3
©/ 11:1 65 > 95:5

2d

Kashyap et al. developed an efficient and versatile C-glycosylation protocol involving non-
toxic and mild Zn(OTf)2.2® The O-acetylated glucal 1 (Scheme 3) was converted to the a-anomer
as major product in high yields. The silyl enol ether 2d was successfully incorporated into glucal
1 to generate the desired C-glycosylation product 3d as a stereocisomeric mixture due to the
prochirality at a-carbon position. In addition, acetylated galactal 4 was further reacted with



acceptors 2a and 2d respectively under Zn-mediated C-glycosylation to afford the corresponding
galactosides 5a and 5b with excellent yields and anomeric selectivity. The stereochemical outcome
of the above mentioned reactions commonly favored the a-anomers which were consistent with

the mechanism previously discussed.
0}

AcO 10 mol% Zn(OTf), 0. Nu
| C-nucleophiles (2a, 2d) ACO/I;F
-nucleopniles a,
AcO 1,2-dichloroethane, 40 °C AcO™ NF

c
OAc
Glucal: 1 3a,3d, 5a, 5b

Galactal: 4
O (\Y O N
AcO N AcO AcO SN Ao 0 \Q
AcO™ N i 0 A0 i /IJ 0
AcO™ AcO” NF
3a 3d 5a 5b

97%, o = > 99:1 92%, o:p = 84:16 96%, o only 93%, o only

Scheme 3. Zn(OTf)2 catalyzed Ferrier rearrangement with silyl nucleophiles.®

1.1.2 C-glycosylation via 1,2-cyclopropanated carbohydrates

1,2-cyclopropanated carbohydrates as another sugar substrate class combine the highly reactive
cyclopropanes with the diverse functionality and unambiguous stereochemistry of carbohydrate
chiral pool. The cyclopropanated carbohydrate ring opening reactions lead to highly stereo- and
regioselective products due to the pre-established chiral structures of the cyclopropanes on the
carbohydrate. This is aided by the electronic influence of the endocyclic oxygen. For instance, the
cleavage of the non-shared 1,1’-cyclopropane bond generates the C-2-branched pyranosides
(Scheme 4; pathway a). In contrast, the breakage of the fused 1,2-bond results in the ring expanded

oxepines (Scheme 4; pathway b).®

- 7N

RO O ,Nu pathway a R'O ~ 01 pathway b R'O 0 -Nu
1,1'-bond cleaves R2 1,2-bond cleaves
; R? - - 1 1 - —> RO R?
R'O ring opening R'O 2 ring expansion ===
OR’ OR!
2-C-branced pyranosides oxepines

Scheme 4. Possible ring opening pathways of 1,2-cyclopropanated sugars.*®

The majority of 1,2-cyclopropanated carbohydrates were synthesized by reactions of the glycals
under Simmons-Smith conditions, Makosza two-phase methods or using diazoesters carbenes

(Scheme 5).1%1718 The classic Simmons-Smith cyclopropanation utilized diiodomethane in the



presence of a zinc-copper coupling reagent (Zn/Cu) or diethylzinc to convert unfunctionalized
alkenes to cyclopropanes.’® The metal carbenoid was delivered to the same face as the nearest
oxygen substituent since the zinc coordinates to the 3-OR?! group and generated the unsubstituted
cyclopropanes. Alternatively, the Makosza and diazoester cyclopropanation favored the less
sterically hindered face.’” In the Makosza method, glycals were treated with chloroform in the
presence of sodium hydroxide which further dehalogenation by LiAlHs. This formed the
methylene cyclopropanes. Furthermore, the diazoester cyclopropanation catalyzed by transition
metals led to functional donor-acceptor cyclopropanes.

(0] (0]
R'O | diazoester method _ R'O CO,R
R'O N,CHCO,R, M (Cu or RhL,,) R'O

OR! OR!

Makosza method
CHXj3, base

Y

o
R1O o X R1O
R1O X LiAIH, © RO

OR! OR'

Scheme 5. Synthetic routes to 1,2-cyclopropanated carbohydrates.®

The 1,2-cyclopropanated carbohydrates mentioned above typically required relatively harsh
conditions for the subsequent ring opening reaction. Shao et al. reported a catalytic and
stereoselective glycosylation using a newly designed donor-acceptor (D-A) cyclopropanated sugar
6. It predominantly generated a-anomers with TMSOTT as catalyst, whereas the major B-anomer

products were obtained using BFs-OEt; as catalyst (Scheme 6).1°

O0._OR O._.OR
BnO _BF3'Et,0, ROH  BnO © > O  TMsOTf,ROH _ BnO
BnO CH,Cly, 4 AMS < CH,Clp, 4 AMS BnO
J\ 0°C-rt BnO 0°Crrt J\
BnO o7 BnO BnO 0%
main product: p type 6 main product: a type

Scheme 6. Catalytic ring opening reaction via donor-acceptor cyclopropanated sugar.*®



Shao and co-workers first disclosed BiClz promoted ring opening of D-A cyclopropanes 7 in
the presence of C-nucleophilic allylsilanes (Scheme 7).2° Surprisingly, instead of C-glycosylation,
the reaction underwent a recyclization addition tandem pathway to create a quaternary carbon
center in a stereoselective manner. A range of nucleophilic allylsilanes and silyl enol ethers were
investigated and afforded only one diastereomer in high yields. In addition, various carbohydrate

substrates 6 and 8-10 yielded the desired products 11a—11j in moderate to good yields.

ROW 2.5 equiv. BiCl, Romm
| C-nucleophiles - \ Nu
BnO n toluene, —40 °C-0 °C BnO n

OBn OBn
n=0,1 n=0,1
6-10 11a-11j
BnO © » 0 Rrig™N\° » o o
Donors: o —< o —< BnO 0
BnO BnO
OBn OBn BnO
6 7:R"=Bn 10
8:R'=Ac
9:R"=Ms

oBn O

ROTN OO o ROTN OO o
BnO™ ’>\/\\ BnO™ I%

1a: R =Bn; 91%
11b: R = Ac; 85%

11d: R = Bn; 88%
11e: R = Ac; 85%

RO O w0, w0
BnO™ "
OBn

11f: R = Bn; 66%
11g:R=Ac; 71%

11c: R = Ms; 90%

Bno/ﬁjmo 3 N0 O~=0 o ?
BnO o X
-,,I>\/\ BnO
BnO \ BnO BnO
OBn fe)

11h, 85% 11i, 73% 11j, 78%

Scheme 7. BiCls promoted D-A cyclopropane ring opening.

A plausible mechanism proposed that BiCls coordinated to the carbonyl group. This led to the
activation of the cyclopropane causing the ring opening (Scheme 8). In pathway one, water
attacked the anomeric carbon and generated the hemiacetal intermediate 111 which further formed
the bicyclic ring intermediate V1. A second possible reaction pathway was due to the neighboring
group participation (Scheme 8; path 2). The nucleophilic intramolecular attack via the carbonyl
oxygen at the anomeric carbon formed the pseudo bicyclic ring intermediate V1. The intermediate

was trapped by the nucleophile at the convex face to generate the pyran derivatives as one



diastereomer. The preliminary mechanistic studies revealed that the reaction underwent a stepwise

process.?°
Ho _H
Cl3Bi ~0” OBn
0Bn : 3 OBn g o H\O-.ﬂBiCI3
O o
path 1 Ty —— O oBiCl, —> i
W . . " ‘u,
nO BnoO™ 1, P BnO T
OBn OBn OBn "
S I I n
°N.. P sici
"‘< BiCI3 + Hy0
BnO'
OBn B B
QBn ® QBN '\'H®BiC|3

7 path 2 )( 0-BiCls N o \o/o
-~
BnO‘ BnO‘ "’)J\ BnO™ "")J\

OBn OBn OBn
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-— T
OBn
convex face 0 BnO o) ®
BnO n 0
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BnO™ ~0® HH
|NT1(> ‘) INT,
Nu = Nucleophile TS-concave TS-convex
TMSNu

Scheme 8. The proposed mechanism of BiCls promoted recyclization addition tandem

pathway reaction.?

In 2018, our research group developed an ultra-low thiourea catalyzed strain-release
glycosylation via non-covalent hydrogen bonding interactions (Scheme 9).° The reaction could be
performed with as little as 0.2 mol% of the hydrogen bond Kass catalyst 15 to trigger the reaction
between D-A cyclopropnated sugars and 1,3,5-trimethoxybenezene 14 to generate the
corresponding Friedel-Crafts type C-glycosides 16a-16¢ in moderate yields and good
stereoselectivity. However, other less reactive C-nucleophiles including mesitylene, 1,3-
dimethylbenzene, 3-cyanocoumarin and anthracene were unsuccessful. In situ NMR monitoring
was performed to reveal the reaction mechanism where the rapid disappearance of donor 10
corresponded to the immediate formation of product 18. Concomitantly, two non-isolable
intermediates, 17a and 17b could only be detected by NMR measurements.® The disappearance of
intermediate 17a corresponded to the steep increase in the formation of 18 in the initial fast
formation phase. Whereas the depletion of intermediate 17b was consistent with the slow
generation of 20 afterwards. Therefore, a plausible mechanism according to these results was
proposed. The simultaneous hydrogen bond activation of the oxygen on the alcohol nucleophile

10



by the thiourea catalyst weakened the O-H bond. This led to the resulting acidic alcohol proton to
activate the carbonyl of 10 in the rate limiting step. Owing to the anchimeric assistance by the C-
2 ketone moiety, the bicyclic intermediates 17a and 17b were formed and attacked by nucleophile

in a highly stereoselective manner.®

MeO OMe
0.2 mol% 15 0
PhF,50°C  BnO OMe
BnO
10,12,13 o
16a-16¢c

MeO. OMe MeO OMe MeO OMe
O :Q/ <OJJ©/ O
/lln
BnO OMe BnO  »—-, OMe BnO ., OMe

16a 16b 16¢c
76%, o:pp = 85:15 59%, o = 85:15 55%, B:a = 88:12
Proposed mechanism
RO
o bord 0 @ H
dro9e 0®
omitent Y ctivatio® BnO
CO“C Gd ‘ S
and 297 atway BnO
e 17a \
ste
(ate de\e‘mmmg donor-acceptor
ion pair O_ .RO

BnO
O|||||H
II,H BnO

parallel Mminor pathway
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=H H

7b
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Scheme 9. Ultra-low thiourea catalyzed strain-release glycosylation and the proposed

mechanism.®
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1.1.3 C-glycosylation via glycosyl imidates

In 1980, Schmidt introduced the glycosyl trichloroacetimidate strategy which has become one
of the most popular glycosyl donors as only catalytic amounts of promoters are needed to trigger
the glycosylation.?! Glycosyl trichloroacetimidates exhibit beneficial donor properties such as
generation of high product yields and highly anomeric stereocontrol. The use of sodium hydride
or DBU for the formation of glycosyl trichloroacetimidates generates the thermodynamically
favored a-anomers, whereas the use of KoCOs generally yields kinetically controlled 3-anomers
(Scheme 10).2%22

~ QO NaH or DBU K2CO3 ~— 0
R'— -— RI==—Q oy + CClCN R'—=—_o._ _ccl,
o\n/ccl3 NH
NH

o-anomer
thermodynamic product

p-anomer
kinetic product

Scheme 10. The formation of glycosy! trichloroacetimidates.?!:?2

Regardless of their broad application for the synthesis of O-glycosides, glycosyl
trichloroacetimidates are less commonly used for C-glycosylation. Schmidt et al. reported a Fries-
type rearrangement from O-aryl glycosides to a-hydroxyaryl C-glycosides 20a—20g using the
glycosyl trichloroacetimidate 19 and electron rich phenol derivatives mediated by TMSOTf
catalysis (Scheme 11).}! However, the less electron rich phenol derivatives, naphthol and
umbelliferone, only afforded the O-glycosides.

BnO OBn o8
0 5-10 mol% TMSOTf _ BnO /= "
BnO BnO C-nucleophiles (@]
Ow_NH  CH,Cl,, 30 °C-rt BnO Nu
BnO
19 CClg 20a-20g
R! OBnN HO
BnO /" HO BnO RS
R? 0
O BnO
BnO BnO
BnO R3 n O
R4

20a: R' = R%®=H, R?=R*= OMe; 65-71%
20b: R' = R* = H, R? = R® = OMe; 59-63%
20c: R' = RZ = OMe, R® = R*= H; 53-55%
20d: R'=R?=R*=H, R® = MeO; 69%

Scheme 11. TMSOTT catalyzed C-glycosylation of glycosyl trichloroacetimidate.!
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C-glycosylation of mannosyl trichloroacetimidate 21 with 2-napththol (22) in the presence of
stoichiometric amount of TMSOTT afforded the exclusive formation of aryl B-C-glycosides 20g,
whereas a preference for the generation of the a-anomer 23 was observed by a ZnCl. promoted

reaction (Scheme 12).%

HO HO
OBn

BnO 0 22 OBn 22 HO
BnO . BnO O .
BnO on < 2 equiv. ZnCl, BnO 1.2 equiv. TMSOTf > BnO 10 O
OO CHyCly, 4 AMS, 1t OYNH CHyClz, 4AMS,0°C  BnO—-2 R~
CCly O
23 21 20g
42% 66%

Scheme 12. Formation of aryl C-glycosides by different catalysts.?

1.2 The concept of vinylogy

Vinylogy is a m-conjugated system which transmits electrons of a functional group to a remote
position in the molecule through internal conjugated double bonds. The atom-economic reactions
show efficiency in constructing pivotal building blocks and stereocenters at y- or even more distant
positions in complex, bioactive compound.?* A large amount of biologically active molecules such
as polyene macrolide antibiotic 24 contain extended and highly unsaturated conjugated olefins
(Figure 3).2°

_________________________

: W .
' R ' : = H
OH OH OH OH OH OH
RK-397 (24)
antibiotic

Figure 3. The vinylogy concept and bioactive natural product RK-397 (24).%

1.2.1 Vinylogous dioxinone dienolates
The cyclic dienolate 26 derived from dioxinone 25 is particularly useful in generating vy-
functionalized product 27 (Scheme 13).25 Dioxinone 25 is stable at room temperature. However,

it rapidly undergoes a retro [4+2] cycloaddition to afford acyl ketene 28 while heating.?* The
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unstable ketene intermediate reacts with nucleophiles such as amines and alcohols to generate the

corresponding p-keto-amides and esters 29,2426

0 o s Y \ X
P L O\\C%)J\ } A 070  base 070 R 0" o

" 29 28 OJ\/\ ‘o)\/J\ ONK/ R
25 26 27

Scheme 13. Transformation of dioxinone 25 to y-functionalized product and ketenes.?*%

The site selectivity of vinylogous dienol ethers is involved in various factors which determine
whether the functionalization occurs at the C-3 or C-5 position (Figure 4).2” For example,
metallodienolates and silyl dienol ethers, highly electron-rich species, possess different electronic
properties at the C-3 and C-5 carbons in the molecule. By calculating the HOMO orbital
coefficients (OCs) and electrophilic susceptibilities (ESs), Denmark and co-workers have proved
that metalllodienolates are easier to react at the C-3 position (higher values of OC and ES at the
C-3 position, Figure 4; a).2"?® In contrast, the silyl dienol ethers are prone to undergo the C-5
addition (higher values of OC and ES at the C-5 position, Figure 4; b). In addition, the reactivity
and site selectivity can be modified by the surrounding functional groups and by certain steric

environments.

0.042 0.090
0.084 0.177
T y om0
/\)\20 MO 0.429
5 3 5 3
A A A A
OC 0.289 0.311 OC 0.302 0.230
ES 0.572 0.614 ES 0.592 0.451

Figure 4. Computationally calculated homo orbital coefficients (OCs, green) and electro-

philic susceptibilities (ESs, blue) of a lithium dienolate (a) and a silyl ketene acetal (b).?"%

In 2014, Hartwig et al. reported an iridium catalyzed, y-selective asymmetric allylation between
a variety of allylic trichloroethyl carbonates 30 and the unstable silyl dioxinone dienolates 31
(Scheme 14).2° The protocol afforded the desired products in moderate yields and high
enantiomeric excess with excellent y- and branch/linear (b/l) selectivity. Subsequently, the higher
y-selectivity was achieved via methyl substitution at the a-position of dioxinone with y-selectivity

greater than 20:1. However, the formation of the unexpected Sn2 linear side product 34 presumably

14



originated from the sterical hinderance of the a-methyl substitution leading to lower
diastereoselectivity in comparison to the non-substituted dienolate. According to control
experiments, the reason of the high regioselectivity and good b/l selectivity of this reaction
indicated the importance for the leaving group of the electrophiles together with the addition of

chiral phosphoramidite ligand.

>< 2 mol% [{Ir(cod)Cl},] ><

O 4 mol% (S,, Sc, S¢)-L (32) Ph O” O

AR + >
R OTroc MOTMS KF, 18-crown-6 WO
R THF, 50 °C R
30 31 33a-33d

(0] (0]
A S 0
33a, 74%, 97% ee 33b, 63%, 90% ee 33c, 67%, 98% ee 33d, 84%, 90% ee
oy =1:10 ay =19 b:l=15:1 b:l => 20:1

___________________________________________________________

Scheme 14. Iridium catalyzed allylic substitution of dioxinone dienolates.?®

A further application of vinylogous dienolates is the C-glycosylation of glycosyl ortho-
alkynylbenzoates 35-37 with the vinylogous dienolates 38-39 catalyzed by PPhsAuNTf; to
provide C-glycosides 40a—40f (Scheme 15).3° The C-glycosylation of glycosyl ortho-
alkynylbenzoate with allyltrimethylsilane and simple silyl enol ethers generated a-anomers as the
major products, whereas the reaction with dioxinone dienolate 38 and linear dienolate 39 yielded
C-glycosides 40a—40f in poor stereoselectivity with o/p ratio of almost 1:1. In addition, the
reaction of 2-deoxyribofuranosyl o-alkynylbenzoates 36 with dioxinone dienolate 38 produced
anomers 40b with higher B-ratio meaning inversed stereoselectivity. The control experiments
disclosed the importance of moisture which was sequestered by molecular sieves to regenerate the

active catalytic gold () species.
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Scheme 15. Gold catalyzed C-glycosylation with glycosyl ortho-alkynylbenzoates and

dioxinone dienolates.*
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1.2.2 Vinylogous coumarin dienolates

Additional to dioxinone dienolates, 4-methylcoumarins are another class of inherent vinylogous
donors with an exocyclic nucleophilic site. The cyclic units of 4-methylcoumarins play important
roles in promoting y—vinylogous addition reactions. Furthermore, the core is a privileged structure

class of heterocycles present in various natural derived and clinically known substances (Figure
5) 31,32

4 methylcoumarlns : Warfarin Scopoletm

Figure 5. 4-Methylcoumarins and compounds bearing the coumarin scaffold.3!%2
In 2019, Zhang and co-workers have established a palladium-catalyzed Heck type vinylogous
C-glycosylation of a,B-unsaturated lactones to attain 2,3-unsaturated C-glycosides 46a—46d in
moderate to good yields and exclusive B-selectivity (Scheme 16).%® Diverse O-6 substituted b-
Galactals including distinct electronic or steric functional groups were evaluated. Interestingly, the
reaction between 3,4-O-carbonate D-allal 42 and 4-methylcoumarin generated the corresponding

C-glycoside 46¢ with a-stereo preference which is inversed to the other results obtained.

5 mol% Pd(OAc),
OO R ~ 7.5 mol% Xantphos (45

§\/RO+EWG/;/\n2 o p ():
o] .3 R DABCO (1.5 equiv.)

0707 v CH,Cly, rt

HO R1

OTBS

OTIPS
HO — 0 (0)
O )
N (0]
c (0] NC
46a 46b 46¢c 46d
88% 85% 80% 84%

Scheme 16. Palladium-catalyzed Heck type C-glycosylation.®
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1.2.3 Vinylogous oxindole dienolates

The oxindole moiety is a core structure in several natural products and nature-inspired synthetic
drugs. A common feature of this complex compound family is the substitution of the C-3 position,
such as 3,3-spirofused oxindoles in spirotrypostantin B and Gelsemine (Figure 6).31*2 Similar to
coumarins, 3-alkylidene oxindole structures have potential vinylogous nucleophilic character.
They possess the dual functional features of a lactam carbonyl moiety fused with a pronucleophilic
exocyclic double bond. This enables intermediates to proceed into a useful nitrogen heterocycle of

varied complexity.

Spirotryprostatin B Gelsemine

________________________

Figure 6. 3-Alkylidene oxindoles and compounds bearing the oxindole scaffold.3%

Li et al. demonstrated the bismuth-catalyzed vinylogous nucleophilic 1,6-conjugate addition of
3-alkylidene oxindoles 48 to para-quinone methides 47 in complete Z-selectivity and excellent
diastereoselectivity (Scheme 17).3* Diverse electronic properties on para-quinone methides 47
were employed under the optimized condition. Investigation of different substitution patterns at

the Cg-position of 3-alkylidene oxindoles did not affect the Z/E values on the diastereoselectivity.

0
By ‘Bu R?
‘ 10 mol% Bi(OTf)z
+ N\ >
| R! OTBS CH,Cl,, -78 °C
N
\
O Boc
47

48

49a 49b 49c 49d
92%, Z/IE = 98:2 93%, ZIE = > 99:1 89%, ZIE = > 99:1 86%, Z/E = 98:2

Scheme 17. Bismuth-catalyzed vinylogous nucleophilic 1,6-conjugate addition.%*
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1.3 Calcium-based Lewis acid catalysts and halogen bond catalysts

Transition metal catalysis has attracted tremendous attention. However, there are some inherent
disadvantages of transition-metal catalysts such as cost, high toxicity and their availability.
Therefore, it is necessary to develop sustainable alternatives which are inexpensive and non-toxic
to the environment. Therefore, early main group metals such as calcium and organo-catalysis are

acquiring more attention, especially in recent years.®

1.3.1 Calcium-based Lewis acid catalysts

Calcium is the fifth most common element in the Earth crust and its common salts are free of
toxicity.®® Therefore, it is logical to create catalysts from calcium compounds both from an
economic and ecological point of view. Despite their apparent benefits, the catalytic potential of
calcium remains surprisingly undeveloped. In addition, the first calcium-catalyzed transformations
were only reported in the last fifteen years.®

The low reduction potential (E° = —2.869 V) of calcium ions means they are considered as inert
towards redox processes under organic reaction conditions. This is an advantage as unwanted side
reactions involving redox activity cannot disrupt the desired reaction pathway. The reactivity of
calcium (11) compounds can be subdivided into two components (Figure 7).3° As a result of its low
electronegativity, calcium (1) as an alkaline-earth metal ion possesses high ionic character.
Therefore, the anionic counterpart has highly nucleophilic character with strong basicity. In
addition, the calcium center itself acts as Lewis acid, in a similar fashion to metal centers of

conventional group 3 elements.

high nucleophilicity / basicity

U U R

R Li* R|(ca®" |R R [ A%

ih i)

electrophilicity / Lewis acidity

R

Figure 7. Reactivity of calcium compounds.®®

When the counterions are adequately chosen, the highly basic character of the calcium ion is
vanquished. Therefore, the best results are achieved by pairing Ca?* with weakly coordinating and
non-basic anions such as TfO, F, FeiPrO" or a mixture of 1:1 triflimidate (NTf;) and
hexafluorophosphate (PFs"; Figure 8). Due to the strong coordination to the hydroxyl groups, the
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high oxyphilic calcium is generally higher in reactivity towards alcohol compounds. The oxophilic
properties can activate the hydroxyl moiety by increasing its leaving group ability as the calcium
ion can coordinate to the departing OH" in its calcium-hydroxide form. In addition, partial or full
hydration of the calcium ions result in strong acidification of the coordinated water molecules
which can further produce a Lewis acid/Brensted acid cooperative catalytic system. Also, the
presence of water molecules might lead to aggregation of the active catalytic calcium species due

to the nature of early main group metals.®®

very low nucleophilicity / basicity

O ¥

_ CF;
R](ca®” [R° R = OTF, NTf,,, PFg, F, 0~

CF,
i)

high electrophilicity / Lewis acidity

Figure 8. Best coordination system for calcium catalyzed reactions.®

Niggemann et al. reported a calcium-catalyzed hydroarylation of a series of different styrenes
50a-50b and alkenes 50c-50d with resorcinol dimethyl ether 51 and other electron rich arenes
(Scheme 18).%¢ The high reactivity of the Ca(NTf2)2/BusNPFg system resulted in the arylation of
dienes and even trisubstituted olefins. The reactions proceeded at room temperature with no special

precautions for the moisture in the air.%

OMe
2.5-5 mol%
R" R? MeO OMe  Ca(NTf,),/BusNPFg
— + >
R>4 <R3 \©/ traces of|H,O R’ (R)ye
CH2C|2, rt 3
50a-50d 51 R4 HR
52a-52d
X
o O~ =
50a 50b 50c 50d
OMe
OMe
OMe O
OMe
L CD
OMe MeO OMe F
52a 52b 52¢ 52d
91% 92% 91% 83%

Scheme 18. Calcium triflimide catalyzed hydroarylation.®
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A further enhancement of the Ca(NTf2). usage was the activation of cyclopropanes to enable
Friedel-Crafts alkylation with benzofuran.®” The addition of dimethyl aryl-, and heteroaryl-
cyclopropanes 53 with different electronic properties of benzofuran 54 were achieved with
complete regioselectivity to provide the expected products 55d-55d in moderate to good yields.

MeOzC
COzMe COzMe
10 mol% Ca(NTf,),/BuyNPF
COMe | (/\/© o Ca(NTf,)2/Buy 6 / O
o) toluene, 70 °C o
) &)
53 54 R
55a-55d
MeOZC
MeO,C COyMe MeO,C, EtO,C
CO,Me Y O CO,Me CO,Et
solvCe ( oC
W . [0 W,
(0] S
55a 55b 55¢ 55d
49% 61% 36% 63%

Scheme 19. Calcium triflimide catalyzed Friedel-Crafts alkylation.*’

The proposed mechanism started with the coordination of the carbonyl group of the
cyclopropane 56 leading to the reduction of the C-C cyclopropyl bond (Scheme 20).3" The
benzofuran 54 attacked the newly generated electrophile to form a zwitterionic intermediate 57.
Proton transfer and rearomatization of the intermediate afford the desired product 55a (Scheme 20;
path a), whereas addition of the calcium enolate to the carbocation on the benzofuran generated
the unwanted side product 58 (Scheme 20; path b).

M602C

o _ COzMe

o /,—982)' path a 4

o O (é > PH [0)

Me
" \ 7 55a
P(COZMe 74 Ca OMe desired product
PH COZMe + o) > @ e
56 54 Ph o) M602C COzMe
ath b
57 p—> "/O
_zwitterionic intermediate_ Ph

58
side product

Scheme 20. Proposed mechanism of the Friedel-Crafts alkylation catalyzed by calcium ion.*’
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1.3.2 Halogen bond catalysts

In the last twenty years, the emergence of organocatalysts such as hydrogen bond and halogen
bond catalysts had tremendous impact as alternatives to transition metal catalysts. Halogen
bonding (XB) is a non-covalent interaction mode. It takes place between an electrophilic halogen
atom X and a Lewis base LB (Figure 9; a).>® The halogen-derived Lewis acid is usually referred
to as a XB “donor.” The XB interactions are the attractive force from a nonbonding orbital of the
Lewis base to the antibonding orbital of the R-X bond by an n—c™* partial electron transfer (Figure
9; b).% The interaction angle of such XB adducts is generally close to 180°.%° The Lewis acidity
of XB donors R-X becomes higher in the order X = CI <Br <I with the more polarizable the halogen
atom.*42 The more Lewis-acidic XB donors are generated when the electron-withdrawing
character of the halogen-bearing group is increasing. In general, the iodine-based halogen-bond
donors are predominant since a strong XB is required.

£ ~180°
a. RIX'--LB

Figure 9. (a.) Depictive model of a halogen bond. (b.) halogen bond between
trifluoroiodomethane and ammonia, illustrating the mapped electrostatic potential of the
core characteristics of a halogen bond with blue showing low and red showing high

electron potential.*?
Copy right 2016 Chemistry A European Journal, Inc (license number: 4658760849277)

The non-covalent interaction of XB is similar to hydrogen bonding (HB) because both of them
consist of a pair of electron donors and acceptors (Figure 10). The electron donors in XB and HB
are similar since they are both electron-rich but the electron acceptors are different. The electron
acceptor in a HB is the electron-deficient hydrogen atom, whereas the electron acceptor in XB is

an electron-rich halogen atom which provides an -hole to attract electrons.*®
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Figure 10. Concept transfer from hydrogen bonding to halogen bonding.*°

The actual catalytic mode of the XB donor will slightly change according to the nature of the
substrates. The coordination of neutral substrates such as carbonyl compounds will lower the
LUMO of substrates and stabilize the partial negative charge in the transition state of the reaction
(Figure 11; a). Since the coordination is relatively weak, the formation process of product is less
inhibitory which is an outstanding advantage of non-covalent catalysts compared to metal catalysts.
In the anionic binding mode, the coordination of the anionic leaving group facilitates Sn1 reactions
(Figure 11; b). The reaction rate will be accelerated by extraction of the anion from the dissociation
equilibrium. However, the stronger affinity of XB donor to the anion might lead to a higher risk

of catalyst restriction by anion coordination and therefore a special reaction design is required.

(a) (b)

5 P

9 L.
(0] Br
AN o~
% A
activation of halide abstraction

neutral substrates

Figure 11. Different mode of activation of halogen bonding catalyzed reactions.*

Takemoto et al. reported a cooperative catalytic system between Schreiner’s thiourea 62 and
XB donor 63.% The directly coupled glycosyl trichloroacetimidates 59, 60 with various amides 61,
including asparagine residues of dipeptides and tripeptides generated hereby unique N-
acylorthoamides 64a—64d in moderate to good yields (Scheme 21).** According to the results, the
XB or HB donor on its own was not able to activate the coupling reaction, which revealed the

importance of the combination of both, HB catalyst 62 and XB catalyst 63 for the successful
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reaction. Additionally, the control experiments indicated that the azolium cation or the triflate
anion could not accelerate the reaction by itself. The proposed mechanism showed that the XB
donor interacted with the soft sulfur moiety of the thiourea to increase the HB-donating ability of

the thiourea resulting in the activation of the trichloroacetimidate leaving group.

(RO)m R
(RO)m Q )N]E . 4 10mol%6263 Ty
n 0~ ccl N CH,Cly, 4 AMS, 1t R
R'0CO 3 b 2Ll R1KH_<
(n=0,1) (n=0’1)
59_60 61 64a—64d
Donors: ( N
ccl BnO ot n-CqzHas
3 N @
BzO o) CF; CF, \
z O/&NH Bgﬂo&ﬁ N>—|
)
° AO5__cal, i
BzO OBz NH CF3 NTON CF3
59 60 H H
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~ J
| CO,'Bu CO,'Bu OAllyl
Y(NH \//<NH OJ\NH
BnO Cbz BnO H
BzO. BzO o) NH o) N
NHCbz 5 :
BnO BnO
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Scheme 21. XB and HB donor cooperative catalyzed N-acyl-orthoamidation.*

In 2019, our research group developed the first strain-release glycosylation by bidentate

benzoimidazolium XB catalysis 65 to generate O, N-glycosides in excellent anomeric selectivity
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(Scheme 22).* A wide range of different oxygenated acceptors were tolerated under this condition.
Regioisomers 66e and 66f were obtained when benzotriazoles are used as N-nucleophiles. The
steroid derivative 66¢ was shown to be a potent inhibitor of the hedgehog signaling pathway via a
non-smoothened mode of action. This opened a new opportunity for a potential new mode of action

for cancer therapy.

O L ORYNR®R*

0 0 < 1
1 , ~_-s R'O
RO K TN 2 0.5-5 mol% 65
- + N U’ or HO-R o
BnO n N ~e® toluene, rt or 50 °C BnO n
OBn BnO o
n=0,1 O, N- nucleophiles n=0,1
6,10,12 66a-66f
o 0 o o]
BnO " 1,
) IJ «“X o o 80 " v o N N
: e
BnO L BnO BnO' \( +,N/K| CFs /SN
n "Oct "Oct
6 10 12 2 OTf
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Bn
\O ::
B o= T~ OBn BnO 0
nO (0] iYe) (0]
. BnO 0 (0]
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O% BnO ;\ BnO "
OBB OBSJ\
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Scheme 22. Solely XB catalyzed strain-release glycosylation.*

Similar to HB catalyzed activation mode previous discussed, the XB catalyzed mechanism was

involved simultaneous in two different pathways. The attenuation of the O-H bond in the acceptor
via XB resulted in an acidic proton attaching to the carbonyl oxygen which activated the ring

opening of 10 (Scheme 23; a). The donor-acceptor ion pair 17a was attacked by the acceptor anion
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at the anomeric center to generate 18. At the same time, the XB catalyst 65 activated the ketone
functional group causing the ring opening and forming the intermediate 17b (Scheme 23; b).
Furthermore, the XB catalyst 65 was utilized again in an XB-OH activation mode and facilitated
the addition of the acceptor through an alkene transition state 67c generating the ketal 67d which

underwent rearrangement to provide product 18.

173 O\ ..RO
BnO O XB- OH actlvatlon donor-acceptor O
n
/o ion pair BnO
BnO

o]
1o / 18

m{ﬂ IO - " T

67b 17b 5 “ ketal 67d
XB-ketone activation detected in NMR U detected in NMR
67c

65 =
| | XB-OH activation
Scheme 23. Proposed mechanism of strain-release furanosylation via halogen bond

catalysis (compare with Scheme 9).%
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2 Design and aim of the project

Over the last twenty years, significant developments in transition metal and organocatalysis
have led to milder conditions for C-C, C-O and C-N bond formation. However, utilizing these
catalytic methods in carbohydrate chemistry is still a significant challenge. To bridge the gap
between these research areas, we aimed to develop novel catalytic C-glycosylation methodologies
between carbohydrate substrates and commonly found natural product derivatives containing
conjugated vinylogous dienolates.

My project aimed to establish convenient ways to generate C-glycosides. A key objective of
our research was to focus on modern catalytic methods including mild Lewis acid and halogen-
bond (XB) catalysis. Distinct carbohydrate precursors could be prepared for feasible C-C bond
formation. In addition, various cyclic and acyclic vinylogous dienolates could be synthesized. One
approach was used a zinc catalyzed Ferrier rearrangement to give y-regioselective 2,3-unsaturated
glycals. In addition, the development of strain-release donor-acceptor (D-A) cyclopropanes via
calcium catalysis was attempted to gain the thermodynamic stable C-glycosides. Furthermore, the
C-glycosylation of glycosyl imidates was tried to establish by halogen-bond (XB) catalysis.

A variety of naturally-occurring carbohydrates such as gluco-, manno- and malto- sugars, could
afford diverse mono and disaccharides. This, in turn, could provide an opportunity to generate
eventual tool compounds allowing elucidation of various biological pathways. In order to screen
for potential bioactivity, our glycosidic analogues could be submitted to Compound Management
and Screening Center (COMAS) in Dortmund (Figure 12).

C-glycosylation

O _.OR - - Lewis acid 0 0 COMAS

RO + o %o catalyst RO I/ . screening 88
RO oR WI\ organo RO ORO:X:O : Q0O
OR OPG catalyst OR ( Q0O

Figure 12. Novel catalytic vinylogous C-glycosylation to provide possible bioactive
molecules for COMAS biological screening.
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3 Results and discussion of Zn(OTf). catalyzed Ferrier rearrangement via

y-vinylogous C-glycosylation

We were curious to introduce the vinylogous nucleophiles to the Ferreir rearrangement since
the C-glycosylation of this reaction type was underrepresented. Instead of harsh catalytic condition,

mild Lewis acids were decided to be used.

3.1 Synthesis of O-acetylated glycals

The unprotected carbohydrate substrates 68 underwent acetylation and subsequent bromination
at the anomeric position (Scheme 24). The brominated substrates were reacted according to the
Fischer—Zach method by zinc promoted elimination of the glycosyl halides under acidic
condition.*®4748 Various O-acetylated glycals including pyranoses 70-72 (p-Xylal, b-Arabinal, L-
Arabinal) and disaccharides 73-74 (p-Lactal and p-Maltal) were obtained over two steps in
moderate to good yields. In addition, the biologically relevant furanose 77 was obtained in

moderate yield as well.

(1) HBr, AcOH/Ac,0 = 1:1

(0 NaOAc (0 0°C-rt, 2h (0
HGQ) Ac,0, 100 °C or 115 °C A0 _J (2)NaOAc, activated zn > aco-_ |
2-2.5h acetone:H,0O:HOAc = 3.5:1:2
68 69 0°Crt, 2 h 70-74, 77
AcO AcO
¢ OAc ¢ OAc
O (0] O AcO (0] AcO,, (o)
@ @ | LY %
AcO AcO™ Y AcO AcO” Y Yo AcO” Y o
OAc OAc OAc OAc OAc OAc OAc
70 71 72 73 74
p-Xylal p-Arabinal L-Arabinal p-Lactal p-Maltal
Over two steps: 57%  Over two steps: 39%  Over two steps: 42% Over two steps: 92% Over two steps: 86%

0) - o) ()
Ho/\Q’OH A0, pyridine Aco/\Q’OAC (1) HBI/HOAG, rt, 5 h AcO/\@

S DCM, rt, 12 h N (2) NaOAc, NH,4CI, activated Zn S
HO OH AcO OAc MeCN. rt, 7 h AcO
75 76 77
p-Ribal
Over two steps: 31%

Scheme 24. Synthesis of the O-acetylated glycals.
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3.2 Reaction scope of the glycals with dioxinone dienolate

The reaction was optimized by my supervisor, Dr. Charles Loh. The y-vinylogous Ferrier
rearrangement C-glycosylation took place as 20 mol% of Zn(OTf), catalyst. The p-Glucal
derivative 79a was obtained in good yield and excellent regioselectivity in regard to the y-position
(Scheme 25). With the optimized conditions in hand, the substrate scope was expanded to different
glycals. The investigation revealed that the C-glycosylation proceeded in moderate to good yields
and absolute regioselectivity. This protocol tolerated not only pyranosides such as pb-Galactal 4
and p-Arabinal 71 but also disaccharides and furanose derivatives. We noticed in our investigation
that the anomeric selectivity is highly dependent on the steric properties of carbohydrate substrates.
When p-Glucal 1, p-Galactal 4, and D-Arabinal 71 were employed, anomeric selectivity was
slightly biased towards the disfavored -anomer. In contrast, when L-Rhamnal, p-Lactal 73, p-
Maltal 74 and p-Ribal 77 were utilized, the major anomers generated were the a-anomers. The
anomeric preference was hardly controlled since the C-glycosylation is lacking a thermodynamic
anomeric effect and the carbohydrate substrates are absent of anchimeric assistance from the
functional groups.

o) o)
° > 20 mol% Zn(OTf), AcO-C- | \,/\
ot o+ 979 - O )
1,4-dioxane, 50 °C, 15 h
" M\OTBS "

n=0,1 78 n=01 °

1 4,70-74,77 79a-79¢g

pyranosldes

PRCAPILACAPIINCAU RO o)

79a 79b 79c 79d
p-Glucal derived p-Galactal derived L-Rhamnal derived p-Arabinal derived
86%, o = 47:53 54%, a:ff = 21:79 83%, a:p = 55:45 77%, o:pp = 41:59

I{}k@qﬁ b mﬁ A@“g

79e 79f 799
p-Lactal derived p-Maltal derived p-Ribal derived
80%, a:f3 = 66:34 62%, o:fp = 52:48 70%, o:fp = 58:42

a:B ratio was determined by *H NMR of the crude reaction mixture; performed by Dr. Charles Loh.

Scheme 25. Reaction scope of glycals with dioxinone dienolate.
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3.3 Synthesis of various linear dienolates and their reactivity

In order to further broaden the substrate scope, we synthesized various acyclic dienolates. The

simple dienolate 81, a- and B-methyl substituted dienolates 82 and 83 were obtained by

deprotonation with freshly prepared lithium diisopropylamide (LDA) and protection with tert-

butyldimethylsilyl chloride (Scheme 26).*° In addition, the rarely found e reactive trienolate 84

was accessed under the same reported procedure.

R DIPA, n-BuLi, DMPU, TBSCI  OTBS
R. A Vs > R\/\/I\ e
r 0 THF, -78 °C-rt, 2 h v 0
1 1
80 81-84
OTBS
OTBS A OTBS OTBS
Z 0 )\/k PN N
/\/j\o/ Z o~ 7 0
81 82 83 84
91% 93% 92% 91%

Performed/provided by Dr. Walter Hofer.
Scheme 26. Synthesis of linear dienolates.

We tested our C-glycosylation methodology by employing the newly obtained acyclic enolates

81-84. The linear dienolate 81 underwent the reaction but did not display anomeric or

regioselectivity (Table 2; entry 1). However, the B-methyl substituted dienolate 83 revealed

slightly higher y’-selectivity with no obvious anomeric selectivity (Table 2; entry 3). Similar to

substrate 81, the trienolate 84 yielded product also without anomeric or regioselectivity (Table 2;

entry 4).
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Table 2. Reactivity of the linear dienolates.

0 a, B
AcO | /l\/(l)\TBS 20 mol% Zn(OTH), | .
K + L NN > vﬁ'\/\n/ ~
AcO v ot © 1,4-dioxane, 50 °C, 15 h ACO/\QJ Y Vo
OAc ! ACO™ P (0]

1 81-84 85

Entry Linear dienolate a:p ratio® a':y’:(¢’) ratio?
OoTBS

1 MO/ ca. 1:1 ca. 1:1

81

OTBS

2 /\fl\o/ ca. 1:11 ca. 1:1
82
OTBS
3 )\/ko/ ca. 1:1 ca. 1:2.2
83

OTBS
4 Wo/ ca. 1:1 ca. 1:1:1

84

[a] o:p and o’:y’:(e’) ratios were determined by *H NMR of the crude reaction mixture; in
cooperation with Dr. Walter Hofer

3.4 Synthesis of mesityl dienolates and reaction optimization of Ferrier

rearrangement with tri-O-acetyl Glucal and mesityl dienolate

In order to increase regioselectivity, the a-shielded mesityl dienolates 88 and 89 were

synthesized through Friedel-Craft acylation and protection under basic condition (Scheme 27).5°1

Mesityl dienolates

o 0 NaHMDS R'0
AICI TMSCI or TBSCI
/\)J\ i ; > ~ > Z 7
A Cl mesitylene, rt, 4.5 h, 80% THF, =78 °C, 4 h

86 87 88:R'=TMS:; 81%
89: R' = TBS; 94%

Scheme 27. Synthesis of the mesityl dienolates 88 and 89.
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With the newly obtained mesityl dienolates in hand, the optimized protocol was applied. The
relatively unstable dienolate 88 only provided trace amount of product (Table 3; entry 1). However,
when the TBS protected dienolate 89 was used, the desired product 90a was formed (Table 3;
entry 2). The a-shielding mesityl dienolate 89 effectively prevented the formation of the unwanted
a’-regioisomer and therefore generated excellent regioselectivity, analogous to a concept
previously published by Schneider group.®® With this promising result, we further studied the
solvent effects. To our delight, with the change of solvent to dichloroethane, the yield increased to
53% (Table 3; entry 3). Optimal conditions were achieved when the reaction concentration was
increased from 1 M to 2 M (Table 3; entry 7).

Table 3. Reaction optimization of mestiyl dienolate with tri-O-acetyl Glucal.

o) R'O
AcO | P 20 mol% Zn(OTf), 0 P
A W + = > AcO Y o
cO 50 °C, 15 h \P o
OAc AcO"

1 88:R'=TMS 90a
89:R'=TBS Yo' = > 99:1
Entry R! Solvent Conc. (M) Yield?
1 TMS 1,4-dioxane 1 trace
2 TBS 1,4-dioxane 1 26%
3 TBS dichloroethane 1 61% (53%)°
4 TBS chlorobenzene 1 66%
5 TBS fluorobenzene 1 52%
6 TBS 1,4-dioxane 2 33%
7 TBS dichloroethane 2 79% (79%)°

8 TBS chlorobenzene 2 69%

[a] o’:y’ ratio and yields were determined by *H NMR in the crude reaction mixture; [b] Isolated yield.

3.5 Reaction scope of glycals with mestiyl dieonlate

After optimizing conditions for the mesityl dienolate 89 for y-vinylogous C-glycosylation, a
thorough investigation of the substrate scope was carried out (Scheme 28). A wide range of
pyranoside donors such as b-Galactal 4, p-Arabinal 71 and L-Arabinal 72 and furanose 77 were
also tolerated in this protocol. Moreover, the disaccharides bearing another sugar at C-4 including
D-Lactal 73 and p-Maltal 74 were found to be suitable for this methodology. Interestingly, our
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investigation revealed a general trend of increased anomeric selectivity than the previously
mentioned dioxinone dienolate which gave inferior anomeric selectivity and was also more
substrate dependent (Scheme 25 vs Scheme 28). The anomeric preference was thought to originate
from the addition of the sterically hindered mesityl group on the less hindered o. face of the favored
chair transition state (Scheme 2). The anomeric selectivity of the L-Rhanmal derivative 90c was
slightly decreased. We postulated that the C-5 methyl substituted group would clash during the

addition of the bulky mesityl dienolate from the o face.

o TBSO
0,
ACO'('E)\J PN 20m0|A)Z°n(OTf)2 - (o =
. DCE, 50 °C, 15 h O S
n

n= 0, 1 89 n= 0, 1
1,4,70-74,77 90a-90h

AcO
AcO™
90a 90b 90c
p-Glucal derived p-Galactal derived L-Rhamnal derived
79%, a:fp = 73:27 40%, a:p =79:21 47%, a:p = 73:27

furanoside

o} o 0
90d 90e 90f
L-Arabinal derived p-Arabinal derived p-Ribal derived
54%, a:f3 = 79:21 87%, a:fp = 78:22 63%, a:p =77:23

AcO AcO
“N oAc ¢ o)
AcO o Z AcO
RN @)
AcO T 0 AcO :

- - "/o\“
OAc OAc
90g 90h
p-Lactal derived p-Maltal derived
60%, o:f = 75:25 57%, o:p = 77:23

a:p ratio was determined by *H NMR in the crude reaction mixture.

Scheme 28. Reaction scope of glycals with the mesityl dienolate 89
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3.6 Conclusion of Zn(OTf), catalyzed Ferrier rearrangement via vy-

vinylogous C-glycosylation

We showed that an a-anomeric selective and y-regioselective vinylogous C-glycosylation via
non-toxic and mild Zn(OTf), catalysis was possible with diverse glycal substrates which included
monosaccharides and disaccharides (Scheme 29). Additionally, not only the cyclic dioxinone

dienolate but also the a-shielded mesityl dienolate generated the corresponding Ferrier type C-

glycosides.
20 mol% Zn(OTf, \/\ﬂ?/
ACO'L)'\J \/\p/ 1,4-dioxane or DCE ACO__:_\OJPH 7
TBSO 50°C,15h ( \ P (0]
n=0,1 78 or 89 n=0,1
1,4,70-74,77 15 examples

up to a:f =79:21
up to 87% yield

Scheme 29. Zn(OTf). catalyzed y-vinylogous Ferrier rearrangement.
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4 Results and discussion of Ca(NTf.). catalyzed strain-release y-vinylogous

C-pyranosylation

The strain-release C-glycosylation was limited to reactive C-nucleophiles. The vinylogous
dienolate has never been reported to be used in such sugar substrates. Mild catalysts as well as the

counter anions were screened.

4.1 Synthesis of the b-Galactose derived D-A cyclopropanes

The commercially available methyl-a-p-Galactose 91 was used as starting material which
underwent benzylation in basic conditions and subsequent allylation of C-1 to form the allylic
compound 93 (Scheme 30).52° The alcohol 95 was generated in a one-pot reaction. Initially, an
iodination constructed the cyclic compound 94 followed by elimination via Zn catalysis. In order
to undergo the cyclopropanation in the last step, the hydroxyl group at C-2 needed to be in axial
orientation. Therefore, the hydroxyl group of 95 was oxidized by 2-iodoxybenzoic acid (IBX) and
selectively reduced with L-Selectride to afford the axial alcohol compound 97. This in turn was
activated using 4-toluenesulfonyl chloride affording alkene 98 in a good yield. The alkene was
submitted to oxymercuration and oxidation achieved by Jones reagent. In the last step, the a-proton
of the resulting ketone was abstracted under basic conditions and underwent a tandem Sn2
elimination to afford the desired cyclopropanated substrate 6 with an overall yield of 27%.%2%3

BnO OBn
OBn
o  _NaH,BnBr, TBAI _ o _Aly-TMS, TMSOTf o) l2 BnO
HO DMF, rt, 48 h; 89%  BnO CH5CN, 0 °C-rt BnO CH,Cl,, 0°C, 6 h Q
HO Ome BnO Ome 20 h; 84% BnO (~
CH
91 92 93 94 72
o =>95:5
OBn
BnO OBn BnO OBn BnO o
Zn, AcOH 0 IBX 0 L-Selectride o
> —_— >
Et,0:MeOH = 1:1, 1t, 2 h; BnO Y DMSO, rt, 25h ~ BNO THF, -78°C,1.5h; B0
over two steps 97% H F O\~ over two steps 77% =
95 96 97

OBn

Bng (280 10 (ors B
TsCl, pyridine 0 Hg(OACc), BnO O K,CO3 B0 0
> > Y .. > bn
DCE, rt, 18.5 h; 84% 5O Jones reagent DMSO, 70 °C c
_~ acetone:water = 4:1 o 23 h; 70%
0 °C-rt, 23 h; 82%
98 99 6

Overall yield: 27%

Scheme 30. Synthesis of the p-Galactose derived D-A cyclopropane.®?52
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As a result of successful generation of 6, we were curious to investigate the effects of various
functional groups at the O-6 position of the p-Galactose derived cyclopropane. Therefore, D-A
cyclopropanes, equipped with different electronic and steric groups, were prepared (Scheme 31).
The acetylated cyclopropane 101 was obtained through a one-pot Zn-activated debenzylation and
acetylation of tosyl compound 99 and subsequent cyclopropanation.® Furthermore, the acetyl
group of compound 100 was removed under mild basic conditions to be further converted into
different functional groups to obtain the critical compounds 102-107 before undergoing
cyclopropanation.®® The target D-A cyclopropane substrates 108—113 were successfully generated
under weak basic conditions. To our delight, the natural product and drug derived substrates 112

and 113 could be accessed through the conventional cyclopropanation procedure.

BnO 8'B|'é1 BnO g#sc BnO OAc
K,COs
A & ZnCly A & N
> o 740 n
0 Ac,0, AcOH, rt, 41 h; 74% 0 DMSO, 70 °C, 23 h; 74% 0
99 100 101
OAc OR’ 1
BnO OTs BnO OTs BnO OR
B0 O 1. diethylamine, MeOH, it, 18h O K2CO3 - 810 o]
o 2 condition aforR' = TBS o DMSO,70°C,23h 0
100 condition b for R' = Bz
condition ¢ for R' = Boc
condition d for R = MOM 102: R' = TBS; 49% 108: R' = TBS; 64%
condition e for R" = stearic ester 103: R' = Bz; 42% 109: R' = Bz; 45%
condition f for R' = Indomethacin 104: R" = Boc; 31% 110: R' = Boc; 59%
105: R'= MOM; 34% 111: R = MOM; 98%
106: R = stearic ester; 45% 112: R = stearic ester; 68%
107: R' = Indomethacin; 44% 113: R' = Indomethacin; 46%

Condition a: TBSCI, triethylamine, CH,Cl,, 0 °C-rt, 64 h; condition b: benzoy! chloride, triethylamine, CH,Cl,, 0 °C-rt, 45 h; condition c: di-tert-
butyl dicarbonate, DMAP, triethylamine, THF, rt, 17 h; condition d: MOMCI, DIPEA, CH.Cl,, rt, 19 h; condition e: stearic acid, EDC, DMAP,
DIPEA, CH,Cly, rt, 19 h; condition f: Indomethacin, EDC, DMAP, DIPEA, CH,Cly, rt, 16 h

Scheme 31. Conversion of distinct functional groups at O-6 substituted of the p-Galactose

derived cyclopropanes.
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4.2 Synthesis of various dioxinone dienolates

Different silyl protected dienolates 38, 116 and diethyl dienolate 117 were synthesized. The
sterically strained cyclohexyl dienolate 118 was generated to verify the steric effect at the reaction
center of the acceptor on the developed reaction (Scheme 32).>* In addition, the y-dimethyl
substituted compound 119 was obtained to identify broader application. Diverse a-substituted
dienolates 120-122 including methyl, benzyl and triisopropylsily (TIPS) were synthesized in order

to understand the influence of the a-position for the established reaction.

R RS R RS
> DIPA, n-BuLi, DMPU <
0~ "o TMSCITBSCITIPSCI 0" 0
X > = )
R’ 0 THF, 78 °C-rt, 2 h R’ OSiR;
R? R?
14 15
o><o o><o oggo o; ;o
Nkoms Nkom’s Nkoms Nkoms
38 16 17 118
78% 62% 34% 42%

119 120
38% 28%

TMS dioxinone dienolate 38 was prepared by Dr. Walter Hofer
Scheme 32. Synthesis of various dioxinone dienolates.

4.3 Reaction optimization of D-A-ring opening reaction with p-Galactose

derived cyclopropane and dioxinone dienolate

With all the essential donors and acceptors in hand, we initiated our investigation by utilizing
the p-Galactose derived acceptor 6 and the TMS-protected dioxinone 38 as the model
pyranosylation reaction. We hypothesized that such cyclopropane fused pyranoside might undergo
ring opening through thermodynamic strain release. On the other hand, the ketone may be activated
by a catalyst. Initial screening of strong Lewis acids such as BFs-OEt;, TMSOTT and mild Lewis
acids including Yb(OTf)s, Zn(OTf),, and Kass catalyst 15 gave no transformation (Table 4; entry
1-13). Fortunately, the combination of Ca(NTf2). and BusNPFe successfully yielded the desired
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C-glycoside 123a with excellent B-stereocontrol and regioselectivity in 62% yield (Table 4; entry

14).

Table 4. Optimization of D-A-ring opening reaction of b-Galactose derived cyclopropane

with TMS protected dioxinone dienolate regarding catalysts

O o/
O
\A catalyst, additive BnO |
Ne] > O

e}
BnO g O
L
BnO
OBn
6

",

toluene, 0 °C-rt, 24 h BnO
OTMS OBn A, O

123a

38
AL
H H

2BAr™,
15
Entry Catalyst® Additive Yield® p:af
1 BiBrs® —~ 40% (38%)" 79:21
2 BF3-OEt - decomposed —
3 TMSOTf — decomposed —
4 Sc(OTf)s - 52% >95:5
5 Mg(OTf)2 - - -
6 Ca(OTf) - - -
7 ZnCl; - - -
8 Ca(OMe): - - -
9 Bi(OTf)3 - - _
10 Yb(OTf)s - 39% > 95:5
11 Cu(OTf) - - -
12 Zn(OTf), - - -
13 15 — — —
14 Ca(NTf2)2 BusNPFs 50% (62%)" > 95:5

[a] 20 mol% catalyst; [b] 50 mol% catalyst; [c] o:B ratio and yields were determined by *H NMR of the crude reaction
mixture; [d] isolated yield.

With this promising result in hand, we further probed the counter anion effect. Changing the
additive to NaBF4 (Table 5; entry 2) or BuuNB(CsHs)4 (Table 5; entry 5) stopped the reaction

which identified the importance of the counter anion in this catalytic system. In addition, when the
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relatively unstable TMS-protected dienolate 38 was replaced by TBS-protected dienolate 78, the
yield was slightly increased (Table 5; entry 7). However, the highly stable TIPS-protected
dienolate 116 was not able to generate the desired product under these catalytic conditions even

after 24 h (Table 5; entry 8).

Table 5. Optimization of D-A-ring opening reaction of b-Galactose derived cyclopropane

with various dioxinone dienolates regarding counter anion

20 mol% Ca(NTH,) o o)
BnO ° ::((—-<o O\A additive o = Bnom{f
BnO TNy toluene, 0°C-rt, 241 B"O
OBn OR' OB”/ko o
6 38:R' = TMS 123a
78:R' = TBS
116: R' = TIPS
C -
CF3 BF4
Umemoto's Reagent
Entry Additive R? Yield? B:a?
1 BusNPFs TMS  50% (62%) > 95:5
2 NaBF4 TMS — —
3 Umemoto’s reagent T™S — -
4 NaB(C6H5)4 TMS - -
5 BusNB(CsHs)4 T™MS - -
6 NH4B(CsHs)4 TMS - -
7 BusNPFs TBS 65% > 95:5
8 BusNPFe TIPS - -

[a] a:P ratio and yields were determined by *H NMR of the crude reaction mixture; [b] isolated yield.

Further, the effect of the solvent was investigated (Table 6; entry 1-7). The most suitable
solvent found was toluene (Table 6; entry 1). When the temperature was increased to 50 °C, the
yield decreased and therefore the optimized temperature was set at room temperature (Table 6;
entry 8). Interestingly, when 3 A molecular sieves were added, the yield was not obviously affected
(Table 6; entry 9). However, when excess water was added, a higher yield was observed (Table 6;
entry 10-13). To deepen the understanding of the role of water, we tested different equivalent of
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water in the reaction. To our delight, 0.5 equivalent of water gave the best yield whilst preserving
the o/p ratio (Table 6; entry 12). In addition, when the amount of dienolate 78 or catalyst was

lower, the yield decreased (Table 6; entry 14-17).

Table 6. Optimization of D-A-ring opening reaction of b-Galactose derived cyclopropane

with dioxinone dienolate regarding solvent effects and additional conditions.

0 0 o o O\F
BnO 0 < \,/\ 20 mol% Ca(NTf,),/BusNPFg BnO | )
o + ? 'y,
BnO N0 /
OBn
6

. solvent, 0 °C-rt, 24 h BnO OBn/LO I
78 123a
Entry Solvent Temp. (°C) Extra condition Yield? B:o?
1 toluene 0-rt — 65% >05:5
2 chlorobenzene 0-rt — 33% >95:5
3 fluorobenzene 0-rt - 54% >95:5
4 dichloroethane 0-rt - 27% >95:5
5 chloroform 0-rt — 42% >95:5
6 1,4-dioxane 0-rt - - >95:5
7 acetonitrile 0-rt - - > 95:5
8 toluene 0-50 - 42% >95:5
9 toluene 0-rt 3AMS 63% > 95:5
10 toluene 0-rt 2 equiv. H,0 76% > 95:5
11 toluene 0-rt 1 equiv. H,O 74% >95:5
12 toluene 0-rt 0.5 equiv. H,O  84% (88%)" >95:5
13 toluene 0-rt 0.25 equiv. H,O 74% >95:5
14¢ toluene 0-rt 0.5 equiv. H,0 52% > 95:5
15¢ toluene 0-rt 0.5 equiv. H,O 54% > 95:5
16° toluene 0-rt 0.5 equiv. H,0 63% > 95:5
17f toluene 0-rt 0.5 equiv. H,O 60% >95:5

[a] a:P ratio and yields were determined by *H NMR of the crude reaction mixture; [b] isolated yield; [c] acceptor (3 mmol, 3 equiv.)
; [d] acceptor (2 mmol, 2 equiv.); [e] 10 mol% Ca(NTf,), and BusNPFg; [f] 5 mol% Ca(NTf,),and BusNPFs.
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4.4  Reaction scope of D-A-ring opening reaction with p-Galactose derived

cyclopropanes and dioxinone dienolates

With an optimized pyranosylation protocol, we further expanded the substrate scope of this
calcium catalyzed reaction (Scheme 33). Our investigation revealed that the C-glycosylation
proceeded with good to excellent B-anomeric selectivity. This protocol also tolerated glucosyl
donors 7-8 and different O-6 protected p-Galactose-derivatives 6, 101 and 108-113. The disarmed
donor 101 was much more stable and the product 123b was generated in good yields. In contrast,
the armed donor 108 was relatively reactive leading to side reactions and consequently to a lower
yields and anomeric selectivity of C-glycoside 123c. However, the C-6 anchimeric assistance of
the acetyl group resulted in the formation of the unwanted a-anomer. The B-C-glycosides, 123d
and 123e, derived from Glucose, were obtained in moderate yields and good B-stereocontrol.
Product 123f bearing an acid labile MOM group was generated in moderate yields. Furthermore,
the desired C-glycosides 123g and 123h were obtained when the D-A cyclopropanes were
functionalized with different ester groups. However, the sterically hindered Boc group disturbed
the addition of dienolate 78 from the B face leading to a lower anomeric selectivity of C-glycoside
123g. To further investigate the versatility of this strain-release vinylogous glycosylation protocol,
we applied the optimal conditions to commercially available natural product or drug derived D-A
cyclopropanes, 112 and 113 respectively. To our delight, both of the substrates yielded the desired
C-glycosides 123i and 123j in moderate yields and exclusive -stereoselectivity.

Subsequently, we explored the reaction scope by utilizing various dioxinone dienolates 117—
122. The dienolate 117 protected with diethyl groups were compatible with our optimized reaction
conditions generating C-glyosidic products 123k-123n in moderate yields and good f-
stereoselectivity. However, C-glycosides 1230-123q were obtained in poor yields and moderate
stereoselectivity. The steric hinderance of the cyclohexyl group might have resulted in the impeded
nucleophilic addition at the  face. y-Dimethyl substituted dienolate 119 was not able to generate
the corresponding C-glycoside 123r since the y-position was sterically hindered. When the a-
methyl substituted dienolate 120 was employed, the C-glycosides 123s-123v were obtained in
slightly lower yields and poor anomeric selectivity likely due to the higher steric demand of the

dienolate. In addition, the bulky triisopropyl dienolate 122 was unable to generated desired C-
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glycoside 123x which further pointed to the importance of the steric influence at a-position of the

acceptor.
| o~ ¢ ‘"\\
0 0 \__O_ | 20mol% Ca(NTf,),/BusNPFg o 0.
RO ':((% i \fv’ 0.5 eq[H,0 RO o
) + X0 > .,
BnO R toluene, 0 °C—-rt, 24 h BnO R
OBn oTBs S6n /J%o e
Gal: 6,101, 108-113 78, 117-122 123a_123x
Glu: 7: R = OBn
8: R=0Ac
o} o}
o o
BnO K ©
OB /K o)
So
123a: R = OBn; 88%, B:a. = > 95:5 123d: R = OBn; 58%, B:o. = 91:9 123f: 60%, B:o. = > 95:5 1239: 48%, B:a. = 78:22

123b: R = OAc; 73%, B:oo = 93:7 123e: R = OAc; 48%, B:a = 90:10
123c: R = OTBS; 39%, B:o = 88:12
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123h: 44%, B:a. = > 95:5 123i: 52%, B:a = > 95:5 123j: 55%, B:a. = > 95:5

different protecting dienolates y-substituted dienolate
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OBn/k (0]
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os/ko
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‘0,

OB/K
n OO

123k: R = OBn; 57%, B:a = > 95:5 123n: 50%, B:o. = 84:16 1230: R = OBn; 42%, B:a. = > 95:5 123r: n.d.
123l: R = OTBS; 46%, B:a = > 95:5 123p: R = OTBS; 15%, B:a. = 81:19
123m: R = OAc; 41%, B:a = 93:7 123q: R = OAc; 30% pB:o =80:20

a-substituted dienolates

o) 0
’l,l 'l,l

z z
. ., 0__O .
| BnO' ” x BnO i OXO
OB/R OB/k OB/k /‘L
"No "o 2o OBnYq

123s: R = OBn; 59%, B:a. = > 95:5 123v: 45%, B:a. = 80:20 123w: 32%, B:o = 84:16 123x: n.d.
123t: R = OTBS; 23%, B:a = 82:18
123u: R = OAc; 35%, fB:a. = 88:12

BnO

o:p ratio was determined by *H NMR of the crude reaction mixture; n.d. not detected

Scheme 33. Reaction scope of D-A-ring opening reaction with pb-Galactose derived

cyclopropanes and dioxinone dienolates.
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45 Mechanistic studies

For further understanding of the mechanistic intricacies of the calcium-catalyzed strain release
pyranosylation, an in situ NMR monitoring of the reaction was conducted (Figure 13; a). Two
distinctive intermediates 124a and 124b were detected during room temperature NMR studies with
evidence of the strain-release pyranosylation. The proposed structures 124a and 124b were based
on in situ *H, *C, COSY and HSQC elucidation from the reaction mixture (Supplementary Figure
1-11) since they were both non-isolable. According to the reaction monitoring profile (Figure 13;
b and Supplementary Table 1), donor 6 was not observed in the first 8 minutes which was
consistent with the rapid formation of intermediate 124a. Simultaneously, we observed the
depletion of the short life-time intermediate 124a until ~270 mins, which may correspond with the
steep increase of product formation 123a. Interestingly, we noticed gradual formation of a second
intermediate 124b increasing until the maximum whereby the intermediate 124a totally
disappeared. In addition, there was continuous generation of 123a and depletion of a second, non-
isolable intermediates 124b with a slightly different rate. This could be attributed to a competitive
side reaction. Therefore, the formation of product 123a (64%) was postulated to be originated from
intermediate 124a and 124b. Furthermore, unidentifiable intermediates were observed but their
structures could not be determined from the crude NMR mixture.

a. reaction scheme of in situ reaction monitoring in toluene-dg

10 0 20 mol% Ca(NTf,),/BusNPFg BnO O o/
BnO R /< . o><o 0.5 eq[H,0 . ’ | !
BnO AN toluene-ds, NMR tube BnO &]\
OBn oTBS 0°C-rt, 24 h BnO o
6 78 123a
proposed intermediates b. yield vs time curve for reaction monitoring
(0] O A
(OGN
Bnow BnO @ H
BnO J\ BnO ey
BnO (o) 0 OBn >/\ _
© ”fCaz.q. O"/ &
‘Ca®* 3
124a 124b .
fast formation, non-isolable slow formation, non-isolable
shorter life-time ca. ~270 mins longer life-time ca. ~24 h
proposed structure based on in situ proposed structure based on in situ
'H, '3C, COSY and HSQC H, 13C, COSY and HSQC 0 500 1000 1500

time (mins)

Figure 13. In situ reaction monitoring profile in toluene-ds.
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According to these results, we proposed a mechanism involving activation of 6 by calcium
catalysis in two different routes (Figure 14) which are deviating from those previously reported in
the literature (Scheme 8, Scheme 9 and Scheme 23).°33%° In pathway one (Figure 14), calcium
activated the cyclopropane ring which then weakened the C-C bond. The acceptor 78 was also
simultaneously activated by water assistance. The activated acceptor attacked at the anomeric
center of D-A cyclopropanated sugar 6 to generate the enol intermediate 124a in a highly
stereoselective formation. Keto-enol tautomerism of 124a further led to the stable product 123a.
Meanwhile, 123a was also generated through a second route (Figure 14; pathway 2). Water
attached to the anomeric position leading to the slow formation of the hydronium intermediate
124b underlining the important role of water as discovered during the reaction optimization. The
activated acceptor 78 replaced the water to afford 123a. In addition, pathway two could also
account for the slow formation of intermediate 124b over time since water had to attack first to
form 124b and then be substituted by an acceptor. However, the generation of intermediate 124b
might be responsible for the formation of the undesired a-anomer since acceptor 78 could attack

from the o face.
¢ :
0 o ) BnO © | ©
¢’L\5¢l\0TBS " O keto-eno
78

BnO i tautomerism
> BnO o O —F

h 1 2,
pathway ) a2t

wCa?* 124a o) 0
BnO 0 . o fast formation BnO |
~ — ESSOAY
‘ BnO "
" BnO J\ (0]
I n O

BnO (9) H
6 /\/Rjr 123a

athway 2
P y / ><
124b
4¢L\4A\OTBS

slow formation

Figure 14. Proposed mechanism for the calcium catalyzed strain-release pyranosylation.

Additionally, a series of control experiments were conducted to gain a thorough understanding
of the reaction mechanism (Scheme 34). When the isolated enol side product 125 was treated under
the standard reaction conditions without dioxinone dienolate 78, the expected C-glycoside 123a
was not generated (Scheme 34; a). The result suggested that once the TBS group attached to the
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molecule, it formed a stable side product. It was assumed that the calcium was chelated with the
enol structure 124a and activated the intermediate. Additionally, the O-glyosidic side products 126
and 127 were employed under identical optimized conditions but no product was found (Scheme
34; b and c). Hence, the putative structure 124b might be the active hydronium intermediate. In
order to prove our hypothesis of water as the proton source, we used deuterium oxide under the
optimized condition (Scheme 34; d). We couldn’t see clearly a splitting of signals by the
attachment in the NMR spectrum but could confirm a small fraction of deuterium incorporation
by HRMS (Supplementary Figure 12). This outcome could be explained by the not absolute

anhydrous reaction conditions.
(a)

o { 20 mol% Ca(NTf,),/Bu;NPF
O O
BnO \ 5 0.5 eq. H,O BnO | O\F
Bno i tol 0°C-rt, 24 h ~ Bno " °
OB”)\Ong oluene, B OBn/KO o)
(b) 125 123a

20 mol% Ca(NTf,),/BusNPFg

O _~OTBS

0 + 0O > »
oo I tol 0°C-rt, 24 h BnO ’ °
OBn XNo OTBS oluene, B & OBn/KO 0
126 78 123a
(c)
20 mol% Ca(NTf,),/Bu,;NPF
(0] OH 2)2 4 6
BnO O\A 0.5 eq. H,O BnO o | O\f
‘4, + A O > .
oo tol 0°C-rt, 24 h BnO ’ °
OBn XNo oTBS oluene, B OBn/go 0
(d) 127 78 123a
o o o 20 mol% Ca(NTf,),/Bu,NPFg 0 o
BnO "((-—/< \V/\ 0.5 eq. D,0 BnO | \F
y v+ Q0 - 0
BnO toluene, 0 °C-rt, 24 h BnO ~D
OBn oTBS OBn /Eo o}
6 78 128

70%, B:oo =>95:5

Scheme 34. Control experiments for mechanistic studies.

4.6  Further transformations

To demonstrate the synthetic utility of our methodology, a number of transformations using
D-A cyclopropane 123a were conducted (Scheme 35).%° The treatment of 123a with MeOH at
90 °C provided the B-keto ester 129 in 74% yield.*® Similarly, the treatment of 123a with iPrOH
under the same reaction conditions gave the target product 130 in 77% vyield. An attempted

hydrogenolysis of the benzyl protection groups furnished the hydroxyl product 131 in 86% yield.
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Surprisingly, when 123a was treated with K2COz at high temperature, the eliminated product 132
was obtained.

123a
iPrOH Pd/C, H, K2CO3
toluene DCM toluene
toluene o o
90°C, 3 h 90 °C, 10 h rt, 24 h 80°C,24h
(0] (0] i O
BnO OMe BnO OiPr HO Z (0] B0 o)
W, O " .
BnO ” © BnO @0 HO " OKO BnO O
BnO J\ BnO J\ OH s J\
n fo) n fo) o) BnO o
129 130 131 132
74% 7% 86% 89%

Scheme 35. Further transformation of 123a.

4.7  Dienolate diversification

With this simple and effective pyranosylation protocol in hand, we were curious to extend the
scope using a variety of dienolates (Figure 15). The biologically privileged coumarin derivatives
and oxindole derivatives are extremely attractive as they possess inherent vinylogous
nucleophilicity as well as possible biological activity. In addition, both structures can be
substituted by either electron withdrawing or electron donating groups which could allow for a
deeper understanding about the character of the cyclopropanted sugar 6 and its ring opening.

TBSQ PG
/ N
R R2
R3
oxindole derivatives
NCT N0
: o r’A‘j TBSO
TN \I\V, coumarin derivatives

RIY©
OTBS

dioxinone dienolate

RO \ D

,

BM
os/k
"o

Figure 15. Possible dienolate alternatives based on a biologically privileged scaffold.
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4.7.1 Synthesis of coumarin dienolates and reaction optimization of D-A-ring
opening reaction with p-Galactose derived cyclopropane and coumarin
derivatives

We continued investigating the strain-release pyranosylation with the potential vinylogous

coumarin derivative 135 which was obtained through the treatment of o-hydroxyacetophenone 133,
ethyl cyanoacetate 134 and ammonium acetate under reflux (Scheme 36).%’

(0]
CN
(o] EtoJ\/ 0._0
134 , NH40Ac
neat, 5 h, reflux, 35% o Z CN
OH
133 135

Scheme 36. Synthesis of coumarin derivative 135.

With the coumarin derivative 135 in hand, we further applied the optimized protocol on the
cyclopropanated sugar 6 (Table 7). Unexpectedly, instead of the desired product 136, the
hydrolyzed side product 127 was obtained (Table 7; entry 1). Furthermore, when water was
excluded in the reaction, no desired product 136 was observed (Table 7; entry 2). Since the base
was necessary to trigger the y-nucleophilicity of the coumarin derivative 135, triethylamine as
external base was used (Table 7; entry 3). However, the cyclopropanated sugar 6 seemed to be

sensitive to basic conditions, only decomposition of the 6 was observed.

Table 7. D-A ringopening reaction optimization of b-Galactose derived cyclopropane and

coumarin derivative.

0B
"o

6 135 136
Entry Extra condition Results?
O +OH
BnO o 1 0.5eq. H20 127
BnO o
2 anhydrous -
OBn /Ko y
127 3 1.2 eq. EtsN decomposed

[a] results was determined by *H NMR of the crude reaction mixture.
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Since the in situ generation of the y-nucleophile was not compatible with the cyclopropanated
sugar 6, we intended to obtain the coumarin dienolate 137 separately (Table 8). The coumarin
derivative 135 was retained at 0 °C (Table 8; entry 1). Therefore, we further decreased the
temperature to —78 °C, but only starting material 135 was observed (Table 8; entry 2). We
concluded that the reaction equilibrium was too rapid at 0 °C leading to the reverse reaction
formation of 135. Hence, the effect of temperature was studied. Reducing the temperature to —
20 °C gave total conversion to product 137 (Table 8; entry 4). Unfortunately, conventional
isolation in silica, aluminum oxide, extraction and silica-9 gave only back formation of coumarin
derivative 135. Since the conditions of the in situ generation of the coumarin dienolate were
ineffective and isolation of coumarin 137 was unsuccessful, we decided to postpone the

investigation of the coumarin type dienolates.

Table 8. Synthesis of coumarin dienolate.

0.0 0. _OTBS
TBSOTf, Et;N |
D e »
CN CH,Cly, 2 h CN

135 137
Entry  Temp. (°C) Result?
1 0 s.m.
2 —78 s.m.
3 —40 66% conversion
4 -20 100% converstion

[a] results were checked directly from crude mixture by *H NMR without further
work up; s.m.: starting material.

4.7.2 Synthesis of various oxindole dienolates

In order to expand substrate scope further, we explored the use of vinylogous oxindole
dienolates. The investigation was initiated by synthesizing various oxindole dienolates (Scheme
37).% The oxindoles substituted with electron withdrawing groups underwent aldol condensation.
These were then protected by a Moc or Boc group to afford the vinylogous precursors.
Subsequently, the y-proton was abstracted under basic conditions and replaced by a TBS group to
obtain the dienolate 140, 141 and 143-147. Additionally, the formation of oxindole dienolate 142
was obtained from isatin which underwent benzylation, a Wittig olefination and finally protection

with TBS group.
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2 2
1. CH3CHO/PhCHO, piperidine R R
. —@j/\:o ethanol, rt, 17 h / TBSOTf, EtzN
N 2. Moc,0/Boc,0, DMAP R O CH,Cly, rt, overnight R’ N—oT8s
CH3CN, rt, overnight N N

\

PG PG

138 139 140-147
Ph
Ejftoms Ejftoms ©§0TBS @COTBS
N N N N
\ \ \ \
Moc Boc Bn Moc
1402 1412 14220 1432
31% 13% 18% 32%
Br. F
N—oTBS N—oTBS N—oTBS N—o7BS
N Br N of N N
Moc Moc Moc Moc
1442 1452 146° 1472
56% 10% 63% 32%
[a] yield over three steps; [b] this reaction was performed by isatin as starting material via benzylation and Wittig olefination; in cooperation with
Adrian Weide.

Scheme 37. Synthesis of diverse oxindole dienolates.

4.7.3 Reaction optimization of D-A-ring opening reaction with p-Galactose

derived cyclopropane and oxindole dienolate

We employed the optimized conditions without the addition of water to the cyclopropanated
sugar 6 with the oxindole dienolates 140, since it may lead to the hydrolyzed side product 127.
The application of the optimized conditions was incompatible with the oxindole dienolate 140
(Table 9; entry 1). To our surprise when the solvent was changed to CH>Cl», instead of the expected
C-glycoside 148a, the rearrangement product 148b was obtained (Table 9; entry 2). The addition
of 0.5 eq. water led to the expected, hydrolyzed side product 127 (Table 9; entry 3). Since the
protecting group on the oxindole has a strong influence on the reactivity, the Boc protected
oxindole 141 was used but neither C-glycoside 148a nor the rearrangement product 148b were
observed (Table 9; entry 4). We further altered different calcium sources (CaCl, or Ca(OTf)2;
Table 9; entry 5-7). Interestingly, only starting material was observed without BusNPFe (Table 9;
entry 6) while rearrangement product 148b was detected in the presence of BusNPFs (Table 9;
entry 7). This finding highlighted the importance of the PF¢ anion for the reaction. Different alkali
and alkaline triflimides were employed (Table 9; entry 8-11). When Mg(NTf)., which exhibits a
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similar character as Ca(NTf2)2, was utilized, the C-glycoside 148b was generated in 43% yield
(Table 9; entry 11). We further studied the solvent effect (Table 9; entry 13-17). The previously
used CH2Cl> gave the best results. The reaction temperature was reduced to —20 °C to lower the
possible side reactions but the yield decreased (Table 9; entry 17). Since the preliminary screening

was not optimal regarding yield, we decided to hold the promising results for further investigation.

Table 9. Reaction optimization of p-Galactose derived D-A cyclopropane with oxindole

dienolates.
o Moc o IR1
80 N o TBSQ g o N
/j;j“(<—< . /N conditions B0 ' Bno/p“‘%%@
BnO " Lo v Bo i/
OBn BnO o;\ OBn
6 140: R" = Moc 148a 148b: R" = Moc
141: R? = Boc 148c: R = Boc
Entry Catalyst R!? Solvent T(igp ' T(Irr]? ¢ Results®
12 Ca(NTf)2 Moc toluene 0-rt 24 -
28 Ca(NTf2)2 Moc CH:ClL: O-rt 3 148b: 43% (35%)f
320 Ca(NTf)2 Moc CHCl» 0-rt 2 127
42 Ca(NTf)2 Boc CH:Cl, 0 3 -
CaCl; Moc CH:Cl, 0-50 17 s.m.
Ca(OTf)2  Moc CHxCl, 0-50 17 s.m.
72 Ca(OTf)2  Moc CH:Cl 0 2 148b: 8%
8¢ Li(NTf2)  Moc CH:Cl, 0 6 -
9ac Na(NTf) Moc CH:Cl 0-rt 19 -
10 Ba(NTf2)2 Moc CH2Cl, 0 4 148b: 26%
11%9  Mg(NTf), Moc CHCl» 0 4 148b: 43%
12¢  Mg(NTf), Moc CHCl» 0 2 —
13%¢  Mg(NTf)2 Moc toluene 0 4 -
1439 Mg(NTf)2 Moc THF 0 4 -
15%¢  Mg(NTf)2 Moc dichloroethane 0 4 -
16%¢  Mg(NTf)2 Moc dibromomethane 0 4 148b: 26%

1739 Mg(NTf2). Moc CH.CL, 20 4 148b: 29%

reaction conditions: 20 mol% catalyst; [a] 20 mol% BusNPFg; [b] 0.5 equiv. H;O; [c] reaction performed in glove box; [d] Mg(NTf,), was
weighed in the glove box but the reaction was performed outside the glove box under argon; [€e] yields were determined by *H NMR of the
crude reaction mixture; [f] isolated yield; s.m.: starting material.
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To our surprise, the addition of different dienolates to the cyclopropanated sugar 6 led to distinct
product types. As mentioned before, water played a crucial role in the strain-release pyranosylation
with dioxinone dienolate 78. The direct attack of acceptor 78 to sugar 6 in high B-stereoselectivity
led to product 123a (Figure 16). However, water was disadvantageous in the reaction with
oxindole dienolate because it caused the formation of the undesired hydrolyzed side product 127.
The generation of the rearrangement product 148b could be referred to as the plausible bicyclic
intermediate 149 which has been reported in numerous literature sources.®2%% We reasoned that
oxindole dienolate 140, which is relatively bulky compared to the dioxinone dienolate 78, was
hindered at the side of the direct addition to the anomeric position. Therefore, the anchimeric
assistance from the ketone functional group formed the putative intermediate 149 first and the

oxindole dienolate 140 attacked later to generate the rearrangement product 148b.

>< ) o/
NOTBS Bmo keto-enol
| tautomerism
- BnO (0]
(a) S BnO
(o7
WwCa? 124a 123a

BnO o g)
6 Bno/\/gj“‘ \
> BnO o
() OBn TBSO

149 148b

140
Figure 16. Comparison between the reaction involving the dioxinone dienolate 78 and

oxindole dienolate 140 in the calcium catalyzed strain-release pyranosylation.
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4.8 Conclusion of Ca(NTf,). catalyzed strain-release vy-vinylogous C-

pyranosylation

A calcium catalyzed strain-release vinylogous pyranosylation of cyclopropanated sugars with
high B-anomeric and y-regioselectivity was reported in this section (Scheme 38). Moreover,
distinct O-6 substituted functional groups on the carbohydrates, not only p-Galactose derived but
also p-Glucose derived cyclopropanated sugars, were tolerated in our optimized protocol. We
further investigated the influence of protecting groups and a-/y-substituted on dioxinone dienolates
in this reaction. We have concluded that the substitution at the y-position of the dioxinone dienolate
was incompatible with our conditions as the nucleophilic y-position was sterically hindered. In
addition, the sterically hindered a-substituted dioxinone dienolate influenced the addition to the
cyclopropanated sugar and led to lower stereoselectivity and yields. Furthermore, the in situ NMR
monitoring and in situ characterization of non-isolable intermediates provided a thorough
understanding of the mechanism for the calcium catalyzed strain-release C-glycosylation and the
importance of the addition of water. To demonstrate the value of our protocol, we have
successfully performed a number of further transformations such as B-keto ester formation or

debenzylation.

3

! /A\
1 r \
o) 0 . o.! i 20 mol% Ca(NTf,),/BusNPFg o O\\\/
. - J
RO \(<</< oo 0.5 eq.[H,0l _ RO VS
B + 1 NGO “, .
BnO R toluene, 0 °C-rt, 24 h BnO "R
OBn OTBS OBn /ko 0

22 examples, B-selectivity
up to 88% yield

\

Scheme 38. General scheme for calcium catalyzed y-vinylogous strain release pyranosylation.

We further attempted to extend our substrate scope to coumarin derivative (Scheme 39).
However, the in situ generation of y-vinylogous nucleophilic addition was incompatible with the
base sensitive cyclopropanated sugar. In addition, the isolation of the coumarin dienolate was
impossible through conventional purification method due to its instability. Therefore, a deeper
investigation of such vinylogous coumarins with cyclopropanated sugars have to be performed in
the future. However, the preliminary results provided promise in developing in situ generation of

coumarin dienolate under mild conditions.
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o o) 0_0
BnO ::«J< \ 20 mol% Ca(NTf,),/Bu,NPFg ~ BnO
BnO ZNeN toluene. 0 ot 24 ™ gno '
CN toluene, 0 °C-rt, 24 h n NC o
OBn o

6 135 136

Scheme 39. Attempted calcium catalyzed vinylogous pyranosylation with coumarin
dienolate 135.

We were also curious to incorporate the biologically privileged oxindole moiety into our
substrate scope (Scheme 40). To our delight, the addition of oxindole dienolate to the
cyclopropanated sugar was conducted under slightly modified conditions. However, instead of the
expected C-glycosides, we obtained a rearrangement product, albeit in poor yield. With the
promising results at this stage, we have preliminary understanding in establishing the
rearrangement between the cyclopropanated sugars and oxindole dienolates in the future.

0 N'Moc
B0 0 ’ 0 TBSO Moc o
‘((<—/< JN 20 mol% Ca(NTf,)y/BuNPFs  BnO w0, /
+ >

BnO CH.Cl,, 0°C, 4 h, 35% BnO s

OBn

OBn
6 140 148b

Scheme 40. General scheme for calcium catalyzed vinylogous pyranosylation with oxindole

dienolate.
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5 Results and discussion of halogen bond catalyzed y-vinylogous C-

glycosylation with glycosyl imidates

Glycosyl imidates are one of the most frequently used donors in glycoside synthesis. Inspired
by Takemoto et al., we decided to explore the C-vinylogous glycosylation through non-covalent
XB catalytic method.**

5.1 Synthesis of diverse glycosyl imidates

We initiated our investigation by synthesizing glycosyl imidates (Scheme 41). Conventionally,
the use of DBU as base for the reaction of glycosyl hemiacetals 150 and 151 with
trichloroacetonitrile  (CCIsCN) generated the thermodynamically favored a-glycosyl
trichloroacetimidates (TCAI) 152 and 19, whereas K>CO3 produced the kinetically controlled -
glycosyl TCAIs 153 and 154.%° Since the C-2 anchimeric assistance of acetyl group are commonly
used for the generation of highly stereocontrolled products, the acyl substituted glycosyl TCAls
60 and 157 were synthesized. The treatment of the glycosyl acetals 155 and 156 under acidic
condition provided the glycosyl hemiacetal intermediate which further generated the glycosyl
TCAIs 60 and 157 by treatment with DBU and trichloroacetonitrile.5 In addition, the benzoxazolyl
(BOX) imidate 158, which was found to be more reactive than glycosyl TCAIs, was obtained from
the glycosyl hemiacetal 150 by treatment with KOH and 2-chlorobenzoxazole.®?

C)

0 O__CCly O .OH 0O _CCls
BnO hif CCl,eN, DBU  BNO CCIsCN, K,CO5 BnO hif
¢ NH ~ “ > ., NH
BnO “OBn CHyCly, 1t, 2 h BnO ‘OBn CHyCly, 1t, 5 h BnO “OBn

OBn OBn OBn
Glc: 152; 89% 150: Glucopyranose Glc: 153; 85%
Gal: 19; 69% 151: Galactopyranose Gal: 154; 74%
(b)
O o 1. TsOH-H 20 (0] ‘\\O CC|3
BnO >{OEt DCE:H,0 = 9:1 (viv), it, 18 h  BNO hig
- “ > NH
BnO" o 2. CCI;CN, DBU BnO OAc
OBn CH,Cl,, rt, 1.5 h OBn
Glc: 155 Glc: 60; 87%
Man: 156 Man: 157; 59%
(c)
B0 O +OH O 0 /N
n 1.3 A MS, acetone, rt, 1h BnO ' \%D
BnO" “OBn 2. KOH, 2-chlorobenzoxazole o BnO™ “'0Bn
OBn 0°C-rt,18 h, 51% OBn
150 158

Scheme 41. Synthesis of various glycosyl imidates.
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5.2 Synthesis of halogen bond catalysts

We continued our investigation by synthesizing the XB catalysts bearing different electronic
properties (Scheme 42). The benzimidazole derivatives 161-163 were obtained by copper catalysis
under high temperature. To our surprise, the high electron withdrawing p-nitro substituted
intermediate 162 was generated in high yields because the copper catalyzed coupling reaction is
generally assumed to be less efficient. The iodo substituted compounds 164-166 were obtained
through deprotonation by a strong base and subsequent iodination. The conditions were too harsh
for the treatment of the p-nitro compound 162 and therefore LIHMDS was used instead. The XB
catalysts 167-169 were synthesized via Sn2 displacement with octyl triflate.®

N
Br condition a for R' = CF, C[ >
. condition b for R = NO,, OMe_ N
g >
H

159 160 R’
161: R" = CF3; 13%
162: R' = NO,; 83%
163: R" = OMe; 20%

Oct
octyl triflate

N+ -OTf
CL-
- - N
Q CH,Cl, t, overnight
R1

R1

condition c for R' = CF5, OMe
condition d for R' = NO,

164: R' = CF3; 80%
165: R" = NO,; 25%
166: R' = OMe; 56%

167: R' = CF3; 57%
168: R' = NO,; 67%
169: R' = OMe; 84%

Condition a: Cul, ninhydrin, KOH, DMSO, 110 °C, overnight; condition b: Cul, Cs,CO3;, DMSO 120 °C, overnight; condition c: n-BuLi, I, THF,
—60 °C-rt, 18.5 h; condition d: LIHMDS, I,, THF, —78 °C-rt, 18 h.

Scheme 42. Synthesis of different XB catalysts.

5.3  Optimization of glycosyl imidate with dioxinone dienolate

With all the required donors and catalysts in hands, we started our investigation by utilizing the
a-glycosyl TCAIls 152 and relatively stable TBS-protected dioxinone 78 as the model C-
glycosylation (Table 10). To our delight, the combination of HB catalyst 62 and XB catalyst 167
led to the C-glycoside 40a, albeit with poor yield (Table 10; entry 1). When the HB catalyst 62
was solely used, the target product 40a was not found indicating an activation of HB catalyst by
the XB catalyst (Table 10; entry 2). Furthermore, the XB catalyst 167 was sufficient enough to
catalyze the reaction by itself and increased the yield demonstrating the first XB catalyzed glycosyl
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imidate substitution (Table 10; entry 3). Surprisingly, inversion of the anomeric selectivity was
observed when Ca(NTf2)> was used (Table 10; entry 4). The effect of different solvents was also
studied (Table 10; entry 5-9). We identified 1,4-dioxane as optimal solvent. We observed that
dioxane and ether gave better anomeric selectivity in our study (Table 10; entry 6 and 9) while
acetonitrile increased the formation of the B-anomer (Table 10; entry 5). This indicated the
participation of acetonitrile from the a face. We further probed the temperature effect. Elevated
temperatures led to higher a-selectivity (Table 10; entry 9-12) with the optimum at 80 °C (Table
10; entry 11). With this promising preliminary result, we further studied the donor effects to
increase the yields and maintain anomeric selectivity.

Table 10. Reaction optimization of a-glycosyl TCAI 152 with dioxinone dienolate.

BnO (0] ‘\\O\H/CC|3 >< BnO O WO
. o O . o. .0
no"

B anI,OBr':I oy MOTBS conditions BnO" an'IOBn ><
152 78 40a
[ CF4 CF4 o +NPCt )
QG
FsC N“ON CFs Q
L %2 167  CFs
Entry Catalyst Solvent T(eorcr:w)p ' T(I:)]e Yieldd a:p ratiod

12 62+167 CHxCl, rt 2 22% 80:20
20 62 CHxCl, rt 24 s.m. —~
3? 167 CHxCl, rt 3 31% 74:26
4° Ca(NTf2)2/BusNPFe CH:Ch rt 1.5  56% (54%)° 37:63
5¢ 167 CH:;CN rt 23 28% 24:76
6° 167 Et,0 rt 2 30% > 95:5
7° 167 toluene rt 2 34% 94:6
8¢ 167 fluorobenzene rt 3 39% 87:13
Q¢ 167 1,4-dioxane rt 2 40% 94:6
10° 167 1,4-dioxane 50 2 48% 95:5
11¢ 167 1,4-dioxane 80 1 50% > 95:5
12°¢ 167 1,4-dioxane 110 1 21% >95:5

[a] 10 mol% catalyst; [b] 20 mol% catalyst; [c] 5 mol% catalyst; [d] a:f ratio and yields were determined by *H NMR of the crude reaction
mixture; [e] isolated yield; s.m.: starting material
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Different solvents were used with the glycosyl TCAI 60 to gain C-2 anchimeric assistance
(Table 11). To our surprise, not only C-glycoside 170a but also the product 170b was formed,
albeit in low yield. However, we were more interested in the development of C-glycosylation.
Therefore, we decided to postpone further investigation with the acyl glycosyl TCAI 60.

Table 11. Reaction optimization of acetyl glycosyl TCAI 60 with dioxinone dienolate 78.

\ |
Bno/\©“ O\H/CC3 X BnO/\,C:;rﬂ WO Bno/j/\og“‘oMo
O (0] ‘o,
g . NH 5 mol% 167 . (0] O " "
BnO “ + — » BnO ‘s + BnO (6] o.__0O
OAc NkOTBs conditions OAc >< ><

OBn OBn OBn
60 78 170a 170b
A +N'Od Entry Solvent  Temp. (°C) Time (h) Yield2
\
b 1 CHCl, it 24 170 (10%);170b (36%)°
2 1,4-dioxane 80 3 170a (trace);170b (36%)
3 CHs;CN 80 23 170a (trace);170b (24%)
L 167 CFs ) [a] yields were determined by *H NMR in the crude reaction mixture; [b] isolated yield.

We further investigated the tetrabenzyl glycosyl imidates including B-gluco-derivative 153 and
a-/B-galacto-derivatives 19 and 154 with the dioxinone dienolate 78 (Table 12). The C-glycoside
171 was observed in higher yield but the anomeric selectivity decreased significantly (Table 12;
entry 2). In addition, the expected higher a-selective attack at -gluco-derivative 153 gave lower
yield but maintained high anomeric selectivity (Table 12; entry 5-7). We observed the generation
of an undesired amide side product 172 through back attack of the leaving trichloroacetonitrile up
to ~36% in all the reaction examples. Therefore, the BOX imidate 158 with relatively stable
leaving group was examined. In this case, the C-glycoside 40a was observed in a slightly lower
yield (Table 12; entry 11). As a result, we decided to keep the a-gluco-derivative 152 as the

reaction donor for further investigation.
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Table 12. Reaction optimization of distinct glycosyl imidates with dioxinone dienolate 78.

O._.R' 0 0
B“O/\Jg;[' . o><o 5 mol% 167 °'O o/ !
diti BnO
BnO T OBn MOTBS conditions n I OBn x

152: R" = TCAI, Glc-a 8 40a: Glc

19: R'=TCAI, Gal-a 171: Gal

153: R' = TCAI, Glc-B

154: R' = TCAI, Gal-p H

158: R" = BOX, Glc-a BRO o) N\H/CCIs

BnO "'OBr?
OBn
172
Entry Substrate Solvent Temp. (°C) Time (h) Yield? a:p-ratio®

1 152 1,4-dioxane 80 1 40a: 50% > 95:5
2 19 1,4-dioxane 80 1 171: 57% (59%)°  62:38
3 19 Et,O 2 171: 38% 64:36
4 19 CH3;CN rt 2 171: 43% 79:21
5 153 1,4-dioxane 80 1 40a: 41% >905:5
6 153 Et,O 2 40a: 31% >95:5
7 153 CH3;CN rt 2 40a: 28% 27:73
8 154 1,4-dioxane 80 1 171: 51% 61:39
9 154 Et,O rt 2 171: 40% 70:30
10 154 CH3CN rt 2 171: 42% 79:21
11 158 1,4-dioxane 80 1 40a: 22% (31%)° >95:5

[a] a:B ratio and yields were determined by *H NMR of the crude reaction mixture; [b] isolated yield.

We further investigated the effect of different substituted patterns on the catalysts to the reaction

(Table 13; entry 1-5). To our delight, the strongly electron withdrawing nitro group on the XB

catalyst 168 increased the formation of C-glycoside 40a (Table 13; entry 2). In contrast, the

imidazole XB catalyst 174 was less efficient for catalyzing of the C-glycosylation (Table 13; entry

5). Since we observed that ethereal solvents providing increased yields and anomeric selectivity,

those solvents were screened but neither of them increased the reaction performance (Table 13;

entry 6-8). Since the reaction was relatively active, the protection group of the enolate was
changed to the more stable TIPS 116 (Table 13; entry 9). However, the bulky TIPS hindered the
addition reaction and resulted in a lower yields and anomeric selectivity. In order to decrease the
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competition of side reaction, we added an equivalent of different additive to stabilize the glycosyl
oxocarbenium intermediate (Table 13; entry 10-12). Interestingly, when acetonitrile was added,
the yields were unaffected but B-anomeric selectivity was increased. The catalyst loading was also
varied to 2 mol% or 20 mol% but no significant effect could be identified (Table 13; entry 13-14).
When the limiting reagent was changed from imidate 152 to dioxinone dienolate 78, 74% of C-

glycoside 40a was generated (Table 13; entry 15).

Table 13. Reaction optimization toward various XB catalysts.

0. O _CCl 0
BnO D Y catalyst BnO ad
X ., NH + O O > \\ ‘., O O
BnO OBn Nkow solvent, 80 °C, time BnO ©Bn x

OBn OBn
152 78: R'=TBS 40a
116: R' = TIPS
orr , Pct ot , Pt ot , Oct

D&

N N N - Oct
N N N oTf , ¢
@Er\?_ C[r\?_ C[N% ! N Oct
z z E \>—| OTf , ;
CF3 NOQ O
167 168 169

Me Dod
173 174
Entry Cat. Acceptor Solvent Additive Time (h) Yield® a:p ratiod
1 167 78 1,4-dioxane - 1 50% >95:5
2 168 78 1,4-dioxane - 1 61% >95:5
3 169 78 1,4-dioxane - 1 48% >95:5
4 173 78 1,4-dioxane - 1 50% >95:5
5 174 78 1,4-dioxane - 3 16% >95:5
6 168 78 tetrahydropyrane — 3 18% >95:5
7 168 7y dicthylene glycol - 3 46%  82:18
diethyl ehter
8 168 78 anisole — 2 28% 87:13
9 168 116 1,4-dioxane - 2 35% 84:16
10 168 78 1,4-dioxane H,O (1 eq.) 1 19% >95:5
11 168 78 1,4-dioxane CH3CN (1 eq.) 2 61% 79:21
12 168 78 1,4-dioxane DME(1 eq.) 1 43% >95:5
132 168 78 1,4-dioxane - 2 52% >95:5
14* 168 78 1,4-dioxane - 2 52%  >95:5
15¢ 168 78 1,4-dioxane - 1 74% > 95:5

General reaction conditions: glycosyl TCAI 152 (0.1 mmol, 1 equiv.), dioxinone dienolate 78 (0.12 mmol, 1.2 equiv.) and 5 mol% catalyst; [a] 2
mol% catalyst; [b] 20 mol% catalyst; [c] glycosyl TCAI 152 (0.2 mmol, 2 equiv.), dioxinone dienolate 78 (0.1 mmol, 1 equiv.); [d] a:p ratio and
yields were determined by *H NMR of the crude reaction mixture.
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5.4  Conclusion of halogen bond catalyzed y-vinylogous C-glycosylation with

glycosyl imidates

The first halogen bond catalyzed C-glycosylation with high a-anomeric and y-regioselectivity
through the vinylogous concept was revealed in this section (Scheme 43). We investigated
different XB catalysts bearing distinct electronic properties and observed the nitro substituted XB
catalyst as the most potent for this C-glyosidic bond formation. We proposed that the highly
electron withdrawing nitro group enhanced the electronegativity on the iodo atom and therefore

led to a stronger XB interaction.

0_wO-_CCl O
BnO N >< 168 02 BnO 2 ‘WO
0”0 D—
K . NH + > o . 0.__0O
nO ‘OBn MOTBS 1,4-dioxane , 80 °C, 1 h BnO ‘OBn ><

OBn OBn
152 78 40a

o:fp =>95:5

Scheme 43. Halogen bond catalyzed y- vinylogous C-glycosylation with glycosyl imidate.
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6 Cell-based screening of the carbohydrate derived compound collection

The carbohydrate derived compound collection was prepared from two distinct C-glycosylation

projects including the Ferrier rearrangement C-glycosides 90a-90h and the strain-release C-

glycosides 123a—123w and 129-132 (Figure 17). In total, 37 compounds were submitted to the

COMAS in Dortmund for cell-based screening to assess possible biological activities. The

screening revealed that most of the C-glycosides showed inhibition of the Hedgehog (Hh)

signaling pathway (Table 14). The Hh osteogenesis assay showed compound 90c from the Ferrier

rearrangement cluster as the most potent molecule with a half-maximal inhibitory concentration

(ICs0) of 1.88 + 0.41 uM. In addition, compound 123q from the strain-release project cluster
exhibited the highest inhibition with an 1Cso value of 3.61 + 0.95 uM for the Hh pathway. We have

showed that the developed C-glycosylation defines a new class of glycosides that have the

potential to be inhibitors in the Hh signaling pathway.

0 = o)
nco-L AcO/\<_j
_ o) =

90a-90e, 90g, 90h

~<
s A
\

(
ol )
O \k*v/
RO \ o
BnO “nR1 \
L

"No

123a-123w

(0]
BnO OR
BnO Ij: ©
(0]

BnO

129 R = Me
130 R =/Pr

T

(0]

90f

most potent compounds
from different clusters for
Hh signaling pathway

90c
ICs5o = 1.88 £ 0.41 uM

O
BnO \ o
BnO K Y
OB /K
"So

123q
IC50 = 3.61 £ 0.95 uM

N

Figure 17. Generated carbohydrate compounds for COMAS biological screening.
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Table 14. Biological screening results of generated carbohydrate compounds in Hh

signaling pathway.

Compound 1Cs0 [nM] Compound 1Cs0 [uM]
90a 3.00+£0.18 123h 9.33+042
90b 2.70 £1.13 123i —
90c 1.88+0.41 123j 043 +-
90d-a 2.78 £0.33 123k 3.61+0.95
90d-p 3.42 +0.86 123l 8.11+1.52
90e-a. 3.45+0.56 123m —
90e-p 432 £0.91 123n 4.23 £0.37
90f-a 3.26 £0.12 1230 4,95 +0.94
90f-p 2.50 £ 0.46 123p 5.26 £0.91
90g 2.91+0.38 123s 8.71+£1.09
90h 421 £0.22 123t 7.79 £ —
123a 3.86 +£1.13 123v 6.65 + 2.88
123b 6.24 £ 0.78 123w 9.57+ -
123c 6.30 £ 0.44 148b 4.38+£1.29
123d 8.52+0.81 129 —
123e — 130 -
123f 8.77 £1.47 132 —
123g -

Data are mean values of three independent experiments (n = 3) + standard deviation
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7 Summary

Carbohydrates play important roles in cells and are therefore promising candidates as biological
active molecules. C-glycosides are more stable than the naturally occurring, more labile O-
glycosides. Therefore, C-glycosylation can provide a potential alternative reaction type for the
discovery of distinct biological pathways. The purpose of this thesis was the development of
efficient C-glycosylation reactions including a challenging vinylogous concept catalyzed by a
Lewis acid or halogen bonding effects. Firstly, the a-anomeric and y-regioselective vinylogous C-
glycosylation using non-toxic and mild Zn(OTf), with diverse glycal substrates was discovered
(Scheme 44; a). The protocol was compatible with not only the cyclic dioxinone dienolate but also
the a-shielded mesityl dienolate, hence opening up a promising concept for accessing C-glycosides.

In the second part of this dissertation, a calcium catalyzed strain-release vinylogous
pyranosylation with high B-anomeric and y-regioselectivity was developed (Scheme 44; D).
Moreover, various O-6 substituted functional groups on the donor carbohydrates and the influence
of the protecting groups as well as a-/y-substitution of dioxinone dienolates were investigated.
Through the use of in situ NMR monitoring and in situ characterization of non-isolable
intermediates, a deeper insight into the mechanism of the calcium catalyzed strain-release C-
glycosylation was gained. We attempted to extend our substrate scope to coumarin derivates but
the developed method was unsuccessful. However, the preliminary results provided promising
insights for the future development of in situ generated coumarin dienolates under milder
conditions. We also sought for the possiblity to incorporate the biologically privileged oxindole
moiety into our substrate scope. Surprisingly, instead of the expected C-glycosides, we obtained
rearrangement bicyclic products. With these early promising results, we have a preliminary idea
for establishing a selective rearrangement of the cyclopropanated sugar by oxindole dienolates.

The main focus on the third part of this work was the development of a halogen bond catalyzed
C-glycosylation with high a-anomeric and y-regioselectivity by vinylogous substrates (Scheme 44;
¢). The investigation into distinct XB catalysts bearing different electronic properties revealed a
nitro substituted XB catalyst as the most potent for this C-glyosidic bond formation. We further
demonstrated that the developed C-glycosylation gives access to a new class of glycosides that
may be potential Hh signaling pathway inhibitors.
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(a) Ferrier rearrangement y-vinylogous C-glycosylation

o)
AcOZE\J X 20 mol% Zn(OTf), (O W
+ AN . N
n TBSO 1,4-dioxane or DCE ACO( J T

n=0.1 50 °C, 15 h :

1,4,70-74,77 78 or 89 n=0,1
15 examples
up to o:p = 79:21
up to 87% yield

(b) strain-release y-vinylogous C-glycosylation

I ~

! :/ \".
P O R /)
R 0
OTBS R
20 mol% Ca(NTf,),/BusNPFg o o\\’Y )
0.5 eq.|H,0 o7
oHd  ro 3
toluene, 0 °C-rt, 24 h BnO I* \
OBn
6]
O0F° 22 examples, pB-selectivity
up to 88% yield
Z e
135
RO 0 " O 20 mol% Ca(NTf,),/BuyNPFg BnO
RS —< e R e T »
BnO toluene, 0 °C-rt, 24 h BnO
OBn
TBSO Moc
J N
140 BnO
20 mol% Ca(NTf,),/BuyNPFg

CH,Cly, 0°C, 4h,35%  BnO

(c) halogen-bond catalyzed y-vinylogous C-glycosylation

5 mol%
OTf "'N'OCt
N
CLyo
\ | W
BnO O O\H/CCS >< 168 92|  pno O ‘WO
BnO™ omn }O\/Ok 1,4-di 80°C1n  Bno" K oxo
OBn = ,4-dioxane, 80 °C, ‘0Bn
OBn OTBS OBn
152 78 40a
o:p =>95:5

Scheme 44. Summary of C-glycosylation with vinylogous concepts in this thesis.
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8 Supplementary Information
8.1 Insitu NMR reaction monitoring at rt for strain-release pyranosylation

with p-Galactose derived cyclopropane 6

Supplementary Table 1. Experiment integrations over time.

B Yield (%)
Ime (mins) 5 1243 124b 123a
8 0 3450004 1719955  1.95093
9 0 33.86370  19.28854  2.20850
10 0 33.60639  21.71604  2.99247
12 0 3087601  22.89289  4.03458
17 0 2024114 2646857  6.59683
22 0 2772100 2958533  10.91344
28 0 2501535  30.84733  13.24155
40 0 2004383 3324704  16.91751
51 0 16.85050  34.26047 2054576
61 0 1258655 3478630  24.76200
72 0 1146797 3557983  27.45331
82 0 8365539  35.83797 2946582
94 0 6.850181  36.44507  34.88669
103 0 6037529 3659326  35.99572
167 0 0315500  37.18124  46.13475
268 0 0 3515438 53.20961
368 0 0 3216669  54.28040
468 0 0 2760150  55.52328
569 0 0 2337571 56.53102
669 0 0 1944151  58.52053
770 0 0 1593277  59.18977
870 0 0 11.98423 6066211
971 0 0 0.775730  62.15834
1071 0 0 7815804  62.92319
1171 0 0 6792818  62.96144
1272 0 0 5722029  63.10485
1372 0 0 4436126  63.93184
1432 0 0 3274511  64.12305
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Supplementary Figure 2. In situ *H spectrum of intermediate 124a.
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Supplementary Figure 3. In situ 3C spectrum of intermediate 124a.
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Supplementary Figure 4. In situ COSY spectrum of intermediate 124a.
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Supplementary Figure 5. In situ HSQC spectrum of intermediate 124a.
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Supplementary Figure 6. In situ HMBC spectrum of intermediate 124a.
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Supplementary Figure 7. In situ *H spectrum of intermediate 124b.
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Supplementary Figure 8. In situ 2*C spectrum of intermediate 124b.
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Supplementary Figure 9. In situ COSY spectrum of intermediate 124b.
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9 Experimental section

9.1 General information

Unless otherwise stated, all reactions were conducted under inert atmosphere (argon) utilizing
glassware that were oven dried and cooled under argon purging. Silica gel flash column
chromatography was performed on Silica gel Merck 60 (particle size 40-63 um) [triethylamine
(1% v/v) was used as the deactivating reagent]. Starting materials were purchased directly from
commercial suppliers (Sigma Aldrich, Acros, Alfa Aesar, VWR, TCI Deutschland GmbH, abcr
GmbH, Santa cruz biotechnology) and used without further purifications unless otherwise stated.
All solvents were dried according to standard procedures or bought from commercial suppliers.
Reactions were monitored using thin-layer chromatography (TLC) on Merck silica gel aluminum
plates with F2s4 indicator. Visualization of the developed plates was performed under UV light
(254 nm) or KMnOQg stain or H2SO4-EtOH (10% H2SO4 V/v).

NMR characterization data (*H NMR, *C NMR, **F NMR and 2D spectra) were collected at
300 K on a Bruker DRX400 (400 MHz), Bruker DRX500 (500 MHz), INOVA500 (500 MHz) and
Bruker RX700 (700 MHz) using toluene-ds, acetone-ds, CD3OD, CD>Cl» or CDCl3 as solvent. Data
for 'H NMR were reported as following: chemical shift (§ ppm), multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, pent = pentet, sept = septet, m = multiplet, br = broad), coupling
constant (Hz), integration with the solvent resonance as internal standard (acetone-de: 6 = 2.05
ppm for *H, § = 29.92 ppm for *C; CD2Cl,: § = 5.32 ppm for *H, & = 54.00 ppm for 3C; CDCls:
8 =7.26 ppm for *H, & = 77.00 ppm for 1*C; CD3OD: § = 3.31 ppm for *H, & = 49.00 ppm for 13C;
toluene-ds: & = 2.09 ppm for *H, § = 20.40 ppm for $3C). The ratio of anomers was determined by
IH-NMR of the crude reaction mixture via integration of characteristic signals of the anomeric
protons in the *H NMR spectrum. Chemical yields refer to isolated substances after flash column
chromatography. Combined yields of both anomers were reported. NMR vyields were determined
using dibromomethane or 1,3,5-trimethoxybenzene as internal standard.

High resolution mass specta were recorded on a LTQ Orbitrap mass spectrometer coupled to an
Accela HPLC-System (HPLC column: Hypersyl GOLD, 50 mm x 1 mm, particle size 1.9 um,
ionization method: electron spray ionization). Optical rotations were measured in a Schmidt +

Haensch Polartronic HH8 polarimeter equipped with a sodium lamp source (589 nm), and were
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reported as follows: [a]o’ © (¢ = /100 mL, solvent). Kugelrohr distillation was performed on a

GKR-51 under reduced pressure and heating.
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9.2 Synthesis of O-acetylated glycals

General procedure for synthesis of glycals (procedure A)%

OH OAc OAc

(1) HBr, AcOH/Ac,0 = 1:1
OOH NaOAc OOAC  “gecrt 2 © |
HO OH Ac,0, 100 °C or 115 °C AcO OAc (2) NaOAc, activated Zn AcO
2-25h acetone:H,O:HOAc = 3.5:1:2
OH OAc o OAc
0°C-rt,2h

NaOAc (0.53 mol, 1.58 equiv.) was added in acetic anhydride (2.5 mol, 7.6 equiv.) and raised to
115 °C. Carbohydrate substrate (0.33 mol, 1 equiv.) was added in portions at 115 °C (the
temperature must be kept below 118 °C) and stirred for 2 h at 115 °C. After cooling to room
temperature, the reaction was poured into 1000 mL ice water and 500 mL CHCl, and stirred for
another 12 h. The water phase was separated and extracted three times with 250 mL CH2Cl; each
time. The combined organic phases were washed with saturated NaHCO3 until neutral, extracted
with 1000 mL of water. The organic phase was dried over MgSOQsg, filtered and the solvent was
removed to provide the crude mixture. The crude mixture (0.03 mol) was dissolved in acetic
anhydride (2.6 mL) and glacial acetic acid (2.6 mL). After cooling to 0 °C, a hydrogen bromide
solution (33 wt. % in glacial acetic acid, 17.8 mL) was added dropwise and stirred at room
temperature for 2 h. The previous mentioned solution was dropwise added through an addition
funnel to a solution of sodium acetate (5.1 g), acetone (53.4 mL), distilled water (14.2 mL), acetic
acid (14.2 mL) and activated zinc powder (44.64 g) at 0 °C over 1.5 h (the temperature must not
exceed 10 °C). When the addition was complete, the mixture was stirred at 0 °C for 1 h and then
at rt for a further 18 h. The zinc was filtered off and the filter residue was washed with an acetic
acid: H>O mixture of 1:1. The solution was then extracted once with ice water and three times with
cold chloroform and combined organic phases were neutralized using sat. NaHCO3. The solution
was dried over MgSOa4 and the solvent was removed under reduced pressure. Purification of the

product was carried out by silica flash column chromatography.
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3,4-Di-O-acetyl-p-Xylal (70)

Synthesis according to procedure A by using b-Xylose (10.0 g, 31.42 mmol) as starting material
to afford 70 (3.61 g, 18.01 mmol, 57%) as a white solid. The analytical data was in accordance to
the literature.®® *H NMR (700 MHz, CDCl3) & 6.60 (d, J = 6.1 Hz, 1H), 4.99-4.98 (m, 1H), 4.97—
4.95 (m, 2H), 4.20 (ddd, J = 12.3, 3.2, 1.8 Hz, 1H), 3.98 (dd, J = 12.3, 1.6 Hz, 1H), 2.10 (s, 3H),
2.07 (s, 3H); °C NMR (176 MHz, CDCl3) § 169.9, 169.8, 148.0, 97.4, 67.2, 63.6, 63.4, 21.1, 20.9;
[0]p?® = -283.17 (c = 0.81, CH,Cly).

3,4-Di-O-acetyl-p-Arabinal (71)

Synthesis according to procedure A by using p-Arabinose (5.0 g, 15.71 mmol) as starting material
to afford 71 (1.22 g, 6.10 mmol, 39%) as a colorless syrup. The analytical data was in accordance
to the literature.®® *H NMR (400 MHz, CDCls) § 6.50 (dd, J = 6.0, 0.8 Hz, 1H), 5.46-5.43 (m, 1H),
5.19 (dt, J =9.2, 4.2 Hz, 1H), 4.85 (dd, J = 6.0, 5.0 Hz, 1H), 4.05-3.96 (m, 2H), 2.08 (s, 3H), 2.07
(s, 3H); 3C NMR (176 MHz, CDCls3) § 170.2, 169.6, 147.6, 97.4, 65.8, 62.7 (2xC), 20.9, 20.6;
[0]p?° = +260.73 (¢ = 2.96, CH,Cly).

3,4-Di-O-acetyl-L-Arabinal (72)

0]

OAc

AcO

Synthesis according to procedure A by using L-Arabinose (10.0 g, 31.42 mmol) as starting
material to afford 72 (2.63 g, 13.12 mmol, 42%) as a pale-yellow syrup. The analytical data was
in accordance to the literature.® *H NMR (400 MHz, CDCls) 6 6.50 (d, J = 6.0 Hz, 1H), 5.45-5.43
(m, 1H), 5.21-5.17 (m, 1H), 4.85 (dd, J = 6.0, 5.1 Hz, 1H), 4.05-3.96 (m, 2H), 2.08 (s, 3H), 2.07
(s, 3H); ®°C NMR (176 MHz, CDCl3) § 170.3, 169.3, 147.7,97.4, 65.9, 62.8, 62.8, 21.0, 20.7; ESI-
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HRMS: m/z calcd for CeH120sNa [M + Na]*: 223.05769; found: 223.05690; [0]p?® =-171.72 (c =
1.47, CH2Cly).

Hexa-O-acetyl-p-Lactal (73)

OAc OAc

Synthesis according to procedure A by using pb-Lactose (10.0 g, 14.74 mmol) as starting material
to afford 73 (7.57 g, 13.51 mmol, 92%) as a white solid. The analytical data was in accordance to
the literature.%> *H NMR (400 MHz, CDCls) & 6.46 (dt, J = 6.3, 1.9 Hz, 2H), 6.57-5.54 (m, 1H),
5.44-5.42 (m, 1H), 5.36-5.33 (m, 1H), 5.22 (dd, J = 7.6, 5.7 Hz, 1H), 4.85 (dd, J = 6.2, 3.3 Hz,
1H), 4.73 (dddd, J = 6.3, 2.7, 1.5, 0.4 Hz, 1H), 4.40 (dd, J = 12.0, 5.7 Hz, 1H), 4.34-4.30 (m, 1H),
4.28-4.18 (m, 4H), 2.13 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H), 2.07 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H);
13C NMR (176 MHz, CDCl3) § 170.3, 170.3, 170.1, 170.0, 169.8, 169.2, 145.3, 100.9, 98.9, 74.5,
74.1,70.71, 70.6, 68.8, 68.7, 66.6, 61.7, 60.9, 21.0, 20.7, 20.5, 20.5 (2xC), 20.4; ESI-HRMS: m/z
calcd for C24H32015Na [M + Na]*: 583.16334; found: 583.16318; [a]p® = —3.77 (¢ = 0.69, CH:Cl,).

Hexa-O-acetyl-D-Maltal (74)

AcO

OAc
AcO o
cO,,, 0 |
AcO” Y o™

OAc OAc

Synthesis according to procedure A by using pb-Maltose (10.0 g, 14.74 mmol) as starting material
to afford 74 (7.14 g, 12.74 mmol, 86%) as a white solid. The analytical data was in accordance to
the literature.®® *H NMR (400 MHz, CDCls) § 6.44 (d, J = 6.1 Hz, 1H), 5.50 (d, J = 4.0 Hz, 1H),
5.43-5.38 (m, 1H), 5.17 (t, J= 4.4 Hz, 1H), 5.05 (t, J =9.9 Hz, 1H), 4.85-4.81 (m, 2H), 4.40-4.35
(m, 2H), 4.32-4.27 (m, 1H), 4.24 (dd, J = 12.4, 4.2 Hz, 1H), 4.12-4.08 (m, 1H), 4.05-4.01 (m,
2H), 2.12 (s, 3H), 2.12 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H); 3C NMR (176
MHz, CDCls) 6 170.5, 170.4, 170.3 (2xC), 170.0, 169.5, 145.6, 98.6, 95.8, 74.1, 72.5, 70.4, 69.6,
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69.5, 68.2, 68.2, 61.8, 61.6, 21.1, 20.8, 20.6, 20.6, 20.6, 20.5; ESI-HRMS: m/z calcd for
C24H32015Na [M + Na]*: 583.16334; found: 583.16341; [0]o?® = +63.74 (¢ = 2.22, CH,Cl,).

((2R,3S)-3-Acetoxy-2,3-dihydrofuran-2-yl)methyl acetate (77)*

ACO/\Q

AcO¢

Acetic anhydride (69.3 mL, 0.73 mol, 5.5 equiv.) was added to a solution of p-Ribose (20.0 g, 0.13
mol, 1 equiv.) and pyridine (64.7 mL, 0.80 mol, 6 equiv.) in CHCl; (133.3 mL). The resulting
solution was stirred for 13.5 hours at rt. The reaction was quenched with water, extracted with
CH:Cl>, washed with water, dried over with MgSOu, filtered and the solvents were removed under
vacuum. The mixture was filtered through a plug of silica, washed with 20% ethyl acetate in
hexane and concentrated. The remained pyridine was extracted with CuSOs@eq) X 2 and
concentrated to afford the crude product (41.6 g, 0.13 mol, 98%). The crude product (41.6 g, 0.13
mol, 1 equiv.) was mixed in HBr (33 wt% in acetic acid, 69.1 mL, 3 equiv.), and stirred 5 hours at
rt. The reaction was diluted with CH3CN (133.3 mL), and NaOAc (21.9 g, 0.27 mol, 2 equiv.),
NH4Cl (21.4 g, 0.40 mol, 3 equiv.), and activated Zn dust (17.4 g, 0.27 mol, 2 equiv.) were added
sequentially. The reaction was stirred for 2 hours at rt, then quenched with water, extracted with
EtOAc, washed with water, dried with MgSOs, filtered and the solvents were removed under
vacuum. Purification by silica gel flash column chromatography (EtOAc:c-hex = 1:9, Rf = 0.61
(EtOAC:c-hex =1:2)) to afford 77 (8.27 g, 41.33 mmol, 32%) as a pale-yellow syrup. The analytical
data was in accordance to the literature.®” *H NMR (700 MHz, CDCls) § 6.48 (d, J = 6.1 Hz, 1H),
5.42 (t, J = 4.4 Hz, 1H), 5.17 (dt, J = 9.6, 4.0 Hz, 1H), 4.83 (dd, J = 6.1, 5.0 Hz, 1H), 4.02-3.95
(m, 2H), 2.06 (s, 3H), 2.05 (s, 3H); *C NMR (176 MHz, CDCls) § 170.4, 169.8, 147.7, 97.4, 65.9,
62.8, 62.8, 21.0, 20.7; [a]o® = +228.57 (c = 3.16, CH.Cl,).
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9.3 Synthesis of dioxinone dienolate 78
Tert-butyl((2,2-dimethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)dimethylsilane (78)%8

>

o O

MOTBS

A flame dried flask was charged with anhydrous THF (112.7 mL, 0.5 M regarding the dioxinone)

and freshly distilled diisopropylamine (10.85 mL, 77.4 mmol, 1.1 equiv.) at 0 °C. The solution was
cooled in an ice bath followed by slow addition of n-butyl lithium (1.6 M in hexane, 48.4 mL, 77.4
mmol, 1.1 equiv.). The reaction was stirred for 30 mins. DMPU (10.2 mL, 84.4 mmol, 1.2 equiv.)
was added at —78 °C and stirred 30 mins upon the mixture turned turbid. Afterwards, the
corresponding dioxinone (9.35 mL, 70.4 mmol, 1 equiv.) was added dropwise and the resulting
mixture was stirred 30 mins at —78 °C, where upon the turbidity vanished. The tert-
butyldimethylsilyl chloride (12.7 g, 84.4 mmol, 1.2 equiv.) dissolved in 8.1 mL THF was added
slowly. After complete addition, the cooling was removed and the mixture was stirred for 2 h while
reaching room temperature. Afterwards, pentane (200 mL) was added, causing precipitation. The
liquid was transferred to a separation funnel and washed quickly five times with 100 mL ice cold
water. The organic layer was dried over MgSOas. The solvent was removed to obtain quantitative
amounts of crude product. Kugelrohr distillation (0.31 mbar, 80 °C) was performed to provide 78
(11.17 g, 43.6 mmol, 62%) as colorless oil. The analytical data was in accordance to the literature.®
'H NMR (400 MHz, CDCly) § 4.66 (s, 1H), 4.01 (s, 1H), 3.85 (s, 1H), 1.53 (s, 6H), 0.94 (s, 9H),
0.22 (s, 6H); **C NMR (176 MHz, CD2Cly) & 154.2, 152.6, 103.1, 85.0, 77.2, 25.8 (3xC), 24.9
(2xC), 18.5, -4.00 (2xC).
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9.4  Synthesis of mestiyl dienolates

(E)-1-mesitylbut-2-en-1-one (87)°*

~X,

To astirring mixture of anhydrous aluminum chloride (20.0 g, 0.15 mol, 1.5 equiv.) and mesitylene
(250 mL) was added a solution of 2-alkenoyl chloride (10.6 mL, 0.10 mol, 1 equiv.) in the

mesitylene (80 mL) dropwise during 3 h at rt. The resulting solution was further stirred for another
1.5 h. It was poured into 1500 mL of 1 mol/L HCI to decompose the AICIs-complex. After phase
separation, the aqueous phase was extracted with EtOAc (x3). Afterwards, the organic phase was
dried over MgSOs and the solvent was evaporated. The residue was purified on silica gel column
chromatography (pentane:Et,O = 79:1; Rf = 0.35 (pentane:Et.O = 19:1)) as eluent to afford the
desired product 87 (15.0 g, 0.08 mol, 80%) as an yellow oil. The analytical data was in accordance
to the literature.>* *H NMR (700 MHz, CDCls3) § 6.83 (s, 2H), 6.50 (dq, J = 15.8, 6.8 Hz, 1H), 6.32
(dg, J=15.8, 1.6 Hz, 1H), 2.28 (s, 3H), 2.14 (s, 6H), 1.91 (dd, J = 6.9, 1.6 Hz, 3H); *C NMR (176
MHz, CDCls) & 201.5, 147.8, 138.1, 137.2, 134.1 (2xC), 133.9, 128.2 (2xC), 21.1, 19.2 (2xC),
18.5; ESI-HRMS: m/z calcd for C13H170 [M + H]": 189.12739; found: 189.12671.

(2)-((1-mesitylbuta-1,3-dien-1-yl)oxy)trimethylsilane (88)%

TMSO
X

To a solution of 87 (10 g, 53.1 mmol) in THF (200 mL) at —78 °C, NaHMDS (2 M in THF, 29.2

mL, 58.5 mmol, 1.1 equiv.) was added dropwise under argon for 5 mins and stirred at the same

temperature for 2 h. TMSCI (8.3 mL, 63.8 mmol, 1.2 equiv.) was added and stirred for 2 hours
more. The reaction mixture was quenched with water and warmed to rt. To the reaction mixture,
cold water was added and was extracted with pentane (x3). The combined pentane layers were
washed with ice cold water (x5), dried over MgSO4 and concentrated in vacuo. Kugelrohr
distillation (1.1 mbar, 112.5°C) was performed to provide the pure product 88 (11.2 g, 43.0 mmol,
81%) as pale-yellow oil. The analytical data was in accordance to the literature.>® *H NMR (400
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MHz, CDClz) 6 6.88 (s, 2H), 5.83-5.75 (m, 2H), 5.05-4.99 (m, 1H), 4.75-4.70 (m, 1H), 2.30 (s,
3H), 2.25 (s, 6H), 0.20 (s, 9H); 3C NMR (176 MHz, CDCls) § 152.6, 137.6, 136.3, 133.7 (2xC),
133.5, 128.0 (2xC), 111.6, 111.6, 21.1, 19.7 (2xC), 0.46 (3xC); ESI-HRMS: m/z calcd for
C16H250Si [M + H]*: 261.16692; found: 261.16583.

(2)-tert-butyl((1-mesitylbuta-1,3-dien-1-yl)oxy)dimethylsilane (89)>°

TBSO
~“X.

To a solution of 87 (4.91 g, 26.1 mmol) in THF (100 mL) at —78 °C, NaHMDS (2 M in THF, 14.4
mL, 28.7 mmol, 1.1 equiv.) was added dropwise under argon for 5 mins and stirred at the same
temperature for 2 h. TBSCI (4.72 g, 31.3 mmol, 1.2 equiv.) was added and stirred for further 2

hours. The reaction mixture was quenched with water and warmed to rt. To the reaction mixture,

cold water was added and extracted with pentane (x3). The combined pentane layers were washed
with ice cold water (x5), dried over MgSO4 and concentrated in vacuo. Kugelrohr distillation (1.1
mbar, 150 °C) was performed to provide the pure product 89 (7.42 g, 24.5 mmol, 94%) as pale-
yellow oil. *H NMR (400 MHz, CDCls) § 6.85 (s, 2H), 5.82-5.72 (m, 2H), 5.01-4.95 (m, 1H),
4.72-4.67 (m, 1H), 2.28 (s, 3H), 2.22 (s, 6H), 0.90 (s, 9H), 0.09 (s, 6H); 3C NMR (126 MHz,
CD.Cly) 6 153.5, 138.2, 136.8, 134.4, 134.3, 128.6 (3xC), 112.4, 112.1, 26.0 (3xC), 21.5, 20.1,
18.7,-4.04 (2xC); ESI-HRMS: m/z calcd for C19H310Si [M + H]*: 303.21387; found: 303.21319.

9.5 Synthesis of C-glycosides via Ferrier rearrangement

General procedure for C-glycosylation by Ferrier rearrangement (procedure B)

An oven dried tube with a stirring bar was charged with glycal (1 mmol, 1.0 equiv.), mesityl
dienolate (2 mmol, 2.0 equiv.) and anhydrous dichloroethane (0.5 mL). Then, Zn(OTf). (0.2
mmole, 20 mol%) and dichloroethane (0.5 mL) were added. The tube was purged with argon and
sealed with a rubber stopper and parafilm and stirred at 50 °C for 15 h. Upon completion of the
reaction, the reaction mixture was flushed through a short pad of silica gel by EtOAc and subjected

to flash column chromatography.
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((2R,3S)-3-acetoxy-6-((E)-4-mesityl-4-oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-2-yl)methyl
acetate (90a)

AcO o) \/\'?/
Pz (6]

Aco™

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (272.3 mg, 1.0 mmol) as starting material to afford 90a (316.4 mg, 0.79 mmol, 79%) as
pale-yellow syrup. The a-anomer was assigned based on NOESY spectrum. (data for a-anomer)
'H NMR (700 MHz, CDCl3) § 6.79 (s, 2H), 6.46-6.40 (m, 2H), 5.82-5.78 (m, 2H), 5.03-5.02 (m,
1H), 4.31-4.28 (m, 1H), 4.18-4.14 (m, 1H), 4.09-4.03 (m, 1H), 3.91-3.88 (m, 1H), 2.59-2.40 (m,
2H), 2.24 (s, 3H), 2.10 (s, 6H), 2.03 (s, 3H), 2.00 (s, 3H); **C NMR (176 MHz, CDCls) § 201.1
170.6, 170.2, 146.9, 138.1, 136.8, 134.7, 133.8, 132.1, 128.1 (2xC), 124.2 (2xC), 70.1, 69.9, 64.4,
62.4, 36.4, 20.9, 20.8, 20.5, 19.1(2xC); ESI-HRMS: m/z calcd for Ca3H2s0sNa [M + Na]*:
423.17781; found: 423.17727.

((2R,3R)-3-acetoxy-6-((E)-4-mesityl-4-oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-2-yl)methyl
acetate (90b)

=
(e}
AcO Z

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (272.3 mg, 1.0 mmol) as starting material to afford 90b (160.2 mg, 0.40 mmol, 40%) as

pale-yellow syrup. The o-anomer was assigned based on NOESY spectrum. The integration of 'H
NMR spectrum was influenced by the -anomer since both anomers were inseparable. (data for a-
anomer) *H NMR (700 MHz, CDCls) § 6.81 (s, 2H), 6.49—6.31 (m, 2H), 6.01-5.87 (m, 2H), 5.03
(s, 1H), 4.36-4.35 (m, 1H), 4.16-4.13 (m, 1H), 4.12-4.08 (m, 1H), 4.07-4.05 (m, 1H), 2.61-2.49
(m, 1H), 2.40-2.37 (m, 1H), 2.25 (s, 3H), 2.11 (s, 6H), 2.04 (s, 3H), 1.98 (s, 3H); *C NMR (176
MHz, CDCls) 6 201.1, 170.7, 170.3, 147.0, 138.2, 136.8, 134.9, 133.8, 133.7, 128.2 (2xC), 122.9
(2xC), 71.3, 68.1, 63.6, 62.7, 35.3, 21.0, 20.8, 20.6, 19.1 (2xC); ESI-HRMS: m/z calcd for
Ca3H2806Na [M + Na]™: 423.17781; found: 423.17703.
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(2S,3R)-6-((E)-4-mesityl-4-oxobut-2-en-1-yl)-2-methyl-3,6-dihydro-2H-pyran-3-yl acetate
(90c)

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (214.2 mg, 1.0 mmol) as starting material to afford 90c (160.9 mg, 0.47 mmol, 47%) as
pale-yellow syrup. The o-anomer was assigned based on NOESY spectrum. The integration of *H
NMR spectrum was influenced by the B-anomer since both anomers were inseparable. (data for a-
anomer) *H NMR (700 MHz, CDCls) § 6.82 (s, 2H), 6.51-6.47 (m, 1H), 6.36 (d, J = 15.9 Hz, 1H),
5.83 (d, J = 11.3 Hz, 1H), 5.79 (d, J = 11.3 Hz, 1H), 4.84 (s, 1H), 4.25 (t, J = 6.1 Hz, 1H), 3.87—
3.84 (m, 1H), 2.60-2.56 (m, 1H), 2.50-2.46 (m, 1H), 2.27 (s, 3H), 2.13 (s, 6H), 2.05 (s, 3H), 1.19
(d, J=6.6 Hz, 3H); ®C NMR (176 MHz, CDCls) § 201.3, 170.6, 147.5, 138.2, 136.9, 134.6, 133.9,
132.6, 128.2 (2xC), 123.8 (2xC), 69.0, 68.8, 68.7, 37.0, 21.1, 21.0, 19.2 (2xC), 16.7; ESI-HRMS:
m/z calcd for C21H2604Na [M + Na]*: 365.17233; found: 365.17195.

(3R)-6-((E)-4-mesityl-4-oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-3-yl acetate (90d)

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (200.2 mg, 1.0 mmol) as starting material to afford 90d-a (135.6 mg, 0.41 mmol, 41%)
as pale-yellow syrup and 90d-p (42.0 mg, 0.13 mmol, 13%) as pale-yellow syrup. The a-anomer
was assigned based on NOESY spectrum. (data for a-anomer) *H NMR (700 MHz, CDCls) § 6.82
(s, 2H), 6.46-6.42 (m, 1H), 6.34 (d, J = 15.9 Hz, 1H), 5.85-5.79 (m, 2H), 5.16 (s, 1H), 4.23 (s,
1H), 4.04 (dd, J=11.4,5.0 Hz, 1H), 3.48 (ddd, J = 11.4, 6.9, 1.1 Hz, 1H), 2.50-2.43 (m, 2H), 2.27
(s, 3H), 2.12 (s, 6H), 2.05 (s, 3H); 3C NMR (176 MHz, CDCls) § 201.1, 170.3, 147.0, 138.1,
136.8,134.6, 133.7,132.5, 128.1 (2xC), 125.3 (2xC), 72.0, 64.8, 64.5, 37.0, 20.9, 20.8, 19.1 (2xC);
ESI-HRMS: m/z calcd for CooH2404Na [M + Na]*: 351.15668; found: 351.15627; [a]p?® = —79.08
(c =0.50, CH.CL).

82



The p-anomer was assigned based on NOESY spectrum. (data for B-anomer) *H NMR (700 MHz,
CDCls) 6 6.82 (s, 2H), 6.50 (dt, J = 15.8, 7.0 Hz, 1H), 6.38 (d, J = 16.0 Hz, 1H), 5.95-5.93 (m,
1H), 5.90 (d, J = 10.3 Hz, 1H), 4.96 (s, 1H), 4.13, (t, J = 5.2 Hz, 1H), 3.99 (d, J = 13.0 Hz, 1H),
3.71 (dd, J = 13.0, 2.7 Hz, 1H), 2.55-2.53 (m, 2H), 2.27 (s, 3H), 2.13 (s, 6H), 2.06 (s, 3H); 3C
NMR (176 MHz, CDClz) 6 201.3, 170.7, 147.0, 138.1, 136.9, 134.8, 134.8, 133.9, 128.2 (2xC),
123.3 (2xC), 72.4,67.8,64.2, 37.6, 21.1, 21.0, 19.2 (2xC); ESI-HRMS: m/z calcd for C20H2404Na
[M + Na]*: 351.15668; found: 351.15638; [a]o? = -51.75 (¢ = 0.23, CH.Cly).

(3S)-6-((E)-4-mesityl-4-oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-3-y| acetate (90e)
o) W
UJ 7T

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (200.2 mg, 1.0 mmol) as starting material to afford 90e-a (223.6 mg, 0.68 mmol, 68%)

AcO'

as pale-yellow syrup and 90e-p (63.8 mg, 0.19 mmol, 19%) as pale-yellow syrup. The a-anomer
was assigned based on NOESY spectrum. (data for a-anomer) *H NMR (700 MHz, CDCls) § 6.76
(s, 2H), 6.40-6.36 (m, 1H), 6.27 (d, J = 15.9 Hz, 1H), 5.76 (dd, J = 28.4, 10.4 Hz, 2H), 5.10 (s,
1H), 4.18-4.16 (m, 1H), 3.98 (dd, J = 11.4, 5.0 Hz, 1H), 3.41 (dd, J = 11.4, 6.9 Hz, 1H), 2.44—
2.37 (m, 2H), 2.21 (s, 3H), 2.06 (s, 6H), 1.98 (s, 3H); *C NMR (176 MHz, CDCls) § 201.2, 170.4,
147.0, 138.3, 136.8, 134.7, 133.8, 132.5, 128.2 (2xC), 125.4 (2xC), 72.1, 64.9, 64.5, 37.1, 21.0,
20.9, 19.1 (2xC); ESI-HRMS: m/z calcd for C20H2404Na [M + Na]*: 351.15668; found: 351.15639;
[a]o? = +67.01 (c = 0.78, CH2CLy).

The B-anomer was assigned based on NOESY spectrum. (data for B-anomer) *H NMR (700 MHz,
CDCls) § 6.81 (s, 2H), 6.49 (dt, J = 15.8, 7.0 Hz, 1H), 6.37 (d, J = 16.0 Hz, 1H), 5.94 (dd, J = 10.2,
4.9 Hz, 1H), 5.89 (d, J = 10.3 Hz, 1H), 4.96 (s, 1H), 4.13 (t, J = 5.1 Hz, 1H), 3.99 (d, J = 13.0 Hz,
1H), 3.71 (dd, J = 13.0, 2.7 Hz, 1H), 2.57-2.50 (m, 2H), 2.27 (s, 3H), 2.12 (s, 6H), 2.05 (s, 3H);
13C NMR (176 MHz, CDCl3) § 201.3, 170.7, 147.0, 138.1, 136.9, 134.8, 134.8, 133.9, 128.2 (2xC),
123.3 (2xC), 72.4, 67.8, 64.2, 37.6, 21.1, 21.0, 19.2 (2xC); ESI-HRMS: m/z calcd for C2oH2404Na
[M + Na]*: 351.15668; found: 351.15634; [a]o® = +40.36 (c = 0.17, CH2Cly).
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((2S)-5-((E)-4-mesityl-4-oxobut-2-en-1-yl)-2,5-dihydrofuran-2-yl)methyl acetate (90f)

AcO

Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (200.2 mg, 1.0 mmol) as starting material to afford 90f-a (158.0 mg, 0.48 mmol, 48%)
as pale-yellow syrup and 90f-p (49.5 mg, 0.15 mmol, 15%) as pale-yellow syrup. The a-anomer
was assigned based on NOESY spectrum. (data for a-anomer) *H NMR (700 MHz, CDCls) § 6.82
(s, 2H), 6.46-6,42 (m, 1H), 6.34 (d, J = 16.0 Hz, 1H), 5.84 (d, J = 10.4 Hz, 1H), 5.80 (d, J = 10.4
Hz, 1H), 5.16 (s, 1H), 4.23 (t, J = 7.1 Hz, 1H), 4.04 (dd, J = 11.4, 5.0 Hz, 1H), 3.48 (dd, J = 11.4,
6.9 Hz, 1H), 2.50-2.43 (m, 2H), 2.27 (s, 3H), 2.12 (s, 6H), 2.05 (s, 3H); *C NMR (176 MHz,
CDCl3) 6 201.2, 170.4, 147.0, 138.2, 136.8, 134.7, 133.8, 132.6, 128.2 (2xC), 125.4 (2xC), 72.1,
64.9,64.5,37.1, 21.0, 20.9, 19.2 (2xC); ESI-HRMS: m/z calcd for C2oH2504 [M + H]*: 329.17474;
found: 329.17490; [a]p® = +54.76 (c = 0.87, CHCly).

The B-anomer was assigned based on NOESY spectrum. (data for B-anomer) *H NMR (700 MHz,
CDCl3) 6 6.82 (s, 2H), 6.52-6.48 (m, 1H), 6.38 (d, J = 16.0 Hz, 1H), 5.96 -5.93 (m, 1H), 5.90 (d,
J =10.3 Hz, 1H), 4.97 (s, 1H), 4.14 (t, J = 0.7 Hz, 1H), 4.00 (d, J = 13.0 Hz, 1H), 3.71 (dd, J =
13.0, 2.8 Hz, 1H), 2.55-2.53 (m, 2H), 2.27 (s, 3H), 2.13 (s, 6H), 2.06 (s, 3H); 3C NMR (176 MHz,
CDCl3) 6 201.3, 170.8, 147.0, 138.2, 136.9, 134.8, 134.8, 133.9, 128.3 (2xC), 123.3 (2xC), 72.5,
67.8, 64.3, 37.7, 21.1, 21.1, 19.2 (2xC); ESI-HRMS: m/z calcd for CaoH240:sNa [M + Na]*:
351.15668; found: 351.15619; [a]o® = +33.72 (¢ = 0.09, CHCly).
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(2R,3S,4S,5R,6R)-2-(acetoxymethyl)-6-(((2R,3S)-2-(acetoxymethyl)-6-((E)-4-mesityl-4-
oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl
triacetate (90g)
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Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (560.5 mg, 1.0 mmol) as starting material to afford 90g (414.6 mg, 0.60 mmol, 60%) as
pale-yellow syrup. The o-anomer was assigned based on NOESY spectrum. The integration of *H
NMR spectrum was influenced by the B-anomer since both anomers were inseparable. (data for a-
anomer) *H NMR (700 MHz, CDCls) § 6.80 (s, 2H), 6.44-6.39 (m, 1H), 6.33 (d, J = 15.9 Hz, 1H),
5.97 (d, J = 10.5 Hz, 1H), 5.71 (d, J = 10.5 Hz, 1H), 5.35 (s, 1H), 5.19-5.15 (m, 1H), 4.99-4.97
(m, 1H), 4.55-4.53 (m, 1H), 4.25-4.23 (m, 1H), 4.17-4.13 (m, 2H), 4.10-4.03 (m, 2H), 3.96-3.95
(m, 1H), 3.92-3.88 (m, 1H), 3.71 (t, J = 7.2 Hz, 1H), 2.61-2.57 (m, 1H), 2.40-2.36 (m, 1H), 2.24
(s, 3H), 2.11 (s, 3H), 2.10 (s, 6H), 2.03 (s, 3H), 2.01 (s, 6H), 1.94 (s, 3H); *C NMR (176 MHz,
CDCls) 6 201.0, 170.7,170.2,170.1, 169.9, 169.3, 147.0, 138.2, 136.8, 134.6, 133.8, 130.3, 128.2,
128.1 (2xC), 127.6 (2xC), 102.2, 72.8, 71.3, 70.7, 70.7, 69.2, 68.7, 66.8, 63.1, 61.2, 35.9, 20.9,
20.6, 20.5 (2xC), 20.5, 20.4, 19.1; ESI-HRMS: m/z calcd for C35H440124Na [M + Na]*: 711.26233;
found: 711.26135.
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(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3S)-2-(acetoxymethyl)-6-((E)-4-mesityl-4-
oxobut-2-en-1-yl)-3,6-dihydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl
triacetate (90h)
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Synthesis according to the procedure B by using the corresponding acetylated carbohydrate
substrate (560.5 mg, 1.0 mmol) as starting material to afford 90h (392.6 mg, 0.57 mmol, 57%) as
pale-yellow syrup. The a-anomer was assigned based on NOESY spectrum. The integration of *H
NMR spectrum was influenced by the B-anomer since both anomers were inseparable. (data for a-
anomer) *H NMR (700 MHz, CDCls) § 6.77 (s, 2H), 6.41-6.37 (m, 1H), 6.33-6.25 (m, 1H), 5.77
(d, J=10.6 Hz, 1H), 5.71 (d, J = 10.5 Hz, 1H), 5.38 (t, J = 9.8 Hz, 1H), 5.23 (d, J = 3.9 Hz, 1H),
5.00-4.97 (m, 1H), 4.76 (dd, J = 10.3, 4.2 Hz, 1H), 4.29-4.17 (m, 3H), 4.13 (d, J = 5.1 Hz, 1H),
4.04-3.99 (m, 2H), 3.97-3.96 (m, 1H), 3.80 (q, J = 5.5 Hz, 1H), 2.56-2.52 (m, 1H), 2.45-2.35 (m,
1H), 2.21 (s, 3H), 2.07 (s, 6H), 2.01 (s, 3H), 1.97-1.96 (m, 9H), 1.94 (s, 3H); *C NMR (176 MHz,
CDCls) 6 200.9, 170.4, 170.3, 170.0, 169.8, 169.3, 146.9, 138.0, 136.7, 134.5, 133.7, 131.8, 128.1
(2xC), 124.1 (2xC), 94.0, 70.5, 70.4, 70.2, 69.6, 69.4, 68.1, 67.8, 62.9, 61.6, 36.2, 20.8, 20.5, 20.4,
20.4,20.4,20.3,19.0 (2xC); ESI-HRMS: m/z calcd for C3sHs014Na [M + Na]*: 711.26233; found:
711.26139.

9.6  Synthesis of donor-acceptor cyclopropanated carbohydrates

Methyl-2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside (92)%

BnO OBn

(e}
BnO

BnO OMe

Methyl a-D-galactopyranoside (10 g, 51.5 mmol, 1 equiv.) was dissolved in anhydrous DMF (200
mL). The resulting solution was cooled at 0 °C and sodium hydride (60% in oil, 16.5 g, 412 mmol,
8 equiv.) was slowly added and stirred for 30 mins. Then, benzyl bromide (49.0 mL, 412.0 mmol,
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8 equiv.) and tetrabutylammonium iodide (3.8 g, 10.3 mmol, 0.2 equiv.) were slowly added. The
resulting suspension gradually turned yellow. The solution was stirred for 39 h at room temperature
under argon and then poured into an Erlenmeyer flask (1 L) containing ice. The water layer was
reextracted with further CH.Cl, (2 x 200 mL). The combined organic phases were washed with 2
x 200 mL water and 200 mL brine, dried over MgSOsa, filtered and concentrated in vacuo to give
the crude product which was purified by silica flash column chromatography (EtOAc:c-hex = 1:8,
Rf = 0.15 (EtOAc:c-hex = 1:8)) to afford desired 92 (27.5 g, 46.0 mmol, 89%) as colorless syrup.
The analytical data was in accordance to the literature.>> *H NMR (700 MHz, CDCl3) & 7.40-7.24
(m, 20H), 4.95 (d, J = 11.5 Hz, 1H), 4.84 (t, J = 11.4 Hz, 2H), 4.74 (d, J = 11.7 Hz, 1H), 4.70-
4.68 (m, 2H), 4.58 (d, J=11.4 Hz, 1H), 4.48 (d, J = 11.8 Hz, 1H), 4.40 (d, J = 11.8 Hz, 1H), 4.05—
4.03 (m, 1H), 3.95-3.93 (m, 2H), 3.90 (t, J = 6.4 Hz, 1H), 3.53 (d, J = 6.5 Hz, 2H), 3.37 (s, 3H);
13C NMR (176 MHz, CDCl3) § 138.8, 138.7, 138.5, 138.0, 128.4 (2xC), 128.4 (2xC), 128.3 (2xC),
128.2 (2xC), 128.2 (2xC), 128.1 (2xC), 127.7 (2xC), 127.7, 127.7, 127.6, 127.5 (3xC), 98.8, 79.1,
76.5, 75.2, 74.7, 73.6, 73.5, 73.3, 69.2, 69.1, 55.3; ESI-HRMS: m/z calcd for C3sH3sOsNa [M +
Na]*: 577.25606; found: 577.25546; [a]p?® = +42.82 (c = 0.34, CH.Cly).

3-C-(2',3',4',6'-Tetra-O-benzyl-a-D-galactopyranosyl)-propene (93)°3

BRO OBn
(0}
BnO
BnO —

To a stirring solution of methyl 2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside 92 (31.1g, 56.0
mmol, 1 equiv.) in anhydrous CH3CN (115 mL) at 0 °C under argon was added allyltrimethylsilane
(18.4 mL, 112.0 mmol, 2 equiv.). Then trimethylsilyl triflate (5.12 mL, 28.0 mmol, 0.5 equiv.)
was added dropwise. The reaction mixture was allowed to stir at 0 °C for 16 h then for 5.5 h at rt.
The yellow mixture was diluted with CH2Cl> (400 mL), and neutralized with saturated NaHCO3
solution (2 x 150 mL). The water layer was reextracted with further CH2Cl, (2 x 80 mL). The
combined organic phases were dried over anhydrous MgSO4 and concentrated to give an orange
syrup. The crude material was purified by silica gel flash column chromatography (pentane:Et.O
=9:1to 4:1; Rf = 0.2 (pentane:Et;0 = 4:1)) to yield 93 (26.7 g, 47.3 mmol, 84%) as pale-yellow
syrup. The analytical data was in accordance to the literature.>®* *H NMR (700 MHz, CDCls3) §
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7.31-7.23 (m, 20H), 5.80-5.71 (m, 1H), 5.08 (dg, J = 17.1, 1.6 Hz, 1H), 5.04-5.02 (m, 1H), 4.70—
4.67 (m, 2H), 4.60-4.55 (m, 3H), 4.51-4.47 (m, 3H), 4.07 (br, 1H), 4.03-4.00 (m, 2H), 3.86 (br,
1H), 3.76 (br, 1H), 3.72 (dd, J = 6.8, 2.8 Hz, 1H), 3.69 (dd, J =10.6, 4.7 Hz, 1H), 2.46-2.42 (m,
1H), 2.37-2.33 (m, 1H): 3C NMR (176 MHz, CDCls) § 138.6, 138.5, 138.4, 138.2, 135.1, 128.3
(2xC), 128.3 (2xC), 128.3 (2xC), 128.2 (2xC), 127.9 (2xC), 127.8 (2xC), 127.7 (2xC), 127.7,
127.7,127.5,127.5 (2xC), 127.4 (2xC), 116.7, 76.4, 74.2, 73.1, 73.0 (2xC), 73.0, 72.5, 70.8, 67.2,
32.2; ESI-HRMS: m/z calcd for Cs7Ha10s [M + H]*: 565.29485; found: 565.29463; [a]p®® =
+45.83 (c = 0.68, CH.Cl,).

3-C-(3',4',6’-Tri-O-benzyl-a-D-galactopyranosyl)-propene (95)>

Under argon atmosphere, 1> (32.0 g, 126.1 mmol, 2 equiv.) was added to a solution of 93 (35.6 g,
63.0 mmol, 1 equiv.) in anhydrous CH2Cl (105.8 mL) at 0 °C. After 6 h, the reaction was complete;
aqueous Na»S>03 was added and the mixture stirred until the organic phase became colorless. The
organic layer was washed with water, then dried over MgSOa, filtered and concentrated to dryness.
The crude cyclic iodoether (yellowish oil) was dissolved in a 1:1 mixture of Et,O:MeOH (220 mL),
and activated Zn (41.2 g, 630.7 mmol, 10 equiv.) and glacial AcOH (8.1 mL) were added. After
18 h the reaction mixture was filtered over a celite pad and the solvent was evaporated. The residue
was dissolved in CH2Cl>, and the organic phase was washed sequentially with 5% HCI and water.
The crude material was purified by silica flash column chromatography (MeOH:CH.CI, = 1:99;
Rt = 0.1 (MeOH:CH2Cl> = 1:99)) to afford 95 (28.9 g, 60.9 mmol, 97%) as colorless syrup. The
analytical data was in accordance to the literature.>® *H NMR (700 MHz, CDCl3) § 7.44-7.31 (m,
15H), 5.90 (ddt, J = 17.1, 10.2, 6.9 Hz, 1H), 5.21 (dg, J = 17.1, 1.7 Hz, 1H), 5.15-5.14 (m, 1H),
4.80-4.77 (m, 2H), 4.64 (d, J = 11.7 Hz, 1H), 4.62-4.57 (m, 3H), 4.16-4.08 (m, 4H), 3.93 (br, 1H),
3.79 (dd, J = 10.4, 5.2 Hz, 1H), 3.76-3.75 (m, 1H), 2.48-2.41 (m, 3H); *C NMR (176 MHz,
CDCls) 6 138.2, 138.1, 138.0, 134.7, 128.3 (2xC), 128.2 (2xC), 128.2 (2xC), 127.7 (2xC), 127.6,
127.6 (2xC), 127.5, 127.5, 127.4 (2xC), 116.8, 78.2, 73.2 (2xC), 73.1, 73.0, 72.3, 68.5, 67.1, 31.4;
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ESI-HRMS: m/z calcd for CaoH3s0s [M + H]*: 475.24790; found: 475.24720; [a]o® = +52.96 (C
=0.30, CH2Cly).

3-C-(3',4',6'-Tri-O-benzyl-a-D-talopyranosyl)-propene (97)>

OBn
BnO OH
(0]
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=

To a stirring solution of 95 (29.5 g, 62.3 mmol, 1 equiv.) in DMSO (76.6 mL) was added IBX

(34.9 g, 124.5 mmol, 2 equiv.). The reaction mixture was allowed to stir at rt for 2.5 h. The mixture

was diluted with CH2Cl, and extracted with water. The organic layer was collected, and the
aqueous layer was reextracted with further CH2Cl.. The combined organic phases were dried over
anhydrous MgSO4 and concentrated to give a colorless syrup ketone intermediate. To a solution
of the ketone intermediate was added anhydrous THF (163.7 mL) at —78 °C and L-selectride (1
mol/L in THF, 74.7 mL, 74.7 mmol, 1.2 equiv.) in anhydrous THF (224 mL) and stirred for 3 h at
—78 °C. To the mixture, water (613 mL), 2 M NaOH (11.8 mL) and 30% H.O> (11.8 mL) were
added and extracted three times with CH.Cl,. The organic phases were concentrated in vacuo and
after silica flash column chromatography (EtOAc:c-hex = 9:1; R = 0.34 (EtOAc:c-hex = 1:4))
afforded 97 (22.8 g, 47.9 mmol, 77%) as a pale-yellow syrup. The analytical data was in
accordance to the literature.>® *H NMR (700 MHz, CDClz) § 7.42-7.32 (m, 15H), 5.91-5.85 (m,
1H), 5.13-5.11 (m, 2H), 4.89 (d, J = 11.4 Hz, 1H), 4.79 (d, J = 11.9 Hz, 1H), 4.74 (d, J = 11.7 Hz,
1H), 4.66 (d, J =11.3 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 11.9 Hz, 1H), 4.04 (br, 1H),
3.97 (br, 1H), 3.92 (s, 1H), 3.84 (br, 1H), 3.80 (br, 1H), 3.78-3.76 (m, 1H), 3.72 (br, 1H), 2.35 (t,
J =7.1 Hz, 2H); BC NMR (176 MHz, CDCls) § 138.1, 137.8, 137.7, 134.2, 128.4 (2xC), 128.3
(2xC), 128.2 (2xC), 127.8 (2xC), 127.7,127.7, 127.7 (2xC), 127.7 (2xC), 127.5, 117.1, 76.3, 74.6,
74.0, 73.2 (2xC), 71.9, 71.3, 69.0, 67.6, 26.8; ESI-HRMS: m/z calcd for C3oH3s0s [M + H]*:
475.24790; found: 475.24718; [a]p? = +11.52 (¢ = 0.78, CH2Cly).
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3-C-(3',4',6'-Tri-O-benzyl-2'-O-tosyl-a-D-talopyranosyl)-propene (98)%

OBn
BnO (‘oTs
(0]
BnO
>

To asolution of 97 (17.3 g, 36.5 mmol, 1 equiv.) in 1,2-dichloroethane (103.8 mL) cooled to 0 °C,
pyridine (29.5 mL, 364.5 mmol, 10 equiv.) and TsCl (34.7 g, 182.3 mmol, 5 equiv.) were
sequentially added. After 10 mins at 0 °C, the reaction mixture was allowed to stir at 70 °C for 18.5
h. The mixture was diluted by CH2Cl> and washed with 10 % HCI, water, and brine, then dried

over MgSO4. The organic phase was concentrated in vacuo and after silica flash column
chromatography (EtOAc:c-hex = 1:19 to 1:9; Rs = 0.47 (EtOAc:c-hex = 1:4)) afforded 98 (19.3 g,
30.8 mmol, 84%) as a colorless syrup. The analytical data was in accordance to the literature.>® *H
NMR (700 MHz, CDCl3) § 7.79 (d, J = 8.3 Hz, 2H), 7.37-7.25 (m, 17H), 5.76 (ddt, J = 17.1, 10.3,
6.8 Hz, 1H), 5.05-5.00 (m, 2H), 4.72 (d, J = 11.3 Hz, 1H), 4.58-4.50 (m, 5H), 4.30-4.26 (m, 2H),
4.24-4.23 (m, 1H), 4.05 (dd, J = 12.0, 8.7 Hz, 1H), 3.92 (td, J = 8.5, 3.4 Hz, 1H), 3.77 (dd, J =
12.0, 2.3 Hz, 1H), 3.68 (dd, J = 6.2, 2.5 Hz, 1H), 2.45 (s, 3H), 2.30-2.26 (m, 1H), 1.99-1.95 (m,
1H); 3C NMR (176 MHz, CDCls) & 145.0, 138.4, 138.3, 137.6, 133.6, 133.4, 129.8 (2xC), 128.4
(2xC), 128.2 (2xC), 128.1 (2xC), 127.8 (2xC), 127.8, 127.7 (2xC), 127.5 (2xC), 127.4, 127.4,
127.4 (2xC), 117.5, 78.1, 75.8, 75.7, 74.8, 74.6, 73.0, 71.4, 66.3, 66.0, 34.9, 21.6; ESI-HRMS:
m/z calcd for Ca7H4107S [M + H]*: 629.25675; found: 629.25596; [a]p®® = +34.45 (c = 0.98,
CH.CL).

1-C-(3',4",6'-Tri-O-benzyl-2'-O-tosyl-a-D-talopyranosyl)-acetone (99)

OBn
BnO (oTs

(0]
BnO

To a solution of 98 (19.3 g, 30.8 mmol, 1 equiv.) and Hg(OAc)2 (2.45 g, 7.69 mmol, 0.25 equiv.)
in acetone/water (4:1, 181.7 mL) was added dropwise a solution of Jones reagent (2 M, 34.8 mL)
at 0 °C. The dark greenish-brown mixture was stirred for 23 h at room temperature and then poured
into water (500 mL). The aqueous mixture was extracted with CH2Cl> (5 x 100 mL). The organic
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layers were successively washed with water (2 x 120 mL), brine (2 x 120 mL), dried over
anhydrous MgSOg. The filtrate was concentrated in vacuo and the residue was purified by silica
gel flash column chromatography (EtOAc:c-hex = 1:4; R = 0.28 (EtOAc:c-hex = 1:2)) to afford
99 (16.3 g, 25.4 mmol, 82%) as a colorless syrup. The analytical data was in accordance to the
literature.>® *H NMR (600 MHz, CDCls) § 7.83 (d, J = 8.3 Hz, 2H), 7.40-7.29 (m, 17H), 4.78 (d,
J=11.4 Hz, 1H), 4.66 (d, J = 11.4 Hz, 1H), 4.61 (d, J = 12.0 Hz, 1H), 4.56-4.54 (m, 3H), 4.48
(td, J = 9.4, 3.0 Hz, 1H), 4.39 (dd, J = 9.6, 2.8 Hz, 1H), 4.34-4.32 (m, 1H), 4.26 (t, J = 2.7 Hz,
1H), 4.21 (dd, J = 12.0, 8.8 Hz, 1H), 3.87 (dd, J = 12.0, 2.0 Hz, 1H), 3.73 (dd, J = 6.4, 2.5 Hz, 1H),
2.59 (dd, J = 16.0, 3.0 Hz, 1H), 2.45 (s, 3H), 2.38 (dd, J = 16.0, 9.2 Hz, 1H), 2.13 (s, 3H); °C
NMR (151 MHz, CDCIs) 6 205.2, 145.1, 138.1, 137.9, 137.3, 133.0, 129.7 (2xC), 128.1 (2xC),
128.0 (2xC), 127.9 (2xC), 127.6 (2xC), 127.5, 127.5 (2xC), 127.3 (2xC), 127.2, 127.2, 127.1,
77.8,75.4, 74.7, 74.6, 72.9 (2xC), 71.1, 65.5, 63.1, 44.7, 29.9, 26.6, 21.3; [0]p®® = +30.18 (c =
1.68, CH2Cly).

General procedure for the synthesis of cyclopropanated sugar (procedure C)°3

OR OR
BnO OTs BnO
o K,CO
BnO 3 » BnO 2
DMSO, 70 °C, 23 h o

To a solution of tosyl precursor (1 mmol, 1 equiv.) in anhydrous DMSO (10 mL) was added flame
dried K2CO3 (5 mmol, 5 equiv.) and stirred at 70 °C for 23 h. The mixture was cooled to room
temperature, diluted with EtOAc, washed with water, brine, and dried over MgSOs. The filtrate
was concentrated in vacuo, and purified by silica gel flash column chromatography (triethylamine

(1% v/v) was used as the deactivating reagent) to afford the desired cyclopropanated sugar.

1-C-Acetyl-3,4,6-tri-O-benzyl-1,2-cyclopropane-1,2-deoxy-a-D-galctopyranose (6)°

BnO

Synthesis according to the procedure C by using the corresponding tosyl precursor 99 (16.3 g,
25.35 mmol) as starting material to afford 6 (8.40 g, 17.8 mmol, 70%) as a pale-yellow solid. The
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analytical data was in accordance to the literature.>® *H NMR (700 MHz, toluene-ds) & 7.27—7.09
(m, 15H), 4.79 (d, J = 11.7 Hz, 1H), 4.49-4.46 (m, 2H), 4.34-4.31 (m, 2H), 4.26 (d, J = 11.9 Hz,
1H), 3.97 (dd, J = 7.5, 2.1 Hz, 1H), 3.76 (dd, J = 9.8, 6.0 Hz, 1H), 3.69-3.67 (m, 1H), 3.63-3.61
(m, 1H), 3.60-3.59 (m, 1H), 3.36 (t, J = 2.8 Hz, 1H), 2.19 (ddd, J = 7.5, 5.8, 2.8 Hz, 1H), 1.79 (s,
3H), 1.58 (dd, J = 5.8, 2.0 Hz, 1H); *3C NMR (176 MHz, toluene-ds) & 202.5, 139.3, 139.0, 138.6,
129.2, 129.1, 128.6 (2xC), 128.5 (3xC), 128.2, 128.2, 128.0 (2xC), 127.9 (2xC), 127.7, 127.7,
76.3, 75.0, 73.8, 73.5, 72.7, 71.3, 69.5, 60.9, 34.4, 30.1, 26.2; ESI-HRMS: m/z calcd for
CsoH320sNa [M + Na]*: 495.21420; found: 495.21230; [a]p?° = +28.57 (¢ = 0.55, CH2Cl,).

1-C-(3',4’-Di-O-benzyl-6'-O-acetyl -2'-O-tosyl-a-D-talopyranosyl)-acetone (100)*°

OAc
BnO (oTs

(0]
BnO

To the solution of 99 (3.00 g, 4.65 mmol, 1 equiv.) in Ac20 (10.6 mL) and AcOH (21.1 mL),
powdered anhydrous ZnCl (4.12 g, 30.2 mmol, 6.5 equiv.) was added under argon atmosphere at
0 °C. After stirring at room temperature for 41 h, the mixture was extracted with CH.Cl, and water,
then the organic layer was successively washed with water (2 x 100 mL), saturated aqueous
NaHCO3 (3 x 100 mL), brine (2 x 100 mL) and dried over anhydrous MgSQas. The filtrate was
concentrated in vacuo. The residue was purified by silica gel flash column chromatography
(EtOAc:c-hex = 1:3, Rf = 0.18 (EtOAc:c-hex = 1:3)) to afford the 100 (2.05 g, 3.44 mmol, 74%)
as colorless syrup. *H NMR (500 MHz, CDCls) § 7.75 (d, J = 8.1 Hz, 2H), 7.37-7.27 (m, 12H),
4.80 (dd, J = 13.2, 10.0 Hz, 1H), 4.76 (d, J = 11.5 Hz, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.56-4.50
(m, 2H), 4.44-4.41 (m, 1H), 4.38 (dd, J = 9.3, 2.9 Hz, 1H), 4.29 (dd, J = 9.7, 2.7 Hz, 1H), 4.23—
4.22 (m, 1H), 4.20-4.16 (m, 1H), 3.65 (dd, J = 6.5, 2.4 Hz, 1H), 2.53 (dd, J = 15.9, 2.9 Hz, 1H),
2.46 (s, 3H), 2.24 (dd, J = 15.9, 9.1 Hz, 1H), 2.08 (s, 3H), 2.03 (s, 3H); *C NMR (126 MHz,
CDCls) 8 205.4,171.0, 145.4, 138.0, 137.3, 133.2, 130.0 (2xC), 128.5 (2xC), 128.2 (2xC), 128.0,
127.8 (2xC), 127.8 (2xC), 127.6, 127.5 (2xC), 77.8, 75.5, 75.4, 75.2, 73.4, 71.3, 63.1, 60.3, 45.0,
29.9, 21.7, 21.0; ESI-HRMS: m/z calcd for C32H3709S [M + H]*: 597.21528; found: 597.21439;
[0]o?° = +32.85 (¢ = 0.41, CH,Cly).
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1-C-Acetyl-6-O-acetyl-3,4-di-O-benzyl-1,2-cyclopropane-1,2-deoxy-a-D-galctopyranose
(101)*°

BnO

Synthesis according to the procedure C by using the corresponding tosyl precursor 100 (77.7 mg,
0.13 mmol) as starting material to afford 101 (41.0 mg, 0.10 mmol, 74%) as a pale-yellow solid.
'H NMR (500 MHz, acetone-ds) & 7.44-7.27 (m, 10H), 4.86-4.81 (m, 2H), 4.74 (d, J = 12.0 Hz,
1H), 4.67 (d, J = 11.6 Hz, 1H), 4.46 (dd, J = 11.9, 7.9 Hz, 1H), 4.15-4.12 (m, 1H), 4.04 (, J = 2.8
Hz, 1H), 3.85-3.82 (m, 2H), 3.70 (dd, J = 7.3, 2.0 Hz, 1H), 2.22 (dd, J = 5.9, 2.0 Hz, 1H), 2.20 (s,
3H), 2.04-2.02 (m, 1H), 1.98 (s, 3H); °C NMR (126 MHz, acetone-ds) & 204.5, 170.9, 139.7,
139.6, 129.1 (2xC), 129.1 (2xC), 128.6 (2xC), 128.4 (2xC), 128.4, 128.3, 74.9, 73.9 (2xC), 73.5,
72.4, 63.8, 59.0, 34.5, 30.7, 27.7, 20.8; ESI-HRMS: m/z calcd for CzsH2s0¢Na [M + Na]*:
447.17781; found: 447.17663; [a]p?® = +10.9 (¢ = 0.19, CH,Cly); m.p. = 85.0 °C.

1-C-(3',4'-Di-O-benzyl-6'-O- benzoyl -2'-O-tosyl-a-D-talopyranosyl)-acetone (103)

OBz

BnO (oTs

(e}
BnO

To a solution of 100 (1.30 g, 2.18 mmol, 1 equiv.) in anhydrous MeOH (50 mL), diethylamine
(3.9 mL) was added. The mixture was stirred at room temperature for 18 h. After the reaction was
complete, the mixture was concentrated and purified by flash column chromatography on silica
gel (EtOAc:c-hex = 1:2, Rf = 0.3 (EtOAc:c-hex = 1:1)) to afford the hydroxyl substrate. The
hydroxyl substrate (150.0 mg, 0.27 mmol, 1 equiv.) was dissolved in anhydrous CH2Cl> (6 mL)
and cooled to 0 °C. Triethylamine (0.085 mL, 0.61 mmol, 2.25 equiv.) was added to that mixture,
followed by the dropwise addition of benzoyl chloride (0.075 mL, 0.65 mmol, 2.4 equiv.). It was
stirred at 0 °C for another 1 h and raised to rt for 44 h. After adding H2O (10 mL), the mixture was
diluted with CH2Cl> (20 mL) and washed with brine (20 mL). The mixture was evaporated under
reduced pressure, and the residue was purified by silica flash column chromatography on silica gel
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(EtOAc:c-hex = 1:4, Rs = 0.67 (EtOAc:c-hex = 1:1)) to afford 103 (156.2 mg, 0.24 mmol, 88%)
as a pale-yellow syrup. *H NMR (700 MHz, CDCls) § 8.00 (d, J = 7.2 Hz, 2H), 7.76 (d, J = 8.3
Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.37-7.27 (m, 12H), 4.99 (dd, J = 13.1,
10.0 Hz, 1H), 4.80 (d, J=11.4 Hz, 1H), 4.74 (dd, J = 13.2, 2.1 Hz, 1H), 4.66 (d, J = 11.4 Hz, 1H),
4.62 (d, J =11.8 Hz, 1H), 4.57 (d, J = 11.9 Hz, 1H), 4.49 (td, J = 9.5, 3.1 Hz, 1H), 4.35-4.32 (m,
2H), 4.27 (t, J = 2.6 Hz, 1H), 3.71 (dd, J = 6.5, 2.5 Hz, 1H), 2.53 (dd, J = 15.6, 3.0 Hz, 1H), 2.46
(s, 3H), 2.26 (dd, J = 15.6, 9.3 Hz, 1H), 2.06 (s, 3H); 13C NMR (176 MHz, CDCls3) § 205.5, 166.5,
145.4, 138.0, 137.4, 133.3, 132.9, 130.2, 130.0 (2xC), 129.6 (2xC), 128.5 (2xC), 128.3 (3xC),
128.0, 127.9 (2xC), 127.8 (2xC), 127.7, 127.6 (2xC), 77.9, 75.7, 75.5, 75.3, 73.5, 71.4, 63.4, 60.8,
45.1, 30.0, 21.7; ESI-HRMS: m/z calcd for C37H3909S [M + H]*: 659.23093; found: 659.23010;
[0]o?® = +36.0 (c = 0.24, CH:CL).

1-C-(3',4'-Di-0-benzyl-6'-O-tert-butoxycarbonyl-2’-O-tosyl-a-D-talopyranosyl)-acetone
(104)%

OBoc

BnO (oTs

(o)
BnO

To a solution of 100 (1.30 g, 2.18 mmol, 1 equiv.) in anhydrous MeOH (50 mL), diethylamine
(3.9 mL) was added. The mixture was stirred at room temperature for 18 h. After the reaction was
complete, the mixture was concentrated and purified by flash column chromatography on silica
gel (EtOAc:c-hex = 1:2, R = 0.3 (EtOAc:c-hex = 1:1)) to afford the hydroxyl substrate. A solution
of hydroxyl substrate (300 mg, 0.54 mmol, 1 equiv.) in THF (12 mL) was treated with
triethylamine (0.17 mL, 1.22 mmol, 2.25 equiv.), DMAP (99.1 mg, 0.81 mmol, 1.5 equiv.) and di-
tert-butyl dicarbonate (354.1 mg, 1.62 mmol, 3 equiv.) After stirring for 17 h, the mixture was
diluted with ethyl acetate (20 mL) and washed with brine (20 mL). The residue was purified by
flash column chromatography on silica gel (EtOAc:c-hex = 1:4, R¢ = 0.72 (EtOAc:c-hex = 1:1)) to
afford 104 (230.6 mg, 0.35 mmol, 65%) as a pale-yellow syrup. *H NMR (700 MHz, CDCls) &
7.74 (d, J = 8.3 Hz, 2H), 7.36-7.26 (m, 12H), 4.84 (dd, J = 13.1, 9.7 Hz, 1H), 4.75 (d, J = 11.6 Hz,
1H), 4.65 (d, J = 11.6 Hz, 1H), 4.53-4.49 (m, 2H), 4.39 (td, J = 9.1, 3.4 Hz, 1H), 4.36-4.31 (m,
2H), 4.24-4.21 (m, 2H), 3.64 (dd, J = 6.6, 2.5 Hz, 1H), 2.51 (dd, J = 15.8, 3.3 Hz, 1H), 2.45 (s,
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3H), 2.23 (dd, J = 15.8, 8.5 Hz, 1H), 2.07 (s, 3H), 1.46 (s, 9H); 13C NMR (176 MHz, CDCls) §
205.5, 153.5, 145.4, 138.1, 137.3, 133.2, 130.0 (2xC), 128.5 (2xC), 128.3 (2xC), 128.0, 127.9
(2xC), 127.9 (2xC), 127.6, 127.5 (2xC), 82.0, 77.9, 75.5, 75.3, 75.1, 73.5, 71.3, 63.3, 62.8, 45.0,
30.0, 27.8 (3xC), 21.7; ESI-HRMS: m/z calcd for CssH42010NaS [M + Na]*: 677.23909; found:
677.23807; [a]o® = +32.3 (¢ = 0.31, CH.Cly).

((2R,3S,4S,5S,6S)-3,4-bis(benzyloxy)-6-(2-oxopropyl)-5-(tosyloxy)tetrahydro-2H-pyran-2-
yl)methyl stearate (106)*

( N\

O

oA

15
BnO (ots
0

BnO

(& J

To a solution of 100 (1.30 g, 2.18 mmol, 1 equiv.) in anhydrous MeOH (50 mL), diethylamine

(3.9 mL) was added. The mixture was stirred at room temperature for 18 h. After the reaction was
complete, the mixture was concentrated and purified by flash column chromatography on silica
gel (EtOAc:c-hex = 1:2, Rf = 0.3 (EtOAc:c-Hex = 1:1)) to afford the hydroxyl substrate. In an oven
dried 25 mL round-bottom flask, hydroxyl substrate (100 mg, 0.18 mmol, 1 equiv.) and the stearic
acid (115.4 mg, 0.41 mmol, 2.25 equiv.) were dissolved in 5 mL anhydrous CH2Cl>. To this, EDC
(86.9 mg, 0.45 mmol, 2.5 equiv.), DMAP (6.61 mg, 0.05 mmol, 0.3 equiv.) and DIPEA (0.10 mL,
0.59 mmol, 3.3 equiv.) were added. The resulting solution was stirred at 25 °C for 19 h. After
adding H20 (10 mL), the mixture was diluted with CH2Cl> (20 mL) and washed with brine (20
mL). After removal of the solvents in vacuo, the residue was purified by flash column
chromatography on silica gel (pentane:Et2O = 2:1, R = 0.39 (EtOAc:c-hex = 1:9)) to afford 106
(138.6 mg, 0.175 mmol, 89%) as a colorless syrup. *H NMR (500 MHz, CDCl3) § 7.75 (d, J = 8.3
Hz, 2H), 7.36-7.27 (m, 12H), 4.80-4.74 (m, 2H), 4.62 (d, J = 11.5 Hz, 1H), 4.53 (g, J = 11.9 Hz,
2H), 4.44 (dd, J = 13.3, 2.1 Hz, 1H), 4.39 (td, J = 9.4, 3.1 Hz, 1H), 4.29 (dd, J = 9.7, 2.7 Hz, 1H),
4.22 (t,J = 2.6 Hz, 1H), 4.18 (ddd, J = 10.0, 6.4, 2.1 Hz, 1H), 3.64 (dd, J = 6.5, 2.5 Hz, 1H), 2.52
(dd, J=15.7, 3.0 Hz, 1H), 2.46 (s, 3H), 2.28-2.20 (m, 3H), 2.08 (s, 3H), 1.56-1.54 (m, 2H), 1.31-
1.24 (m, 28H), 0.88 (t, J = 6.9 Hz, 3H); 1*C NMR (126 MHz, CDCls) § 205.4, 173.8, 145.4, 138.0,
137.3, 133.2, 130.0 (2xC), 128.5 (2xC), 128.3 (2xC), 127.9, 127.8 (2xC), 127.8 (2xC), 127.6,
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1275 (2xC), 77.8, 75.5, 75.4, 75.2, 73.4, 71.3, 63.1, 60.1, 45.1, 34.2, 31.9, 29.9, 29.7 (3xC), 29.7
(2xC), 29.6 (2xC), 29.6, 29.5, 29.4, 29.3, 29.1, 24.9, 22.7, 21.7, 14.1; ESI-HRMS: m/z calcd for
CagHeo0eS [M + H]*: 821.46568; found: 821.46622; [a]o2° = +29.0 (C = 0.82, CH.Cl,).

((2R,3S,4S,5R,6R)-3,4-bis(benzyloxy)-6-(2-oxopropyl)-5-(tosyloxy)tetrahydro-2H-pyran-2-
yl)methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate (107)%

( )

To a solution of 100 (1.30 g, 2.18 mmol, 1 equiv.) in anhydrous MeOH (50 mL), diethylamine
(3.9 mL) was added. The mixture was stirred at room temperature for 18 h. After the reaction was
complete, the mixture was concentrated and purified by flash column chromatography on silica
gel (EtOAc:c-hex = 1:2, Rf = 0.3 (EtOAc:c-hex = 1:1)) to afford the hydroxyl substrate. In an oven
dried 25 mL round-bottom flask, hydroxyl substrate (150 mg, 0.27 mmol, 1 equiv.) and
Indomethacin (217.7 mg, 0.61 mmol, 2.25 equiv.) were dissolved in 5 mL anhydrous CH2Cl. To
this, EDC (130.3 mg, 0.68 mmole, 2.5 equiv.), DMAP (9.9mg, 0.08 mmol, 0.3 equiv.) and DIPEA
(0.16 mL, 0.89 mmol, 3.3 equiv.) were added. The resulting solution was stirred at 25 °C for 17 h.
After adding H20 (10 mL), the mixture was diluted with CH,Cl, (20 mL) and washed with brine
(20 mL). The solvents were concentrated in vacuo, the residue was purified by silica gel flash
column chromatography (pentane:Et.O = 1:1, Rf = 0.32 (EtOAc:c-hex = 1:2)) to afford the desired
product 107 (220.0 mg, 0.25 mmol, 91%) as yellow solid. *H NMR (500 MHz, CDCls) § 7.72 (d,
J=8.3Hz, 2H), 7.63 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H), 7.32-7.22 (m, 12H), 6.93 (d, J
=2.5Hz, 1H), 6.85 (d, J =9.0 Hz, 1H), 6.63 (dd, J = 9.0, 2.5 Hz, 1H), 4.87 (dd, J = 13.1, 10.0 Hz,
1H), 4.71 (d, J = 11.5 Hz, 1H), 4.59 (d, J = 11.5 Hz, 1H), 4.48 (s, 2H), 4.39 (dd, J = 13.2, 2.1 Hz,
1H), 4.35 (dd, J = 8.9, 3.0 Hz, 1H), 4.30 (dd, J = 9.8, 2.6 Hz, 1H), 4.19 (t, J = 2.6 Hz, 1H), 4.14
(ddd, J=10.2, 6.5, 2.1 Hz, 1H), 3.78 (s, 3H), 3.64-3.60 (m, 3H), 2.48-2.42 (m, 1H), 2.43 (s, 3H),
2.31 (s, 3H), 2.21 (dd, J = 16.1, 8.7 Hz, 1H), 1.97 (s, 3H); *3C NMR (126 MHz, CDCls) & 205.1,
170.8, 168.3, 156.0, 145.4, 139.1, 138.0, 137.2, 135.9, 133.9, 133.2, 131.2 (2xC), 130.7, 130.7,
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130.0 (2xC), 129.1 (2xC), 128.5 (2xC), 128.3 (2xC), 128.0, 127.8 (2xC), 127.8 (3xC), 127.6,
127.4 (2xC), 114.9, 112.6, 111.6, 101.2, 75.5, 75.4, 75.2, 73.3, 71.3, 63.0, 60.8, 55.7, 44.7, 30.1,
30.0, 21.7, 13.4; ESI-HRMS: m/z calcd for Cs9Ha9011NCIS [M + H]": 894.27094; found:
894.27034; [a]o® = +28.9 (¢ = 0.53, CHCl); m.p. = 69.2 °C.

1-C-Acetyl-3,4-di-O-benzyl-6-O-tert-butyldimethylsilyl-1,2-cyclopropane-1,2-deoxy-a-D-
galctopyranose (108)%

OTBS
BnO

(0]
BnO

To a solution of 100 (4.00 g, 6.70 mmol, 1 equiv.) in anhydrous MeOH (200 mL) diethylamine
(3.9 mL) was added. The mixture was stirred at room temperature for overnight. After the reaction
was complete, the mixture was concentrated. The crude oil was dissolved in anhydrous CH.Cl;
(44 mL) and cooled to 0 °C. TBSCI (3.03 g, 20.1 mmol, 3 equiv.) and triethylamine (1.87 mL, 13.4
mmol, 2 equiv.) were added and the solution was warmed to room temperature slowly. The
reaction was stirred at this temperature for 64 h. Then H>O (200 mL) was added and extracted with
CH2Cl> (3 x 100 mL), the organic phases were washed with brine (2 x 100 mL), dried over MgSOa,
and evaporated under reduced pressure. The residue was purified by flash column chromatography
on silica gel (pentane:Et2O = 2:1, R = 0.33 (pentane:Et,O = 2:1)) to afford tosyl substrate 102
(2.20 g, 3.29 mmol, 49%) as a colorless syrup. The tosyl substrate 102 (1.0 g, 1.49 mmol, 1 equiv.)
then underwent procedure C to afford 108 (477.8 mg, 0.96 mmol, 64%) as colorless syrup. H
NMR (500 MHz, CD.Cly) & 7.39-7.26 (m, 10H), 4.89 (d, J = 11.3 Hz, 1H), 4.77 (d, J = 11.8 Hz,
1H), 4.63 (d, J = 11.8 Hz, 1H), 4.60 (d, J = 11.3 Hz, 1H), 3.81 (dd, J = 6.9, 2.9 Hz, 1H), 3.77 (t, J
= 2.6 Hz, 1H), 3.73 (dd, J = 6.4, 1.8 Hz, 2H), 3.69 (t, J = 2.6 Hz, 1H), 3.47 (td, J = 6.4, 2.3 Hz,
1H), 2.22 (s, 3H), 2.03-1.99 (m, 2H), 0.89 (s, 9H), 0.054 (s, 3H), 0.050 (s, 3H); 1*C NMR (126
MHz, CD2Cl) 8 205.2, 139.4, 138.8, 128.9 (2xC), 128.8 (2xC), 128.4 (2xC), 128.1, 128.1, 128.0
(2xC), 76.7, 74.4, 72.4, 71.7, 62.4, 61.6, 34.5, 31.2, 26.5, 26.2 (3xC), 18.7, -5.10, -5.15; ESI-
HRMS: m/z calcd for Ca9H10OsNaSi [M + Na]*: 519.25372; found: 519.25247; [a]p?® = +32.6 (C
=0.93, CH.Cly).
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1-C-Acetyl-3,4-di-O-benzyl-6-O-benzoyl-1,2-cyclopropane-1,2-deoxy-a-D-galctopyranose
(109)

BnO

Synthesis according to the procedure C by using the corresponding tosyl precursor 103 (146.0
mg, 0.22 mmol) as starting material to afford 109 (48.3 mg, 0.10 mmol, 45%) as a pale-yellow
solid. 'H NMR (700 MHz, CD,Cl,) & 8.00 (d, J = 7.3 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.45 (t, J
= 7.8 Hz, 2H), 7.41-7.27 (m, 10H), 4.82 (t, J = 11.8 Hz, 2H), 4.70-4.65 (m, 3H), 4.41 (dd, J =
11.9,4.2 Hz, 1H), 3.93 (dt, J = 7.8, 3.8 Hz, 1H), 3.89 (t, J = 2.8 Hz, 1H), 3.85 (dd, J = 7.2, 2.0 Hz,
1H), 3.75 (t, J = 3.2 Hz, 1H), 2.23 (s, 3H), 2.16-2.14 (m, 1H), 2.00 (dd, J = 5.9, 2.0 Hz, 1H); *°C
NMR (176 MHz, CD2Cl>) & 204.9, 166.7, 138.8, 138.8, 133.5, 130.8, 130.1 (2xC), 128.9 (2xC),
128.9 (2xC), 128.9 (2xC), 128.5 (2xC), 128.3, 128.2, 128.2 (2xC), 74.8, 73.9, 73.6, 73.5, 72.4,
64.2, 60.3, 34.9, 31.2, 27.5; ESI-HRMS: m/z calcd for C3oHz106 [M + H]": 487.21152; found:
487.21154; [a]p?® = +31.5 (¢ = 0.74, CH.Cly); m.p. = 82.6 °C.

1-C-Acetyl-3,4-di-O-benzyl-6-O-tert-butoxycarbonyl-1,2-cyclopropane-1,2-deoxy-a.-D-
galctopyranose (110)

OBoc
BnO

(0]
BnO

Synthesis according to the procedure C by using the corresponding tosyl precursor 104 (63.0 mg,
0.10 mmol) as starting material to afford 110 (27.6 mg, 0.06 mmol, 59%) as a colorless syrup. H
NMR (700 MHz, CDCl) 4 7.39-7.29 (m, 10H), 4.78 (dd, J = 11.7, 4.1 Hz, 2H), 4.67 (d, J = 11.9
Hz, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.40 (dd, J =11.9, 8.5 Hz, 1H), 4.15 (dd, J = 12.0, 3.5 Hz, 1H),
3.87 (t, J = 2.8 Hz, 1H), 3.80-3.78 (m, 2H), 3.65 (t, J = 3.3 Hz, 1H), 2.23 (s, 3H), 2.12-2.11 (m,
1H), 1.98 (dd, J = 6.0, 2.0 Hz, 1H), 1.46 (s, 9H); 1*C NMR (176 MHz, CD,Cl,) & 204.8, 153.9,
138.8, 138.8, 128.9 (2xC), 128.9 (2xC), 128.4 (2xC), 128.3, 128.2, 128.1 (2xC), 82.5, 74.2, 73.7,
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73.6, 73.4, 72.4, 66.2, 60.1, 34.8, 31.3, 28.0 (3xC), 27.6; ESI-HRMS: m/z calcd for CosHa407Na
[M + NaJ*: 505.21967; found: 505.21773; [a]o?° = +26.2 (C = 0.24, CH,Cl).

1-C-Acetyl-3,4-di-O-benzyl-6-O-methoxymethyl-1,2-cyclopropane-1,2-deoxy-a-D-
galctopyranose (111)

OMOM
BnO

0
BnO

To a solution of 100 (1.30 g, 2.18 mmol, 1 equiv.) in anhydrous MeOH (50 mL), diethylamine
(3.9 mL) was added. The mixture was stirred at room temperature for 18 h. After the reaction was
complete, the mixture was concentrated and purified by flash column chromatography on silica
gel (EtOAc:c-hex = 1:2, Rs = 0.3 (EtOAc:c-hex = 1:1)) to afford the hydroxyl substrate. To a
solution of hydroxyl substrate (150 mg, 0.27 mmol, 1 equiv.) in anhydrous CH2Cl> (6 mL) was
added DIPEA (0.28 mL, 1.62 mmol, 6 equiv.), followed by the addition of MOMCI (0.041 mL,
0.54 mmol, 2 equiv.). After stirring for 19 h at 25 °C, the solvents were evaporated under reduced
pressure. The residue was purified by silica gel column chromatography (pentane: Et,O = 1:1, R¢
= 0.69 (EtOAc:c-hex = 1:1)) to afford the tosyl substrate 105 (114.5 mg, 0.19 mmol, 71%) as
colorless syrup. The tosyl substrate 105 (114.5 mg, 0.19 mmol, 1 equiv.) then underwent
procedure C to afford 111 (80.3 mg, 0.19 mmol, 98%) as a colorless syrup. *H NMR (700 MHz,
CD2Cl) & 7.39-7.29 (m, 10H), 4.86 (d, J = 11.4 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 4.65 (d, J =
11.9 Hz, 1H), 4.60 (d, J = 11.5 Hz, 1H), 4.59-4.55 (m, 2H), 3.82 (dd, J = 7.4, 2.1 Hz, 1H), 3.77 (t,
J = 2.8 Hz, 1H), 3.76-3.74 (m, 1H), 3.70 (t, J = 2.9 Hz, 1H), 3.67-3.65 (m, 1H), 3.64-3.62 (m,
1H), 3.32 (s, 3H), 2.23 (s, 3H), 2.06 (ddd, J = 7.7, 5.8, 2.5 Hz, 1H), 2.00 (dd, J =5.8, 2.1 Hz, 1H);
13C NMR (176 MHz, CD,Cly) § 205.1, 139.1, 138.8, 128.9 (2xC), 128.9 (2xC), 128.4 (2xC), 128.2
(2xC), 128.1 (2xC), 97.3, 75.8, 74.9, 74.0, 73.1, 71.9, 67.4, 61.1, 55.6, 34.6, 31.2, 26.9; ESI-
HRMS: m/z calcd for CasHz106 [M + H]*: 427.21152; found: 427.21019; [a]p?° = +31.2 (c = 1.61,
CH2Cly).
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((3R,4R,5R)-7-acetyl-4,5-bis(benzyloxy)-2-oxabicyclo[4.1.0]heptan-3-yl)methyl stearate (112)

BnO

. J

Synthesis according to the procedure C by using the corresponding tosyl precursor 106 (211.6
mg, 0.26 mmol) as starting material to afford 112 (113.4 mg, 0.17 mmol, 68%) as a pale-yellow
syrup. 'H NMR (700 MHz, CD2Cl,) § 7.38-7.28 (m, 10H), 4.78 (dt, J = 12.1, 5.9 Hz, 2H), 4.80—
4.77 (m, 1H), 4.61- 4.57 (m, 2H), 4.39 (dd, J = 12.0, 8.2 Hz, 1H), 4.16 (dd, J = 12.0, 4.0 Hz, 1H),
3.83 (t, J = 2.8 Hz, 1H), 3.77-3.73 (m, 2H), 3.66-3.62 (m, 2H), 2.22 (s, 3H), 2.10 (ddd, J = 7.5,
5.9, 2.5 Hz, 1H), 2.27 (td, J = 7.4, 1.1 Hz, 2H), 1.97 (dd, J = 5.9, 2.0 Hz, 1H), 1.58 (t, J = 7.4 Hz,
2H), 1.31-1.26 (m, 26H), 0.88 (t, J = 7.0 Hz, 3H); 3C NMR (176 MHz, CD-Cl,) § 204.9, 174.0,
138.9, 138.8, 128.9 (2xC), 128.9, 128.4, 128.4 (2xC), 128.3, 128.2, 128.2, 128.1, 97.3, 74.9, 73.9,
73.6, 73.5, 72.3, 63.5, 60.3, 55.6, 34.9, 34.7, 32.5, 31.2, 30.3 (2xC), 30.2, 30.2, 30.2, 30.1, 29.9,
29.9,29.7,27.5, 25.5, 23.3, 14.5; ESI-HRMS: m/z calcd for C41He106 [M + H]™: 649.44627; found:
649.44466; [a]o® = +24.3 (c = 0.52, CH2Cl).

((1S,3R,4R,5R,6S,7S)-7-(1-(11-oxidaneyl)vinyl)-4,5-bis(benzyloxy)-2-
oxabicyclo[4.1.0]heptan-3-yl)methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-
3-yl)acetate (113)

Synthesis according to the procedure C by using the corresponding tosyl precursor 107 (396.0
mg, 0.44 mmol) as starting material with stirring time reduced to 3 h to afford 113 (147.0 mg, 0.20
mmol, 46%) as a yellow solid. *H NMR (700 MHz, CD,Cly) & 7.61 (d, J = 8.5 Hz, 2H), 7.46 (d, J
= 8.5 Hz, 2H), 7.37-7.27 (m, 10H), 6.97 (d, J = 2.6 Hz, 1H), 6.93 (d, J = 9.0 Hz, 1H), 6.66 (dd, J
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=9.0, 2.6 Hz, 1H), 4.75 (d, J = 11.8 Hz, 1H), 4.70 (d, J = 11.5 Hz, 1H), 4.63 (d, J = 11.9 Hz, 1H),
450 (dd, J = 12.0, 8.3 Hz, 1H), 4.46 (d, J = 11.4 Hz, 1H), 4.20 (dd, J = 12.0, 4.1 Hz, 1H), 3.82 (t,
J = 2.8 Hz, 1H), 3.80 (s, 3H), 3.78-3.76 (m, 2H), 3.68 (s, 2H), 3.58 (t, J = 3.3 Hz, 1H), 2.32 (s,
3H), 2.22 (s, 3H), 2.09 (ddd, J = 7.3, 5.9, 2.5 Hz, 1H), 1.95 (dd, J = 5.9, 2.0 Hz, 1H); *C NMR
(176 MHz, CD,Cly) 5 204.8, 171.1, 168.8, 156.6, 139.6, 138.8, 138.8, 136.5, 134.6, 131.7 (2xC),
131.4, 131.2, 129.6 (2xC), 128.9 (2xC), 128.9 (2xC), 128.3 (2xC), 128.3, 128.2, 128.1 (2xC),
115.5, 113.2, 112.0, 101.9, 74.4, 73.7, 73.6, 73.5, 72.3, 64.1, 60.0, 56.2, 34.9, 31.2, 30.7, 27.6,
13.8; [a]p?® = +22.1 (c = 0.36, CH2Cl,); ESI-HRMS: m/z calcd for Cs,Ha10sN*’CI [M + H]*:
724.24857; found: 724.24825; m.p. = 63.4 °C.

9.7  Synthesis of dioxinone dienoaltes

General procedure for synthesis of the dioxinone dienolates (procedure D)%

R3 R3 R3 R3
DIPA, n-BuLi, DMPU
o9 TMSCI/TBSCI/TIPSCI 0~ "o
N > i
R 0 THF, -78 °C-rt, 3.5 h R’ OSiR,
R2 R2

A flame dried flask was charged with anhydrous THF (35 mL, 0.5 M regarding the dioxinone) and
freshly distilled diisopropylamine (0.02 mmol, 1.1 equiv.) at 0 °C. The solution was cooled in an
ice bath followed by slow addition of n-butyl lithium (2.5 M in hexane, 20.70 mmol, 1.1 equiv.).
The reaction was stirred for 30 mins. DMPU (22.6 mmol, 1.2 equiv.) was added at —78 °C. The
mixture was stirred 30 min where upon it turned turbid. Afterwards, the corresponding dioxinone
(18.8 mmol) was added dropwise and the resulting mixture was stirred 30 mins at —78 °C. The
turbidity vanished. The silane chloride (22.6 mmol, 1.2 equiv.) was dissolved in 2.5 mL THF and
added slowly. After complete addition, the cooling was removed and the mixture was stirred 2 h
while reaching room temperature. Following, pentane (200 mL) was added, causing precipitation.
The liquid was transferred to a separation funnel and washed quickly five times with 100 mL ice
cold water. The organic layer was dried over MgSO4. Removal of the solvent yielded in

guantitative amounts of the crude product. The mixture was purified by Kugelrohr distillation.
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((2,2-Dimethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)triisopropylsilane (116)

X

o” O

MOTIPS

Synthesis according to procedure D by using the 2,2,6-trimethyl-4H-1,3-dioxin-4-one (2.5 mL,
18.82 mmol, 1 equiv.) as starting material to afford 116 (3.48 g, 11.67 mmol, 62%) as a pale-
yellow oil. *H NMR (400 MHz, CDCls) § 4.69 (s, 1H), 4.05 (s, 1H), 3.86 (s, 1H), 1.54 (s, 6H),
1.22-1.17 (m, 3H), 1.09-1.05 (m, 18H); 3C NMR (176 MHz, CD,Cl;) § 154.1, 152.8, 103.1, 84.8,
76.5, 24.9 (2xC), 18.1 (6xC), 13.1 (3xC); ESI-HRMS: m/z calcd for Ci6H3103Si [M + H]":
299.20370; found: 299.20318; b.p. = 113-117 °C (1.1 mbar).

Synthesis of 4-methyl-1,5-dioxaspiro[5.5]undec-3-en-2-one (s2)°°

O>(O 3-pentanone ogg

(0]

m-xylene, 130 °C, 21 h
NNy y NN

s1 s2

A solution of 2,2,6-trimethyl-4H-1,3-dioxin-4-one (10 mL, 75.3 mmol, 1 mmol) and 3-pentanone
(17.5 mL, 165.6 mmol, 2.2 equiv.) in 7.5 mL of m-xylene was heated at 130 °C for 21 h and the
volatile parts were allowed to distill out by putting a needle in the septum. The crude mixture was
evaporated and purified by silica gel column chromatography (pentane:Et;O = 4:1, (R = 0.47
(pentane:Et,0 = 2:1)) to afford s2 (6.52 g, 38.3 mmol, 51 %). *H NMR (700 MHz, CDCls) § 5.16
(0, 3 = 0.9 Hz, 1H), 1.98-1.89 (m, 4H), 0.95 (t, J = 7.5 Hz, 1H); *3C NMR (176 MHz, CDCls) §
168.6, 161.3, 110.5, 93.6, 28.1 (2xC), 19.9 (2xC), 7.43; ESI-HRMS: m/z calcd for CoH1403Na [M
+ Na]*: 193.08352; found: 193.08276.

Tert-butyl((2,2-diethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)dimethylsilane (117)

<

o” O

Z OTBS

Synthesis according to procedure D by using the dioxinone precursor s2 (1.0 g, 5.88 mmol, 1

equiv.) as starting material to afford 117 (575.7 mg, 2.02 mmol, 34%) as a pale-yellow oil. H
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NMR (500 MHz, CDCIs) 6 4.63 (s, 3H), 4.04 (d, J = 0.9 Hz, 1H), 3.85 (d, J = 0.9 Hz, 1H), 1.94—
1.75 (m, 4H), 0.97-0.93 (m, 15H), 0.20 (s, 6H); *C NMR (126 MHz, CDCl3) § 153.5, 151.9, 106.5,
84.5, 76.4, 27.2 (2xC), 25.5 (3xC), 18.0, 7.36 (2xC), —4.27 (2xC); ESI-HRMS: m/z calcd for
C15H2903Si [M + H]": 285.18805; found: 285.18741; b.p. = 103-107 °C (0.54 mbar).

Synthesis of 4-methyl-1,5-dioxaspiro[5.5]undec-3-en-2-one (s3)%°

O><O cyclohexanone _ O;;

o
m-xylene, 130 °C, 21 h
I, T poE

s1 s3
A solution of 2,2,6-trimethyl-4H-1,3-dioxin-4-one (10 mL, 75.3 mmol, 1 equiv.) and

cyclohexanone (7.8 mL, 75.3 mmol, 1 equiv.) in 7.5 mL of m-xylene was heated at 130 °C for 21

h and the volatile parts were allowed to distill out by putting a needle in the septum. The crude
mixture was evaporated and purification by silica gel column chromatography (pentane:Et,O =
4:1, (Rf = 0.43 (pentane:Et20 = 2:1)) to afford s3 (5.90 g, 32.4 mmol, 43 %). The analytical data
was in accordance to the literature.® H NMR (400 MHz, CDCls) § 5.20 (s, 1H), 2.01-1.93 (m,
6H), 1.73-1.67 (m, 2H), 1.63-1.56 (m, 3H), 1.49-1.44 (m, 2H); 13C NMR (126 MHz, CD2Cly) &
169.0, 161.2, 107.3, 94.5, 34.2 (2xC), 25.2, 22.8 (2xC), 20.3; ESI-HRMS: m/z calcd for
C10H1403Na [M + Na]*: 205.08352; found: 205.08271.

Tert-butyldimethyl((4-methylene-1,5-dioxaspiro[5.5]undec-2-en-2-yl)oxy)silane (118)

)

0" ©O

4¢L\4A\OTBS

Synthesis according to procedure D by using the dioxinone precursor s3 (1.0 g, 5.49 mmol, 1

equiv.) as starting material to afford 118 (686.7 mg, 2.32 mmol, 42%) as a pale-yellow oil. *H
NMR (500 MHz, CD,Cl) & 4.62 (s, 1H), 4.02 (d, J = 0.7 Hz, 1H), 3.85 (d, J = 0.7 Hz, 1H), 1.89—
1.85 (m, 2H), 1.78-1.73 (m, 2H), 1.63-1.57 (m, 4H), 1.51-1.46 (m, 1H), 1.45-1.39 (m, 1H), 0.94
(s, 9H), 0.22 (s, 6H); 3C NMR (176 MHz, CD.Cl,) & 154.0, 152.2, 103.7, 85.0, 77.1, 33.8 (2xC),
25.8 (3xC), 25.7, 22.9 (2xC), 18.4, —4.02 (2xC); ESI-HRMS: m/z calcd for C16H2003Si [M + H]*:
297.18805; found: 297.18830; b.p. 135-139 °C (0.47 mbar).
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Synthesis of 6-isopropyl-2,2-dimethyl-4H-1,3-dioxin-4-one (s6)™

>< isobutyryl chloride O><O ><
o o pyridine acetone O (0]
- fe) (e} -
OMO CH,Cly, 0 °C-rt, 2.5 h | toluene, reflux, 4 h \H\/&O
OH
s4 s5 s6

To a stirred solution of Meldrum’s acid (10.0 g, 69.4 mmol, 1 equiv.) in CH2Cl, (50 mL) at 0 °C
was added pyridine (11.2 mL, 0.14 mol, 2 equiv.) and stirred for 10 mins followed by dropwise
addition of isobutyryl chloride (8.72 mL, 83.3 mmol, 1.2 equiv.) over 30 mins. The resulting
mixture was stirred for 1 h at 0 °C and warmed to rt for 1 h. The reaction mixture was poured into
an ice cold solution of 2 M aqueous hydrochloric acid (50 mL), diluted with CH2Cl (80 mL) and
the phases were separated. The organic layers were washed with 2 M aqueous hydrochloric acid
(50 mL), water (50 mL x 2), brine (50 mL) and dried over MgSQOa. After filtering and evaporation
of the solvent under reduced pressure, purification by silica gel column chromatography (pentane:
Et,O = 1:1 (Rf=0.12 (pentane:Et,O = 1:1)) to afford desired product s5 (7.63 g, 35.6 mmol, 51%)
as colorless oil. The analytical data was in accordance to the literature.”” *H NMR (500 MHz,
CDCls) § 15.50 (s, 1H), 4.04 (hept, J = 6.8 Hz, 1H), 1.69 (s, 6H), 1.20 (s, 3H), 1.18 (s, 3H); °C
NMR (126 MHz, CDCls) 6 202.3, 170.8, 159.9, 104.6, 90.0, 32.9, 26.6 (2xC), 18.9 (2xC).

To a stirring solution of s5 (6.53 g, 30.5 mmol, 1 equiv.) in toluene (10 mL), anhydrous acetone
(1.12 mL, 15.3 mmol, 0.5 equiv.) was added. The resulting mixture was heated at reflux for 4 h
before being allowed to cool to rt and concentrated in vacuo. Silica gel chromatographic
purification (EtOAc:c-hex = 1:9, Rf = 0.14 (pentane:Et2O = 9:1)) was performed to provide s6
(2.02 g, 11.9 mmol, 39%) as a colorless oil. The analytical data was in accordance to the
literature.”® *H NMR (400 MHz, CDCls) § 5.23 (s, 1H), 2.43 (sept, J = 7 Hz, 1H), 1.68 (s, 6H),
1.14 (s, 3H), 1.13 (s, 3H); 3C NMR (126 MHz, CD,Cl,) § 176.9, 162.0, 106.6, 91.6, 33.0, 25.2
(2xC), 19.3 (2xC).
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Tert-butyl((2,2-dimethyl-4-(propan-2-ylidene)-4H-1,3-dioxin-6-yl)oxy)dimethylsilane (119)

X

o” O

\%\/koms

Synthesis according to procedure D by using the dioxinone precursor s6 (1.0 g, 5.88 mmol, 1

equiv.) as starting material to afford 119 (636.1 mg, 2.24 mmol, 38%) as a pale-yellow oil. 'H
NMR (500 MHz, CDCls) 6 4.77 (s, 1H), 1.64 (s, 3H), 1.59 (s, 3H), 1.48 (s, 6H), 0.93 (s, 9H), 0.20
(s, 6H); 13C NMR (126 MHz, CDCls) § 152.4, 139.0, 104.3, 102.3, 74.0, 25.8 (3xC), 24.9, 19.3,
18.4,17.6,16.7 ,—4.09 (2xC); ESI-HRMS: m/z calcd for C15H2903Si [M + H]*: 285.18805; found:
285.18806; b.p. = 123-127 °C (0.47mbar).

Synthesis of 2,2,5,6-tetramethyl-4H-1,3-dioxin-4-one (s9)*°

o o
o o )< NaH, CHyl Q Q J< )J\OJ\ , conc. HpS0, o><o
)J\/U\o THF, 0 °C-rt, 15h MO acetone, -10 °C-rt, 24 h )ﬁ/go

s7 s8 s9

To astirred solution of NaH (60% in oil, 2.65 g, 66.3 mmol, 1.1 equiv.) in 250 mL anhydrous THF

at 0 °C, tert-butyl-acetoacetate s7 (10.0 mL, 60.31 mmol, 1 equiv.) was added and the mixture was

stirred for 1 h. Mel (7.51 mL, 120.6 mmol, 2 equiv.) was added slowly and the solution was stirred
at rt for another 14 h. The reaction was quenched with sat. NH4Cl (250 mL) and extracted three
times with Et2O (250 mL). The organic layers were dried over MgSO4 and the solvent was
evaporated. Purification by silica gel column chromatography (pentane:Et,O = 15:1 to 9:1 (Rf =
0.39 (pentane:Et2O = 9:1)) was perform to afford the product s8 (8.84 g, 51.3 mmol, 85%) as a
colorless liquid. The analytical data was in accordance to the literature.*® *H NMR (400 MHz,
CDCl3) § 3.40 (g, J = 7.1 Hz, 1H), 2.23 (s, 3H), 1.46 (s, 9H), 1.29 (d, J = 7.1 Hz, 3H); 13C NMR
(126 MHz, CD2Cl») 6 204.4, 170.2, 82.0, 55.1, 28.8, 28.2 (3xC), 13.0.

To a stirred solution of s8 (5.0 g, 29.0 mmol, 1 equiv.) in 17 mL anhydrous acetone at —10 °C,
acetic anhydride (11.0 mL, 116.1 mmol, 4 equiv.) and catalytic amount of 0.5 mL conc. H2SO4

was added. The mixture was allowed to warm to rt for 24 h. Ice water (32 mL) was added to the
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resulting mixture and stirred for 1 h. The aqueous layer was extracted five times with 20 mL
CH2Cl. The combined organic layers were washed with brine and dried over MgSO4 and the
solvent was evaporated. Purification by silica gel column chromatography (pentane:Et.O = 4:1, R¢
= 0.34 (pentane:Et,O = 2:1)) afforded product s9 (3.36 g, 21.5 mmol, 74%) as colorless oil. The
analytical data was in accordance to the literature.*® *H NMR (700 MHz, CDClz) § 1.97 (s, 3H),
1.82 (s, 3H), 1.64 (s, 6H); *C NMR (126 MHz, CD>Cl>) § 163.3, 162.8, 105.1, 100.9, 25.4 (2xC),
17.8, 10.6.

Tert-butyldimethyl((2,2,5-trimethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)silane (120)

X

0" O

MOTBS

Synthesis according to procedure D by using the dioxinone precursor s9 (3.0 g, 19.21 mmol, 1

equiv.) as starting material to afford 120 (2.55 g, 9.44 mmol, 28%) as a pale-yellow oil. *H NMR
(400 MHz, CDClIs) 6 4.05 (d, J = 1.0 Hz, 1H), 3.90 (d, J = 1.0 Hz, 1H), 1.66 (s, 3H), 1.49 (s, 6H),
0.96 (s, 9H), 0.20 (s, 6H); *C NMR (176 MHz, CD,Cl,) § 154.9, 150.2, 102.0, 84.1, 82.2, 25.9
(3xC), 25.0 (2xC), 18.5, 9.67, —3.70 (2xC); ESI-HRMS: m/z calcd for C14H2703Si [M + H]*:
271.17240; found: 271.17255; b.p. 85-89 °C (0.73 mbar).

Synthesis of 5-benzyl-2,2,6-trimethyl-4H-1,3-dioxin-4-one (s11)"

o o )< o o <5
o O )< NaH,BnBr (¢} )J\OJ\ , conc. H,SO, N0
)J\/U\o THF, 0 °C-reflux, 17 h acetone, 0 °C-50 °C, 18 h
s7 s10 s11

To tert-butylacetoacetate s7 (10.0 g, 63.2 mmol, 1 equiv.), 208 mL anhydrous THF was added
under an argon atmosphere in a 500 mL round bottom flask equipped with a stirring bar. The
solution was cooled to 0 °C and NaH (60% in oil, 3.29 g, 82.2 mmol, 1.3 equiv.) was added slowly.
Upon complete addition of the NaH, the slurry was warmed to room temperature and stirred until
the solution was clear. The mixture was cooled back to 0 °C and BnBr (8.27 mL, 69.5 mmol, 1.1
equiv.) was added dropwise. The flask was subsequently equipped with a condenser and refluxed

for 17 h. After completion of the reaction, the reaction mixture was quenched with sat. NH4Cl
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(100 mL) and H20 (10 mL). The product was extracted with CH2Cl> (3 x 150 mL) and dried with
MgSOa. The volatile parts were evaporated and the residue was purified by silica gel column
chromatography (EtOAc:c-hex = 1:19, Rs = 0.30 (EtOAc:c-hex = 1:9)) to give product s10 (7.64
g, 30.8 mmol, 49%) as clear colorless oil. The analytical data was in accordance to the literature.’
'H NMR (500 MHz, CDCls) § 7.34-7.24 (m, 5H), 3.76 (t, J = 7.75 Hz, 1H), 3.22-3.15 (m, 2H),
2.26 (s, 3H), 1.46 (s, 9H); 3C NMR (126 MHz, CDCls) § 202.8, 168.3, 138.3, 128.8 (2xC), 128.4
(2xC), 126.5, 82.0, 62.3, 33.8, 29.4, 27.8 (3xC).

Tert-butyl 2-benzyl-3-oxobutanoate s10 (2.00 g, 8.05 mmol, 1 equiv.), acetic anhydride (5.92 mL,
80.5 mmol, 10.0 equiv.) and acetone (1.90 mL, 20.1 mmol, 2.5 equiv.) were added to a 25 mL
round bottom flask equipped with a stirring bar. The solution was cooled to 0 °C, 20 drops of
concentrated H2SO4 was added and the solution was allowed to warm to room temperature over
15 hours. The light red solution was subsequently heated at 50 °C for 3 hours, wherein a dark red
colour persisted. The reaction was poured into 100 mL sat. NaHCO3 and extracted with Et20 (3 x
30 mL). The organic layers were combined, washed with 50 mL brine, dried over MgSQsa,
concentrated and purified by silica gel flash column chromatography (EtOAc:c-hex = 1:19, Rf =
0.15 (EtOAc:c-hex = 1:9)) to afford s11 (1.31 g, 5.64 mmol, 70%) as a clear oil. The analytical
data was in accordance to the literature.”* *H NMR (500 MHz, CDCls) § 7.29-7.17 (m, 5H), 3.64
(s, 2H), 2.01 (s, 3H), 1.65 (s, 6H); *C NMR (126 MHz, CDCls) § 164.5, 162.3, 139.8, 128.5 (2xC),
128.0 (2xC), 126.2, 105.0, 104.8, 30.7, 25.2 (2xC), 17.8.

((5-Benzyl-2,2-dimethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)(tert-butyl)dimethylsilane (121)

Synthesis according to procedure D by using the dioxinone precursor s11 (1.0 g, 4.31 mmol, 1
equiv.) as starting material to afford 121 (836.0 mg, 2.41 mmol, 56%) as a pale-yellow oil. *H
NMR (500 MHz, CDCls) & 7.25-7.13 (m, 5H), 4.09 (d, J = 1.3 Hz, 1H), 3.92 (d, J = 1.3 Hz, 1H),
3.51 (s, 2H), 1.54 (s, 6H), 0.90 (s, 9H), 0.20 (s, 6H); *C NMR (126 MHz, CDCls) § 153.0, 151.0,
141.3, 128.1 (2xC), 127.9 (2xC), 125.6, 101.7, 85.3, 85.1, 30.2, 25.5 (3xC), 24.7 (2xC), 17.9, -
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3.93 (2xC); ESI-HRMS: m/z calcd for C20H3103Si [M + H]*: 347.20370; found: 347.20386; b.p.
153-157 °C (0.54 mbar).

Synthesis of 2,2,6-trimethyl-5-(triisopropylsilyl)-4H-1,3-dioxin-4-one (s13)%2

> °><O
o><o NIS 070 pBuLi, i-Pr,SIOTf /S/&O
MO acetic acid, rt, 15 h MO THF, -90°C,0.5h )‘Si‘<
|
s1 s12 s13

A solution of 2,2,6-trimethyl-4H-1,3-dioxin-4-one s1 (10 g, 70.4 mmol, 1 equiv.) and N-
iodosuccinimide (23.7 g, 105.5 mmol, 1.5 equiv.) in acetic acid (60 mL) was stirred for 15 h at
room temperature in the dark. The reaction mixture was diluted with water and extracted with
CH2Cl>. The organic layer was washed with water and dried over MgSOa. The residue obtained
after evaporation of the solvent was purified by chromatography on silica gel (EtOAc:c-hex = 1:9,
Rf= 0.45 (EtOAc:c-hex = 1:4)) to give compound s12 (12.8 g, 62.6 mmol, 89%) as pale-yellow
prisms. The analytical data was in accordance to the literature.”> *H NMR (400 MHz, CDCls3) §
2.30 (s, 3H), 1.69 (s, 6H); 3C NMR (176 MHz, CDCls) § 169.5, 158.1, 106.6, 62.4, 25.0 (2xC),
24.1.

To asolution of s12 (3.0 g, 11.2 mmol, 1 equiv.) and i-PrsSiOTf (3.61 mL, 13.4 mmol, 1.2 equiv.)
in anhydrous THF (111.6 mL), n-BuLi (1.6 M in THF, 3.61 mL, 12.9 mmol, 1.15 equiv.) was
added at —90 °C. After stirring for 0.5 h, the reaction mixture was poured into sat. NaHCOz3. The
crude products were extracted with EtOAc (x 3), and the combined organic phases were washed
with brine, dried by MgSOa4 and concentrated in vacuo. The residue was recrystallized in c-hexane
to afford product s13 (2.00 g, 6.72 mmol, 60%) as colorless prisms. The analytical data was in
accordance to the literature.?® *H NMR (500 MHz, CDCls) § 2.07 (s, 3H), 1.66 (s, 6H), 1.50 (q, J
=7.5Hz, 3H), 1.10 (s, 9H), 1.08 (s, 9H); 3C NMR (126 MHz, CDCls) 172.9, 163.8, 103.9, 98.2,
24.8 (3xC), 21.8, 19.0 (6xC), 12.3 (2xC).
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Tert-butyl((2,2-dimethyl-4-methylene-5-(triisopropylsilyl)-4H-1,3-dioxin-6-
ylhoxy)dimethylsilane (122)

X

o O

M\OTBS

d
iPr NP
iPr

Synthesis according to procedure D by using the dioxinone precursor s13 (1.2 g, 4.02 mmol, 1
equiv.) as starting material to afford 122 (270.5 mg, 0.6 mmol, 16%) as a pale-yellow oil. *H NMR
(700 MHz, CD2Cly) § 4.76 (s, 2H), 1.32 (sept, J = 7.4 Hz, 3H), 1.09 (s, 3H), 1.08 (s, 9H), 1.07 (s,
9H), 0.94 (s, 9H), 0.93 (s, 3H), 0.25 (s, 6H); *C NMR (176 MHz, CD,Cl,) 5 220.0, 168.4, 101.9,
92.4,71.7, 25.9 (2xC), 18.9 (6xC), 18.4, 18.2 (3xC), 12.1 (3xC), —4.54 (2xC).

9.8  Synthesis of C-glycosides via strain-release pyranosylation

General procedure for C-glycosylation via strain-release pyranosylation (procedure E)

An oven dried tube with a stirring bar was charged with D-A cyclopropanated carbohydrate
(47.3 mg, 0.1 mmol, 1.0 equiv.), vinylogous enolate (0.4 mmol, 4.0 equiv.) and anhydrous toluene
(0.5 mL). Then, the tube was purged with argon and sealed with a rubber stopper. After stirring
for 10 mins at 0 °C, calcium (II) bis(trifluoromethanesulfonimide) (0.02 mmol, 20 mol%) and
tetrabutylammonium hexafluorophosphate (0.02 mmol, 20 mol%), distillated water (0.05 mmol,
0.5 equiv.) and anhydrous toluene (0.5 mL) were added. The tube was sealed with parafilm and
stirred at room temperature for 24 h. Upon completion of the reaction, the reaction mixture was
flushed through a short pad of silica gel by EtOAc, the solvent evaporated and subjected to silica

flash column chromatography.
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6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (123a)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 6 (47.3 mg,
0.1 mmol) to afford 123a (54.1 mg, 0.09 mmol, 88%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) § 7.36—
7.25 (m, 15H), 5.31 (s, 1H), 4.83 (d, J = 11.4 Hz, 1H), 4.68 (d, J = 11.5 Hz, 1H), 4.55 (d, J = 11.5
Hz, 1H), 4.46-4.42 (m, 2H), 4.35 (d, J = 11.5 Hz, 1H), 3.96 (d, J = 2.5 Hz, 1H), 3.57-3.54 (m,
2H), 3.53-3.49 (m, 2H), 3.43 (dd, J = 10.9, 2.5 Hz, 1H), 2.56 (sept, J = 4.9 Hz, 1H), 2.44-2.43
(m, 2H), 2.39-2.38 (m, 2H), 2.05 (s, 3H), 1.60 (s, 3H), 1.55 (s, 3H); **C NMR (176 MHz, CDCl5)
5 207.0, 168.6, 161.1, 138.5, 137.7, 137.5, 128.5 (2xC), 128.4 (2xC), 128.2 (2xC), 128.1 (2xC),
127.9 (3xC), 127.9 (2xC), 127.8, 127.6, 106.5, 95.7, 81.7, 77.2, 76.2, 74.4, 73.5, 71.1, 71.0, 69.1,
41.8,37.9, 37.2,30.0, 25.6, 24.1; ESI-HRMS: m/z calcd for C37Ha30g [M + H]*: 615.29524; found:
615.29447; [a]o® = +1.38 (c = 0.29, CH2Cl,).

((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-ox0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl acetate (123b)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 101 (42.4
mg, 0.1 mmol) to afford 123b (41.5 mg, 0.07 mmol, 73%) as a pale-yellow syrup. The f-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCl3) § 7.38—
7.28 (m, 10H), 5.34 (s, 1H), 4.88 (d, J = 11.5 Hz, 1H), 4.73 (d, J = 11.5 Hz, 1H), 4.58 (d, J = 11.5
Hz, 1H), 4.40 (d, J=11.5 Hz, 1H), 4.13 (dd, J = 11.4, 7.1 Hz, 1H), 4.06 (dd, J = 11.4, 5.1 Hz, 1H),
3.85 (d, J = 1.4 Hz, 1H), 3.59 (td, J = 9.6, 3.1 Hz, 1H), 3.57-3.51 (m, 1H), 3.48 (dd, J = 10.9, 2.5
Hz, 1H), 2.56 (sept, J = 5.3 Hz, 1H), 2.46 (d, J = 5.2 Hz, 2H), 2.41 (dd, J = 15.4, 9.1Hz, 1H), 2.37
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(dd, J = 15.4, 2.8 Hz, 1H), 2.06 (s, 3H), 1.98 (s, 3H), 1.63 (d, J = 3.6 Hz, 6H): 3C NMR (176 MHz,
CDCIs) 6 206.9, 170.7, 168.4, 161.1, 138.0, 137.3, 128.6 (2xC), 128.4 (2xC), 128.3 (2xC), 128.0,
127.9 (2xC), 127.9,106.5, 95.6, 81.6, 76.1, 76.1, 74.2,71.5,70.7,64.1, 41.4, 37.8, 37.2, 30.1, 25.6,
24.3, 20.8; ESI-HRMS: m/z calcd for CaoH3909 [M + H]*: 567.25886; found: 567.25847; [a]p® =
+10.94 (c = 0.19, CH2Cly).

6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-(((tert-butyldimethylsilyl)oxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (123c)

TBSO ° | O\(-m
BnO ©
BnO J\ o}
"o

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 108 (49.7
mg, 0.1 mmol) to afford 123c (25.0 mg, 0.04 mmol, 39%) as a pale-yellow syrup. The B-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (500 MHz, CDCls3) § 7.36—
7.24 (m, 10H), 5.31 (s, 1H), 4.83 (d, J = 11.4 Hz, 1H), 4.64 (d, J = 11.5 Hz, 1H), 4.61 (d, J = 11.3
Hz, 1H), 4.38 (s, 1H), 3.95 (s, 1H), 3.66 (dd, J = 9.9, 7.8 Hz, 1H), 3.60 (dd, J = 9.9, 5.6 Hz, 1H),
3.58-3.53 (m, 1H) 3.43 (dd, J = 10.9, 2.5 Hz, 1H), 3.35 (t, J = 6.8 Hz, 1H), 2.55 (sept, J = 5.5 Hz,
1H), 2.44 (d, J = 5.4 Hz, 2H), 2.39- 2.37 (m, 2H), 2.06 (s, 3H), 1.62 (s, 3H), 1.61 (s, 3H), 0.89 (s,
9H), 0.04 (s, 3H), 0.03 (s, 3H); 13C NMR (126 MHz, CDCl3) § 207.2, 168.6, 161.2, 138.7, 137.6,
128.5 (2xC), 128.2 (2xC), 128.0 (2xC), 128.0 (2xC), 127.9, 127.6, 106.5, 95.7, 81.7, 78.9, 76.0,
74.5,71.2,70.8,61.7,41.9, 38.0, 37.2, 30.0, 25.9 (3xC), 25.6, 24.3, 18.2 (2xC); ESI-HRMS: m/z
calcd for CssHs108Si [M + H]*: 639.33477; found: 639.33417; [a]o®® = +2.82 (c = 0.14, CHCl,).

6-(((2S,3S,4R,5S,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (123d)

o o}
BnO | \(.
Bno™ “u ©
BnO A\ O
"o
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 7 (47.3 mg,
0.1 mmol) to afford 123d (35.7 mg, 0.06 mmol, 58%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for f-anomer) *H NMR (700 MHz, CDCls) § 7.35—
7.27 (m, 13H), 7.20-7.19 (m, 2H), 5.35 (s, 1H), 4.93 (d, J = 11.5 Hz, 1H), 4.78 (d, J = 10.9 Hz,
1H), 4.62 (d, J = 10.9 Hz, 1H), 4.58-4.53 (m, 3H), 3.68 (dd, J=10.8, 4.1 Hz, 1H), 3.65 (t, J =9.2
Hz, 1H), 3.61 (dd, J = 10.8, 2.0 Hz, 1H), 3.54 (td, J = 9.8, 3.2 Hz, 1H), 3.47 (dd, J = 10.7, 8.8 Hz,
1H), 3.37 (ddd, J=9.7, 4.1, 1.9 Hz, 1H), 2.44 (dd, J = 17.6, 4.6 Hz, 1H), 2.37—2.34 (m, 2H), 2.32—
2.27 (m, 1H), 2.13 (sept, J = 5.6 Hz, 1H), 2.00 (s, 3H), 1.65 (s, 3H), 1.57 (s, 3H); 1°C NMR (176
MHz, CDCl3) § 206.4, 168.5, 161.1, 138.3, 138.0, 137.9, 128.5 (2xC), 128.4 (2xC), 128.4 (2xC),
127.8 (2xC), 127.8, 127.8 (2xC), 127.7, 127.7 (2xC), 127.7, 106.6, 95.6, 83.3, 79.8, 79.2, 75.8,
74.6, 74.6, 73.4, 68.6, 42.6, 41.8, 37.6, 29.9, 26.0, 23.9; ESI-HRMS: m/z calcd for C37H430g [M
+ H]*: 615.29524; found: 615.29412; [a]o®® = +1.59 (c = 0.63, CHCL.).

((2R,3S,4R,5S,6S)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-oxo0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl acetate (123e)

o) o)
AcO | \(.
Bno™ "y 0
BnO )\ o
"o

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 8 (42.4 mg,

0.1 mmol) to afford 123e (27.2 mg, 0.05 mmol, 48%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for f-anomer) *H NMR (700 MHz, CDCls) § 7.35—
7.27 (m, 10H), 5.32 (s, 1H), 4.94 (d, J = 11.6 Hz, 1H), 4.82 (d, J = 10.8 Hz, 1H), 4.59 (d, J = 3.5
Hz, 1H), 4.57 (d, J = 4.3 Hz, 1H), 4.31 (dd, J = 11.8, 1.8 Hz, 1H), 4.14 (dd, J = 11.8, 5.5 Hz, 1H),
3.56 (td, J = 9.4, 3.7 Hz, 1H), 3.52-3.50 (m, 1H), 3.48-3.44 (m, 2H), 2.45 (dd, J = 17.9, 4.4 Hz,
1H), 2.37 (dd, J = 17.9, 5.4 Hz, 1H), 2.32-2.26 (m, 2H), 2.11 (sept, J = 4.9 Hz, 1H), 2.04 (s, 3H),
2.00 (s, 3H), 1.68 (s, 3H), 1.66 (s, 3H); *C NMR (176 MHz, CDCl3) § 206.3, 170.7, 168.1, 161.0,
138.0, 137.5, 128.6 (2xC), 128.6 (2xC), 128.1, 127.9 (3xC), 127.8 (2xC), 106.5, 95.6, 83.2, 80.1,
77.0, 75.6, 74.9, 74.8, 63.5, 42.4, 41.3, 37.4, 30.0, 25.8, 24.1, 20.8; ESI-HRMS: m/z calcd for
Ca2H3909 [M + H]": 567.25886; found: 567.25764; [a]o? = +7.22 (¢ = 0.18, CH2Cl,).
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6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((methoxymethoxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (123f)

MOMO © | O\(-n
w (o)

BnO
B J\
nO o (0]

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 111 (42.7
mg, 0.1 mmol) to afford 123f (34.1 mg, 0.06 mmol, 60%) as a pale-yellow syrup. The p-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCl3) § 7.37—
7.27 (m, 10H), 5.32 (s, 1H), 4.87 (d, J = 11.4 Hz, 1H), 4.70 (d, J = 11.4 Hz, 1H), 4.60 (d, J = 11.4
Hz, 1H), 4.54 (d, J = 6.4 Hz, 1H), 4.51 (d, J = 6.4 Hz, 1H), 4.37 (d, J = 11.4 Hz, 1H), 3.93 (s, 1H),
3.63(dd, J=9.8, 6.1 Hz, 1H), 3.60-3.57 (m, 1H), 3.55-3.53 (m, 1H), 3.51-3.49 (m, 1H), 3.46 (dd,
J=10.9, 2.5 Hz, 1H), 3.32 (s, 3H), 2.58 (sept, J = 5.3 Hz, 1H), 2.45 (d, J = 5.3 Hz, 2H), 2.41-2.39
(m, 2H), 2.05 (s, 3H), 1.62 (s, 3H), 1.61 (s, 3H); *C NMR (176 MHz, CDCls) § 207.0, 168.6,
161.1, 138.4, 137.4, 128.5 (2xC), 128.3 (2xC), 128.1 (2xC), 128.0, 127.9 (2xC), 127.7, 106.6,
96.8, 95.6, 81.8, 77.4, 76.1, 74.4, 71.2, 71.1, 67.1, 55.4, 41.7, 37.9, 37.2, 30.1, 25.5, 24.3; ESI-
HRMS: m/z calcd for C32H10g [M + H]*: 569.27451; found: 569.27623; [0]p%° = +20.92 (c = 0.35,
CH2Cly).

((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-ox0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl tert-butyl carbonate (123g)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 110 (48.3
mg, 0.1 mmol) to afford 123g (30.1 mg, 0.05 mmol, 48%) as a pale-yellow syrup. The f-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCl3) § 7.37—
7.27 (m, 10H), 5,30 (s, 1H), 4.87 (d, J = 11.3 Hz, 1H), 4.71 (d, J = 11.4 Hz, 1H), 4.58 (d, J = 11.3
Hz, 1H), 4.37 (d, J = 11.5 Hz, 1H), 4.15 (dd, J = 11.1, 6.8 Hz, 1H), 4.08 (dd, J = 11.1, 5.4 Hz, 1H),
3.90 (s, 1H), 3.60 (dt, J = 10.1, 6.1 Hz, 1H), 3.56 (t, J = 6.0 Hz, 1H), 3.47 (dd, J = 10.9, 2.5 Hz,
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1H), 2.56 (sept, J = 5.3 Hz, 1H), 2.49-2.45 (m, 2H), 2.40 (d, J = 6.1 Hz, 2H), 2.05 (s, 3H), 1.63 (s,
6H), 1.47 (s, 9H); 3C NMR (176 MHz, CDCls) § 206.9, 168.3, 161.1, 153.2, 138.1, 137.3, 128.6
(2xC), 128.4 (2xC), 128.2 (2xC), 128.0, 127.9 (2xC), 127.8, 106.7, 95.8, 82.4, 81.7, 76.1, 76.1,
74.4, 71.3, 71.0, 66.2, 41.5, 37.8, 37.3, 30.1, 27.7 (3xC), 25.8, 24.1; ESI-HRMS: m/z calcd for
CasHas010 [M + H]*: 625.30072; found: 625.30190; [a]o2° = +6.25 (C = 0.14, CH,Cl,).

((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-ox0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl benzoate (123h)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 109 (48.6
mg, 0.1 mmol) to afford 123h (27.6 mg, 0.04 mmol, 44%) as a pale-yellow syrup. The B-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) § 7.93
(d, J=7.5Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 7.7 Hz, 2H), 7.37-7.24 (m, 10H), 5.36 (s,
1H), 4.92 (d, J = 11.5 Hz, 1H), 4.73 (d, J = 11.5 Hz, 1H), 4.62 (d, J = 11.5 Hz, 1H), 4.42 (d, J =
11.4 Hz, 1H), 4.37 (qd, J = 11.3, 6.0 Hz, 2H), 3.92 (s, 1H), 3.69 (t, J = 6.2 Hz, 1H), 3.61 (td, J =
9.7, 2.9 Hz, 1H), 3.51 (dd, J = 10.9, 2.5 Hz, 1H), 2.60 (sept, J = 4.9 Hz, 1H), 2.47 (d, J = 4.9 Hz,
2H), 2.45-2.42 (m, 1H), 2.39-2.36 (m, 1H), 2.07 (s, 3H), 1.58 (s, 3H), 1.49 (s, 3H); 1°C NMR (176
MHz, CDCls) 6 206.9, 168.4, 166.3, 161.0, 138.1, 137.3, 133.2, 129.7, 129.6 (2xC), 128.6 (2xC),
128.5 (2xC), 128.4 (2xC), 128.3 (2xC), 128.0, 128.0, 127.9 (2xC), 106.5, 95.6, 81.8, 76.1, 76.1,
74.4,71.6, 70.9, 64.3, 41.5, 37.8, 37.3, 30.1, 25.6, 24.1; ESI-HRMS: m/z calcd for C37H109 [M
+ HJ": 629.27451; found: 629.27604; [0]p?® = +3.45 (¢ = 0.20, CH2Cly).
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((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-ox0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl stearate (123i)

( )

(o]

o) o)
A | Lo
BnO j\ ©
BnO o (0]

- J

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 112 (64.9
mg, 0.1 mmol) to afford 123i (41.3 mg, 0.05 mmol, 52%) as a pale-yellow syrup. The p-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCl3) § 7.38—
7.27 (m, 10H), 5.33 (s, 1H), 4.88 (d, J = 11.4 Hz, 1H), 4.72 (d, J = 11.4 Hz, 1H), 4.58 (d, J = 11.4
Hz, 1H), 4.39 (d, J=11.4 Hz, 1H), 4.14 (dd, J = 11.3, 6.8 Hz, 1H), 4.09 (dd, J = 11.3, 5.5 Hz, 1H),
3.85 (s, 1H), 3.59 (td, J=9.3, 3.4 Hz, 1H), 3.53 (t, J = 6.2 Hz, 1H), 3.48 (dd, J = 10.9, 2.4 Hz, 1H),
2.56 (sept, J = 5.3 Hz, 1H), 2.48-2.45 (m, 2H), 2.43-2.36 (m, 2H), 2.25-2.19 (m, 2H), 2.06 (s,
3H), 1.66 (s, 3H), 1.65 (s, 3H), 1.33-1.25 (m, 30H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR (176 MHz,
CDCl3) 6 207.0,173.65, 168.4, 161.1, 138.1, 137.3, 128.6 (2xC), 128.4 (2xC), 128.2 (2xC), 128.1,
127.9 (2xC), 127.9,106.5,95.7,81.7,76.1, 76.1, 74.4,71.4,70.9,63.7, 41.5, 37.9, 37.2, 34.0, 31.9,
30.1, 29.7 (5%C), 29.7, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2, 25.7, 24.9, 24.3, 22.7, 14.1; ESI-HRMS:
m/z calcd for CasH7109 [M + H]™: 791.50926; found: 791.50734; [a]p® = +10.86 (c = 0.35,
CH.CL).
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((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-dimethyl-4-ox0-4H-1,3-dioxin-6-yl)methyl)-5-
(2-oxopropyl)tetrahydro-2H-pyran-2-yl)methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-
methyl-1H-indol-3-yl)acetate (123j)
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a4,
o )\o

(& J

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 113 (72.2
mg, 0.1 mmol) to afford 123j (47.9 mg, 0.06 mmol, 55%) as a yellow solid. The f-anomer was
assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) § 7.52 (d,
J =8.0 Hz, 2H), 7.39-7.23 (m, 10H), 7.19-7.18 (m, 2H), 6.98 (d, J = 2.5 Hz, 1H), 6.81 (d, J = 9.0
Hz, 1H), 6.63 (dd, J = 9.0, 2.5 Hz, 1H), 5.31 (s, 1H), 4.63 (d, J = 11.1 Hz, 1H), 451 (d, J = 11.3
Hz, 1H), 4.23-4.20 (m, 2H), 4.18 (d, J = 11.1, 1Hz), 4.14-4.10 (m, 1H), 3.78 (s, 3H), 3.66 (s, 2H),
3.63 (s, 1H), 3.61-3.58 (m, 1H), 3.56 (t, J = 6.7 Hz, 1H), 3.38 (dd, J = 10.8, 2.5 Hz, 1H), 2.51-
2.47 (m, 1H), 2.43 (dd, J = 15.3, 5.1 Hz, 2H), 2.38 (s, 3H), 2.36-2.33 (m, 2H), 2.02 (s, 3H), 1.62
(s, 3H), 1.61 (s, 3H); 3C NMR (176 MHz, CDCls) § 207.0, 170.3, 168.4, 168.2, 161.1, 156.0,
139.3, 138.2, 137.3, 136.1, 133.7, 131.0 (2xC), 130.8, 130.6, 129.1 (2xC), 128.5 (2xC), 128.3
(2xC), 128.0, 128.0 (2xC), 127.9 (2xC), 127.8, 115.0, 112.3,111.3, 106.5, 101.7, 95.6, 81.4, 76.0,
75.4,74.4,71.0, 70.8, 63.4, 55.7, 55.7, 41.4, 37.7, 37.0, 30.1, 25.3, 24.5, 13.3; ESI-HRMS: m/z
calcd for CagHs1011NCI [M + H]*: 864.31452; found: 864.31223; [a]p?° = +1.50 (¢ = 0.13, CH,Cly);
b.p. =78-81°C.
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6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2-diethyl-4H-1,3-dioxin-4-one (123k)

(0] (0]
BnO |
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 6 (47.3 mg,

0.1 mmol) to afford 123k (42.7 mg, 0.07 mmol, 57%) as a pale-yellow syrup. The -anomer was
assigned based on NOESY spectrum. (data for p-anomer) *H NMR (500 MHz, CDCls) & 7.37—
7.27 (m, 15H), 5.26 (s, 1H), 4.84 (d, J = 11.6 Hz, 1H), 4.67 (d, J = 11.5 Hz, 1H), 4.57 (d,J =115
Hz, 1H), 4.44 (s, 2H), 4.34 (d, J = 11.5 Hz, 1H), 3.97 (d, J = 2.5 Hz, 1H), 3.58-3.53 (m, 2H), 3.52—
3.46 (m, 2H), 3.42 (dd, J = 10.9, 2.5 Hz, 1H), 2.55 (sept, J = 5.3 Hz, 1H), 2.48-2.42 (m, 2H), 2.40—
2.38 (m, 2H), 2.05 (s, 3H), 1.93-1.84 (m, 4H), 0.92 (t, J = 7.4 Hz, 3H), 0.84 (t, J = 7.5 Hz, 3H);
13C NMR (126 MHz, CDCl3) § 207.1, 168.6, 161.2, 138.5, 137.7, 137.5, 128.5 (2xC), 128.4 (2xC),
128.2 (2xC), 128.1 (2xC), 127.9 (3xC), 127.9 (2xC), 127.8, 127.6, 110.6, 95.1, 81.6, 77.1, 76.2,
74.4,735,71.1, 70.9, 68.8, 41.8, 38.0, 37.5, 30.1, 28.4, 27.3, 7.56, 7.19; ESI-HRMS: m/z calcd
for CaoHa708 = [M + H]*: 643.32654; found: 643.32806; [0]p?° = +8.82 (c = 0.10, CH.Cl,).

6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-(((tert-butyldimethylsilyl)oxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-2,2-diethyl-4H-1,3-dioxin-4-one (123l)

TBSO © | O\K/
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 108 (49.7

mg, 0.1 mmol) to afford 123l (30.7 mg, 0.05 mmol, 46%) as a pale-yellow syrup. The p-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (500 MHz, CDCls) § 7.36—
7.24 (m, 10H), 5.24 (s, 1H), 4.83 (d, J = 11.4 Hz, 1H), 4.64 (d, J = 8.0 Hz, 1H), 4.62 (d, J = 7.8
Hz, 1H), 4.36 (d, J = 11.5 Hz, 1H), 3.97 (d, J = 1.7 Hz, 1H), 3.69 (dd, J = 9.8, 8.2 Hz, 1H), 3.61—
3.54 (m, 2H), 3.43 (dd, J = 10.8, 2.6 Hz, 1H), 3.35 (dd, J = 8.0, 6.2 Hz, 1H), 2.54 (sept, J = 5.3
Hz, 1H), 2.45-2.44 (m, 2H), 2.38 (d, J = 6.2 Hz, 2H), 2.06 (s, 3H), 1.98-1.87 (m, 4H), 0.93 (td, J
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=75, 5.5 Hz, 6H), 0.91-0.89 (m, 9H), 0.05 (d, J = 4.3 Hz, 6H); 13C NMR (126 MHz, CDCls) &
207.2, 168.6, 161.2, 138.8, 137.5, 128.5 (2xC), 128.2 (2xC), 128.0 (2xC), 127.9 (2xC), 128.0,
127.5, 110.5, 95.1, 81.6, 78.7, 76.1, 74.6, 71.1, 70.8, 61.5, 41.9, 38.2, 37.5, 30.1, 28.4, 27.4, 25.9
(3xC), 18.2, 7.59, 7.23, -5.43 (2xC); ESI-HRMS: m/z calcd for CssHssOsSi = [M + H]*:
667.36607; found: 667.36853; [a]p?° = +8.05 (¢ = 0.20, CH2Cl,).

((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-6-((2,2-diethyl-4-0x0-4H-1,3-dioxin-6-yl)methyl)-5-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl acetate (123m)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 101 (42.4
mg, 0.1 mmol) to afford 123m (24.1mg, 0.04 mmol, 41%) as a pale-yellow syrup. The B-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCl3) § 7.38—
7.28 (m, 10H), 5.29 (s, 1H), 4.88 (d, J = 11.6 Hz, 1H), 4.73 (d, J = 11.5 Hz, 1H), 4.58 (d, J = 11.6
Hz, 1H), 4.40 (d, J = 11.4 Hz, 1H), 4.15 (dd, J = 11.3, 7.0 Hz, 1H), 4.05 (dd, J = 11.4, 5.3 Hz, 1H),
3.85 (s, 1H), 3.59 (td, J = 9.8, 3.1 Hz, 1H), 3.52 (t, J = 6.3 Hz, 1H), 3.48 (dd, J = 10.9, 2.4 Hz, 1H),
2.55 (sept, J = 5.3 Hz, 1H), 2.47 (d, J = 4.9 Hz, 2H), 2.73-2.34 (m, 2H), 2.06 (s, 3H), 1.99 (s, 3H),
1.98-1.90 (m, 4H), 0.94 (g, J = 7.3 Hz, 6H); *C NMR (176 MHz, CDCls) & 206.9, 170.7, 168.4,
161.1, 138.1, 137.3, 128.6 (2xC), 128.4 (2xC), 128.3 (2xC), 128.1, 127.9 (2xC), 127.9, 110.6,
95.0,81.7,76.2,76.0, 74.3, 71.5, 70.7, 63.9, 41.5, 38.0, 37.4, 30.1, 28.3, 27.5, 20.8, 7.6, 7.3; ESI-
HRMS: m/z calcd for CasH309 = [M + H]*: 595.29016; found: 595.29144; [o]p®® = +6.44 (c =
0.20, CH2Cly).

118



6-(((2S,3S,4R,5S,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2-diethyl-4H-1,3-dioxin-4-one (123n)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 7 (47.3 mg,

0.1 mmol) to afford 123n (32.0 mg, 0.05 mmol, 50%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) § 7.35—
7.19 (m, 15H), 5.29 (s, 1H), 4.93 (d, J = 11.6 Hz, 1H), 4.78 (d, J = 10.9 Hz, 1H), 4.62 (d, J = 10.8
Hz, 1H), 4.59-4.54 (m, 3H), 3.70-3.66 (m, 2H), 3.61 (dd, J = 10.8, 2.0 Hz, 1H), 3.54 (td, J = 9.7,
3.5 Hz, 1H), 3.47 (dd, J = 10.7, 8.8 Hz, 1H), 3.36 (ddd, J = 9.7, 4.0, 2.0 Hz, 1H), 2.45 (dd, J =
17.6, 4.6 Hz, 1H), 2.37-2.30 (m, 3H), 2.12 (sept, J = 4.9 Hz, 1H), 2.00 (s, 3H), 1.94-1.88 (m, 4H),
0.96 (t, J = 7.4 Hz, 3H), 0.84 (t, J = 7.5 Hz, 3H); *C NMR (176 MHz, CDCls) & 206.4, 168.4,
161.1, 138.3, 138.0, 137.9, 128.5 (2xC), 128.5 (2xC), 128.4 (2xC), 127.8 (4xC), 127.8, 127.8,
127.7 (2xC), 127.7,110.7,95.1, 83.3,79.8,79.2,75.9, 74.7,74.6, 73.4, 68.5, 42.7,41.7, 37.8, 29.9,
28.6, 27.2, 7.67, 7.17; ESI-HRMS: m/z calcd for C39H470s = [M + H]": 643.32654; found:
643.32825; [a]o? = +0.59 (¢ = 0.34, CH2Cl,).

4-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-1,5-dioxaspiro[5.5]Jundec-3-en-2-one (1230)

Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 6 (47.3 mg,
0.1 mmol) to afford 1230 (27.7 mg, 0.04 mmol, 42%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for f-anomer) *H NMR (500 MHz, CDCls) § 7.37—
7.27 (m, 15H), 5.28 (s, 1H), 4.84 (d, J = 11.6 Hz, 1H), 4.67 (d, J = 11.5 Hz, 1H), 4.57 (d, J = 11.6
Hz, 1H), 4.43 (s, 2H), 4.35 (d, J=11.4 Hz, 1H), 3.97 (d, J = 2.1 Hz, 1H), 3.61-3.54 (m, 2H), 3.52—
3.49 (m, 1H), 3.48-3.43 (m, 2H), 2.58-2.50 (m, 1H), 2.45 (dd, J = 5.2, 2.1 Hz, 2H), 2.39 (d, J =
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6.2 Hz, 2H), 2.05 (s, 3H), 1.92-1.86 (m, 3H), 1.71-1.65 (m, 1H), 1.58-1.52 (m, 3H), 1.43-1.39
(m, 3H); ¥C NMR (126 MHz, CDCls) & 207.1, 168.3, 161.2, 138.5, 137.7, 137.5, 128.5 (2xC),
128.4 (2xC), 128.2 (2xC), 128.1 (2xC), 127.9 (2xC), 127.9 (3xC), 127.8, 127.6, 107.1, 95.7, 81.6,
77.1, 76.2, 74.4, 73.5, 71.1, 70.9, 68.9, 41.8, 38.1, 37.5, 34.7, 32.6, 30.1, 24.6, 22.3, 22.1; ESI-
HRMS: m/z calcd for C4oHas0sNa [M + Na]*: 677.30849; found: 677.30844; [a]p® = +0.64 (c =
0.16, CH2Cly).

4-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-(((tert-butyldimethylsilyl)oxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-1,5-dioxaspiro[5.5]Jundec-3-en-2-one (123p)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 108 (49.7

mg, 0.1 mmol) to afford 123p (10.1 mg. 0.01 mmol, 15%) as a pale-yellow syrup. The B-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (400 MHz, CDCls3) § 7.37—
7.27 (m, 10H), 5.27 (s, 1H), 4.83 (d, J = 11.4 Hz, 1H), 4.64 (d, J = 8.1 Hz, 1H), 4.61 (d, J =8.1
Hz, 1H), 4.37 (d, J = 11.5 Hz, 1H), 3.97 (d, J = 2.3 Hz, 1H), 3.69 (dd, J = 9.7, 8.2 Hz, 1H), 3.62—
3.56 (m, 2H), 3.45 (dd, J =10.8, 2.5 Hz, 1H), 3.37-3.33 (m, 1H), 2.53 (sept, J = 5.2 Hz, 1H), 2.46
(d, J = 5.3 Hz, 2H), 2.40-2.38 (m, 2H), 2.06 (s, 3H), 1.97-1.91 (m, 4H), 1.70-1.62 (m, 3H), 1.45-
1.40 (m, 3H), 0.89 (s, 9H), 0.07-0.04 (m, 6H); 3C NMR (126 MHz, CDCl3) § 207.2, 168.4, 161.2,
138.8, 137.6, 128.5 (2xC), 128.3 (2xC), 128.0 (2xC), 128.0 (2xC), 127.9, 127.6, 107.1, 95.8, 81.7,
78.7,76.1, 74.6, 71.2, 70.9, 61.5, 41.9, 38.3, 37.6, 34.7, 32.8, 30.1, 26.0 (3xC), 24.7, 22.4, 22.2,
18.3, -5.37 (2xC); ESI-HRMS: m/z calcd for CagHss0sSi = [M + H]*: 679.36607; found:
679.36524; [a]o?® = +5.14 (c = 0.21, CHCly).
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6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2,5-trimethyl-4H-1,3-dioxin-4-one (123s)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 6 (94.5 mg,

0.2 mmol) to afford 123s (74.2 mg, 0.12 mmol, 59%) as a pale-yellow syrup. The B-anomer was
assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) & 7.36—
7.24 (m, 15H), 4.83 (d, J = 11.5 Hz, 1H), 4.68 (d, J = 11.4 Hz, 1H), 4.54 (d, J = 11.5 Hz, 1H), 4.43
(d, J=5.8 Hz, 2H), 4.36 (d, J = 11.4 Hz, 1H), 3.94 (s, 1H), 3.58-3.54 (m, 2H), 3.51-3.47 (m, 2H),
3.42 (dd, J = 10.9, 2.6 Hz, 1H), 2.61-2.55 (m, 2H), 2.45 (d, J = 5.4 Hz, 2H), 2.33 (dd, J = 14.5,
3.1 Hz, 1H), 2.06 (s, 3H), 1.81 (s, 3H), 1.58 (s, 3H), 1.53 (s, 3H); 3C NMR (176 MHz, CDCls) §
207.1, 162.8, 162.6, 138.7, 137.8, 137.5, 128.5 (2xC), 128.4 (2xC), 128.2 (2xC), 127.9 (2xC),
127.9 (2xC), 127.9, 127.8 (2xC), 127.8, 127.7, 127.5, 104.9, 102.9, 81.9, 77.1, 74.4, 73.5, 71.3,
71.1,69.3,41.9, 38.1, 34.6, 30.0, 25.8, 24.0, 10.4; ESI-HRMS: m/z calcd for C3gHas0g [M + H]*:
629.31089; found: 629.31015; [a]o® = +11.92 (c = 0.41, CH2Cl,)

6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-(((tert-butyldimethylsilyl)oxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-2,2,5-trimethyl-4H-1,3-dioxin-4-one (123t)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 108 (49.7

mg, 0.1 mmol) to afford 123t (15.0 mg, 0.02 mmol, 23%) as a pale-yellow syrup. The p-anomer
was assigned based on NOESY spectrum. (data for p-anomer) *H NMR (600 MHz, CDCl3) § 7.36—
7.28 (m, 10H), 4.82 (d, J =11.4 Hz, 1H), 4.64 (d, J=11.5Hz, 1H), 4.60 (d, J = 11.4 Hz, 1H), 4.37
(d, J = 11.5 Hz, 1H), 3.39 (s, 1H), 3.65 (dd, J = 9.8, 7.8 Hz, 1H), 3.57-3.55 (m, 2H), 3.42 (dd, J =
10.9, 2.5 Hz, 1H), 3.32 (t, J = 6.6 Hz, 1H), 2.60-2.54 (m, 2H), 2.45 (t, J = 4.9 Hz, 2H), 2.31 (dd,
J =145, 3.1 Hz, 1H), 2.07 (s, 3H), 1.80 (s, 3H), 1.58 (s, 3H), 1.58 (s, 3H), 0.88 (s, 9H), 0.03 (s,
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3H), 0.02 (s, 3H); °C NMR (151 MHz, CDCl3) § 207.2, 162.8, 162.6, 138.9, 137.6, 128.5 (2xC),
128.2 (2xC), 128.0 (2xC), 127.9, 127.9 (2xC), 127.5, 104.9, 102.9, 81.9, 78.8, 74.5, 71.2, 71.0,
61.8, 42.0, 38.3, 34.6, 30.1, 29.7, 25.9 (3xC), 25.9, 24.1, 18.2, 10.4, 5.4 (2xC); ESI-HRMS: m/z
caled for Cs7Hs308Si [M + H]*: 653.35042; found: 653.34964; [a]p? = +2.34 (c = 0.13, CH,Cly).

((2R,3R,4R,5S,65)-3,4-bis(benzyloxy)-5-(2-oxopropyl)-6-((2,2,5-trimethyl-4-oxo0-4H-1,3-
dioxin-6-yl)methyl)tetrahydro-2H-pyran-2-yl)methyl acetate (123u)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 101 (42.4

mg, 0.1 mmol) to afford 123u (20.1 mg, 0.03 mmol, 35%) as a pale-yellow syrup. The p-anomer
was assigned based on NOESY spectrum. (data for f-anomer) *H NMR (400 MHz, CDCls) &
7.39-7.27 (m, 10H), 4.87 (d, J = 11.5 Hz, 1H), 4.72 (d, J = 11.4 Hz, 1H), 4.56 (d, J = 11.4 Hz,
1H), 4.40 (d, J = 11.5 Hz, 1H), 4.09 (qd, J = 11.3, 6.1 Hz, 2H), 3.83 (s, 1H), 3.58 (td, J =9.9, 3.0
Hz, 1H), 3.52-3.46 (m, 2H), 2.67-2.55 (m, 2H), 2.48-2.46 (m, 2H), 2.30 (dd, J = 14.3, 2.7 Hz,
1H), 2.06 (s, 3H), 1.96 (s, 3H), 1.81 (s, 3H), 1.60 (s, 6H); 3C NMR (126 MHz, CDCls) § 207.0,
170.7, 162.8, 162.3, 138.2, 137.3, 128.6 (2xC), 128.4 (2xC), 128.1 (2xC), 128.0, 128.0 (2xC),
127.8,104.9,103.1, 81.8,76.9, 75.9, 74.3, 71.4, 70.9, 64.2, 41.6, 38.0, 34.6, 30.1, 26.0, 23.9, 20.8,
10.3; ESI-HRMS: m/z calcd for CasHa1O9 [M + H]*: 581.27451; found: 581.27357; [a]o® =
+44.06 (c = 0.14, CH2CL).

6-(((2S,3S,4R,5S,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)tetrahydro-
2H-pyran-2-yl)methyl)-2,2,5-trimethyl-4H-1,3-dioxin-4-one (123v)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 7 (47.3 mg,

0.1 mmol) to afford 123v (28.2 mg. 0.04 mmol, 45%) as a pale-yellow syrup. The B-anomer was
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assigned based on NOESY spectrum. (data for p-anomer) *H NMR (700 MHz, CDCls) § 7.35—
7.20 (m, 15H), 4.93 (d, J = 11.5 Hz, 1H), 4.78 (d, J = 11.0 Hz, 1H), 4.63 (d, J = 11.0 Hz, 1H),
4.57-4.54 (m, 2H), 4.50 (d, J = 12.0 Hz, 1H), 3.68-3.64 (m, 2H), 3.59 (dd, J = 10.8, 1.7 Hz, 1H),
3.51 (td, J =9.9, 2.8 Hz, 1H), 3.46 (dd, J = 10.5, 8.9 Hz, 1H), 3.34 (ddd, J = 9.8, 4.1, 1.8 Hz, 1H),
2.57 (dd, J = 14.2, 9.8 Hz, 1H), 2.45 (dd, J = 17.6, 4.7 Hz, 1H), 2.36 (dd, J = 17.6, 5.4 Hz, 1H),
2.19-2.14 (m, 2H), 2.00 (s, 3H), 1.85 (s, 3H), 1.61 (s, 3H), 1.53 (s, 3H); *C NMR (176 MHz,
CDCl3) 6 206.5, 162.7, 162.5, 138.3, 138.0, 138.0, 128.5 (2xC), 128.4 (2xC), 128.4 (2xC), 127.8
(5xC), 127.7,127.7, 127.6 (2xC), 105.0, 102.9, 83.4, 79.9, 79.2, 76.6, 74.7, 74.5, 73.5, 69.0, 42.8,
41.8,34.9, 30.0, 26.4, 23.6, 10.4; ESI-HRMS: m/z calcd for CasHas0g [M + H]*: 629.31089; found:
629.31252; [a]o® = +13.08 (c = 0.26, CHCl,).

5-Benzyl-6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (123w)
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Synthesis according to the procedure E by using D-A cyclopropanated carbohydrate 6 (47.3 mg,
0.1 mmol) to afford 123w (26.5 mg, 0.04 mmol, 32%) as a pale-yellow syrup. The f-anomer was
assigned based on NOESY spectrum. (data for f-anomer) *H NMR (700 MHz, CDCls) § 7.36—
7.24 (m, 17H), 7.19-7.17 (m, 2H), 7.14-7.12 (m, 1H), 4.85 (d, J = 11.4 Hz, 1H), 4.68 (d, J = 11.4
Hz, 1H), 4.54 (d, J = 11.4 Hz, 1H), 4.41 (q, J = 11.7 Hz, 2H), 4.35 (d, J = 11.4 Hz, 1H), 3.96 (s,
1H), 3.63 (s, 2H), 3.60 (ddd, J = 10.2, 8.7, 3.3 Hz, 1H), 3.57-3.54 (m, 1H), 3.50-3.48 (m, 1H),
3.43-3.40 (m, 2H), 2.64 (dd, J = 14.6, 8.7 Hz, 1H), 2.59 (sept, J = 5.3 Hz, 1H), 2.45-2.42 (m, 1H),
2.41-2.37 (m, 2H), 2.02 (s, 3H), 1.59 (s, 3H), 1.52 (s, 3H); **C NMR (176 MHz, CDCls3) § 207.1,
164.1, 162.3, 139.8, 138.8, 137.8, 137.6, 128.5 (2xC), 128.5 (2xC), 128.4 (2xC), 128.2 (3xC),
128.2 (3xC), 127.9 (3xC), 127.9, 127.9, 127.8 (2xC), 127.6, 126.0, 107.0, 105.2, 81.9, 77.1, 76.8,
74.4,73.5, 71.4, 71.2, 69.2, 42.0, 38.3, 34.7, 30.5, 30.1, 26.0, 24.3; ESI-HRMS: m/z calcd for
CasH4905 [M + H]*: 705.34219; found: 705.34432; [0]p?® = +5.88 (¢ = 0.15, CH2CL,).
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6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-((E)-2-((tert-
butyldimethylsilyl)oxy)prop-1-en-1-yl)tetrahydro-2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-
1,3-dioxin-4-one (125)
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Synthesis according to the procedure E to afford 125 as a pale-yellow syrup. (data for 3-anomer)
'H NMR (700 MHz, CDCls) & 7.35-7.25 (m, 15H), 5.32 (s, 1H), 4.88 (d, J = 11.7 Hz, 1H), 4.66
(d, J =12.0 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 4.50 (d, J = 12.0 Hz, 1H), 4.44-4.38 (m, 2H), 4.00
(d, J=9.8 Hz, 1H), 3.89-3.87 (m, 1H), 3.58-3.55 (m, 1H), 3.53-3.50 (m, 1H), 3.44-3.42 (m, 1H),
3.27-3.24 (m, 1H), 3.21-3.18 (m, 1H), 3.14-3.10 (m, 1H), 2.61-2.59 (m, 1H), 2.35 (dd, J = 15.5,
9.9 Hz, 1H), 1.82 (s, 3H), 1.63 (s, 3H), 1.56 (s, 3H), 0.93 (s, 9H), 0.18 (s, 3H), 0.15 (s, 3H); °C
NMR (176 MHz, CDCl3) 6 170.2, 161.4, 150.9, 138.8, 138.7, 137.9, 128.4 (2xC), 128.3 (2xC),
128.1 (2xC), 128.1 (2xC), 127.9 (2xC), 127.7, 127.6 (2xC), 127.4, 127.4, 106.3, 94.9, 82.9, 77.4,
77.4, 74.2, 73,5 (2xC), 71.6, 71.5 (2xC), 69.5, 39.9, 37.8, 25.6 (3xC), 24.0, 23.1, 18.1, -3.58, —
3.59; ESI-HRMS: m/z calcd for Cs3Hs70sSi [M + H]*: 729.38172; found: 729.38437; [a]o® =
+7.75 (c = 0.13, CH,Cl).

1-((3R,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-((tert-
butyldimethylsilyl)oxy)tetrahydro-2H-pyran-3-yl)propan-2-one (126)
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Synthesis according to the procedure E to afford 126. *H NMR (500 MHz, toluene-ds) § 7.35—
6.99 (m, 15H), 5.50 (d, J=2.9 Hz, 1H), 4.91 (d, J = 11.4 Hz, 1H), 4.58 (d, J = 11.6 Hz, 1H), 4.38-
4.30 (m, 3H), 4.22-4.19 (m, 1H), 4.05 (d, J = 11.6 Hz, 1H), 3.98 (s, 1H), 3.84 (t, J = 8.4 Hz, 1H),
3.65 (dd, J = 9.1, 5.6 Hz, 1H), 3.57 (dd, J = 11.3, 2.3 Hz, 1H), 3.17-3.12 (m, 1H), 2.71 (dd, J =
17.1,5.2 Hz, 1H), 2.19 (dd, J = 17.2, 8.9 Hz, 1H), 1.72 (s, 3H), 0.95 (s, 9H), 0.16 (s, 3H), 0.05 (s,
3H); *C NMR (126 MHz, toluene-ds) & 205.5, 139.7, 138.9, 138.6, 137.2, 129.3, 129.2 (2xC),
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128.5,128.5, 128.4 (2xC), 128.4, 128.2 (2xC), 128.1, 128.0, 127.8, 127.4, 125.4, 94.6, 78.3, 74.7,
73.6,72.3,71.1,70.2,69.8, 42.5, 38.2, 29.3, 26.1, 25.9, 18.3, —4.36, —5.80; ESI-HRMS: m/z calcd
for CasHasOsNaSi [M + Na]*: 627.31124; found: 627.31008; [a]p?® = +39.23 (c = 0.36, CH.Cl.).

1-((3R,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-hydroxytetrahydro-2H-
pyran-3-yl)propan-2-one (127)
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Synthesis according to the procedure E to afford 127. *H NMR (700 MHz, toluene-ds) & 7.30—
7.02 (m, 15H), 5.34 (s, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.50 (d, J = 11.4 Hz, 1H), 4.41-4.30 (m,
3H), 4.26-4.24 (m, 1H), 4.08 (d, J = 11.5 Hz, 1H), 3.86 (s, 1H), 3.78-3.74 (m, 1H), 3.71-3.66 (m,
1H), 3.60 (dd, J = 11.5, 2.4 Hz, 1H), 3.34 (s, 1H), 3.10-3.06 (m, 1H), 2.63 (dd, J = 16.9, 5.2 Hz,
1H), 2.32 (dd, J = 16.9, 8.5 Hz, 1H), 1.70 (s, 3H); *C NMR (176 MHz, toluene-ds) 5 206.7, 139.7,
138.9, 138.8, 128.6, 128.6, 128.6 (2xC), 128.5 (2xC), 128.4, 128.4 (2xC), 128.2 (2xC), 128.0
(2xC), 127.8, 127.5, 94.0, 78.5, 74.7, 73.6, 72.8, 71.3, 70.2, 69.9, 42.0, 37.3, 29.6; ESI-HRMS:
m/z calcd for CaoHz40sNa [M + Na]*: 513.22476; found: 513.22335; [a]o® = +60.47 (c = 0.13,
CH:Cly).

6-(((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-((R)-2-oxopropyl-1-
d)tetrahydro-2H-pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (128)
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Synthesis according to procedure E by using D-A cyclopropanated carbohydrate 6 (47.3 mg, 0.1
mmol) but DO (0.9 pL, 0.05 mmol, 0.5 equiv.) was added instead of H>O to afford 128 (43.1mg,
70.1 umol, 70%) as a pale-yellow syrup. The B-anomer was assigned based on NOESY spectrum.
'H NMR (700 MHz, CDCl3) & 7.34-7.23 (m, 15H), 5.29 (s, 1H), 4.81 (d, J = 11.5 Hz, 1H), 4.66
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(d, J = 11.4 Hz, 1H), 4.53 (d, J = 11.5 Hz, 1H), 4.42 (q, J = 11.7 Hz, 2H), 4.33 (d, J = 11.4 Hz,
1H), 3.94 (d, J = 1.4 Hz, 1H), 3.56-3.52 (m, 2H), 3.51-3.47 (m, 2H), 3.41 (dd, J = 10.9, 2.0 Hz,
1H), 2.54 (sept, J =5.3 Hz, 1H), 2.45-2.41 (m, 2H), 2.39-2.34 (m, 2H), 2.03 (s, 3H), 1.58 (s, 3H),
1.53 (s, 3H); 13C NMR (176 MHz, CDCls) § 207.0, 168.6, 161.2, 138.5, 137.8, 137.5, 128.5 (2xC),
128.4 (2xC), 128.2 (2xC), 128.1 (2xC), 127.9 (2xC), 127.9 (3xC), 127.8, 127.6, 106.6, 95.7, 81.7,
77.2,76.2, 74.4, 73.5, 71.2, 71.0, 69.1, 41.8, 37.9, 37.3, 30.0, 25.6, 24.2; ESI-HRMS: m/z calcd
for Ca7H4206?D [M + H]*: 616.30152; found: 616.29997; [a]o?° = ~3.11 (¢ = 0.32, CH.Cl).

Methyl 4-((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-
oxopropyl)tetrahydro-2H-pyran-2-yl)-3-oxobutanoate (129)%

O OMe

A round bottom flask was charged with a stirring bar, 123a (50.0 mg, 81.3 pumol, 1 equiv.),
anhydrous MeOH (0.033 mL, 0.81 mmol, 10 equiv.) and anhydrous toluene (1 mL) were added.
The resulting mixture was heated to 90 °C in an oil bath and stirred for 3 hours. The reaction
mixture was cooled to room temperature and directly put onto silica gel and purified by silica flash
column chromatography (pentane: Et2O = 2:1, Rs = 0.42 (EtOAc:c-hex = 1:1)) to afford 129 (35.2
mg, 59.8 umol, 74%) as pale-yellow syrup. *H NMR (700 MHz, CDCls) § 7.33-7.21 (m, 15H),
4.82 (d, J=11.6 Hz, 1H), 4.65 (d, J = 11.5 Hz, 1H), 4.53 (d, J = 11.6 Hz, 1H), 4.45-4.40 (m, 2H),
4.33 (d, J=11.5Hz, 1H), 3.93 (d, J = 2.1 Hz, 1H), 3.73 (ddd, J = 10.4, 8.0, 3.7 Hz, 1H), 3.65 (s,
3H), 3.55-3.48 (m, 3H), 3.47 (s, 2H), 3.37 (dd, J = 10.9, 2.4 Hz, 1H), 2.76 (dd, J = 15.7, 8.0 Hz,
1H), 2.62 (dd, J = 15.7, 3.7 Hz, 1H), 2.53 (sept, J = 5.3 Hz, 1H), 2.44 (dd, J = 17.1, 5.3 Hz, 1H),
2.32 (dd, J=17.1, 5.5 Hz, 1H), 2.00 (s, 3H); 3C NMR (176 MHz, CDCls) § 207.3, 201.6, 167.6,
138.7, 137.9, 137.5, 128.5 (2xC), 128.4 (2xC), 128.2 (2xC), 128.0 (2xC), 127.9 (2xC), 127.8,
127.8(2xC), 127.8,127.5,81.8,77.1,76.3,74.3,73.5,71.2,71.0,69.0,52.2, 49.9, 46.9, 41.9, 37.9,
29.9; ESI-HRMS: m/z calcd for CssHa10s [M + H]*: 589.27959; found: 589.28211; [a]p®® =
+20.18 (c = 0.11, CH2CL).
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Isopropyl 4-((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-3-(2-oxopropyl)
tetrahydro-2H-pyran-2-yl)-3-oxobutanoate (130)

0] OiPr

A round bottom flask was charged with a stirring bar, 123a (20.0 mg, 32.5 umol, 1 equiv.),
isopropanol (0.025 mL, 0.33 mmol, 10 equiv.) and anhydrous toluene (1 mL) were added. The
resulting mixture was heated to 90 °C in an oil bath, and stirred for 10 h. The reaction mixture was
cooled to room temperature and directly put onto silica gel and purified by silica flash column
chromatography (pentane:Et,O = 1:1, Rf = 0.67 (EtOAc:c-hex = 1:1)) to afford 130 (15.5 mg, 25.1
umol, 77%) as pale-yellow syrup. *H NMR (700 MHz, CDCl3) § 7.32-7.21 (m, 15H), 4.98 (pent,
J=6.3 Hz, 1H), 4.81 (d, J = 11.6 Hz, 1H), 4.64 (d, J = 11.5 Hz, 1H), 4.53 (d, J = 11.6 Hz, 1H),
4.42 (q,J =11.8 Hz, 2H), 4.32 (d, J = 11.5 Hz, 1H), 3.93 (d, J = 2.1 Hz, 1H), 3.72 (ddd, J = 10.5,
8.1, 3.7 Hz, 1H), 3.55-3.47 (m, 3H), 3.40 (s, 2H), 3.36 (dd, J = 10.9, 2.4 Hz, 1H), 2.76 (dd, J =
15.9, 8.0 Hz, 1H), 2.61 (dd, J = 15.9, 3.7 Hz, 1H), 2,53 (sept, J = 5.3 Hz, 1H), 2.43 (dd, J = 17.1,
5.4 Hz, 1H), 2.31 (dd, J = 17.0, 5.5 Hz, 1H), 2.00 (s, 3H), 1.19 (t, J = 5.6 Hz, 6H); 3C NMR (176
MHz, CDCl3) 4 207.3, 201.8, 166.7, 138.7, 137.9, 137.6, 128.5 (2xC), 128.4 (2xC), 128.2 (2xC),
128.0 (2xC), 127.9 (2xC), 127.8 (3xC), 127.8, 127.5,81.9,77.1, 76.3, 74.3, 73.5, 71.2, 71,0, 68.9,
68.8, 50.4, 46.9, 41.9, 37.9, 29.9, 21.7, 21.7; ESI-HRMS: m/z calcd for C37H4s0s [M + H]*:
617.31089; found: 617.31398; [a]p?® = +13.21 (¢ = 0.11, CH2Cly).

6-(((2S,3R,4R,5R,6R)-4,5-dihydroxy-6-(hydroxymethyl)-3-(2-oxopropyl)tetrahydro-2H-
pyran-2-yl)methyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (131)*

O
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To a solution of 123a (60.0 mg, 97.6 umol, 1 equiv.) in CH2Cl> (2.5 mL) was added 10 wt% Pd/C
(31 mg, 30 mol%), and the resulting mixture was stirred 24 h at room temperature under hydrogen

balloon. The mixture was filtered through a pad of celite, and the resulting filtrate was concentrated
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under reduced pressure. The crude product was purified by silica gel column chromatography
(MeOH:CHCI, = 1:15, Rt = 0.36 (MeOH:CHCl, = 1:9)) to afford the title compound 131 (28.9
mg, 83.9 umol, 86%) as a colorless syrup. *H NMR (400 MHz, CD3z0D) & 5.42 (s, 1H), 3.86-3.81
(m, 1H), 3.75-3.66 (m, 3H), 3.62-3.55 (m, 1H), 3.50-3.44 (m, 2H), 3.37-3.36 (m, 1H), 2.93-2.81
(m, 1H), 2.76 (dd, J = 17.5, 4.8 Hz, 1H), 2.59-2.52 (m, 2H), 2.46-2.39 (m, 1H), 2.36-2.28 (m,
1H), 2.23 (s, 3H), 1.74 (s, 3H), 1.73 (s, 3H); compound decomposed during *C NMR

measurement, HRMS measurement and optical rotation measurement.

1,1'-((2S,3S,4R,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2,3-
diyl)bis(propan-2-one) (132)
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A round bottom flask was charged with a stirring bar, 123a (20.0 mg, 32.5 umol), K.COz (18.0

mg, 0.13 mmol, 4 equiv.) and anhydrous dichloroethane (1 mL) were added. The resulting mixture
was heated to 80 °C in an oil bath, and stirred for 24 hours. The reaction mixture was cooled to
room temperature, and directly put onto silica gel, and purified by column chromatography
(pentane: Et,0 = 2:1, R = 0.33 (EtOAc:c-hex = 1:1)) to afford 132 (15.3 mg, 28.8 umol, 89%) as
colorless syrup. *H NMR (700 MHz, CDCls) § 7.35-7.23 (m, 15H), 4.84 (d, J = 11.6 Hz, 1H),
4.67 (d, J=11.5Hz, 1H), 457 (d, J =11.6 Hz, 1H), 4.44 (q, J = 11.8 Hz, 2H), 4.35 (d, J = 115
Hz, 1H), 3.95 (d, J = 2.1 Hz, 1H), 3.73 (ddd, J = 10.4, 8.1, 3.7 Hz, 1H), 3.58-3.51 (m, 3H), 3.37
(dd, J =10.9, 2.4 Hz, 1H), 2.72 (dd, J = 15.9, 8.0 Hz, 1H), 2.56 (sept, J = 5.6 Hz, 1H), 2.51-2.45
(m, 2H), 2.31 (dd, J = 17.0, 5.6 Hz, 1H), 2.13 (s, 3H), 2.03 (s, 3H); *3C NMR (176 MHz, CDCls)
6 207.5 (2xC), 138.7, 138.0, 137.6, 128.5 (2xC), 128.4 (2xC), 128.2 (2xC), 128.1 (2xC), 127.9
(2xC), 127.8 (3xC), 127.8, 127.5, 82.1, 77.1, 76.5, 74.3, 73.5, 71.2, 70.9, 69.1, 47.5, 42.1, 38.0,
31.1, 29.9; ESI-HRMS: m/z calcd for Ca3H3906 [M + H]*: 531.27412; found: 531.27557; [a]p®° =
+13.25 (¢ = 0.08, CH2CL).
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9.9  Synthesis of coumarin derivative 135

4-Methyl-2-0x0-2H-chromene-3-carbonitrile (135)°

0. 0
: T/ CN

Hydroxyacetophenone (17.7 mL, 146.9 mmol, 1 equiv.), ethyl cyanoacetate (23.4 mL, 220.4 mmol,

1.5 equiv.) and ammonium acetate (28.3 g, 0.37 mol, 2.5 equiv.) were added sequentially into a
250 mL round bottom flask under air, fitted with a reflux condenser and heated to 150-170 °C for
5 h. The mixture was then cooled to rt, 95% EtOH (100 mL) was added and the mixture was stirred
overnight. The precipitated solid was filtered and recrystallized in an acetone/H>O mixture, filtered,
washed with c-hexane and dried under a high vacuum to yield coumarin 135 (9.48 g, 51.2 mmol,
35%) as white prism. The analytical data was in accordance to the literature.>” *H NMR (500 MHz,
CDCl3) § 7.76-7.69 (m, 2H), 7.44-7.40 (m, 2H), 2.79 (s, 3H); *C NMR (126 MHz, CDCl3) §
162.3, 156.7, 153.3, 135.2, 126.0, 125.4, 118.2, 117.7, 113.4, 102.5, 18.3; ESI-HRMS: m/z calcd
for C11HsO2N [M + H]": 186.05496; found: 186.05423.

9.10 Synthesis of oxindole dienolates

Synthesis of oxindole derivative precursors s16 and s17°

©\/>:o CH3CHO, piperidine /] (Moc);0/Boc,0, DMAP /
N ethanol, rt, 17 h - @) CH3CN, rt, overnight o o
H N N

\

H PG
s14 s15 s16 PG = Moc
s17 PG = Boc

To a suspension of oxindole s14 (20.0 g, 0.15 mol), 333 mL 1:1 mixture of acetone/ethanol was
added together with piperidine (59.4 mL, 0.60 mmol, 4 equiv.) and stirred for 17 h at room
temperature. The mixture was filtered and washed with pentane and vacuum dried to afford s15
(21.2 g, 0.12 mmol, 81%) as a yellow solid. The analytical data was in accordance to the
literature.>® *H NMR (400 MHz, CDCls) 6 8.28 (br, 1H), 7.52 (d, J = 7.7 Hz, 1H), 7.19 (t, J = 7.7
Hz, 1H), 7.01 (td, J = 7.7, 1.2 Hz, 1H), 6.87 (d, J = 7.7 Hz, 1H), 2.62 (s, 3H), 2.39 (s, 3H); *3C
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NMR (101 MHz, CDCls) 6 169.6, 155.6, 139.3, 127.5, 124.4, 123.7, 123.0, 121.6, 109.3, 25.3,
23.1; ESI-HRMS: m/z calcd for C11H120ON [M + H]*: 174.09134; found: 174.09054.

To a suspension of s15 (5.0 g, 28.9 mmol, 1 equiv.) and DMAP (705 mg, 5.77 mmol, 0.2 equiv.)
in 60 mL anhydrous acetonitrile, dimethyl decarbonate (6.19 mL, 57.7 mmol, 2 equiv.) was added
dropwise. The mixture was stirred for 14 h and the volatile parts were evaporated under vacuum.
Purification by silica gel column chromatography by EtOAc:c-hex = 1:9 (Rf = 0.32 (EtOAc:c-hex
= 1:4)) provided s16 (4.24 g, 18.35 mmol, 64%) as white solid. The analytical data was in
accordance to the literature.®® *H NMR (400 MHz, CDCl3) § 8.00 (d, J = 8.2 Hz, 1H), 7.59 (d, J =
7.8 Hz, 1H), 7.30 (t, J = 7.8 Hz, 1H), 7.18 (t, J = 7.7 Hz, 1H), 4.03 (s, 3H), 2.61 (s, 3H), 2.42 (s,
3H); 3C NMR (126 MHz, CDCls) § 165.5, 157.8, 151.9, 137.4, 127.9, 124.2, 124.0, 123.1, 121.4,
114.7,53.7, 26.1, 24.2.

To a suspension of oxindole s15 (500.0 mg, 2.89 mmol, 1 equiv.) in 6 mL anhydrous acetonitrile,
DMAP (70.5 mg, 0.58 mmol, 0.2 equiv.) and then di-tert-butyl decarbonate (1.26 g, 5.77 mmol, 2
equiv.) solution in 3.1 mL anhydrous acetonitrile were added dropwise at —20 °C. The mixture was
stirred for 3 h at —20 °C and the volatile parts were evaporated. Precipitation by pentane provided
s17 (549 mg, 2.01 mmol, 70%) as white solid. The analytical data was in accordance to the
literature.%® *H NMR (400 MHz, CDCl3) 5 7.89 (d, J = 8.2 Hz, 1H), 7.58 (d, J = 8.1 Hz, 3H), 7.30-
7.25 (m, 1H), 7.15 (td, J = 7.7, 1.1 Hz, 3H), 2.62 (s, 3H), 2.41 (s, 3H), 1.66 (s, 9H); 3C NMR (126
MHz, CD2Cl,) & 165.9, 157.3, 150.1, 138.5, 128.1, 124.6, 124.0, 123.8, 122.1, 114.8, 84.1, 28.4
(3xC), 26.3, 24.3.

Methyl 2-((tert-butyldimethylsilyl)oxy)-3-(prop-1-en-2-yl)-1H-indole-1-carboxylate (140)®

@jtoms
N

Moc

To an ice bath cooled solution of s16 (3.00 g, 13.0 mmol, 1 equiv.) in freshly distilled CH.Cl> (52
mL), triethylamine (5.43 mL, 38.9 mmol, 3 equiv.) and TBSOTT (3.87 mL, 16.9 mmol, 1.3 equiv.)

were sequentially added. After 45 h, the mixture was flushed through a short pad of silica and
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precipitation with pentane to afford 140 (4.00 g, 11.6 mmol, 89%) as white solid. The analytical
data was in accordance to the literature.>® *H NMR (400 MHz, CDCls) & 8.05-8.01 (m, 1H), 7.54—
7.50 (m, 1H), 7.23-7.18 (m, 2H), 5.30 (s, 1H), 5.22 (s, 1H), 3.99 (s, 3H), 2.13 (s, 3H), 1.04 (s, 9H),
0.16 (s, 6H); °C NMR (126 MHz, CD:Cly) & 152.2, 143.6, 137.1, 131.9, 128.4, 123.5, 123.0,
119.1, 116.9, 115.0, 105.7, 53.8, 26.0 (3xC), 23.2, 18.5, -4.11 (2xC).

Tert-butyl 2-((tert-butyldimethylsilyl)oxy)-3-(prop-1-en-2-yl)-1H-indole-1-carboxylate
(141)%8

Cf\\g—éoms
N

Boc

To an ice bath cooled solution of s17 in freshly distilled CH2Cl> (27 mL), triethylamine (1.07 mL,
7.68 mmol, 1.4 equiv.) and TBSOTf (1.39 mL, 6.04 mmol, 1.1 equiv.) were sequentially added
After 7 h, the volatile parts were evaporated, directly filtered through a 5 cm silica column,
concentrate solution and recrystallized with pentane to afford 141 (1.37 g, 3.53 mmol, 64%) as
white solid. The analytical data was in accordance to the literature.®® *H NMR (400 MHz, CDCls)
6 7.81-7.79 (m, 1H), 7.53-7.51 (m, 1H), 7.20-7.13 (m, 2H), 5.28 (s, 1H), 5.21 (s, 1H), 2.13 (s,
3H), 1.68 (s, 9H), 1.03 (s, 9H), 0.17 (s, 6H); *C NMR (126 MHz, CD2Cl,) § 149.6, 144.6, 137.2,
131.2,128.1,122.9, 122.5, 119.0, 116.5, 114.8, 105.5, 84.2, 28.5 (3xC), 26.1 (3xC), 23.3, 18.6, —
4.08 (2xC).
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9.11 Synthesis of rearrangement compound via strain-release pyranosylation

Methyl (2)-3-(1-((2R,3aR,4R,5R,6R,7aR)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-
methylhexahydro-4H-furo[2,3-b]pyran-2-yl)propan-2-ylidene)-2-oxoindoline-1-carboxylate
(148b)

p
Moc
O8N
BnO OSwo =
BnO N “
OBn
\\

An oven dried tube with a stirring bar was charged with D-A cyclopropanated carbohydrate 6 (47.3

~N

J

mg, 0.1 mmol, 1.0 equiv.), vinylogous enolate 140 (0.4 mmol, 4.0 equiv.) and anhydrous CH2Cl>
(1 mL). The tube was purged with argon and sealed with a rubber stopper. After stirred 10 mins at
0 °C, calcium (II) bis(trifluoromethanesulfonimide) (0.02 mmol, 20 mol%), and
tetrabutylammonium hexafluorophosphate (0.02 mmol, 20 mol%) were added. The tube was
sealed with parafilm and stirred at room temperature for 24 h. Upon completion of the reaction,
the reaction mixture was flushed through a short pad of silica gel with EtOAc and subjected to
silica flash column chromatography (pentane:Et2O = 2:1 to 1:1 to 1:2 (Rf = 0.3 (pentane:Et20 =
1:1)) to provide 148b (24.3 mg, 34.5 umol, 35%) as a pale-yellow syrup. *H NMR (700 MHz,
CDClI3) 6 7.99 (d, J = 8.1 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.36-7.27 (m, 16H), 7.19 (t, J = 7.4
Hz, 1H), 5.43 (d, J = 4.4 Hz, 1H), 4.87 (d, J = 11.6 Hz, 1H), 4.65 (dd, J = 17.4, 11.8 Hz, 2H), 4.49
(9, J = 11.8 Hz, 2H), 4.39 (d, J = 11.9 Hz, 1H), 4.03 (s, 3H), 4.01-3.99 (m, 2H), 3.76 (d, J = 12.3
Hz, 1H), 3.68 (t, J = 8.5 Hz, 1H), 3.62 (dd, J = 9.0, 5.4 Hz, 1H), 3.46 (dd, J = 9.8, 1.9 Hz, 1H),
2.94 (d, J = 12.3 Hz, 1H), 2.50-2.47 (m, 1H), 2.46 (s, 3H), 2.11 (dd, J = 13.6, 8.1 Hz, 1H), 1.89
(dd, J=13.6, 2.6 Hz, 1H), 1.12 (s, 3H); 3.C NMR (176 MHz, CDCls) § 165.4, 158.9, 151.8, 138.6,
138.0, 137.6, 137.5, 128.6 (2xC), 128.4 (2xC), 128.3 (2xC), 128.3 (2xC), 128.2, 128.1 (2xC),
128.0, 128.0 (2xC), 127.8, 127.6, 124.2, 124.2, 124.0, 123.6, 114.6, 100.8, 81.7, 78.7, 74.0, 73.5,
72.0,70.7,70.1, 68.4, 53.8, 46.9, 40.1, 39.6, 27.8, 26.1; ESI-HRMS: m/z calcd for C43HisOsNNa
[M + H]*: 726.30374; found: 726.30340; [a]o®® = +7.78 (c = 0.17, CHCl,).
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9.12 Synthesis of glycosyl imidates

Synthesis of pyranosides 150 and 151

0._.OMe 0._.OMe O._~OH
Ho NaH, BnBr, TBAI _ °"° 2M H,S0, _ Bno
HO “OH  DMF, 0°C-rt, 18 h; 48%  BnO “OBn  acetic acid, 110 °C, 5 h BnO “0Bn

OH OBn OBn
Glc: s18 Glc: s20 Glc: 150
Gal: s19 Gal: 92 Gal: 151

Methyl 2,3,4,6-tetra-O-Benzyl-p-glucopyranose (s20)%3

o .OM
BnO wone
BnO™ “'0Bn

OBn

a-D-Methylglucoside (10.8 g, 55.51 mmol) was dissolved in anhydrous DMF (215 mL). The
resulting solution was cooled at 0 °C and sodium hydride (60% in oil, 17.8 g, 0.44 mol, 8 equiv.)
was added slowly and stirred for 30 mins. Then, benzyl bromide (52.8 mL, 0.44 mmol, 8 equiv.)
and tetrabutylammonium iodide (4.1 g, 11.1 mmol, 0.2 equiv.) were added slowly. The solution
was stirred for 18 h at room temperature under argon atmosphere. After completion of the reaction,
the mixture was cooled in a water bath and quenched with MeOH. The organic layer was extracted
four times with CH2Cl, and the combined extracts were washed with brine (3 x 500 mL), water
(3 x 500 mL), dried over MgSO4 and concentrated under vacuum. The product was purified by
silica flash column chromatography (pentane:Et.O = 4:1, Rf = 0.18 (pentane:Et.O = 4:1)) to give
product s20 (14.8 g, 26.68 mmol, 48%) as a pale-yellow syrup. The analytical data was in
accordance to the literature.®® (data for a-anomer) *H NMR (500 MHz, DMSO-ds) & 7.36-7.25
(m, 18 H), 7.19-7.17 (m, 2H), 4.85-4.83 (m, 2H), 4.73 (d, J = 8.0 Hz, 1H), 4.71 (d, J = 8.2 Hz,
1H), 4.68-4.62 (m, 2 H), 4.53-4.45 (m, 3H), 3.76 (t, J = 9.2 Hz, 1H), 3.62-3.60 (m, 3H), 3.49—
3.44 (m, 2H), 3.35 (s, 3H); 3C NMR (126 MHz, DMSO-ds) & 138.8, 138.5, 138.3, 138.3, 128.3,
128.3,128.2,128.2,127.7,127.6,127.5,127.5,127.4,96.8, 81.2, 79.6, 77.5,74.5,74.1, 72.3, 71.4,
69.7, 68.7, 54.5; [a]p® = +46.60 (c = 1.03, CH.Cl,).
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2,3,4,6-Tetra-O-benzyl-p-glucopyranose (150)°°

o OH
BnO
BnO“ “/OBn

OBn

Methyl 2,3,4,6-tetra-O-benzyl-a-p-glucopyranoside s20 (24.3 g, 43.7 mmol, 1 equiv.) was
dissolved in a mixture of glacial acetic acid (500 mL) and aqueous H2SO4 (2 M, 250 mL). The
mixture was refluxed for 5 hat 110 °C and cooled down to room temperature. The reaction mixture
was poured into 1.2 L of ice water after the reaction completed. The resulting mixture was
extracted with 300 mL dichloromethane for three times. The combined extracts were washed
successively with sat. NaHCO3z and brine, dried over MgSQ4 and evaporated on a rotary evaporator
to afford an oily residue, which was purified by silica flash column chromatography (EtOAc:c-
hex = 1:4, Rf = 0.42 (EtOAc:c-hex = 1:2)) to yield the pure 2,3,4,6-tetra-O-benzyl-D-
glycopyranoses 150 (anomeric mixtures, 11.9 g, 22.0 mmol, 50%) as white solid. The analytical
data was in accordance to the literature.>® (data for a-anomer) *H NMR (500 MHz, CDs0OD) §
7.32-7.12 (m, 20H), 6.58 (d, J = 4.4 Hz, 1H), 5.18-5.17 (m, 1H), 4.86-4.82 (m, 1H), 4.80-4.75
(m, 1H), 4.70-4.67 (m, 1H), 4.67-4.65 (m, 1H), 4.63-4.61 (m, 1H), 4.50-4.39 (m, 2H), 3.83-3.77
(m, 2H), 3.62-3.52 (m, 2H), 3.40-3.34 (m, 2H); **C NMR (126 MHz, CD30D) & 148.3, 148.2,
147.8, 147.7, 137.8 (2xC), 137.7 (2xC), 137.7 (2xC), 137.6 (2xC), 137.2 (2xC), 137.2 (2xC),
137.2 (2xC), 137.1 (2xC), 137.1 (2xC), 137.1 (2xC), 106.2, 93.4,92.6, 87.4, 84.0, 83.4, 83.0, 81.8,
81.8, 80.7; ESI-HRMS: m/z calcd for CsaHssOsNa [M + Na]*: 563.24041; found: 563.23921; [0]p*°
=+29.14 (c = 0.53, CH2Cl,).

2,3,4,6-Tetra-O-benzyl-p-galactopyranose (151)%

O ,.OH
BnO
BnO “0Bn

OBn

Methyl 2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside 92 (20.0 g, 36.1 mmol, 1 equiv.) was
dissolved in a mixture of glacial acetic acid (201.6 mL) and aqueous H2SO4 (3 M, 31 mL). The
solution was refluxed for 7 h at 110 °C and cooled down to room temperature. The mixture was

diluted with cold water (240 mL) and ethyl acetate (240 mL). The two layers were separated and
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the organic layer was first washed with water to remove excess of AcOH, followed by aqueous
sat. NaHCOg, dried over anhydrous MgSOa. The solution was concentrated to get a syrup. The
crude syrup was purified by silica gel column chromatography (pentane:EtO = 2:1, Rf = 0.52
(EtOAcC:c-hex = 1:2)) to get 2,3,4,6-tetra-O-benzylgalactopyranose 151 (anomeric mixtures, 12.0
g, 22.3 mmol, 62%) as a white solid. The analytical data was in accordance to the literature.>® (data
for a-anomer) *H NMR (600 MHz, CDCls) § 7.37-7.22 (m, 20H), 5.26 (s, 1H), 4.93-4.89 (m, 1H),
4.81-4.76 (m, 2H), 4.76-4.68 (m, 2H), 4.59-4.55 (m, 1H), 4.47-4.44 (m, 1H), 4.39-4.36 (m, 1H),
4.14 (t, J = 6.4 Hz, 1H), 4.01 (dd, J = 9.8, 3.6 Hz, 1H), 3.93 (m, 2H), 3.59-3.44 (2H); 3C NMR
(151 MHz, CDCls) 5 138.6, 138.5, 138.2, 137.8, 128.4 (2xC), 128.4 (3xC), 128.2 (2xC), 128.2
(2xC), 128.1, 128.0 (2xC), 127.9 (2xC), 127.7, 127.7, 128.6 (2xC), 127.5 (2xC), 91.8, 78.7, 76.5,
74.7, 74.6, 73.5, 73.4, 72.9, 69.4, 69.0; ESI-HRMS: m/z calcd for CzsH3sOsNa [M + Na]*:
563.24041; found: 563.23952; [a]o? = +35.04 (c = 1.01, CH2Cl).

2,3,4,6-Tetra-O-benzyl-a-p-glucopyranosyl trichloroacetimidate (152)°°

B0 0._O.__CCls

., NH
BnO OBn

OBn

A mixture of 2,3,4,6-tetra-O-benzoyl-p-gluctopyranose 150 (1.0 g, 1.85 mmol, 1 equiv.),
trichloroacetonitrile (1.8 mL, 18.5 mmol, 10 equiv.), and 1,8-diazabicyclo[5.4.0]undec-7-ene
(0.055 mL, 0.37 mmol, 0.2 equiv.) in anhydrous dichloromethane (10 mL) was stirred for 1 h at
room temperature and then concentrated. The residue was eluted from a silica gel column
chromatography (containing 1% trimethylamine in the eluent, EtOAc:c-hex = 1:19, Rt = 0.47
(EtOAc:c-hex= 1:2)) to get compound 152 (1.13 g, 1.65 mmol, 89%) as a white solid. The
analytical data was in accordance to the literature.>® *H NMR (400 MHz, CD2Cly) § 8.55 (s, 1H),
7.24-7.11 (m, 20H), 6.41 (d, J = 3.4 Hz, 1H), 4.85 (d, J = 11.0 Hz, 1H), 4.78-4.72 (m, 2H), 4.66
(d, J=11.6 Hz, 1H), 4.59 (d, J = 11.6 Hz, 1H), 4.50-4.37 (m, 3H), 3.93 (t, J = 9.3 Hz, 1H), 3.88
(ddd, J = 10.1, 3.6, 2.0 Hz, 1H), 3.69-3.64 (m, 3H), 3.57 (dd, J = 11.0, 2.0 Hz, 1H); *C NMR
(101 MHz, CD.Cl>) 6 161.8, 139.5, 139.0, 138.8, 138.8, 129.0 (2xC), 128.9 (2xC), 128.9 (2xC),
128.9 (2xC), 128.6 (2xC), 128.6 (2xC), 128.5 (2xC), 128.3 (4xC), 128.3, 128.1, 92.0, 94.9, 81.9,
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80.1, 77.6, 76.2, 75.7, 73.9, 73.9, 73.5, 69.0; ESI-HRMS: m/z calcd for CasHssOsNCI¥CINa [M
+ NaJ*: 708.14709; found: 708.14671; [a]o? = +58.33 (c = 0.34, CH:Cl,).

2,3,4,6-Tetra-O-benzyl-a-p-galactopyranosyl trichloroacetimidate (19)

0. .0 _Ccl
BnO o \n/ 3
., NH
BnO ‘OBn

OBn

A mixture of 2,3,4,6-tetra-O-benzoyl-p-galactopyranose 151 (3.0 g, 5.55 mmol, 1 equiv.),
trichloroacetonitrile (5.5 mL, 55.5 mmol, 10 equiv.), and 1,8-diazabicyclo[5.4.0]undec-7-ene
(0.17 ml, 1.11 mmol, 0.2 equiv.) in anhydrous dichloromethane 60 mL was stirred for 2 h at room
temperature and then concentrated. The residue was eluted from a silica gel column
chromatography (containing 1% trimethylamine in the eluent, pentane:Et,O = 9:1, Rf = 0.17
(pentane:Et,O = 4:1)) to get compound 19 (2.62 g, 3.83 mmol, 69%) as a white solid. The
analytical data was in accordance to the literature.>® *H NMR (600 MHz, CD-Cl,) & 8.61 (s, 1H),
7.40-7.28 (m, 20H), 6.52 (d, J = 3.5 Hz, 1H), 4.97 (d, J = 10.9 Hz, 1H), 4.81 (q, J = 11.8 Hz, 2H),
4.76 (s, 2H), 4.57 (d, J = 10.9 Hz, 1H), 4.51-4.44 (m, 2H), 4.23-4.18 (m, 2H), 4.10-4.09 (m, 1H),
4.05 (dd, J = 10.1, 2.8 Hz, 1H), 3.63 (dd, J = 9.4, 7.3 Hz, 1H), 3.57 (dd, J = 9.4, 5.8 Hz, 1H); *C
NMR (151 MHz, CDCl>) 6 161.8, 139.3, 139.2, 139.2, 138.7, 128.9 (2xC), 128.8 (2xC), 128.8
(2xC), 128.8 (2xC), 128.7 (2xC), 128.4 (2xC), 128.2, 128.2, 128.2 (2xC), 128.0 (2xC), 128.0,
128.0, 95.7, 92.0, 78.7, 76.5, 75.6, 75.5, 73.9, 73.5, 73.4, 72.7, 69.0; ESI-HRMS: m/z calcd for
C36H3s06NCI2*"CINa [M + Na]*: 708.14709; found: 708.14673; [0]p?° = +58.60 (c = 2.82, CHCl,).

2,3,4,6-Tetra-O-benzyl-B-p-glucopyranosyl trichloroacetimidate (153)"3

O (0] CCl
BnO \n/ 3
K ., NH
BnO ‘OBn

OBn

To glucose precursor 150 (3.0 g, 5.55 mmol, 1 equiv.) in 30 mL anhydrous dichloromethane,
potassium carbonate (3.07 g, 22.2 mmol, 4 equiv.) and trichloroacetonitrile. (2.78 mL, 27.74 mmol,

5 equiv.) were added. The suspension was strongly stirred for 4 h at room temperature under a
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argon atmosphere. The mixture was filtered over celite, washed with dichloromethane (10 mL),
the filtrate concentrated under reduced pressure and the oily residue recrystallized from
Et>O:pentane = 1:1 (30 mL) to give compound 153 (3.23 g, 4.72 mmol, 85%) as white solid. The
analytical data was in accordance to the literature.”>*H NMR (500 MHz, CD2Cl,) & 8.79 (s, 1H),
7.34-7.19 (m, 20H), 5.83 (d, J = 7.5 Hz, 1H), 4.94 (d, J = 10.9 Hz, 1H), 4.91 (d, J = 11.0 Hz, 1H),
4.83 (d, J =10.0 Hz, 2H), 4.77 (d, J = 10.9 Hz, 1H), 4.58 (d, J = 11.4 Hz, 2H), 4.52 (d, J = 11.9
Hz, 1H), 3.77-3.68 (m, 5H), 6.35-3.62 (m, 1H); 3C NMR (126 MHz, CD:Cl,) § 161.6, 139.2,
138.8, 138.7 (2xC), 128.9 (2xC), 128.8 (2xC), 128.8 (4xC), 128.5 (4xC), 128.4 (2xC), 128.3
(2xC), 128.2, 128.2, 128.2, 128.1, 98.8, 91.4, 85.0, 81.4, 77.8, 76.3, 76.0, 75.4, 75.3, 73.8, 68.9;
[0]o?° = +22.86 (¢ = 0.54, CH,Cly).

2,3,4,6-Tetra-O-benzyl-B-p-galactopyranosyl trichloroacetimidate (154)°3

O O CCl
BnO \n/ 3
.. NH
BnO ‘OBn

OBn

To galactose precursor 151 (3.0 g, 5.55 mmol, 1 equiv.) in 30 mL anhydrous dichloromethane,
potassium carbonate (3.07 g, 22.2 mmol, 4 equiv.) and trichloroacetonitrile. (2.78 mL, 27.74 mmol,
5 equiv.) were added. The suspension was strongly stirred for 4 h at room temperature under a
nitrogen atmosphere. The mixture was filtered over celite, washed with dichloromethane (10 mL),
the filtrate concentrated under reduced pressure, and the oily residue recrystallized from
Et,O:pentane = 1:1 (30 mL) to give compound 154 (2.82 g, 4.12 mmol, 74%) as white solid. The
analytical data was in accordance to the literature.”* *H NMR (600 MHz, CD,Cl,) § 8.73 (s, 1H),
7.39-7.27 (m, 20H), 5.79 (d, J = 8.0 Hz, 1H), 4.95 (d, J = 10.9 Hz, 1H), 4.89 (d, J = 10.8 Hz, 1H),
4.82 (d, J=10.8 Hz, 1H), 4.79-4.75 (m, 2H), 4.60 (d, J = 11.0 Hz, 1H), 4.52 (d, J = 11.7 Hz, 1H),
4.47 (d, J = 11.8 Hz, 1H), 4.03-4.00 (m, 2H), 3.77 (t, J = 6.3 Hz, 1H), 3.69 (dd, J = 9.7, 2.9 Hz,
1H), 3.66-3.60 (m, 2H); *C NMR (151 MHz, CD,Cl,) § 161.8, 139.1, 139.1, 138.9, 138.7, 128.9
(4xC), 128.9 (2xC), 128.9 (2xC), 128.7 (2xC), 128.5 (2xC), 128.5 (2xC), 128.3, 128.3, 128.2
(2xC), 128.2, 128.1, 99.1, 91.5, 82.7, 78.7, 75.7, 75.6, 74.9, 74.3, 73.9, 73.5, 68.9; ESI-HRMS:
m/z calcd for CasH3sOsNCIS’CIoNa [M + Na]*: 710.14414; found: 710.14490; [a]o® = +22.04 (c
=1.18, CH.Cly).
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Synthesis of (3aR,5R,6R,7S,7aR)-6,7-bis(benzyloxy)-5-((benzyloxy)methyl)-2-ethoxy-2-
methyltetrahydro-5H-[1,3]dioxolo[4,5-b]pyran (155)°*

O _OH (o) OAc 1., Et3SiH 0.0 o
HO Ac,0 A0 CH,Cly, reflux, 2h A% X
HOY “OH pyridine, rt, 18 h; 100% AcO" “OAc 2. 2,6-lutidine, EtOH, TBAI AcO" ‘0

OH OAc CH,Cl,, reflux, 2 h; 55% OAc
s21 s22 s23
1. NaOMe, MeOH BnO O o, o0/
rt, 45 min K
. W oy
2. NaH, BnBr BnO' ©
DMF, 0 °C-rt, 16 h, 48% OBn

155

D-Glucose penta acetate (522)5!

O ,OA
AcO ¢
Aco™ “'OAc

OAc

D-Glucose s21 (10.0 g, 55.5 mmol, 1 equiv.) was dissolved in 215 mL of a 3:2 mixture of pyridine
and Ac20 and stirred at room temperature for 18 h. All volatile parts were removed by repeated
use of toluene as an azeotropic entraining agent. The remainder was dissolved in EtOAc and
washed with sat. CuSQg, brine, sat. NaHCO3z and again brine. The organic layer was dried over
MgSO4 and concentrated. The crude product was used without further purification to yield the
mixture of isomers s22 (21.7 g, 55.5 mmol, 100%) as a white solid. The analytical data was in
accordance to the literature.®* (data for a-anomer) *H NMR (500 MHz, CDCl3) § 6.32 (d, J = 3.7
Hz, 1H), 5.48-5.44 (m, 1H), 5.15-5.11 (m, 1H), 5.09 (dd, J = 10.3, 3.7 Hz, 1H), 4.28-4.24 (m,
1H), 4.12-4.07 (m, 2H), 2.17 (s, 3H), 2.08 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H); **C
NMR (151 MHz, CDClz) 6 170.6, 170.2, 169.6, 169.4, 168.7, 89.0, 69.8, 69.1, 67.8, 61.4, 20.9,
20.7, 20.6, 20.5, 20.4.
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3,4,6-Tri-O-acetyl-a-p-glucopyranose 1,2-(ethyl orthoacetate) (s23)°*

o

A solution of s22 (21.7 g, 55.51 mmol, 1 equiv.) in CH2Cl, (256 mL) was treated with 1> (19.7 g,
77.7 mmol, 1.4 equiv.) and EtzSiH (12.4 mL, 77.7 mmol, 1.4 equiv.). The mixture was heated at
reflux for 2 h, cooled to rt and treated with 2,6-lutidine (25.9 mL, 0.2 mol, 4 equiv.), EtOH (19.4
mL, 0.3 mol, 6 equiv.) and TBAI (5.13 g, 13.9 mmol, 0.25 equiv.). The solution was heated at
reflux for 2 h, the volatile parts were removed under reduced pressure and the residue was purified
by silica flash chromatography (EtOAc:c-hex = 1: 4, Rf = 0.36 (EtOAc:c-hex = 1: 2)) to give
product s23 (11.5 g, 30.6 mmol, 55%) as transparent hygroscopic crystals. The analytical data was
in accordance to the literature.% 'H NMR (400 MHz, CDCls) § 5.71 (d, J = 5.2 Hz, 1H), 5.19 (t, J
=2.9 Hz, 1H), 4.90 (ddd, J = 9.6, 2.7, 1.0 Hz, 1H), 4.32 (ddd, J =5.2, 3.0, 1.0 Hz, 1H), 4.20-4.19
(m, 2H), 3.95 (dddd, J = 9.6, 4.9, 3.3, 0.7 Hz, 1H), 3.54 (qd, J = 7.0, 1.0 Hz, 2H), 2.11 (s, 3H),
2.09 (s, 3H), 2.09 (s, 3H), 1.72 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H); 1*C NMR (101 MHz, CD,Cl>) §
170.7, 169.6, 169.2, 121.2, 96.9, 73.0, 70.1, 68.2, 66.9, 63.0, 59.1, 20.8 (2xC), 20.7, 20.7, 15.2;
ESI-HRMS: m/z calcd for C16H24010Na [M + Na]*: 399.12617; found: 399.12561; [a]p? = +37.64
(c =0.83, CH2Cl).

3,4,6-Tri-O-benzyl-a-p-glucopyranose 1,2-(ethyl orthoacetate) (155)%*

BnO © “‘O>£J
\\ ‘1
BnO 0

OBn

A solution of s23 (10.0 g, 26.6 mmol, 1 equiv.) in MeOH (105 mL) was treated with NaOMe (287
mg, 5.31 mmol, 0.2 equiv.) in one portion and the resulting mixture was stirred at rt until
consumption of the starting material (ca. 45 min). The volatile parts were removed under reduced
pressure and the residue was dissolved in anhydrous DMF (105 mL). The mixture was cooled to
0 °C and NaH (60% in mineral oil, 4.25 g, 0.11 mol, 4 equiv.) was added in one portion. BnBr

(14.2 mL, 0.12 mol, 4.5 equiv.) was added via syringe and the resulting mixture was stirred for 16
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h at rt. The reaction was quenched with 250 g of ice and extracted twice with EtOAc. The combined
organic phases were washed with brine, dried, concentrated and the residue was purified by silica
flash column chromatography (EtOAc:c-hex = 1: 19, R = 0.31 (EtOAc:c-hex = 1: 4)) to afford
155 (6.63 g, 12.7 mmol, 48%) as a clear oil. The analytical data was in accordance to the
literature.%! *H NMR (400 MHz, CDCls) § 7.30-7.12 (m, 15H), 5.72 (d, J = 5.2 Hz, 1H), 4.66 (d,
J =119 Hz, 1H), 4.56-4.52 (m, 3H), 4.45 (d, J = 12.1 Hz, 1H), 4.38-4.32 (m, 2H), 3.84-3.82 (m,
1H), 3.76-3.72 (m, 1H), 3.66 (dd, J = 9.8, 4.6 Hz, 1H), 3.61-3.60 (m, 2H) 3.53-3.46 (m, 2H), 1.61
(s, 3H), 1.14 (t, J = 7.0 Hz, 3H); 1*C NMR (101 MHz, CDCls)  138.1, 137.9, 137.7, 128.4 (2xC),
128.3 (2xC), 128.3 (2xC), 128.0 (2xC), 128.0 (2xC), 127.9, 127.8 (2xC), 127.8, 127.6, 120.9,
97.8, 78.8, 75.4, 74.9, 73.4, 72.9, 71.9, 70.4, 69.1, 58.7, 21.8, 15.3; ESI-HRMS: m/z calcd for
Cs1H3607Na [M + Na]*: 543.23532; found: 543.23424; [a]p?® = +22.37 (¢ = 0.78, CH2Cl,).

2-O-Acetyl-3,4,6-tri-O-benzyl-a-p-glucopyranosyl trichloroacetimidate (60)%!

O O CClI
BnO o \n/ 3
- . NH
BnO OAc

OBn

A solution of 155 (6.62 g, 12.7 mmol, 1 equiv.) in 150 mL of a mixture of 10% H20 in DME was
treated with p-toluenesulfonic acid monohydrate (1.21 g, 6.36 mmol, 0.5 equiv.) and stirred for
1.5 h. The reaction was quenched with sat. NaHCOs, extracted three times with EtOAc. The
combined organic layers were washed with H20O and brine, dried over MgSO4 and concentrated.
The crude product was dissolved in anhydrous CH2Cl2 (261.8 mL), treated with CCIsCN (12.8 mL,
0.12 mol, 10 equiv.) and DBU (0.48 mL, 3.18 mmol, 0.25 equiv.) and stirred at rt for 1.5 h. The
solvent was removed and the brownish remainder was purified by silica flash column
chromatography (eluent containing 1% triethylamine, EtOAc:c-hex = 1:9, Rf = 0.34 (EtOAc:c-hex
=1:4)) to remove the 1-O-acetyl-2-trichloroimidate by-product and to leave 60 (7.03 g, 11.0 mmol,
87%) as a colourless oil. The analytical data was in accordance to the literature.’* *H NMR (400
MHz, CDCls) 6 8.58 (s, 1H), 7.35-7.18 (m, 15H), 6.54 (d, J = 3.5 Hz, 1H), 5.09 (dd, J = 10.0, 3.6
Hz, 1H), 4.89-4.84 (m, 2H), 4.78 (d, J = 11.5 Hz, 1H), 4.66-4.58 (m, 2H), 4.52 (d, J = 12.0 Hz,
1H), 4.14-4.09 (m, 1H), 4.03 (dt, J = 10.1, 2.5 Hz, 1H), 3.91 (d, J = 9.3 Hz, 1H), 3.87-3.81 (m,
1H), 3.71 (dd, J = 11.1, 1.9 Hz, 1H), 1.94 (s, 3H); 3C NMR (101 MHz, CDCl3) & 170.0, 161.0,
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138.2, 137.8, 137.8, 128.4 (2xC), 128.4 (2xC), 128.4 (2xC), 128.1 (2xC), 127.9, 127.9 (2xC),
127.8 (2xC), 127.7 (2xC), 94.0, 91.0, 79.5, 75.4, 75.4, 73.5, 73.4, 72.4, 67.9, 26.9, 20.6; ESI-
HRMS: m/z calcd for Cz1H3207NClIsNa [M + Na]*: 658.11366; found: 658.11349; [a]p®® = +61.34
(c = 2.24, CHoCly).

2-O-Acetyl-3,4,6-tri-O-benzyl-a-p-mannopyranosyl trichloroacetimidate (157)°

0.__0O 1. p-TsOH-H,0 O O-__CCl;
BnO ><O\/ H,O:DCE=1:9 (i), it, 18h _ BnO \’[\I]T4
BnO™ o 2. CCIsCN, DBU BnO™ OAC

OBn CH,Cly, rt, 15 h; 59% OBn
156 157

A solution of 156 (500 mg, 0.99 mmol, 1 equiv.) in 11.3 mL of a mixture of 10% H.O in DCE was

treated with p-toluenesulfonic acid monohydrate (91.0 mg, 0.49 mmol, 0.5 equiv.) and stirred for

18 h. The reaction was quenched with sat. NaHCOg, extracted three times with CH>Cl», and the
combined organic layers were washed with H>O and brine, dried over MgSO4 and concentrated.
The crude product was dissolved in anhydrous CH2Cl> (19.7 mL), treated with CCIsCN (0.96 mL,
9.87 mmol, 10 equiv.) and DBU (0.036 mL, 0.25 mmol, 0.25 equiv.) and stirred at rt for 1.5 h. The
solvent was removed and the brownish remainder was purified by silica gel column
chromatography (EtOAc:c-hex = 1:9, R = 0.46 (EtOAc:c-hex = 1: 2)) to remove the 1-O-acetyl-
2-trichloroimidate by-product and to leave 157 (373 mg, 0.59 mmol, 59%) as a yellow oil. The
analytical data was in accordance to the literature.”* *H NMR (500 MHz, CDCls) & 8.68 (s, 1H),
7.36-7.26 (m, 13H), 7.19-7.17 (m, 2H), 6.31 (d, J = 2.0 Hz, 1H), 5.50 (t, J = 2.3 Hz, 1H), 4.87 (d,
J=10.5 Hz, 1H), 4.74 (d, J = 11.2 Hz, 1H), 4.69 (d, J = 12.0 Hz, 1H), 4.59 (d, J = 11.2 Hz, 1H),
4.52 (t, J = 10.8 Hz, 2H), 4.05-4.02 (m, 2H), 4.00-3.98 (m, 1H), 3.85 (dd, J = 11.1, 3.7 Hz, 1H),
3.72 (dd, J = 11.2, 1.8 Hz, 1H), 2.20 (s, 3H); 3C NMR (126 MHz, CDCls) § 170.1, 160.0, 138.1,
138.0, 137.5, 128.5, 128.4, 128.3, 128.3, 128.1, 127.9, 127.8, 127.6, 95.3, 90.8, 77.3, 75.5, 74.3,
73.6, 73.4, 72.1, 68.3, 67.3, 21.0; ESI-HRMS: m/z calcd for C31H32O7NCIsNa [M + Na]*:
658.11366; found: 658.11352; [a]o? = +28.25 (c = 0.62, CHCly).
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2-(((2R,3R,4S,5R,6R)-3,4,5-Tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-
yloxy)benzo[d]oxazole (158)%2

N
0_.0
BnO ~ \</
0 0 O
BnO" “OBn

OBn

To 2,3,4,6-tetra-O-benzyl-p-glucopyranose 150 (500 mg, 0.92 mmol, 1 equiv.) in anhydrous
acetone (10 mL), freshly activated 3 A MS (1.5 g) were added and stirred under argon for 1 h at
rt. 2-chlorobenzoxazole (0.53 mL, 4.62 mmol, 5 equiv.) and KOH (51.9 mg, 0.92 mmol, 1 equiv.)
were added to the stirring solution at 0 °C and the resulting reaction was raised to rt and stirred for
18 h. After that, the solid was filtered off and washed successively with CH2Cl>. The combined
filtrate was washed with water (3 x 75 mL). The organic phase was separated, dried with MgSOas,
and concentrated in vacuo. The residue was purified by silica gel column chromatography
(Et2O:pentane = 1:4, Rf = 0.20 (Et2O:pentane = 1:4)) to obtain the title compound 158 (a:p = 1:1)
as a colourless syrup. The analytical data was in accordance to the literature.®? (data for a-anomer)
'H NMR (500 MHz, CD,Cl,) & 7.51-7.20 (m, 24H), 6.48 (d, J = 3.5 Hz, 1H), 4.98 (d, J = 11.0 Hz,
1H), 4.93-4.80 (m, 3H), 4.75 (s, 1H), 4.59 (d, J = 10.9 Hz, 2H), 4.54-4.44 (m, 2H), 4.09 (t,J =
9.4 Hz, 1H), 3.99 (ddd, J = 10.2, 3.6, 1.9 Hz, 1H), 3.82-3.74 (m, 2H), 3.66-3.62 (m, 1H); *C
NMR (126 MHz, CD.Cl) 6 162.9, 149.0, 141.5, 139.3, 138.9, 138.6, 138.2, 128.9 (2xC), 128.8
(2xC), 128.5 (2xC), 128.5 (2xC), 128.4 (2xC), 128.4 (2xC), 128.4 (2xC), 128.4 (2xC), 128.2,
128.2,128.2,128.1, 124.9, 123.6, 118.7, 110.3,99.1, 81.8, 79.6, 77.3, 76.1, 75.6, 74.0, 74.0, 73.8,
68.7; ESI-HRMS: m/z calcd for C41H3907NNa [M + Na]*: 680.26187; found: 680.26190; [a]o® =
+28.65 (c = 0.75, CH2Cl).

142



9.13 Synthesis of halogen bond catalysts

1-(4-(Trifluoromethyl)phenyl)-1H-benzo[d]imidazole (161)"

C

CF3

To a three-necked flask (250 mL), benzimidazole (7.88 g, 66.66 mmol, 1.5 equiv.), Cul (1.693 g,
8.89 mmol, 0.2 equiv.), ninhydrin (1.58 g, 8.89 mmol, 0.2 equiv.) and KOH (4.99 g, 88.89 mmol,
2 equiv.) were added under a nitrogen atmosphere. From another flask, 4-bromobenztrifluoride
(10.0 g, 44.44 mmol, 1 equiv.) in degassed DMSO (100 mL) was injected, and the resulting
mixture was heated to 110 °C and stirred for 23 h. The mixture was allowed to cool to room
temperature, extracted with EtOAc, and washed with water twice. The organic layers were dried
over MgSOs and concentrated by vacuum to give a crude product, which was purified by silica
flash column chromatography (EtOAc:c-Hex = 1:1, R¢ = 0.45 (EtOAc:c-Hex = 2:1)) to afford pure
product 161 (1.52 g, 5.78 mmol, 13%) as pale-yellow solid. The analytical data was in accordance
to the literature.” *H NMR (700 MHz, CDCls) § 8.24 (s, 1H), 7.92-7.91 (m, 1H), 7.87 (d, J = 8.2
Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.58-7.57 (m, 1H), 7.41-7.38 (m, 2H); *C NMR (176 MHz,
CDCl3) 6 143.7, 141.7, 139.3, 133.1, 130.2 (g, J = 33.2 Hz), 127.4 (q, J = 3.7 Hz), 125.9, 124.4,
124.0, 123.5, 122.8, 121.3, 120.8, 110.3; ESI-HRMS: m/z calcd for Ci4H1oN2F3 [M + Na]™:
263.07906; found: 263.07803.

1-(4-Nitrophenyl)-1H-benzo[d]imidazole (162)"

o

NO,

Degassed DMSO (50 mL) was added to a mixture of benzoimidazole (5.91 g, 50.0 mmol, 1.5
equiv.), Cs.CO3 (21.72 g, 66.66 mmol, 2 equiv.), Cul (1.27 g, 6.67 mmol, 0.2 equiv.), and 1-
bromo-4-nitrobenzene (6.73 g, 33.33 mmol, lequiv.). The solution was heated at 120 °C for 48 h.

After cooling, the solvent was removed completely under vacuum. The residual was washed with
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water and extracted with CH2Cl, twice. The extract was washed with water and dried over
anhydrous MgSOas. The solvent was removed under vacuum. The solid was washed thoroughly
with ether and dried under vacuum. The filtrate was purified by silica flash column
chromatography (EtOAc:c-Hex = 2:1, Rf = 0.30 (EtOAc:c-Hex = 2:1)) to afford pure product 162
(6.59 g, 27.54 mmol, 83%) as pale-yellow solid. *H NMR (500 MHz, CD,Cl) & 8.44 (d, J=9.0
Hz, 2H), 8.20 (s, 1H), 7.85 (dd, J = 6.9, 1.7 Hz, 1H), 7.77-7.74 (m, 2H), 7.65 (dd, J = 7.0, 1.7 Hz,
1H), 7.39 (pd, J = 7.2, 1.5 Hz, 2H); 13C NMR (126 MHz, CD.Cl,) 5 146.9, 145.1, 142.4, 142.3,
133.4, 126.2 (2xC), 124.8, 124.1 (2xC), 123.9, 121.3, 110.9; ESI-HRMS: m/z calcd for
C13H1002N3 [M + Na]*: 240.07675; found: 240.07590.

1-(4-Methoxyphenyl)-1H-benzo[d]imidazole (163)"
N
s,
Q

OMe

Degassed DMF (50 mL) was added to a mixture of benzoimidazole (5.91 g, 50.0 mmol, 1.5 equiv.),
Cs2C03 (21.7 g, 66.66 mmol, 2 equiv.), Cul (1.27 g, 6.67 mmol, 0.2 equiv.) and 4-bromoanisole
(4.17 mL, 33.33 mmol, 1 equiv.). The solution was heated at 120 °C for 48 h. After cooling, the
solvent was removed completely under vacuum. The residual was washed with water and extracted
twice with CH>Cl,. The extract was washed with water and dried over anhydrous MgSQOa. The
solvent was then removed under vacuum. The solid was then washed thoroughly with ether and
dried under vacuum. The filtrate was purified by silica flash column chromatography (EtOAc:c-
hex = 1:1, R = 0.53 (EtOAc:c-hex = 2:1)) to afford pure product 163 (1.50 g, 6.67 mmol, 20%) as
white solid. The analytical data was in accordance to the literature.”® *H NMR (500 MHz, CD-Cl,)
5 8.05 (s, 1H), 7.82-7.80 (m, 1H), 7.50-7.46 (m, 1H), 7.45-7.42 (m, 2H), 7.33-7.29 (m, 2H),
7.10-7.07 (m, 2H), 3.88 (s, 3H); 3C NMR (126 MHz, CD,Cl;) 5 159.8, 144.1, 143.2, 134.8, 129.1,
126.4 (2xC), 123.8, 122.8, 120.7, 115.5 (2xC), 110.9, 56.1; ESI-HRMS: m/z calcd for C14H130N>
[M + Na]*: 225.10224; found: 225.10146.
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2-lodo-1-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazole (164)"
N
oy
o

CF3

To athree-necked round-bottom flask, 161 (934 mg, 3.56 mmol, 1 equiv.) was added. To the flask,
THF (21.5 mL) was injected and the resulting solution was cooled to —60 °C. A hexane solution
of n-BuLi (1.6 M, 2.89 mL, 4.63 mmol, 1.3 equiv.) was added dropwise to the cooled mixture over
1.5h. ATHF solution (8.4 mL) of iodine (1.18 g, 4.63 mmol, 1.3 equiv.) was added to the mixture
at —60 °C, and the resulting mixture was slowly allowed to warm up to room temperature and
stirred for 17 h. Volatile components were evaporated under reduced pressure, and the resulting
residue was dissolved in CH2Cl2 (200 mL), washed with water (100 mL x 2), Na2S203 (100 mL x
2) and brine (100 mL x 2). The combined organic layer was dried over MgSO. and solvent was
removed under reduced pressure to give a crude solid which was purified by silica flash column
chromatography (EtOAc:c-hex = 1:9, Rf = 0.59 (EtOAc:c-hex = 1:1)) to afford pure product 164
(1.11 g, 2.85 mmol, 80%) as white solid. The analytical data was in accordance to the literature.”
'H NMR (500 MHz, CDCls3) § 7.88 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.2
Hz, 2H), 7.28 (t, J = 7.5 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H); *C NMR (126
MHz, CDCls) & 145.4, 139.6, 137.1, 131.6 (q, J = 33.1 Hz),128.6, 127.0 (q, J = 3.7 Hz), 124.0,
124.0 123.1, 122.4, 119.4, 109.9, 102.4, 26.8; ESI-HRMS: m/z calcd for C1aHgN2Fsl [M + Na]*:
388.97570; found: 388.97518.

2-1odo-1-(4-nitrophenyl)-1H-benzo[d]imidazole (165)
N
-
Q

NO,

To a three-necked round-bottom flask, (100 mL), 162 (1.00 g, 4.18 mmol, 1 equiv.) was added.
To the flask, THF (22 mL) was injected and the resulting solution was cooled to —78 °C. A hexane
solution of LIHMDS (1 M, 5.43 mL, 5.43 mmol, 1.3 equiv.) was added dropwise to the cooled
mixture over 1 h. A THF solution (10.5 mL) of iodine (1.38 g, 5.43 mmol, 1.3 equiv.) was added

145



to the mixture at —78 °C, and the resulting mixture was slowly allowed to warm up to room
temperature and stirred for 17 h. Volatile components were evaporated under reduced pressure and
the resulting residue was dissolved in CH2Cl, (200 mL), washed with water (100 mL x 2), Na2S203
(100 mL x 2) and brine (100 mL x 2). The combined organic layers were dried over MgSO4 and
the solvent was removed under reduced pressure to give a crude solid which was purified by silica
flash column chromatography (pentane:Et2O = 4:1, Rf = 0.56 (EtOAc:c-hex = 1:1)) to afford pure
product 165 (385 mg, 1.06 mmol, 25%) as white solid. *H NMR (400 MHz, CDCls) § 7.93-7.90
(m, 2H), 7.81-7.79 (m, 1H), 7.61-7.58 (m, 2H), 7.32-7.28 (m, 1H), 7.26-7.22 (m, 1H), 7.15-7.13
(m, 1H); compound decomposed during **C NMR measurement; ESI-HRMS: m/z calcd for
C14HoN2F3l [M + Na]*: 388.97570; found: 388.97518.

2-1odo-1-(4-methoxyphenyl)-1H-benzo[d]imidazole (166)™
N
oy
Q

OMe

To a three-necked round-bottom flask, 163 (1.00 g, 4.46 mmol, 1 equiv.) was added. To the flask,
THF (22 mL) was injected and the resulting solution was cooled to —78 °C. A hexane solution of
n-BuLi (1.6 M, 3.62 mL, 5.8 mmol, 1.3 equiv.) was added dropwise to the cooled mixture over 1
h. A THF solution (10.5 mL) of iodine (1.47 g, 5.8 mmol, 1.3 equiv.) was added to the mixture at
—78 °C, and the resulting mixture was slowly allowed to warm up to room temperature and stirred
for 21 h. Volatile components were evaporated under reduced pressure and the resulting residue
was dissolved in CH2Cl> (200 mL), washed with water (100 mL x 2), Na>S203 (100 mL x 2) and
brine (100 mL x 2). The combined organic layers were dried over MgSOs and the solvent was
removed under reduced pressure to give a crude solid which was purified by silica flash column
chromatography (pentane:Et.O = 4:1, Rt = 0.62 (EtOAc:c-hex = 1:1)) to afford pure product 166
(876 mg, 2.50 mmol, 56%) as yellow solid. *H NMR (500 MHz, CD,Cl,) & 7.71 (d, J = 7.6 Hz,
1H), 7.32-7.29 (m, 2H), 7.25-7.18 (m, 2H), 7.13-7.08 (m, 3H), 3.90 (s, 3H); 1*C NMR (126 MHz,
CDCl,) 6 160.9, 146.0, 138.4, 130.0 (2xC), 129.8, 123.9, 122.9, 119.4, 115.3 (2xC), 110.9, 105.3,
56.2; ESI-HRMS: m/z calcd for C14H120N2l [M + H]*: 350.99888; found: 350.99886.
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Octyl trifluoromethanesulfonate (s25)%

2,6-lutidine, Tf,0 Q _CFs
NN >
OH > /\/\/\/\O/s\\
CH,Cly, 78 °C, 3 h; 72% o
s24 s25

According to a literature procedure, a flame-dried round bottom flask was charged with the
corresponding octan-1-ol s24 (6.2 mL, 38.39 mmol, 1 equiv.) in anhydrous CH.Cl, (0.2 M, 191
mL). At —78 °C, 2,6-lutidine (7.2 mL, 61.43 mmol, 1.6 equiv.) was added followed by the slow
addition of Tf,O (7.8 mL, 46.07 mmol, 1.2 equiv.). After 3 hours, the reaction mixture was
quenched with 1 M HCI, washed with brine and the aqueous phase was extracted with CHCl».
The combined organic layers were dried over MgSOa. Evaporation of the solvents at room
temperature (due to decomposition of the triflates at higher temperatures) afforded the crude title
compound. Purification by silica chromatography with pentane (Rf = 0.26 (pentane)) as eluent
afforded pure alkyltriflates s25 (7.28 g, 27.76 mmol, 72%) as purple oil The analytical data was in
accordance to the literature.®® *H NMR (500 MHz, CDCls) & 4.54 (t, J = 6.5 Hz, 2H), 1.82 (dt, J =
14.8, 6.7 Hz, 2H), 1.45-1.39 (m, 2H), 1.24-1.24 (m, 8H), 0.88 (t, J = 6.9 Hz, 3H); *3C NMR (126
MHz, CDCl3) § 118.6 (g, 1J = 319 Hz), 77.8, 31.6, 29.2, 29.0, 28.8, 25.0, 22.6, 14.0; 1°F NMR
(470 MHz, CDCl3) 6 =-75.0.

2-lodo-3-octanoyl-1-(4-(trifluoromethyl)phenyl)-1H-benzo[d]imidazol-3-ium
trifluoromethanesulfonate (167)"

'd N\
Oct

C[:’\S_I-ow

CF3
§ J

To a flame-dried two-necked flask, 164 (1.10 g, 2.83 mmol, 1 equiv.) and CH2Cl> (100 mL) were
added. Octyl triflate s25 (1.73 mL, 7.93 mmol, 2.8 equiv.) was added to the solution, and the

resulting mixture was stirred at room temperature for 15 h. The solvent was removed under reduced
pressure and the residue was rinsed with c-hexane (10 mL) for five times to remove excessive
octyl triflate. The mixture was recrystallized in a 1:10 of CH3CN-Et20 system to give 167 (1.05 g,
1.61 mmol, 57%) as a white solid. The analytical data was in accordance to the literature.”™ ‘H
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NMR (500 MHz, CDCl,) & 8.03 (d, J = 8.4 Hz, 2H), 7.84 (d, J = 8.4 Hz, 1H), 7.76 (d, = 8.3 Hz,
2H), 7.69 (t, J = 7.4 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 4.61 (t, J = 7.8 Hz,
2H), 2.02 (p, J = 7.8 Hz, 2H), 1.53 (p, J = 7.2 Hz, 2H), 1.45-1.39 (m, 2H), 1.37-1.28 (m, 6H),
0.89 (t, J = 6.8 Hz, 3H); 3C NMR (126 MHz, CD:Cly) & 137.7, 135.4, 134.3 (q, J = 33.4 Hz),
133.7, 129.2, 128.7 (q, J = 3.6 Hz), 128.6, 128.3, 124.9, 122.8, 122.3, 120.0, 113.7, 113.6, 112.7,
51.8, 32.2, 29.6, 29.0, 29.6, 27.3, 23.1, 14.4; ESI-HRMS: m/z calcd for CaoHosNaFsl [M]*:
501.10090; found: 501.09975.

2-lodo-1-(4-nitrophenyl)-3-octanoyl-1H-benzo[d]imidazol-3-ium trifluoromethanesulfonate
(168)7

( N\

IOct

N+ OTf
i

N

NO,
(. J

To a flame-dried two-necked flask, 165 (300 mg, 0.82 mmol, 1 equiv.) and CH2Cl> (30 mL) were
added. Octyl triflate s25 (0.50 mL, 2.30 mmol, 2.8 equiv.) was added to the solution and the

resulting mixture was stirred at room temperature for 16 h. The solvent was removed under reduced
pressure and the residue was rinsed with c-hexane (5 mL) for five times to remove excessive octyl
triflate. The mixture was recrystallized in a 1:10 of CH3CN-Et.O system to give 168 (1.05 g, 1.61
mmol, 57%) as a white solid. *H NMR (500 MHz, CD.Cl.) & 8.60-8.56 (m, 2H), 7.37-7.83 (m,
3H), 7.71 (t, J = 7.8 Hz, 1H), 7.62 (t, J = 7.9 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 4.63-4.60 (m, 2H),
2.07-1.98 (m, 2H), 1.56-1.50 (m, 2H), 1.45-1.39 (m, 2H), 1.37-1.28 (m, 6H), 0.88 (d, J = 7.0 Hz,
3H); 1*C NMR (126 MHz, CD-Cl,) § 150.2, 139.5, 135.3, 133.8, 130.1 (2xC), 128.7 (2xC), 128.4,
126.7 (2xC), 113.7, 113.6, 112.6, 51.9, 32.2, 29.6 (2xC), 29.6, 27.3, 23.1, 14.4; ESI-HRMS: m/z
calcd for C21H202Nsl [M + H]": 478.09860; found: 478.09728.
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2-lodo-1-(4-nitrophenyl)-3-octanoyl-1H-benzo[d]imidazol-3-ium trifluoromethanesulfonate
(169)7

( N\

pct

N+ OTf
Cri

N

OMe
(. J

To a flame-dried two-necked flask, 166 (500 mg, 1.43 mmol, 1 equiv.) and CH2Cl> (50 mL) were
added. Octyl triflate s25 (0.87 mL, 4.00 mmol, 2.8 equiv.) was added to the solution and the

resulting mixture was stirred at room temperature for 16 h. The solvent was removed under reduced
pressure and the residue was rinsed with c-hexane (5 mL) for five times to remove excessive octyl
triflate. The mixture was recrystallized in a 1:10 of CH3sCN-Et20 system to give 169 (732 mg, 1.20
mmol, 84%) as a white solid. *tH NMR (500 MHz, CD,Cl) § 7.81 (d, J = 8.4 Hz, 1H), 7.66 (t, J =
8.3 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.44-7.41 (m, 2H), 7.38 (d, J = 8.3 Hz, 1H), 7.22-7.19 (m,
2H), 4.59 (t, J=7.8 Hz, 2H), 3.95 (s, 3H), 2.01 (p, J = 7.7 Hz, 2H), 1.51 (p, J = 7.2 Hz, 2H), 1.44—
1.38 (m, 2H), 1.36-1.27 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H); 1*C NMR (126 MHz, CDCl,) 5 162.6,
135.8, 133.6, 129.3 (2xC), 128.3 (2xC), 128.0, 126.9, 116.4 (2xC), 114.2, 113.6, 113.3, 56.5, 51.6,
32.2,29.7, 29.6, 29.6, 27.3, 23.1, 14.4; ESI-HRMS: m/z calcd for C22H2s0ON2l [M]*: 463.12408;
found: 463.12275.

9.14 Synthesis of C-glycosides by halogen bond catalyzed

2,2-Dimethyl-6-(((3S,4R,5R,6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-
pyran-2-yl)methyl)-4H-1,3-dioxin-4-one (40a)

(@] W
BnO w WO
W -, O O
BnO OBn 7<
OBn

An oven dried tube with a stirring bar was charged with glycosyl imidate (137.0 mg, 0.2 mmol, 2
equiv.), vinylogous enolate (0.1 mmol, 1 equiv.) and anhydrous 1,4-dioxane (1 mL). Then, the

tube was purged with argon and sealed with a rubber stopper. After stirring for 10 mins at rt,
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halogen-bond catalyst 168 (5 umol, 5 mol) was added. The tube was further sealed with parafilm
and raised to 80 °C for 1 h. Upon completion of the reaction, the reaction mixture was cooled down
to rt and flushed through a short pad of silica gel by EtOAc. The solvent was evaporated and the
crude mixture was subjected to flash column chromatography to afford 40a as a pale-yellow syrup.
The analytical data was in accordance to the literature.® (data for a-anomer) *H NMR (700 MHz,
CDCls) 6 7.33-7.13 (m, 20H), 5.26 (s, 1H), 4.94-4.89 (m, 1H), 4.83-4.74 (m, 3H), 4.63-4.56 (m,
2H), 4.51-4.43 (m, 2H), 4.32-4.29 (m, 1H), 3.77-3.61 (m, 4H), 3.58-3.55 (m, 2H), 2.63-2.62 (m,
2H), 1.66 (s, 3H), 1.62 (s, 3H); 13C NMR (176 MHz, CDCls) & 168.9, 161.0, 138.4, 137.9, 137.8,
137.7, 128.5 (2xC), 128.4 (4xC), 128.4 (2xC), 128.1, 128.0, 128.0 (2xC), 128.0 (2xC), 127.9
(2xC), 127.9 (2xC), 127.8 (2xC), 106.7, 95.3, 82.1, 79.3, 77.6, 75.5, 75.2, 73.6, 73.5, 71.8, 71.6,
68.5, 30.1, 25.8, 24.2; ESI-HRMS: m/z calcd for C41H4508 [M + H]": 665.31089; found: 665.31008;
[0]o?® = +14.0 (c = 0.28, CHCL).
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11 Appendix

11.1 List of abbreviations

Ac acetyl

ACN acetonitrile

ag. aqueous

BOX benzoxazolyl

Bz benzoyl

Bn benzyl

b/l branch/linear

calcd calculated

cat. catalyst

CCIsCN trichloroacetonitrile
cod 1,5-cyclooctadiene

COMAS Compound Management and Screening Center

Conc. concentration

DBU 1,8-Diazabicyclo(5.4.0)undec-7-ene
DCE 1,2-dichloroethane

DCM dichloromethane

DMSO dimethylsulfoxide

DMF dimethylformamide

D-A donor-acceptor

eq./equiv. equivalent

Ess electrophilic susceptibilities
ESI electrospray ionization

Et ethyl

FR Ferrier rearrangement

Gal galactose

Glc glucose

Hh hedgehog
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HPLC high-performance liquid chromatography

HRMS high resolution mass spectrometry
Hz Hertz

HB hydrogen bonding

IBX 2-iodoxybenzoic acid

ICso half-maximal inhibitory concentration
iPr iso-propyl

J coupling constants

LDA lithium diisopropylamide

m meta

Moc dimethyl dicarbonate

Me methyl

MOM methoxymethyl

m.p. melting point

MS molecular sieves

NIS N-iodosuccinimide

NMR nuclear magnetic resonance

Nu nucleophile

0 ortho

OCs orbital coefficients

P para

ppm, & parts per million

Ry retention factor

Rt room temperature

sat. saturated

s.d. standard deviation

SGLTs sodium glucose co-transporters
TBAI tetra-n-butylammonium iodide
TBS tert-butyl dimethylsilyl

TCAI trichloroacetimidate
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tBu
TEA

Temp.

Tf
TIPS
THF
TLC
TMS
Ts
XB

tert-butyl

trimethylamine
temperature
trifluoromethanesulfonyl
triisopropylsilyl
tetrahydrofuran

thin-layer chromatography
trimethylsilyl

para-tosyl

halogen bonding
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11.2 NMR spectra

MPI-HRW-0007-final_2016-12-20_13-41-45_AV700 — —

v Vool
o
AcO“Q
OAc
0 |
I
|
[ 1l ‘
g g L4 8
25 12,0 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
1 -
H NMR spectrum of compound 70 (700 MHz, in CDClIs)
MPI-HRW-0007-final_2016-12-20_13-41-45_AV700 — —
o v | NV v
Aco“[‘J
OAc
70
| I [
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound 70 (176 MHz, in CDCls)

161



MPI-HRW-0010-up01 — MPI-HRW-0010-up in CDCI3 am 10.01.2017 — STANDARD 1H OBSERVE — —

09z L—

)

Aco™

OAc
71

Ferz

Feo1

Feot
0T

0.5

0.0

30 25 20 15 1.0

3.5

5.5 5.0 4.5 4.0

6.0
1 (ppm)

'H NMR spectrum of compound 71 (400 MHz, in CDCls)

MPI-HRW-0010-final_2017-01-12_07-07-31_AV700.2.fid —

11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

12.0

65°07
98'07 7

69'C9 — -
6459 — .

L\

00'4L
s/

|

9€'L6 — -

YOLPT — -

£9'69T ~
| €z0L1T

(0]
J
E)Ac
71

T
100

1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 llf?. (oo
13C NMR spectrum of compound 71 (176 MHz, in CDCls)

T
200

10

162



MPI-HRW-0049-spot1in01 — MPI-HRW-0049-spotlin CDCI3 am 06.04.2017 — STANDARD 1H OBSERVE — —
8 BoRYANA32E8REITIRTRR2253RA Le
o MELTTLLLAAAAA1RRROOCCC0 000 c<
NI NI e i e g e e e RN
[ e %
O.
ACOIQ
OAc
"2 [ j/ ]
I
[
|
[ j‘
‘ l L L
g 34 I by e
S S s ©° N NS
2 332 2 S aa
T T T T T T T T T T T T T T T T T T T T T T T
25 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

'H NMR spectrum of compound 72 (400 MHz, in CDCls)

MPI-HRW-0049_2017-04-10_13-24-55_AV700.2.fid —

SR R = ®on on o 0o
S a N N "e® @ o e
gg 5 N SRS daa 28
58 = 5 RRE  8dd S8
\/ ~N Y% %

(0)

ACOJ;J
OAc
72
n
T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

13C NMR spectrum of compound 72 (176 MHz, in CDCls)

163



MPI-HRW-0019-down-01 — MPI-HRW-0019-down- in CDCI3 am 30.01.2017 — STANDARD 1H OBSERVE — —

120
bp0'T
5L0°T
S80°C
£60'C
Yaand
08Tt
88TH
20Tt
[:47
aey
wey
€T
SETH
Elzad
Ty
osTy
bSTH
9T
S9T'b
89T'v
96Tt
L0E
80EY
60y
wEy
ey
T6€F
Lovy
1Ty
9ILY
iy
ozLy
\t73%
[x78%
veLy
Ly
8TLY
4783
€€LY
9EL'Y
LELY
6ELY
obLY
2782
£E8'Y
bESY
SE8'p
8y
we'y
£v8'%
8v8'
6b8'
0S8
958
158
858
S0Z°S
0zT's
vTT's
6€T'S
6€T°S
6T€°S
0€ES
TEe's
L€
8EE'S
THE'S
'S
£2v's
s
0EY'S
bEP'S
SEV'S
6EL'S
6bS'S
€S5S
bSS'S
9555
8555
195°S
0sv'9
95°9
099
99t°9
9
SLp'9

73

AcO
AcO

1Ty

[
Reot
00T
90T
»S0'T
=201
2001
660

=10

11.5

55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 73 (400 MHz, in CDCls)

MPI-HRW-0019_2017-01-31_15-36-31_AV700.2.fid —

105 100 95 9.0 85 80 75 70 6.5

11.0

12.0

w0z
05°0Z
€507
(7414
S6'02

9809~
w9
N
or89 >

£5°0L \.
oLoL
moi\
bS'bL
89

00°2L
8T'LL

88'86 —
06'00T —

£E'SPT —

9T°691
£8'69T
86'69T
80°0LT
62°0LT
TE0LT

AcO

o
73

AcO

90 80 70 60 50 40 30 20 10

100

200 190 180 170 160 150 140 130 120 118 (opm)
13C NMR spectrum of compound 73 (176 MHz, in CDCls)

10

164



MPI-HRW-0022-large01 — MPI-HRW-0022-large in CDCI3 am 07.02.2017 — STANDARD 1H OBSERVE — —

800°C
820'T
50T
0S0'T
6607
2454
X454
1100
1100
ST0'b
210
610
1200
pading
1600
9€0'Y
w0t
60t
660
£50'F
180°%
980
680
LTt
60T
j3i%
ary
STTy
Yrasd
aTy
Yaaad
8bTH
8STH
SLTY
€8T
S8
88TH
06Tt
(43
967
86T'%
00€y
z0et
SOE'D
E1E€Y
STEY
6IEY
TZEY
8bE
0SEY
9€Y
ey
T6€F
106'%
908
808t
018t
ST8'%
918
818"
0z8'v
128
€28'%
ST8'%
[3:34
[4x:44
bES'Y
9€8'
1
98t
620°S
§S0°'S
8L0°S
€9T'S
SLT'S
S81'S
£8€°'S
80°S
TEr's
£6+'S
€05°S
629
Sbb'9
(12
[
1922

——

AcO

OAc

o
74

)

=007

11.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
'H NMR spectrum of compound 74 (400 MHz, in CDCls)

11.0

12.0

0s°0C
95°0Z
79'0z
$9'0Z
92°07
5012

1919~
€879~
ST'89
vT'89

66'69
R,moN
6€°0L \\‘
e
90'bL
89,

0022
8TLL

6L'66 —
6586 —

SS'SHT —

13-29-54_AV700.2.fid —

15691
86'691 /

| €6°0LT

e
gen
RRR

<

MPI-HRW-0022final _2017-02-09.

|
OAc

Zas
74

90 80 70 60 50 40 30 20 10

100

200 190 180 170 160 150 140 130 120 118 (opm)
13C NMR spectrum of compound 74 (176 MHz, in CDCls)

10

165



MPI-HRW-0052-final_2017-04-20_12-58-47_AV700.1.fid —

AcO/\®

<

AcO
77 J

3 PN ONO TN AN TR NOMN NI ANDS O T QB o =
8 BRENCERECOROOANSSn8883a3880 B0
o FTIELLAAAAAAA0RLROCO0000 N0 NG cc
~ OB BB P BB ST FFTTTTTTMB NN M@ INEN]

|
t
|

L —
—_—
—_—

I
| [l
|
J A ‘ P
2 ORI 7 £
g 538 & S »8
———————————————— T T ‘
12.0 11.5 11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 77 (400 MHz, in CDCls)
MPI-HRW-0052-final_2017-04-20_12-58-47_AV700.2.fid —
e R 2 288  gRR 58
Rg s N N Haa Ss
\ ~N- \ Y Y
o)
R
AcO
77
‘i
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

13C NMR spectrum of compound 77 (176 MHz, in CDCls)

166



MPI-HRW-enolate-check01 — MPI-HRW-enolate-check — STANDARD 1H OBSERVE — —

>< m\T/m - v‘rv‘a - o =
o° ©O
Z OTBS
78
;o
‘ [l
. .}
L i 4 4
‘Z.S 1‘2.0 1‘1.5 1‘1.0 16.5 1(‘10 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 f1(6‘.0 )5‘.5 5‘.0 4‘.5 4‘.0 3‘5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 0‘.5 0‘.0
ppm
IH NMR spectrum of compound 78 (400 MHz, in CD,Cl,)
MPI-HRW-enolate_2019-06-06_14-18-23_AV700.2.fid —
\¢ W T T e N ]
o” O
Z OTBS
78
| ! !
‘\ | I
i . . . l% , .

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

13C NMR spectrum of compound 78 (176 MHz, in CD,Cly)

167



MPI-HRW-0058-final_2017-04-21_12-44-43_AV700.1.fid —

S NMTIoTooNDeT@OTo soNong
8 SRIS53IZRRRIB8IY $nN238
] IhhORTTTTAANNAAAA NRaaaa
N $00000000B66006066 60 Apchiii g g

o}

K /] j I

g 3% 284
~N - SRR
2.5 12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 87 (700 MHz, in CDCls)
MPI-HRW-0058-final_2017-04-21_12-44-43_AV700.2.fid —
b R o828 5 EER EEE
g § BR38 A RRE EEE
| NEV ~N Y4
(0}
X
87
|
! |
| | ' ‘ | A
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

13C NMR spectrum of compound 87 (176 MHz, in CDCls)

168



MPI-HRW-0059-final01 — MPI-HRW-0059-final in CDCI3 am 27.04.2017 — STANDARD 1H OBSERVE — —
% 22BN RRIRRNNSBrENNENREATEERENSR28EBeES 3
RRRBIHFRRANNRRNAERRCOOOOCCRqaaaRARRRRRMA Il
\ e R e
TMSO
/
/
¥ | J
/]
I
| | IL._‘, L
b T L re g
2.5 12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 88 (400 MHz, in CDCls)
MPI-HRW-0059-final_2017-04-27_13-26-26_AV700.2.fid —
g PERER] EE] SRé 23 2
SNV % ~N- Y
TMSO
/
/
88
[
|
. ‘nx L A I
10 0

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

13C NMR spectrum of compound 88 (176 MHz, in CDCls)

169



MPI-HRW-0061-final01 — MPI-HRW-0061-final in CDCI3 am 27.04.2017 — STANDARD 1H OBSERVE — —
§ 3 GSRRCRRRIZ952555988588 g3 g g
T Neeemm——— \
TBSO
/
z [
89 [ J . [ J
J /o I
| |
|
‘ J A | A
iy e I { Fgs 4 Y
25 120 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 89 (400 MHz, in CDCI5)
MPI-HRW-0061-final_2019-09-02_06-25-31_AV500.11.fid —
Q 2888 g el PN T -
o BOT T D RN TN hin Quaw =)
a 2222 9 =i SR50R BRR= v
| SV % e [IaNY
TBSO
/
/
89
|
\‘ |
| l“ { | ‘ I
} i |
10 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 0

100
1 (ppm)

13C NMR spectrum of compound 89 (126 MHz, in CD,Cly)

170



MPI-HRW-0082_2017-05-17_14-36-23_AV700 — —

¥00°T
0T
560
0012
8€TT
wor'e
are
€T
vEr'T
9T |
b7 |
£5°7 1
bSH'T |
85+°7 |
19v°2
bLv'T
S84°7
6672
20572

905°Z

915 =
ust
€85°C
65T

189
0v9'€
Sb9'€
6v9°€
£59°¢
859°€
199° J
¥88°¢ 7
683°€
£68°€
£68°€
206°€
£06°¢
120t
se0't |
b0t
860
£50'
090
590
020
080
060
SETY
Ty
484
SST'v
6ST'Y
99T
9UT'y
w8y
682t
€62
L6y
00E'
60EY
920's
TE0'S
YEO'S
€2r's
ars
9ET'S
(28
L0L°S
oLL's
6LL'S
T6LS
v6L'S
16LS
£08'S
228's
862°9
1269
SEE'9
15679
869
6159
629
ov'9
[
29v'9
1629

90a

AcO™

09Z°L

AcO

299
VAN
168
S
87

=9E0
Z0T
H\Nm.ﬁ
YT
T

00T
Bzp'0

=100
ooz

Fosz

=867

5.5

T
6.0
f1 (ppm)

1H NMR spectrum of compound 90a (700 MHz, in CDCls)

MPI-HRW-0082_2017-05-17_14-36-23_AV700 — —

6.5

T T T T T T
11.0 105 100 95 9.0 85 80 75 7.0

11.5

12.0

2,

£0'6T
60'61
507
§5°07

7807
807
98'07
16°0C

0b'9E ~
1906

8679
rze9 W
Phb9~
5059~
669

v1°0L v|
oTEL—
orT'vL a

9L
00'LL
1973

[24%4
$1°921
L0821
$1'82T

[4R131
80'ZET
bLEET
SLEET /
99'PET -

E8'VET 7
A

LL79ET
90'8€T \
60°8€ET

L9°9%T
58967 >

€0°0LT
8T°0LT

65°0LT
79 cZ\

=Ry

6'002
1102 >

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 90a (176 MHz, in CDCls)
171

90a
190 180 170 160 150 140 130 120 110

200

AcO
Aco™

10



I

L

| HM |

il

MPI-HRW-0082_2017-05-17_14-36-23_AV700.5.1.2rr e

- rd

L2.0

L2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

£6.5

£7.0

7.5

8.0

-85

7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0

4.0
2 (ppm)

COSY spectrum of compound 90a

M N

MPI-HRW-0082 2017-05-17_14-36-23_AV700.6.1.2rr

e}
ACOU‘\W oo
co™ Z

o}
A

90a

.o L)

°

@0

F20

F30

F-40

50

60

70

80

£90

{100

110

F120

F130

140

150

T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0
2 (ppm)

HSQC spectrum of compound 90a

172

1 (ppm)

1 (ppm)



T

MPI-HRW-0082_2017-05-17_14-36-23_AV700.8.1.2rr

(wdd) 7y

e e

@

2 2 v o w o un 9
¢ A s 8 ¥ R K &
! A S S SN
== & 3. o - e8P T - Tz =1
e F ISP - P IR AP
douio|= | e L
ol g o @
° Q o e
# eo @ .
®
» .
. b
© @& o
o |3 o |

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

2 (ppm)

NOESY spectrum of compound 90a

MPI-HRW-0085-final_2017-06-28_11-00-55_AV700 — —

JE0

1T
MMS
18
HK:\D
0'T

EET

L0
WAN.N

55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 90b (700 MHz, in CDCls)

2.

173



MPI-HRW-0085-0721_2017-07-21_14-21-19_AV700 — —
a0y

ny s =ennY =«
= N aneuna
8% 54 EEEEEE
Y Il =

o
1)
AcO” NF

C

90b

| ‘N‘ | MJ | M“ L ‘

T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound 90b (176 MHz, in CDCls)

I ol

MPI-HRW-0085-final_2017-06-28_11-00-55_AV700.4.1.2rr

& 8o

b AcO °

L4.0

= - L4.5

5.0

@ & 0 6.5

& 7.0
— e
- L7.5
. F8.0
T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 4.0 35 3.0 2.5 2.0

5.0 4.5
2 (ppm)

COSY spectrum of compound 90b

174

1 (ppm)



|

m

Ll )|

b

MPI-HRW-0085-final_2017-06-28_11-00-55_AV700.6.1.2rr

(0] =
ACO/IJ =
= o)
AcO
90b
oy E- %
P
o
o o
D@
o
oo g
=2
T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0
2 (ppm)

HSQC spectrum of compound 90b

\ [

MPI-HRW-0085-final_2017-06-28_11-00-55_AV700.5.1.2rr

“I&
o
o

T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
2 (ppm)

NOESY spectrum of compound 90b

175

20

30

L40

50

60

70

80

£90

{100

110

F120

F130

140

150

1 (ppm)

1 (ppm)



MPI-HRW-0084-0721_2017-07-21_13-35-36_AV700 — —

€81'T
€611 >
6¥0'C
8717

192
Y9b'T
£Lv'T
S8v°'7

6b'T
2057

§85°C
9957
15T
885°C
8657

6£8'E
6v8'E
958°€
S98'€

vge’
2 aN
ST

192 7

ov8'y —

8LLS
Y6L'S
218'S
£€8'S
8vE'9

€9
99b'9
U9
1809
669
605'9 N.
1189 —

097 L —

I

f

90c

=07

=160

10T
0'T

ES0'T
F66'0

=0T

T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 5.5 4. 3.5 1.5 1.0

12.0 11.5 11.0 10.5 10.0

0.0 -C

0.5

2.0

2.5

3.0

4.0

.5

5.0

6.0
1 (ppm)

IH NMR spectrum of compound 90c (700 MHz, in CDCls)

MPI-HRW-0084-0721_2017-07-21_13-35-36_AV700 — —

6.5

7.0

9.0 85

9.5

0491~
8161~
201z

i

169 —

1489
78'89 W
€069
9L\

00'LL
8TLL 7

e —

T8I

65°2€T
L8'EET

SS'ET V
T6'9ET ~_
9T'8ET —

1561 —

19°041 —

97'102 —

90c

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

10

13C NMR spectrum of compound 90c (176 MHz, in CDCls)

176



l h |

MPI-HRW-0084-final_2017-06-08_10-47-00_AV700.2.ser

COSY spectrum of compound 90c

J_Ah M 1

A

MPI-HRW-0084-final_2017-06-08_10-47-00_AV700.4.1.2rr

o) =

I":,

AcO =

90c

20

£30

L40

£50

£ 60

£70

80

£90

100

F110

F120

F130

140

150

T T T T T T T T T T T T T
4.5 4.0 3.5 3.0 2.5
f2 (ppm)

HSQC spectrum of compound 90c

177

0.5

0.0

1 (ppm)

f1 (ppm)



all I A A L AJl "
MPI-HRW-0084-final_2017-06-08_10-47-00_AV700.3.1.2rr V
/,, / ® ° @
O
AcO .
¢4 90c ¢ i $
'
] . or o
|
- @ ¢ o 90 ; °
Fafl .
— © Agyﬁéﬁ ° \ °
v !
I
& |
fgff ] ° I
8¢ o |
N -© o o0 l
uqf i
*l |
s& ‘ D
| °
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
2 (ppm)

NOESY spectrum of compound 90c

MPI-HRW-0086-up_2017-06-28_11-00-55_AV700 — —

S N OD9202eNN IS NNRANNSNSETEIII NN NNT Y
8 HCDeR2%R0KR3IBNRLRROR8RN8EIEBRNBRTIREY
N RITITIAMBRRNANGOSSTTITTITTTATTTITTIICRAS
KN SCS6cs6ommnGnG FET I mmmMm M mmNNN NN NN NN NN

I
l |
g L 7 Igd

F2.5

£3.0

3.5

L4.0

a5

£5.0

£5.5

6.0

£6.5

£7.0

L7.5

8.0

1 (ppm)

|

T T T T T T T T T T
25 120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5

«
o
«
o
ES
0
IS
o
w
«
w
o
N
«
N
o
-
«

. 6.0 .
1 (ppm)

'H NMR spectrum of compound 90d-e. (700 MHz, in CDCls)

178



MPI-HRW-0086-up-0721_2017-07-21_13-35-36_AV700 — —
@ ©

T 1 T Nl VARV, T Ve
O
AcO Z
90d-a
i I
I
| Ll ( | | -
10 2‘00 1‘90 1‘80 1‘70 1‘50 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘0 éO 7‘0 6‘0 5‘0 4‘0 3‘0 Z‘D 10
f1 (ppm)
13C NMR spectrum of compound 90d-a (176 MHz, in CDCls)
| W
MPI-HRW-0086-up_2017-06-28_11-00-55_AV700.4.1.2rr
L1
O M\ F ’ ,
QL ’
& O
AcO Z ,
L3
90d-a
$ -
o
6 . s r4
- | ® ) e -
- ?
@ ,p/ ° o v 3 B E
H e ° s
L] 3
&~ oo L,
‘.
Ls
)
8‘.0 7‘.5 7‘.0 6‘.5 f;.D 5‘.5 5‘.0 4‘.5 ‘ 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 [;.5 0‘.0

4.0
2 (ppm)

COSY spectrum of compound 90d-a.

179



J N ) ) )

MPI-HRW-0086-up_2017-06-28_11-00-55_AV700.6.1.2rr

()

o

o s

=

90d-a

T T T T T T T T T T T T T T T T T T T T T T T
70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 3.6 34 32 3.0 28 26 24 22 2.0 18 1.6

f2 (ppm)

HSQC spectrum of compound 90d-a

o )

MPI-HRW-0086-up_2017-06-28_11-00-55_AV700.5.1.2rr

JA

20

30

L4o0

50

60

L 70

80

90

{100

110

120

F130

140

150

8.0

7.5

T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15
2 (ppm)

NOESY spectrum of compound 90d-a.

180

1 (ppm)

1 (ppm)



MPI-HRW-0086-down_2017-06-28_11-00-55_AV700 — —

QNOGANNNN N Mo o aoTNYN©RTg eoguwowvn
B2l BRBBARRS e e} SRISINEIS FERARE R
NRhhTIIEMNaa0 e a SO HSAaNNRR tinininN o
DRCRC-RCRv-RRv-Rv-RU R gv gy v gV} <+ FEFTMmMmmm ENENRN

o)
\

AcO Z © [ /
90d-p I / [ ] j

I ! !
n | R
$ I & I Ve 4 s
S 98 <o 1 Sao Q=N
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
1 -
H NMR spectrum of compound 90d-g (700 MHz, in CDCls)
MPI-HRW-0086-down-0721_2017-07-21_13-35-36_AV700 — —
8 < 3 98%858 & EEERA b3 888
3 R T B85E8% § NNSaN g ~ Soa
[ =0\ \44
(0] =
4 O
AcO
90d-B
|
i
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound 90d-p (176 MHz, in CDCls)

181



IJ_Jﬁ»‘i | N

| l_ﬂ) A ] b

MPI-HRW-0086-down_2017-06-28_11-00-55_AV700.4.1.2rr

&
(@) = /
7 s O /
AcO ° B
o - ° -
90d-p
o (-4 =]
(- L-J
° e
- 'S -
L -
-
41 o
e .
°
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0
2 (ppm)

COSY spectrum of compound 90d-$

I ol

MPI-HRW-0086-down_2017-06-28_11-00-55_AV700.6.1.2rr

I

&%
(0} = .
L
= (0]
AcO
90d-p
>
s o
o
-
-
© ©
a
T T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

f2 (ppm)

HSQC spectrum of compound 90d-p

182

F20

£30

L4o0

£50

60

L70

80

£90

100

110

F120

F130

140

150

160

1 (ppm)

f1 (ppm)



MPI-HRW-0086-down_2017-06-28_11-00-55_AV700.5.1.2rr

4 P
&,,07970. ¢ . o
- ¥ -
& .
—_— .0

8.0 5.0 45 4.0 3.5 3.0
2 (ppm)

NOESY spectrum of compound 90d-$

MPI-HRW-0087-1_2017-05-24_14-41-41_AV700 — —

‘\\\\/ﬁ}p/

)

o)

AcO“‘@

[r

90e-a

1 (ppm)

’l LA_‘_J\_A
4 2y 7 2 47 I Tdad
& 28 S S 23 2 e
& Ga N 3 a3 3 NRERERS)
T T T T T T T T T T T T T
25 120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR spectrum of compound 90e-a (700 MHz, in CDCls)

183



MPI- HRW -0087-1_2017-05-24_14-41-41_AV700 — —

8 15 voN® oo n @on

: 2 Zeozann 2838 33 3 289

s R & BEIRARY KRSd s N Sca

8 5 I 2an298s RRER $3 5 R]2

I I I N0/ N A% 24

(@] “\\\/\'?/
ACO\\‘@ (o]
90e-a
i
Il | |
| | [ “. " ( . A
][ A

T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 90e-a (176 MHz, in CDCls)

| R R S U

MPI-HRW-0087-1_2017-05-24_14-41-41_AV700.6.1.2rt
PE
\/\’?/ - L1
. F2
AcO™ O -
cO ° °
90e-a F3
— ° ° -
— 8 - ° L4
- - -
—_ ° - - rs
>
-6
<e °
* e o
L7
e
Lo

T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
2 (ppm)

COSY spectrum of compound 90e-a

184

1 (ppm)



' L .

1]

il

l

ol

I

(0

MPI-HRW-0087-1_2017-05-24_14-41-41_AV700.5.1.2rr

AcoY
90e-a

(0] “\\\/\'?/ R
J 1

20

30

L4o0

50

60

£70

80

90

100

110

120

F130

140

150

160

170

7.5 7.0 6.5 6.0 5.5 5.0 4.5

T T T T T T T T T T
4.0 3.5 3.0 2.5
2 (ppm)

HSQC spectrum of compound 90e-a.

N TR )

MPI-HRW-0087-1_2017-05-24_14-41-41_AV700.7.1.2rr
B
8 o
o
ey o [ )
0) W A o P
O ) . 00@ | -
WAz o} -
AcO . ) o ! L4.0
° ® . ] ® |
90e-o . !
oo g L4.5
i
3 ! ] £5.0
E o e . 4
I
] q £5.5
- 1
;@D ® [ ° i
o L6.0
. [
° o
o U L6.5
@ {
5 ’
' 7.0
o :
o ! 7.5
I
i
T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 4.0 35 3.0 25 2.0

0 4.5
2 (ppm)

NOESY spectrum of compound 90e-a

185

1 (ppm)

1 (ppm)



MPI-HRW-0087-down_2017-05-30_13-46-51_AV700 — —

Meommommeeimese @ SnQEeNMEY BNTeSN2owne
S2S29302895R558 & SRNSE2N0%% BRISANSSSNS
SR8832028%58858 8§ 3ARNSERRC88 BRIAANSSENE
[-Rv-RU-RV-RU-RURVRV-RT RV RV RV LRV T < TEFMOAEMMAMN NNNNNNNNNNN
Aco™ &
O ]
|
90 /] I [ [ |
e-B [ J / )

| ]
I ] i L
44 4 d EtEe Twd
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6‘.5 6‘.0 5.5 5‘.0 4‘5 4‘.0 3‘5 3‘0 2‘.5 2‘.0 1‘.5 1‘0 0‘.5 D‘.D
f1 (ppm)
1 -
H NMR spectrum of compound 90e-p (700 MHz, in CDClz)
MPI-HRW-0087-down_2017-05-30_13-46-51_AV700 — —
| 1 TN P v/
O =
G o]
AcO'
90e-B
| I |
1 | [
Ll M L1 l.
| L i
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10

f1 (ppm)

13C NMR spectrum of compound 90e-g (176 MHz, in CDCls)

186



L

il

Ll

) wl A 3

Al M
MPI-HRW-0087-down_2017-05-30_13-46-51_AV700.4.1.2rr
-
@ G
o . -]
.6 »
® B% L2
;
. o . - !
[} e
* 28 -3
I o e
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
2 (ppm)
COSY spectrum of compound 90e-
| J_Aﬂ A 1 o
MPI-HRW-0087-down_2017-05-30_13-46-51_AV700.5.1.2rr
(0] =
o
N = O -ocagae:
AcO"
90e-B
e
o o
-
p.
Ve -
s
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
2 (ppm)

HSQC spectrum of compound 90e-p

187

3.0

F3.5

4.0

Las

5.0

£5.5

6.0

£6.5

F7.0

7.5

8.0

20

30

F-40

50

60

70

80

£90

100

110

F120

130

k140

150

160

1 (ppm)

1 (ppm)



n 1 | Lpg

MPI-HRW-0087-down_2017-05-30_13-46-51_AV700.6.1.2rr

T T T T T T T T T T T T T T T
5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
2 (ppm)

NOESY spectrum of compound 90e-

MPI-HRW-0090-1_2017-05-24_14-41-41_AV700 — —

O ‘\\\\/\'?/
a0

o
90f-a ]// I I IH

—7.260
—6.821

&
—o

1 (ppm)

|

T T T T T T T T T T T
25 120 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

2.08=
1 torg
1.014
1.00-3
1.00-1
1003

'H NMR spectrum of compound 90f-a (700 MHz, in CDCls)

188



MPI-HRW-0090-1_2017-05-24_14-41-41_AV700 — —
- a

T 1 TN VIR, 1 o
O “\\W
aeo’ )
(0]
90f-a.
vl |
| Ll ]| .
|l
10 2‘00 1‘90 1‘80 1‘70 1‘50 1‘50 1‘40 1‘30 1‘20 l‘lfli K | 90 éO 7‘0 6‘0 5‘0 ‘10 30 Z‘O 1‘0
ppm
13C NMR spectrum of compound 90f-a, (176 MHz, in CDCls)
- ) L
MPI-HRW-0090-1_2017-05-24_14-41-41_AV700.6.1.2rr =Y
L1
O WN A
ACO/\Q o o L2
° af
¢ 2 ® L
90f-a. L3
- . « &L
= ~ ® . ® ® L r4
| ?
B o s S
- L6
5 28 °
_O" ° e Ly
Ls
Lo
8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0

COSY spectrum of compound 90f-a

189



|

i

Ll ~

e

A A A B

MPI-HRW-0090-1_2017-05-24_14-41-41_AV700.5.1.2rr

o o k20
O ‘\\\W . k30
aco’ ] [
(6]

F-40
50
90f-o
60
L-70
80
t-90
k100
F110
k120
k130
k140
k150

160

170

T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
2 (ppm)

HSQC spectrum of compound 90f-a

] L‘ I h A A ]
MPL-HRW-0090-1_2017-05-24_14-41-41_AV700.7.1.2rr
.
[
9 L-X-} o 5
°
e L 8 o
OGN~
AcO ]
o o
90f-q.
o
(- ©
.
- . L5.0
@® ;& L] o
L :
e v Q1 Lss
% o 9 o .
e 0 L6.0
A 3
N
o H 8
i, § Les
f’% - ! L7.0
: )
9 ’
! g L7.5
g L8.0
E L85
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 35 3.0 2.5 2.0 15 1.0

4.5 4.0
2 (ppm)

NOESY spectrum of compound 90f-a

190

1 (ppm)

1 (ppm)



MPI-HRW-0090-down_2017-06-06_08-15-17_AV700.1.fid —

TR UREs s
|
O. = [
AcO _ 5 ( ( j
L | Il ||
90f-p
I
I
I
I T T
dogd £ g ErTe dad
1‘2.0 1‘1.5 1‘1.0 1(‘].5 16.0 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 5‘.0 5‘.5 5‘.0 4‘ 5 4‘.0 3‘ 5 3‘ 0 2‘.5 2‘ 0 1‘.5 1‘ 0 0‘ 5 D‘.D
f1 (ppm)
'H NMR spectrum of compound 90f-p (700 MHz, in CDCls)
MPI-HRW-0090-down_2017-06-06_08-15-17_AV700.2.fid —
i i TN 1 Ve
O Pz
AcO _
(0]
90f-p
I I
‘ n | [ |
| | Lol ] | 1 l‘.”
10 2‘00 1‘90 1‘80 1‘70 1‘50 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘0 8‘0 7‘0 6‘0 5;0 4‘0 3‘30 2‘0 1‘0

f1 (ppm)

13C NMR spectrum of compound 90f-p (176 MHz, in CDCls)

191



| n“‘l

MAAMM

MPI-HRW-0090-down_2017-06-06_08-15-17_AV700.6.1.2rr

O =
. AcO _
. o] /
90f-p
o ‘® I~
. e e <
- L -
’ea . -
+e °
P4 P
7‘ 0 é.S 6‘ 0 5‘.5 5‘ 0 4‘.5 ‘ 3‘ 5 3‘.0 2‘.5 2‘.0
2 (ppm)
COSY spectrum of compound 90f-p
I Y
MPI-HRW-0090-down_2017-06-06_08-15-17_AV700.5.1.2rr
%
O. pZ *
AcO — =
o]
90f-p
@
7‘0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0
2 (ppm)

HSQC spectrum of compound 90f-§

192

4.0

Las

£5.0

5.5

6.0

6.5

7.0

L7.5

8.0

L20

30

L4o0

50

60

70

80

90

100

110

120

F130

140

150

1 (ppm)

1 (ppm)



T T T T T T
80 75

8.5

65 60 55
f1 (ppm)

7.0

9.0

9.5

193

(wdd) 14
0 < n e n e \n 2 n < 0 <
N M M F ¥ W oW 6 6 N N &
h | ! 1 1 ! ! ! ! h h Lo
o
=}
e
1
el
o
e
-
°
1 (<=
L2 -
o
e (2]
™
=]
|
Lo >
o
Q.
D\m) m
<
¢ 8
o
0 Y=
Fe [S)
S ° >
— [ w»
< =
m (&}
S in (B}
5 [w o
= (72}
s
4
2 s >
o
%, )
2 L
<
N La O |
& Z =
< =
£ . g
: B S
8 LN < 6s1'S o
8 W g s (=]
= 3 " L 78T'S / [=2]
z - L2 T ssrs @)
T ¥, es€'S
I @ | €¥9°S A
= & 0996 “
th 100§ %)
m 91L'S < O
N 6£6's %)
Q €96's ©] O <
) 8e6s MTe)
o ]
Q EVEY
S s6e'9 w
L S0v'9
2 oo < o (o)
T 82’9 A...nu sl
At 96L°9
£ oozt <

'H NMR spectrum of compound 90g (700 MHz, in CDCls)

11.5

12.0

2.



MPI-HRW-0091-1_2017-05-24_14-41-41_AV700.2.fid —

(wdd) 74

80°6T LS
orT'6T L

0
0
L2.5
3.0
F3.5

v e
+ I
I I

4.0

£5.5
6.0
£6.5
F7.0
L7.5

o0z
8¥'0C
0502 —_ <)
1502
8507
290z
607
56'07

)
I

68'5€ —
e —

B°
[ A 8

40

91’19
07’19 r
[ag:]
€9

8£'99
6£'99 -
99°'89 _

0289

ST'69 —

89°0¢ L
0L'0L W - =

YETL =
082t -

481

PhEL

8LvL

28'9¢

00'2L

8Tl

50

M

I

T
90

T
100

f1 (ppm)

13C NMR spectrum of compound 90g (176 MHz, in CDCls)

07201
€€°207 >

808

110

6521
[5:744
JAs:iad

120
=

| H J |
L)
140 130

k

150

Q
oo <
(e}

160

90g

“
T
170

MPI-HRW-0091-1_2017-05-24_14-41-41_AV700.6.1.2rr

bz'8Tt L
8Z'0€T
$9'0€T
bLEET
6LEET W — L
TI8ET \ [
£ (o]
P~ _
1061~ /
Q

o

<
ile]

AcO
OA
(0}
C
1‘90 1‘80

20'107 —

AcO
AcO

10

3.5 3.0 2.5 2.0

4.0

4.5
2 (ppm)

COSY spectrum of compound 90g
194

6.5

7.0

7.5



MPI-HRW-0091-1_2017-05-24_14-41-41_AV700.5.1.2rr F10

AcO i L20

— OAc
4 ~ 30
A
— co O © 7 ele
k40
= O

AcO = o" 50
OAc

L60
90g .9%

LN ° 70
80
k90
L 100

110

120

I <
———— o il L 130

140

150

T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
2 (ppm)

HSQC spectrum of compound 90g

TN

MPI-HRW-0091-1_2017-05-24_14-41-41_AV700.7.1.2rr

é oo
(]
AcO .
% N oac
AcO o) Z
6 ! ko
= (6]
AcO T 0

(_)AC [} 3 ]

k7.5

5.0 4.5
2 (ppm)

NOESY spectrum of compound 90g

195

1 (ppm)

1 (ppm)



MPI-HRW-0092-0725_2017-07-25_13-32-24_AV700.1.fid —

8€6'T b

£6'T

sso1 Le 68T
2961 S 0067
6961 ze0z
se61 n €602
800 o vE'0T
o'z 1£°02
1oz o0z
€0z | LS 0z
L0z - S0z
PSE'T ) 807
492 n > o0z
SLET Y Fe 2802
S8E°Z . — .

. oLy 29E~
e6ee K.}.: o O vsLE—
o152 —— — 610 [ a) .
8257 R M 8T 0519
8E5°Z - N/mm.m " C 8579
6v57Z 2 H/ ey |2 88291
6L€q H/ 99T L5°€9
008°¢ | 660 = 0829
808°€ o r— 26497
918°¢ F e - 6629
£56°€ N E.mm%
956°€ £569
856°€ Lo H 1569
296°€ 1969
996°€ — 00T M 5869
896'€ — oiE2 svocf
1£6°€ ] — 0€'E " ¥ () se'0L 7l
266° 7 — o1’z esos
s66°c — N oze | o, o veoc
666°¢ re N~ 82 ]
600 4 . — TSbL

o — 7 51 oo
€10 o1 [ o 2oL
20y | — 0 2 e vec
820 R k 80T o 8TLL
2€0'v | — ££0 POVE~,
2500 = Lot | o (o)) 8006
0v0'% o0 [
€0 = Z oot = o
oy - fwr| ok c
0ETY L3e
LETY = w
LTy — ot
:WZ.H =~ soT| N o or'bzt
T6TY e 23143
661" —_ < 690 86°£21
L07 0T | o o 90'821
€0 r= o 1€l
08z'v ] [£35
sblh " Y 09°€€T
vSLh E2 19°€€T

~
€Ly o TSbET Wr
690 19'ET
oLy L2 m 89°9E1
896t ® S TL9ET
a6y = 862€1
286y 1 — | zo'ser
066% o o PSOPT~L
966 % M 0691~
i s 2 8
1€7°S < (75} S
Le2s <
I
bE'S n
wmm.m Fa o q cweor
5 S i
el o = ujproes
9595 =] =z -

. 83'69T
wuss & ozt
€045 n Ry
oics Ll I sow
99L'S - — N
1805 =}
€79 LS N
90€°9 hat 0

. d
e o 2

. H &
6L£°9 ra a
68€°9 g
26£°9 L.

o £8'002
v Fo z 600z
ss'9 - T
2909 w
09zt v =

90 80 70 60 50 40 30 20 10

100

13C NMR spectrum of compound 90h (176 MHz, in CDCls)
196

90h
190 180 170 160 150 140 130 120 110

200

10



L N

MPI-HRW-0092-down_2017-06-08_10-47-00_AV700.2.1.2rr

=
L
; 1z
90h 0
@ §: -]
00: ® =1
«% % 8
=
i = “®
ﬂ’a" e &
70 es 60 55 so 45 40 35 30 25 20
2 (ppm)
COSY spectrum of compound 90h
— MPI-HRW-0092-down_2017-06-08_10-47-00_AV700.4.1.2rr o °é‘
3 AcO.
— OAc P
ACO/, 0
AcO H o™
= OAc e 7
= 90h - T
— . o,

T T T T T T T T T T T T T T T T T T T T T T
68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 3.8 3.6 34 32 30 28 26 24 22 20 18 16

2 (ppm)

HSQC spectrum of compound 90h

197

2.0

2.5

3.0

3.5

4.0

4.5

5.0

L5.5

6.0

6.5

7.0

7.5

8.0

k20

30

L4o0

50

60

70

80

F90

100

110

120

F130

140

150

1 (ppm)

1 (ppm)



L

L1.5
2.0

L2.5

3.0

e
<
I

v
<
I

(wdd) 7y

<
W
I

v
n
I

<
©
I

v
©
I

£7.0

7.5

8.0

-85

9.0

MPI-HRW-0092-down_2017-06-08_10-47-00_AV700.3.1.2rr

OAc

AcO.
]

1.5 1.0

2.0

2.5

T
3.5

4.0
2 (ppm)

4.5

T
5.0

6.5

7.0

7.5

NOESY spectrum of compound 90h

MPI-HRW-0005-final_2016-12-20_13-41-22_AV700.1.fid —

OBn

BnO

i
|

///////

BnO OMe

92

BnO

E00€
86T

66'0
£ et
A 660

00’1
wﬁ 201
=101
F 10t
HH SO'T
m/ 66T

00'T

Feser

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Gp;gm) 5.5 5.0 4.5 4.0
'H NMR spectrum of compound 92 (700 MHz, in CDCls)

12.0

25

198



MPI-HRW-0005-final_2016-12-20_13-41-22_AV700.2.fid —

WE'T
€5ET
€967
wuee r
8T+
625
ovb'z .
0Sb'T
90
vL9'E
189°€
689°€
969°€
TILe r
STLE
12
see L
65L°€ W

10

198°€ |
200 |
200t
110t
910 |
820°% r

€L0'0
107
W T
060
iy

00T
= 107

Vs

50

PE'SS— J—

£Lv'b
160t |
66v°t
p1SH
TES'D
bS5y
895°b |
1450
6450
985 7
965t 7
29
£€89'p
689
00c't
020°s
220's
€20's
$20'S |
920's
bE0's |
9£0's |
8€0'S

6€0'S

T0'S

£90's

690' )
20 ﬁ — Feser

9S°€L
wUrL~L -
LvsL— f—

svor =

8oL r
00'LL

sTLL

(872

80'69
£2°69
8T'EL
Q.MN%.

A rm

/lf

T
90

/7

08'86 — -

T
100

f1 (ppm)

13C NMR spectrum of compound 92 (176 MHz, in CDCls)

MPI-HRW-0008-2_2017-01-11_07-45-44_AV700.1.fid —

== F o0t

s
T

8b/21
ss/z1
99421
69°L2T
vLLen
80'821 r
0z'8zT

T8zl

TE'82T —_—
9£'821 r
L£'821
86'L€T
25'8€T =

S9'8€T W .
£8'8€T

110

120

130

vL0'S
160'S
$60'S
960'S
660°S
LS
1505
sSL's r
1945
S9L'S
SLLS =
08L'S
S8L'S
06£°S
€L
LETL
6ET'L
ovzL r
YhT'L /

6vT'L
sTL L
957°L
09Z°L
£€97°L
e
vLzL
1871
S8T'L
6TL
L6T°L
00€°L
Y0E'L
80E°L
o1€'L

140

OBn
(0}

BnO
BnO
BnO OMe
92
BnO
BnO

10

11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 " (G;ng) 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
'H NMR spectrum of compound 93 (700 MHz, in CDCls)
199

12.0

2.5



MPI-HRW-0009-column_2017-01-09_15-24-44_AV700.2.fid —

8176 —

6149
8L°0L
e
S6'7L

10°€L
eL
e~

6£'9L - f
289
00'2L
8TLL

19T —
jixas
[:1kas
bzt
69421
[Y¥kas
18°221
821
[24:144
Lz8T1
67821
1€°821
60°SET
YTBET
Tr8ET
SP'8ET
SS'8ET

OBn
o]
BnO
93

BnO
BnO

100 90 80 70 60 50 40 30 20 10

110
f1 (ppm)

13C NMR spectrum of compound 93 (176 MHz, in CDCls)

MPI-HRW-0046-final_2017-04-20_13-02-02_AV700.1.fid —

210 200 190 180 170 160 150 140 130 120

20

orr'z
61v°7
0Eb'T
6EbT
8rbz
1562
09b'Z
o'z
1852
Lyre
15L°€
85L°E
29Le
8L°€
88L°E
96L°E
£08°E
£26'€
S80°%
060°%
¥60°%
211
621
9ETh
[A4% %
6bTv
SST
eUsy
685
965
909°
219
£29'%
SE9p
1590 —

LY
8L
164
€08

9€1'5
6€1°S |
151° 4
bST'S
S61°S
861°S
002's
£02's
o0zz's |
zezs
mNN.&
1zTs
e8s
€8s
1885
768
168°S
£06'S
716's
116°S
w6's
166'S
0072
STEL
61€L
9L
TEeL
8EEL
PYEL
8vEL
TSE°¢
vSEL
8SEL
[
99€°L
69€L
TEL
YLEL
T8€°L
68€°L
T6EL
66€°L
YOb'L
Lov°L
0T¥'L
8I¥°L
0Eb'L
8Ev'L

——

OBn

BnO

/7 /// ////

BnO

95

Fese

660
M 201
98°0
Egg
62
e
et

107
X 00'T

Fo01

Tsest

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Gbl;m) 5.5 5.0 4.5 4.0
'H NMR spectrum of compound 95 (700 MHz, in CDCls)

12.0

2.5

200



MPI-HRW-0046-final_2017-04-20_13-02-02_AV700.2.fid —

o IE—

PTL9
Séc/
8T'eL /

00°€L
TTEL
12€L

(372
00°L W
8TLL

vT8L

78911 —
[4rzad
Jigias
8b'L2T
957421
65°L2T
L9121
91'82T
17821
16821
wLET
T0°8ET
PT'8ET
24129

OBn

BnO

BnO

HO
95

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 95 (176 MHz, in CDCls)

MPI-HRW-0048_2017-03-30_13-23-13_AV700.1.fid

200 190 180 170 160 150 140 130 120 110

10

M

/ /s

OBn
OH
97

B
BnO

——

F 861

201
8T'T
00T
160
T
w” 960
960
S0'T

Tt
=807

S0'T
66'0

96'0
A 50T

F oot

Fzvst

T T T
0.5

1.0

T T T T T T
25 20 15

6.5

7.0

T
8.0

-C

0.0

3.0

3.5

60 55 50 45 4.0

f1 (ppm)

'H NMR spectrum of compound 97 (700 MHz, in CDCls)

7.5

11.5 11.0 105 10.0 9.5 9.0 85

12.0

2.5

201



MPI-HRW-0048_2017-03-30_13-23-13_AV700.2.fid —

97—

1929
96'89
65°TL
mmAN/
weL
8L W
SSHL—

9L
8oL
00°LL
8TLL

90°L1T —
€5°L21
s9°/21
19°1T1
89°£21
(77248
v8'LTT

€281
Paaiad
se'8T
9T'PET

69°LET
b8'LET
S0'8€T

OBn

BnO

BnO

97

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 97 (176 MHz, in CDCls)

MPI-HRW-0050-final_2017-04-20_13-02-29_AV700.1.fid —

200 190 180 170 160 150 140 130 120 110

10

656'T
696'
086'
692°C
(%4
1°9e
189°€
989°€
069°€
ToL'€
boL'E
8LL'€E
180°€
z16'e
026°€
ST6°€
ze6'e
6E0°
1500
950
890y
82zt
(358
9ET'Y
€92t
997°%
2y
Sty
182
987
Y67
8620
00S°y
A
1250 ]
8£5't
b5
555
95t
295+
085
85y |
€17
620 ]
£00°S |
900's
800's
s20's
820's
0€0's
£60'S
Sb0'S
860'
9EL'S
150
09L'
stL's
e
6vz'L ]
s
0972 ]
897 |
ozt
e
6.2t
287,
062'L
£67°L
s6z'L
867°L
[
L0€°L
11€L
orEL
0zE'L
€26
87€°L
TEEL
€EE°L
SVEL
6vE'L
sse'L
s
09g°L
L98°L
68L°L

e

108°L

OBn
OTs
(0}

BnO

BnO

98

F oot

90T
EobTe

F oot

vT'T
0°ST

60T

30 25 20 15 1.0 05 0.0

3.5

12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5f (6.0 )5.5 5.0 4.5 4.0
1 (ppm
'H NMR spectrum of compound 98 (700 MHz, in CDCls)

2.5

202



MPI-HRW-0050-final_2017-04-20_13-02-29_AV700.2.fid —

091 —

88'vE —

€099~
6299
WL~
YO'EL~
9L 7
osvs
L9'sL
sese
z8'9L
002t
8T'LL
Tr8L

LI —
ezt
8€/21
[Lxas
€521
89221
[Ykqs
64421
[ag:744
(g4 148
6€'82T
08'621
6€°EET
P9'EET
bOLET
0€'8€T
6£'8ET
$O'SHT

OBn
OTs
(0]

BnO

98

BnO

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 98 (176 MHz, in CDCls)

MPI-HRW-0038_2017-03-14_11-34-56_AV600.10.fid —

200 190 180 170 160 150 140 130 120 110

10

cere
85€°7
£LET
¥BET
00v'z
1562
st
s
6657
v09°7
€2Le
e
YELE
8ELE
T98°€
p98'E
188°€
v88'E
06Tt
YOy
o1z
stz
€57
857
297
0z€' |
LzEv
TEED
08€' W
S8E'p
96€°
TOb'¥
8Lb
£8b'y -
8ESh F
855°%
195
009°%
0z9'%
99y
599°%
oLy
68LY

0922
622
962°2
667°L
S0E°L
10€°L
orEL |
PIELA
912~
T2€°L
sze'L
9£€°L
e
[
6vE°L ]
£5e°
856
09e°¢ ]
coc ]
89€°L
vLEL
oLEL
8LEL
S8EL
88€°L
TeEL
L6€L
66€L
wovL
b8l
28t
SegL
868,
L

OBn
OTs

BnO

BnO

99

F90€
vO'T
L0°€

F 660

Teea

€07

5.0

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Gbl;m) 5.5
'H NMR spectrum of compound 99 (600 MHz, in CDCls)

12.0

203



pg CDCI3 /NMR-Daten nmrsu 6

z_C13

power gated H1 decoupling —

MPI-HRW-0038_2017-03-14_11-34-56_AV600.11.fid — C13 with

6TIz—

8597 —
1867 —

S9br—

60'€9 —
5169 —
SOTL
88'7L A
9L
ELVL W
8€'SL
6L°9L
00°4L
17U
s

(37248
JAZad
oz'Let
ve'Let
Jigrzas
[z
95°L21
68°L2T
16171

€1°871
69°671 *
20°€€T
8TLET—F
£6'LET \
S0'8€T
S0'SHT —

bT'S07 —

OBn
OTs
o

BnO

99

BnO

|

h

i

Il

|

i M.’“

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

f1 (ppm)

13C NMR spectrum of compound 99 (151 MHz, in CDCls)

MPI-HRW-0696-SM-PhCH3_2019-05-10_11-11-40_AV700.1.fid —

€45°T 14
9L8'T 1
2851
585°7
2607
€80
80
060'
£60'
9602
061
61T 9
V617
8s€°€
298¢ |
99€°€
S65°€ |
665°€
£09°€
819°€
229°€
£99°¢
9£9'¢
189°€
069°€
6bL°€ |
85L°€ |
£9£°€
[T

996'€
696°€
9L6'€
6L6'C

£57% 7|
0zt
1
£2€'y
€'Y
ovey
€9b't
6Lv't
sebt |
€80
008t 7
9L6'9
8469
0869
¥10°L
S104
2102
6102 7
020°2 ]
090° 7}
2902
590°Z
8902
0£0'2
€20
5202
8202 ]
180°¢ |
£80°L
680'
160°
S60°2
£60°L
860°L
00T'L
[
vrL
9Tr'L
621°L
SETL
opTL
£bT'L
oHTL
1ST2
612
661°L
807°L
TzL
e
veeL
9sTL
8STL
9L
ozt

==

=

OBn
Q

BnO
BnO

€01
=€0'€

=201

=001

10
o
=207
B0z
=007

0'6
Wwiu

Ao

30 25 20 15 1.0 05 0.0

3.5

55 50 45 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 6 (700 MHz, in toluene-ds)

2.5

204



00z
810
6202
op0z
1502
2902
€20z
oroz
£10E —
£bE_

9809 —
1v'69

7

€T #
9v'EL~
SUEL \
00'sL \
LT9L
L6'v2T
st
sz'szt
6€'52T
9921
1921
08zt
06'21
v6'221
10'821 1
80'821
61'821
€2°8271
Lb'821
95°871
12821
58'871
86'871
60'621 7
orezt/
9 LET

$9'8ET -

TO'6ET
0£'6€T 7

8v'202 —

MPI-HRW-0696-SM-PhCH3_2019-05-10_11-11-40_AV700.2.fid —

OBn

BnO

BnO

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

20

13C NMR spectrum of compound 6 (176 MHz, in toluene-ds)

MPI-HRW-0348-final_2018-06-04_14-01-23_AV500.10.fid —

veu
080'
812°C
97T
0sz'T
892°C
85T
60S°C
s15°T
ST
ws'T
0b9°E
Sb'E
£59°€
859°€
8T
%8Iy
ey =
e -
8zT
8¢ B
87
O£
90
€8€°%
685"t |
SOb's
60+t |
(28
%A
¥25'b
EES'P
T19'%
YEI'
Lh
69L°7

6LLY
661
908
ST8'%

0922
0czL
vz
2872
982°L
067°Z
862°L
10€°Z
80€°L
zzeL
8€€°L | ﬁ

/

(T TeTT— —

/////////

05€°£

£5€°2 _
981

6ELL~
sseL"

OAc
OTs
(0]
100

BnO
BnO

Ferzr

=107

30 25 20 15 1.0 05 0.0

3.5

4.0

4.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (G;ng) 5.5
H NMR spectrum of compound 100 (500 MHz, in CDCls)

12.0

2.5

205



MPI-HRW-0348-final_2018-06-04_14-01-23_AV500.11.fid —

S6'07~
stz

667 —
16'vb—

T€09 —
S0°€9 —
YETL

wm.ﬁ/
wﬁﬂ/
T'SL W
9b'SL

SL°9L
0022
sTLL
sLuL

Tz
19°421
6L°LTT
<924
S6°L21

24148
15821
00°0€T \

JAR=
0€'LET
66'LET

bh'SHT —

00'TLT —

6€'507 —

OAc
OTs
(0}
100

BnO
BnO

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

f1 (ppm)

13C NMR spectrum of compound 100 (126 MHz, in CDCls)

MPI-HRW-0351-final0615_2018-06-15_13-23-20_AV500.10.fid —

't
8L6'T
210t
020°T
220t
s20°T
2607
160
2507
902
050
S50 ﬁ
650

002'
602
€127
1227
STZT
069°€
$69°E
$0L°E
80.°¢
£28'
628°€
0€8°€

LEG'E
TH8'E |
£48°E |
S¥8E
058°€

6€0°
50" 7
050° 7|
2y
621t
SPT'y |
EST'b |
LEb'p
£S5y
196+
vy
859
189t
2ty ]
ostb |
o18't |
veg'y |
NMW.Q%
098'p
0LTL
¥8z'L y
5622\
6622 1
20£°2 7
9z
wzee
o€’
Te€L
bee'L |
gee's
e
eves
ove's ]
[
[
9SEL
85E°L
09€°L
£9€°L
us'e
6LE°L
08€'L
€862
¥8EL
VeE'L
667t
86€°L
9ThL
8T+,
614,
2L
'L
6L
EEV'L
PEY'L

=T

9EY'L
Lev'L

OAc

BnO

BnO

//// ////

101

L

|

(383
8T'T
= ore
[484

€01
=207
o 00T
=01
20T

v0'T
Lot
90z

Feeor

30 25 20 15 1.0 05 0.0

3.5

12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (6.0 )5.5 5.0 4.5 4.0
ppm
IH NMR spectrum of compound 101 (500 MHz, in acetone-ds)

2.5

206



MPI-HRW-0351-final0615_2018-06-15_13-23-20_AV500.11.fid —

6407 —

oLz
8€'67 /

€56

96
¥8'67
66'67
ST'0E
0£°0€
1908
6b'vE

06'65 —
6L'€9—

6€2L\

vl
98'€L
6L 7

0€'8Z1T
9€'821 W
LE°82T
woger
orezt

€161

29'6€1
£9°6€T >

S8°0LT —

0§'$07 ~—

OAc

BnO

BnO

101

T90;

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 101 (126 MHz

MPI-HRW-0662-final_2019-04-03_09-54-08_AV700.1.fid —

200 190 180 170 160 150 140 130 120 110

10

tone-de)

,inin ace

950
8€T'T
157°T
09z
€lze
29T
SIS°T
0z5°T
8€5°C
b5
669°€
£0L'E
60L°E
[47
S9T'
697
uey
0zEy
bZEY
87
PEEY
SEEY
e
6vE't |
zse'y |
oLyt
by
€8
88yt
L6v'y
05
655°b
9%
P9
TE9'P

n
I
e
<

A\

29
0£L't
£€L'y
6vL't
S
06t
908
96
066+
665 |
6005 7
092'
29272
e
182°2
S87'L
48T LA
062°L
POEL
90€Z
PIEL
sz€'s )
0g€'L 7
see's
e
e
8ve'L
ese's ]
8s€°
09z
cog's |
bOEL

1967

oLE'L

wus'L

L6€°L

80v'L

ozv'L

818,

625'L

obs'L

85/t

oLt

et

=S (e rr—

166°L
£00°8

J

e //

OBz
OTs
(e}
103

BnO
BnO

SN S

N
50T

87
HHW €07

Mﬂﬂd
M/ L6'T

S0'T
61

A

0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 f (S;ng) 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
H NMR spectrum of compound 103 (700 MHz, in CDCls)

10.0

207



o1z —

2008 —
s —

1809 —
op'e9 —
oL

15°€L /
cm.mn/
05°SL /.
69'5L ~

[4X73
00LL
8TLL
06'LL

s§'LTT
99'L2T
4924
68°L2T
86'L2T
6781
bS'8TT
29'62T ~o

T0°0€T
0Z'0€T \
18'TET \
LTEer
SE'LET
$O'8ET

PhSHT —

8b'99T —

25'50C —

MPI-HRW-0662-final_2019-04-03_09-54-08_AV700.2.fid —

OBz
OTs
(0}

BnO

103

BnO

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 103 (176 MHz, in CDCls)

MPI-HRW-0664-final_2019-04-0.

200 190 180 170 160 150 140 130 120 110

10

|

I

///f//j

OBoc
OTs
o
104

BnO
BnO

O

=116

F0'€
10T
383
1071

ot

50T
$0T
$0'T
W S0z
107
W 107
00’1

Eeoer

=207

30 25 20 15 1.0 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Eﬁgm) 5.5 5.0 4.5 4.0
H NMR spectrum of compound 104 (700 MHz, in CDCls)

12.0

2.5

208



6917 —

ST —
96'67 —

86'vb —

8b'€ST —

Sb'507 —

MPI-HRW-0664-final_2019-04-03_09-54-58_AV700.2.fid —

OBoc
OTs

BnO

BnO

104

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 104 (176 MHz, in CDCls)

MPI-HRW-0672-final_2019-04-11_07-59-47_AV500.10.fid —

200 190 180 170 160 150 140 130 120 110

10

A7

S oS s

BnO

106

= sze
8T

=2

= 60°E
Fore
20°€
660

00T

S0'T
K 00T
€01
S0'T
€01

x
i

10

Ferer

=50

30 25 20 15 1.0 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Eﬁgm) 5.5 5.0 4.5 4.0
H NMR spectrum of compound 106 (500 MHz, in CDCls)

12.0

2.5

209



MPI-HRW-0672-final_2019-04-11_07-59-47_AV500.11.fid —

fasa
11T
89'7Z
18'%T
(3874
LT'6
SE'6C
SP'6
1962
$9'67
1967

89'67
76'67
16'1€
£THE

505t —

9009 —
e —

€ETL
I\mn/
mﬁ.mn/
Nv.mnW
bS'SL

SL9L
00°2L
ST
[

08'€LT —

'507 —

BnO

106

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 106 (176 MHz, in CDCls)

MPI-HRW-0686-final_2019-04-16_06-27-16_AV500.10.fid —

200 190 180 170 160 150 140 130 120 110

10

896'T
£8T°C
00z
size
£€2°T
404
9EbT
[42 ¥4
8bb'T
bibT
08v'
119°€
919°€
v29'E
629°€
SE9'E
TH9'E
7
mNﬁ.VAA
8eTY
Ty
SbT't
6vT't
8ST'Y
791t
v8Ty
68T'Y |
b6T'b
8z |
882°b |
eoev |
80E°p
PEEY
ovE'D
[
8s€'y
128
9LEY
08et
200y
Lov't
6Lbt ]
sy
009't |
969+ ]
610v
8v8'
wawi
b8y |
68y
§19'9 |
029'9
££9'9
8£9'9
0v8'9
8589
£26'9
266'9
6172 ]
2z
9tz ]
vees ]
8€T'L
€572
ovTL
6v2'L
SSTL
0922
997,
oL
€Lzt
6.2t
€87°L
987,
€62'L
6L
YOEL
80€°L
€167
e
2L
€L
obb'L
619°L
9€9'L
47
620t

]

BnO

L

107

—

EBsoe
10T
ES0°E
S0t

=o't
00T
=660

187

0L
=807
=0T

0

30 25 20 15 10 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (6|;gm) 5.5 5.0 4.5 4.0
H NMR spectrum of compound 107 (500 MHz, in CDCls)

12.0

2.5

210



MPI-HRW-0686-final_2019-04-16_06-27-16_AV500.11.fid —

9E'ET —
oLtz —

00°0€
[ag3 >

89'vr —

59'65 —

809 —
10°€9 —

[Za?2
ﬁm.mn/
mdﬁ/
6€'SL W.
Ly'SL
SL9L
00°LL
sz
w9

P9'TTT
857211
68°P1T
bbLTT
19221
Yavias
8LLT1
96°£2T
sz'8Tt
0s°'8CT
50°621
86'671
89°0€T
€L°0ET
STTET
LTEET
TEEET V
6'SET—
€T'LET
L6'L€T \
TT6ET
Eb'SHT —

I
sty

86'SST —

82'89T —
94041 —

80'50Z —

Cl

107

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 107 (126 MHz, in CDCls)

MPI-HRW-0616-final_2019-01-09_13-34-47_AV500.10.fid —

200 190 180 170 160 150 140 130 120 110

10

000
+S0°0
988'0
6867

66T
000Z |
9002 i/
$10'Z 1
610
9202
0£0'
€T
05t'E
SSv'E
£9v°E
89v°E ﬁ
IUbE
08v'e |
689°€
+69°€ |
669°€ |
e
0es'€
0eL's
VEL'E
99L°€ f.
TLLE
ouce|
008°€

908°€ -]
ws.m%

618°€
885y
9% W
S19'%
6£9'% A
9L \
S8y

088y

€06'%
81E'S
0zE'S
243

997y
602
182°2
s8z's
687,
Y67 L A
967°L
00£°Z
YOEL
80£°2 7
430
YIEL]
oteL
81€',
9ze's
oges
1ee's ]
vees ]
9eeL
8EE°L
6EE°L
bEL
ovEL
0S€°L
[
se'L
09€°L
[
Y9E'L
99€L
69€°L
[ 22
ouEL
8€°L
S8E°L
68€°L

/I{/ /

1

OTBS
(0]
108

BnO
BnO

€9

= LE6

Fe0t
50

00'T
90T
K b6'T

86°0
X 107

Eszor

30 25 20 15 1.0 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (G;ng) 5.5 5.0 4.5 4.0
'H NMR spectrum of compound 108 (500 MHz, in CD2Cl,)

12.0

2.5

211



MPI-HRW-0616-final_2019-01-09_13-34-47_AV500.11.fid —
<

205.2-

_76.67
Z 742
—-72.40
7166

OTBS
BnO

BnO

108

~34.46
—31.20

26.49

26.21
—18.70

L

" T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

13C NMR spectrum of compound 108 (126 MHz, in CD,Cly)

J(\ L ih_

— MPI-HRW-0616-final_2019-01-09_13-34-47_AV500.12.1.2rr

OTBS
BnO

(0]
BnO

108

M
00

a0
00%

T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f2 (ppm)

COSY spectrum of compound 108

212

0.0

£0.5

F2.0

F2.5

£3.0

F3.5

4.0

F4.5

£5.0

£5.5

6.0

£6.5

£7.0

F7.5

f1 (ppm)



J‘« Ll W J

MPI-HRW-0616-final_2019-01-09_13-34-47_AV500.14.1.2rr [}

OTBS
BnO L1o

(0]
BnO 20

108 L 40
L-50
L60
L70
80
F90
100
L110
L 120

! [>] L 130

T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f2 (ppm)

HSQC spectrum of compound 108

Jﬂ\ Ll W L

MPI-HRW-0616-final_2019-01-09_13-34-47_AV500.13.1.2rr . : f-0.5
[}

0TBS ' [
BnO . :
O - - w11 : L1.0

BnO &

L2.0

108 R s
3.0
3.5

4.0

Las

LA
s
#5

£5.0

6.0
6.5

L7.0

aj fg L7.5
4.0

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

7.5 7.0 65 6.0 5.5 50 45 3.5
f2 (ppm)

NOESY spectrum of compound 108

213

f1 (ppm)

f1 (ppm)



MPI-HRW-0667-final_2019-04-03_09-53-33_AV700.1.fid —

OBz

BnO

BnO

109

= 90T
= 90T
e

01
o €01

% 00'T
€01

o0t
 80°E
v 80T

12°01
e
=501

=0T

T T T T T T T T T T
4.5 3.0 2.0 0.5

T
6.0
f1 (ppm)

'H NMR spectrum of compound 109 (700 MHz, in CD2Cl,)

MPI-HRW-0667-final_2019-04-03_09-53-33_AV700.2.fid —

T T T T T
75 7.0

8.5

11.0

0.0

1.0

1.5

2.5

3.5

4.0

5.0

5.5

6.5

8.0

100 9.5 9.0

10.5

11.5

12.0

oszz””
TT1e—
16 ~_

L1821
€T'8CT
0€'8CT
LY'8TT
T6'8CT
€6'8CT
€6'87T
w7
PSEET i

6L'8€T
T8'8ET >

££'99T —

S8'Y07 —

OBz

BnO

BnO

109

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 109 (176 MHz, in CD,Cly)

200 190 180 170 160 150 140 130 120 110

10

214



|

A'[

1k T

MPI-HRW-0667-final_2019-04-03_09-53-33_AV700.3.1.2rr

OB G
BnO ¢ ) égﬁﬁ
0
BnO ﬂ
0
109 . ¢
g o @ﬂ a4
@g @ g
o ) °
8 i
o g
0
® ®
80 75 70 65 60 35 ‘ ‘ 40 35 30 25 20

5.0 4.5
f2 (ppm)

COSY spectrum of compound 109

| LMM )Ul_n Ak

MPI-HRW-0667-final_2019-04-03_09-53-33_AV700.4.1.2rr

66 b

OBz y
BnO
Q
BnO )
O
:
109 6 6
0% o0
8‘0 7‘5 7‘.0 6‘ 5 5‘0 5‘5 ‘ 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0

5.0
f2 (ppm)

HSQC spectrum of compound 109

215

F2.0

L2.5

£3.0

£3.5

4.0

L4.5

£5.0

5.5

6.0

£6.5

£7.0

L7.5

8.0

8.5

£30

L40

50

60

£70

80

£90

100

110

F120

F130

f1 (ppm)

f1 (ppm)



(wdd) 14
o wn e \n e wn Q wn o L Q wn e L
T % 2 2 2 2 3 % 08 8 R 2 o3 3
O S S SR S S S SR SR S S S
- e
LW o
&
J PO
o™ W OOD
& ¢
o R
<

H
-
w
o
I<J
g
>
A,
o
B
i
8
[}
S (@)
o
8
S
: N
3
g o Q o °
u @) o
© -
&
T 0 L
e & @ o
H m
H. -
£ - o

NOESY spectrum of compound 109

MPI-HRW-0668-final_2019-04-03_09-52-58_AV700.1.fid —

98Z'L
687°L
T6TL
S67°L
667°L
SOE°L
LOE°L
60€°L

TIee
L1550 j
PhEL

0SE'L
€SE°L
09€°L
€9€°L
9LEL
8LEL
L8€°L
06€°L

J//

/// VA
o

OBoc
o

110

BnO
BnO

N 107 [

2.0

2.5

3.5

oot

00T
¥ 660

Fes0

660

W 00’1
201

F ooz

4.5

f1 (ppm)

'H NMR spectrum of compound 110 (700 MHz, in CD,Cl,)

7.0

Tc.oﬁ

7.5

8.5

216



MPI-HRW-0668-final_2019-04-03_09-52-58_AV700.2.fid —

& & 8RGERAR" % 988958 o&
2 R angagass % R88y¥se
5 2 a8 933888 & XRRRRSE 8
Vs [N Tl I
OBoc
BnO
(e}
BnO
O
110

28.04
27.64

£

— 3484
3125

T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

13C NMR spectrum of compound 110 (176 MHz, in CDCl.)

L L

T |
MPI-HRW-0668-final_2019-04-03_09-52-58_AV700.3.1.2rr
E— OBoc
BnO
[— Q -0
— BnO
O
110

- 0.

= @ o o@ g
o @
@ 0 [}

F2.0

F2.5

£3.0

£3.5

F4.0

F4.5

£5.0

£5.5

6.0

£6.5

£7.0

£7.5

T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0
f2 (ppm)

COSY spectrum of compound 110

217

2.0 1.5

f1 (ppm)



A

‘ [T P

MPI-HRW-0668-final_2019-04-03_09-52-58_AV700.4.1.2rr

4 )
OBoc P E i
BnO T
o}
BnO
0
¢
110 .
§
8
4% 40 &
@
7‘.5 7‘.0 E;.S f;.O 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5
f2 (ppm)
HSQC spectrum of compound 110
UL X
MPI-HRW-0668-final_2019-04-03_09-52-58_AV700.5.1.2rr
OBoc M
BnO '
0 e b0
BnO 4
0
110
SRR 2! '
e 0 o
g e 9
[}
&
7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 ‘ 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5

4.5
f2 (ppm)

NOESY spectrum of compound 110

218

L40

50

60

L70

80

£90

100

F110

F120

F130

L2.0

F2.5

£3.0

F3.5

F4.0

Las

£5.0

5.5

6.0

6.5

7.0

£7.5

8.0

f1 (ppm)

f1 (ppm)



MPI-HRW-0684-final_2019-04-16_06-24-08_AV700.1.fid —

Loo
000
00T
800
650
622T
aee
679°€
£h9°e
299°€
599°€
969°€
ooz'e
voLE
seLe
ShLE
osz'e ﬁ
oos'e

voceqL
sos'
wse
org'e
618°€ |
ozg'c
678°c
bssv

£95°%
15
%8sy

965t
[atR4
[ckd
199°%

vLLY
8&«/
8v8'b \L

598y —

81E'S
0zE'S W
243

6T L
667°L
€0E°L
SOE'L
€16,
YEEL
EL
SSE'L
LSEL
S9E°L
89€°L
08€°L
06€°L
€6€°L

OMOM

BnO

BnO

11

| I

|

T
0.5

1.0

2 bO'T
2ot
= 8re

3.0

E80'€

1071
€11
10T
90C
S0'T

T
mg.ﬁ
80'T

R 601
T 00'T

T T T T T T
55 5.0 3.5

Foror

T
8.0

0.0

20 15

2.5

4.0

4.5

6.0
f1 (ppm)

'H NMR spectrum of compound 111 (700 MHz, in CD2Cl,)

MPI-HRW-0684-final_2019-04-16_06-24-08_AV700.2.fid —

7.0 6.5

7.5

115 11.0 105 10.0 9.5 9.0 85

12.0

2.5

1692
TTTE~
65°bE~_

69°€S
S8'ES
00'bS
ST'bS
TEPS *
€9°SS
SOT9—
SE€°L9
v6'1L N
L0eL
00b2 X
L
LLSL s

0€'L6 —

[A%:144
61'871 /.
£b'871 —¢
S8'8CT \-
°6'8CT

28'BET~
€T6E1

11507 —

OMOM

BnO

BnO

111

“

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 111 (176 MHz, in CD2Cly)

200 190 180 170 160 150 140 130 120 110

10

219



B
E

|

| ) 1T Jﬂ L L

I

MPI-HRW-0684-final_2019-04-16_06-24-08_AV700.3.1.2rr

OMOM L
BnO
(6] o &
BnO K2
0
111
0
g8 .
o
@
7‘.5 7‘.0 é.S E;.U 5‘.5 5‘.0 4‘.5 4‘40 3‘.5 3‘.0 2‘.5 2‘.0 1.5
f2 (ppm)
COSY spectrum of compound 111

MPI-HRW-0684-final_2019-04-16_06-24-08_AV700.4.1.2rr 6

Q
OMOM L 9

BnO o

0
BnO
e
) &
111 6 '
]
00
o® % 0%
0
.w.,
7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0
f2 (ppm)

HSQC spectrum of compound 111

220

F2.0

F2.5

£3.0

F3.5

4.0

4.5

£5.0

£5.5

6.0

6.5

L7.0

L7.5

£30

F40

50

60

L70

80

£90

100

F110

F120

F130

f1 (ppm)

f1 (ppm)



o

Lok

(wdd) 13

-10

OMOM

BnO

MPI-HRW-0684-final_2019-04-16_06-24-08_AV700.5.1.2rr

(T

7

]

Ll

1.0

1.5

2.5

T
4.5 4.0 3.5
f2 (ppm)

T
5.0

NOESY spectrum of compound 111

MPI-HRW-0685-final_2019-04-16_06-24-53_AV700.1.fid —

1480
2880
168'0
1921
$9T'T
8T
682°T
26T'T
00€°T
0TE'T
SES'T

951

85T
6851
096'T
€96'T
6967
wue't
001°C
[Jaad
vTTT
857°T
65T°C
897°T
e
6L2°C
182°C
TI€°€E
6v9°€
¥S9'E
659°€
£69°€
[4783
8bL'E
€SL°€
8SL°E
ToLe
S8L°€
8L
S6L°€
86L'€
678°€
€€8°E
168
15T
L5TY
89Tt
(7287
08€'y
T6EF
155
Sy

965
909t

iy e P e

€19
59
bS9H
699
89L'
LY
S8Lb
6L
T08'%
8IS
6IES
TZ€'S
EE'S
S8T'L
(8TL
067,
b6TL
86T°L
T0€°L
90€°
80€°L
0T€L
obEL
LhEL
6VEL
Ts€L
6SEL
9¢eL
€LE°L
YLEL
6LEL
68€°L
T6€°L

[

i/

i - s

BnO
BnO

112

=€TE
=79
=907

00T
oot
= soe
ooz

66T
86T
orr
o001
¥ 00T
T
Zget
=9€

101

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 112 (700 MHz, in CD2Cl,)

12.0

221



MPI-HRW-0685-final_2019-04-16_06-24-53_AV700.2.fid —

A o pennsNEagy
3 8 52R8IYINGD < cenne wong | szesngnenneavaen
< o 00 G5 00 GO 00 GO 00 W WV B o ANy 6 MinaQ RUYNANNANNNQARE T INNT
g g EEEEEERREE 2 b AR S e s s b B g
g g HBENKRRARK 5 SOPEN D88 | SEAASSRSSURANAST
O >~
BnO
BnO

T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

13C NMR spectrum of compound 112 (176 MHz, in CDCl.)

el oL

MPI-HRW-0685-final_2019-04-16_06-24-53_AV700.3.1.2rr
O °
)j\/?\)\ c.® e
O 15 =) & @
BnO A
o
% Ca
(0] o °
BnO
O
o
112 .
® o °
[-] ®
0 (<] o
2%
@
°
—_— o
T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f2 (ppm)

COSY spectrum of compound 112

222

0.0

£0.5

F2.0

k2.5

£3.0

£3.5

4.0

4.5

£5.0

5.5

6.0

6.5

£7.0

£7.5

8.0

f1 (ppm)



W W I

MPI-HRW-0685-final_2019-04-16_06-24-53_AV700.4.1.2rr

0

(e} . L20
Q

o)j\/H\ v 0 ,é,,
LRI | T F30
BnO i oe 9

0
v

BnO

0 60
112 60| '
70

80

F90

i L I“Li” |

100
F110
F120

IR . ..nm@mg.. k130

T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
2 (ppm)

HSQC spectrum of compound 112

el

MPI-HRW-0685-final_2019-04-16_06-24-53_AV700.5.1.2rr

0.0

0.5

BnO 5

. L2.0
BnO L2s
3.0

12 ] w | ; F3.5

L4.0
M . 4.5
] L5.0
5.5
Le.0
Les
7.0

£7.5

L3
%
g

|

T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f2 (ppm)

NOESY spectrum of compound 112

223

f1 (ppm)

f1 (ppm)



MPI-HRW-0692-final_2019-05-02_10-05-02_AV700.1.fid —

ot
9v6'T
256'1
S56'T
£60°7
¥60°T
960°C
6127
o0ze'T
TL5°€
9uS'E
085°E
189°€
19L°€
€90°E
ore
e
€Lre
86L°€
SI8'E
618°¢
£28°¢
8T
€610
YOt |
o1zt
0st't
99"t
S8v'b
L6v'b
£05°%
bISh
129 |
8E9°p |
1690
€LY —
mmn.vx
9Ly

S

0ze's —

7599
959'9
5999
6999

926'9
mmm.m/
9969
06~
1824~
822
26T
967'
s0e'
20£°
e
STEL
oze's
zeee ]
vees ]
ogE’L
£E€°L
TEL
SYE'L
wseL
SsE'L
09€°L
29g°L
[
VLEL
sy
69v'L
209°2
6192

s

nn -/ J”/

BnO

BnO

13

|

= 80T
= 00T
F 00€
= z0¢

=60
L60
56'0

Fsror
=107
= 16T

30 25 20 15 1.0 05 0.0

3.5

6.0 55 50 45 40

f1 (ppm)

'H NMR spectrum of compound 113 (700 MHz, in CD2Cl,)

MPI-HRW-0692-final_2019-05-02_10-05-02_AV700.5.fid —

11.5 110 105 100 95 90 85 80 75 7.0 65

12.0

2.5

rer—

092 —
zoe~
[
06°bE —

69°€S
P8'ES
0045
ST'bS
TEbS
ST°95 \
$0°09
TT'b9 7

vETL

LYEL
65°€L
89'€EL
8EVL

£8'T01 —

0TI~
8TEIT
15511~

fas:144
17821
62'8CT
€€'871
68'871
26'871

7
962t \
€TTET

8E'TET

£9'1€T
PIPET
8b°9€T
SL'8€T
9L'8ET
95°6€T

$9'95T —

SL'89T —
SOTLT—

L1907 —

Cl

BnO

BnO

13

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 113 (176 MHz, in CD2Cly)

200 190 180 170 160 150 140 130 120 110

10

224



MPI-HRW-0692-final_2019-05-02_10-05-02_AV700.2.1.2rr

Al

5.5

6.0

6.5

L7.0

L,

£7.5

8.0

T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15
2 (ppm)

COSY spectrum of compound 113

NHT

MPI-HRW-0692-final_2019-05-02_10-05-02_AV700.4.1.2rr 10
— / [§]
(o) 20

Cl

£30

Ll
o
-

L40

BnO 0 r*°

60

1
ol ®

BnO o

=70
= o %0 o ® 0
113 %

£90
100

F110

[T
(=4

120

0@’ 130

o LI

140

T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15
f2 (ppm)

HSQC spectrum of compound 113

225

f1 (ppm)

f1 (ppm)



R

MPI-HRW-0692-final_2019-05-02_10-05-02_AV700.3.1.2rr F1.0

f1 (ppm)

e 0 7.0
Po ° o ® -
> 7.5
.
8.0
0 8.5
T T T T T T T T T T T T —
8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0

5.0
2 (ppm)

NOESY spectrum of compound 113

MPI-HRW-131-bulb201 — MPI-HRW-131-bulb2 in CDCI3 am 24.07.2017 — STANDARD 1H OBSERVE — —

A o ® o men TminNgemonp

& 3 38 A5% SRH58855588¢

N ¢ Ea] i R T e R s e e

>< | | L
o (0]
7

OTIPS

116

1.00 —=
1.05 =
1.06 =

T T T T T T T T T T T T T T T T T T T T T T T T T
120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

H NMR spectrum of compound 116 (400 MHz, in CDCls)

226



MPI-HRW-0131-final_2019-08-27_10-23-10_AV700.2.fid —

6.0
1 (ppm)

IH NMR spectrum of compound s2 (700 MHz, in CDCls)

227

38 . Roe 74888 8 5 2
5a 8 < M T < S @
>< \/ 2 | [
0" o
/
)\/kows
116
I
| |
“ | ‘ ‘ ﬂ‘
Il ‘ , N
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 ;
C NMR spectrum of compound 116 (176 MHz, in CD2Cly)
MPI-HRW-0639-final_2019-02-15_13-40-34_AV700.1.fid —
38 SRR PR BEheeANEEDRERY
I e RARARNARANANRR AN QR
8 SEEE 0 ghEssdsagisazs
gg - e
0" o
M
0
s2 J
| |
4 2 1
2.5 12,0 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0



MPI-HRW-0639-final_2019-02-15_13-40-34_AV700.2.fid —

Q - N
0" O
A
(0]
s2

7.43

T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

10
f1 (ppm)
13 P
C NMR spectrum of compound s2 (176 MHz, in CDClz)
MPI-HRW-0643-final_2019-02-20_07-52-40_AV500.10.fid —
3 9 EIRRRRARENGERARZRRLR 2838 3§
Q | N Tt S N
(6) (0]
P4
NOTBS
117 / I
I I r
|
) [
| . UL
1 T e I i
g 2% g a “
25 12.0 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 117 (500 MHz, in CDCls)

228



MPI-HRW-0643-final_2019-02-20_07-52-40_AV500.11.fid —

Q Vi 1 T VA |
O (0]
Z
N\OTBS
117
| [
ol | m
1l . L A
[ ; ; ; ; ; ; ; —

T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

13C NMR spectrum of compound 117 (126 MHz, in CDCls)

MPI-HRW-0193-1011_2017-10-12_08-25-16_AV700.1.fid —

3 QNN NGO NN EI Y IR AR AN NNDNNQ ORI OEN®OM NS
2 SRR R N R e RN R R R R R R R R R R R NN R
N AoasagdadaadaahhhRROQVGVEBEINRNMTTLTCLET Y
~ RNV R R R R R i R R R R R
0 ———
R

1.00=
6.024
2
2.91

T T T T T
25 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15
f1 (ppm)

IH NMR spectrum of compound s3 (400 MHz, in CDCls)

229



€207 —
6LTT—
sTST—

9TbE —

£5°€S
8L'€S /
005
s N

£0'bS

Stb6 —

€201 —

! vzror —

96'89T —
|

MPI-HRW-0193-final_2019-08-27_10-28-13_AV500.11.fid

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound s3 (126 MHz, in CD,Cly)

MPI-HRW-0630-final_2019-01-23_13-46-05_AV500.10.fid

190 180 170 160 150 140 130 120 110

200

122°0
9€6°0

£6€'T
904’1 4/

YTV |
€21
EP'T
obb'T
8bb'T
S9v°T
69%°T |
8LY°T
85T
£8°T 7
T6v'T
S6v°1
66+'T
¥0S°T
S15°1
6€5°T
55T
£95°T
0251
2s 1]
6L5°T
¥8S'T
885°T
685°T
6S'T
S65°T
$09'T
£09°T
€197
029°
0£9'T
6€9'T
169°T
€ELT
vl T
6bL'T
09T
oLt
oLt
980T
1s8'T
bS8'T
$98'T
898'T
st
888°T
T68'T
206'
9W8'E
8v8'E
€200
v20'b
619
81€'S

0zZE'S
2434

il

OTBS

(VN |,

—97'9

—00'6

Z¥0T
By

Bore
Rzee

=TT
=11

=00T

40 35 30 25 20 15 1.0 05 0.0

11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (Gﬁgm) 5.5 5.0 4.5
'H NMR spectrum of compound 118 (500 MHz, in CD2Cl,)

12.0

230



MPI-HRW-0630-final_2019-01-23_13-46-05_AV500.11.fid —

.

o” O

MOTBS

118

32 8 ° ~ o N
o 3 8 8 2 R8xy
R g FEN a dens
hig ] 8 R Q@ KLR®
V1 | | | ol

-4.02

T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 _ 100
f1 (ppm)

13C NMR spectrum of compound 118 (176 MHz, in CDCl.)

MPI-HRW-0224_2017-11-17_13-17-40_AV500 — —

8 o O =@ o @x
8 g  RS8E833% s 23
w N eececegoa ° =
5 N 3933334 3 Iz
v
(0] | O
s5

-l
-

g g 4
- R
T T T T T T T T T T T T T T T
6 15 14 13 12 11 10 9 6 5 4 3 2 1

8
f1 (ppm)

IH NMR spectrum of compound s5 (500 MHz, in CDCls)

231



MPI-HRW-0224_2017-11-17_13-17-40_AV500 — —

w o IS ~
q 2 2 5 = eow e o ¥
o oS a <« Q Nan « - N
& g ks g 8 RRE 8 08 =
N [ |
OH
s5
|
[
| | 1
| | |
| 1 A
T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound s5 (126 MHz, in CDCls)

MPI-HRW-0227-112101 — MPI-HRW-0227-1121 — STANDARD 1H OBSERVE — —

g g gygdas £ I8
| = | v
o O
X
(@]
s6 I /

g T4 g

T T T T T T T T T T T T T T T T T T T T T T T T T
25 120 11.5 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

IH NMR spectrum of compound s6 (400 MHz, in CDCls)

232



MPI-HRW-0227-final_2019-08-28_14-09-51_AV500.11.fid —

z g g 3 engRn g 8 &
= | [
o” ©
X
0]
s6
i
|
| | | ’
),
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 i
C NMR spectrum of compound s6 (126 MHz, in CD2Cly)
MPI-HRW-0631-2-final_2019-01-25_13-36-39_AV500 NS R BBR 5 &
M0 & N Qun < o )
~N N/ |
(0] (0]
/
z OTBS ”
119 [
1
i
‘ TN
g goy L 4
- ERER o ©
12,5 120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 119 (500 MHz, in CD2Cl,)

233



2
2
2
2
2

MPI-HRW-0631-2-final_2019-01-25_13-36-39_AV500 NN
23838883
. . 88883
s 2 g% E ERER PEEES: g
& ] zg £ ' i1t CREEEY: ¥
Vil = NNV
o~ O
/
z OTBS
119
|
|
| ! ' \‘“ .
I l LL Il
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 1C
1 (ppm)
13 i
C NMR spectrum of compound 119 (126 MHz, in CD.Cly)
MPI-HRW-0194_2017-10-11_06-33-32_AV400 — H1 — z_Proton CDCI3 /NMR-Daten MPI 9 —
g §gak b .k
| ~ Y%
X )<
)H)ko
/
|
Il
[}
‘ il
g AT
> 3 Mo
.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

25 120 11.5 110 105 100 95 90 85 80 75 70 65 6.0 5
f1 (ppm)

IH NMR spectrum of compound s8 (400 MHz, in CDCls)

234



MPI-HRW-0194-final_2019-08-28_14-10-25_AV500.11.fid —

a & @ rmNgon oo °
b e a SwneN~ o~ a
g g 4 dyssmm @@ B
] 5 - 3 g8 o
I I =~ \/
s8
|
1 | | ﬂ
| |
T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound s8 (126 MHz, in CD,Cly)

MPI-HRW-0195_2017-10-16_06-51-06_AV700 — —

7.260
—~1.972
— 1.818
1643

< |

g% /

s9 n

T T T T T T T T T T T T T T T T T T T T
25 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

IH NMR spectrum of compound s9 (700 MHz, in CDCls)

235



MPI-HRW-0195-final_2019-08-28_14-10-25_AV500.11.fid —

a8 a8 288%n 5 R 3
>< \ [ = | | |
o O
X
)w/go
s9
| |
| w u
Ii. |1
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 i
C NMR spectrum of compound s9 (126 MHz, in CD2Cly)
MPI-HRW-0258-bulb2_01 — MPI-HRW-0258-bulb2_ in CDCI3 am 30.01.2018 — STANDARD 1H OBSERVE — —
LR 83838 8% 3 ]
< N I
(O X e]
/
)W/koms
120 I
L l .
1 o4
- “ o o ©
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

25 12,0 115 11.0 105 100 95 90 85 80 75 70 65 6.0
f1 (ppm)

H NMR spectrum of compound 120 (400 MHz, in CDCls)

236



MPI-HRW-0258-final_2019-08-27_10-22-45_AV700.2.fid —
)

o” O

8 ] b= ne Snowna sw 0
3 S S g= AES8 % qda % 3
% 8 g $a S mm G4y 0@ ]
E S B 5504 4% 2 S
[ Vi = YA

Z > oTBS

120

r T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 120 (176 MHz, in CD,Cly)

MPI-HRW-0654-final_2019-03-01_06-44-15_AV500 — —

(0] O)<
O

357
343
337
331
328
287
284
272
263
260
246
246
779
763
748
217
203
189
173
145
2.261
1.459

s10

i I S S
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

25 12,0 115 11.0 105 100 95 90 85 80 75 70 65 6.0
f1 (ppm)

'H NMR spectrum of compound s10 (500 MHz, in CDCls)

237



MPI-HRW-0654-final_2019-03-01_06-44-15_AV500 — —

o @ o wesw
g 4 8 =83 55¢ 2 28%
o o © 0 B O NoRn N L]
] g L1 NN g EE
N/ N /N
s10
i
I | i
|
| | | j . ﬂ
| ] .
T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound s10 (126 MHz, in CDCls)

MPI-HRW-0655-final_2019-03-01_06-44-15_AV500 — —

o 2 o
3 s 8
& g 8
> -
(0] O
XX
0]
s11
‘\
S|
<% Y g 3
Sa & & 8
82 g -
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5 6.0 5.
f1 (ppm)

'H NMR spectrum of compound s11 (500 MHz, in CDCls)

238



MPI-HRW-0655-final_2019-03-01_06-44-15_AV500 — —

48 g 223 P ggn g 2 &
RRe g & =
I N/ % N (. |
(0) (0]
A
6]
s11
1
1 |
L ‘ ‘
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 H
C NMR spectrum of compound s11 (126 MHz, in CDCls)
MPI-HRW-0658-final_2019-03-01_06-44-15_AV500 — —
RBIRIINTSBIFRTIENR [anL o g 5 3
REEA%3RNEREREET33R i 8 3
NENNRNNNNNNNNRNNNNNNEN TEMmm . - = o
v RN s
(@) (@)
/
OTBS
o
121
I
hu L | I
A I
& 44 1 g 4 ut
~ < < < < = <
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. .5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5 60 5
f1 (ppm)

H NMR spectrum of compound 121 (500 MHz, in CDCls)

239



MPI-HRW-0658-final_2019-03-01_06-44-15_AV500 — —

58 & LETS % gm wow Ny
N - o N1 - ma dahk NN «
R 884 g 22 RRE £8%
>< Vi N4 VN [N |
[0 XNe]
/
OTBS
121
I |
I \ | | | | h |
L I | | 1 ) I
: : : : : : : : : : : : : : : : : : : :
10 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 121 (126 MHz, in CDCls)

MPI-HRW-0637-101 — MPI-HRW-0637-1 — STANDARD 1H OBSERVE — —

Y “" L
o O
A
|
s12

3.01=
6.19=

T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR spectrum of compound s12 (400 MHz, in CDCls)

240



MPI-HRW-0637-final_2019-02-15_13-40-34_AV700 — —

® o o
k3 o 3 @on o 0o
a @ o ~Se® < o=
g & g KRG & i3
2 2 E NN 3 I3
>< N7 \/
o 0
\
)\/&O
|
s12
|
|
- |
T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound s12 (176 MHz, in CDCls)

MPI-HRW-0647-final_2019-02-20_13-25-45_AV500 — —

7.260

s13

T T T T T T T T T T T T T T T T T T T
25 120 11.5 11.0 105 100 95 9.0 85 80 75 7.0 6. .5 50 45 40 35 3.0 25

o | 300

5 60 5
f1 (ppm)

'H NMR spectrum of compound s13 (500 MHz, in CDCls)

241



MPI-HRW-0647-final_2019-02-20_13-25-45_AV500 — —

3 3 2 o now g w
o o o RN @ ® o N
N g g 3 R i A
& 8 g g NN EEE-
[ ~NA /1 |
(0] (0]
S
0]
pr S iPr
iPr
s13
I
|
|
| | |
| | I
. . . T . . . . T T T . . . T T T T .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound s13 (126 MHz, in CDCls)

MPI-HRW-0657-final_2019-03-26_15-43-45_AV700 — —

- o omenennonouon
o ] AeRMannlRS855ad
a 5 a%nnhnannaes 333
e e |
o O [
= ’
NOTBS \
S
NN
iPro 1 _SiPr | J J
iPr /
122
I
I
i
Ll
t K |
o ¢4 .
=] - ~
3 S0 b
; . . . . . : . . . . . . . . . . : : : . . . . . :
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)

'H NMR spectrum of compound 122 (700 MHz, in CD,Cly)

242



PSp—

£rer—
L181
mmvmﬂv
06'81

£6'57—

69TL—
9626 —
¥6'10T —

|

|

o

3

R

>

<\ se'gor —

0

bt

I

M

n

il

o

az

i

4

9 [0}

5 m

5 =

g o

&

~ o 8

3 /& N

3 N\_S& N

2 5] -

@ \

£ o -

5 66612 — o

=

10

100 E 80 70 60 50 40 30 20

f1 (ppm)

13C NMR spectrum of compound 122 (176 MHz, in CD,Cl.)

MPI-HRW-0696-beta_2019-05-08_13-36-39_AV700.1.fid —

210 200 190 180 170 160 150 140 130 120 110

220

¥SS'T
£09'7
607
8L£T
€862
SBET
Y6ET
e
sev'z
brbT
0vS°7
8v5'7
555
€957
04577
8/5°7
S85°
9TH'E |
0zt°€ |
Teve |
sev'e
88b°€
S6v'E
66°€
905°€
TISE
1€~
T25°€ ]
wese
825°¢
oes°e
£b5°€ |
0ss°€
bs5'€
655°€
195°¢
vos'e
ozs'¢
sise ]
556°¢ |
856°c
ove |
56 ]
oty
vy
P ad
9%y
LSy
€95
899°%
S89°%
Te8'y

/) [

I

f

(11l

/

8E8°p
E1€°S
j
S5z
957°
097
voz's ]
697
[
oszs
v8TL
887,
0672
€67°L
20E'L
YOE'L
L08°L
TIee
stee
81€L
ozeL
TEEL
€667,
ovEL
TEL
PYEL
6vEL
TSE'L
YSEL
65E°L
T9€°¢

€9€°L

123a

Feost

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

7.0 6.5 f (sﬁgm) 5.5 5.0 4.5 4.0
IH NMR spectrum of compound 123a (700 MHz, in CDCls)

7.5

11.5 11.0 105 100 95 90 85 80

12.0

2.5

243



MPI-HRW-0262-final_2018-02-07_13-34-08_AV700.2.fid —

g B9 B%g8888nERS 5 s @s=sanacsas ezs  sss
& ] ERREEEERANA g 4  ZRRReespesng SRR sus
g &  BOhIRARARAN g £ HRRREENRRRE IRE 843
- N e S ENEEVANY
| ! [ Lo 1o
| | | "
L | i L L
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 H
C NMR spectrum of compound 123a (176 MHz, in CDCls)
MPI-HRW-0262-final_2018-02-07_13-34-08_AV700.3.1.2rr —
L M b { L .
0.0
0.5
&
1.0
/ F1.5
2.0
ca’y
o - 25
3.0
£
= * e =0 r3s g
z
— £ 3 Y 4.0
— -2 u®” 4.5
— LX)
-] s &
5.0
— £
5.5
6.0
6.5
= 7.0
== @& [,
‘ ‘ ‘ : ‘ ‘ ‘ : : : : ‘ ‘ ‘ :
7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.0
f2 (ppm)

COSY spectrum of compound 123a

244



MPI-HRW-0262-final_2018-02-07_13-34-08_AV700.5.1.2rr —

20

F30

L40

£50

60

70

80

90

100

110

F120

F130

[E— °'0
I o
e—— e ©
— @
[ o3
PR a ) e
—_— 2 o0®
- — 9
—_— -]
— ®
% & o
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
2 (ppm)

HSQC spectrum of compound 123a

MPI-HRW-0262-final_2018-02-07_13-34-08_AV700.4.1.2rr —

BnO o
BnO . :
0 o )
. 7 @g i
)
v . —° § ﬂ o )
< e D7 o
) * P ee®
o & d ]
° @ °
o Yy .
L}
. .
.
1]
1] (LTI 0O D O|®o ° o9 . - 0
T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f2 (ppm)

NOESY spectrum of compound 123a

245

L2.0

F2.5

£3.0

L4.0

F4.5

5.0

£5.5

6.0

6.5

£7.0

L7.5

1 (ppm)

1 (ppm)



MPI-HRW-0618-beta_2019-01-21_15-19-17_AV700.1.fid —

629'T
SE9'T
66T
ss0'
wsee
9S€7
bLET
8LET
1667
o'z
6157
%%
85+°7
e |
7557
6557
95t
(52

89b°€
wuye
v8b'E
8v'€
615°€
z5°€
9€5°€
1s°€
suse
585 —
685°€ 7
mmm.&
£09°€
Sb8'€ )
168°€ )
6+0% |
950t
590 |
€207
0z1b
0ET' |
9Tt ]
o1
68c
sov'v
sy
885t ]
812 ]
mﬂi
€8
068'
L5676
09z'¢
2971~
LLT L]
082,
esee
872
87
687°L
260,
b6 ]
622
ooez
YOE'L
90€°L
60£°L
e
pIEL
s1EL
61€°L
o0ze's
€eEL
9zE'L
TEEL
3391
pEE'L
g€t
sseL
LS€°L
85EL
79€°L
99€°L
89€°L
oce'L
wet
st
6LE°L
867

S E— Y

O

AcO

BnO

BnO

123b

86'T
A S0'T

$0'T
w01
1071
Aot
R soT
€07
=701
0T
= L0'T
EE0°T

=007

Fsoor

55 50 45 40 35 30 25 20 15 .0 05

6.0
1 (ppm)

1H NMR spectrum of compound 123b (700 MHz,

MPI-HRW-0618-beta_2019-01-21_15-19-17_AV700.2.fid —

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0

2.5

CDCls)

in

9202~
9Ty —
ss'sz
80'0€ ~

e~
cgse
e —

65'56 —

8b'90T —

9821
06°£2T
v0'8TT
sz'8eT
LE°82T N‘
15821
67LET~
$0'8ET "

90'19T —

89T —
89°04T —

16'90C —

AcO

(@]
=
m

123b

200 190 180 170 160 150 140 130 120 110 ‘ %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm
13C NMR spectrum of compound 123b (176 MHz, in CDCls)

10

246



L]

UL

}

Il J

MPI-HRW-0618-beta_2019-01-21_15-19-17_AV700.3.1.2rr

g
(=X -] @

as ° 2o
0 .
@ o
] @
e & @ (]
— ® ®
_ o
@
7.0 65 60 5s 50 45 ‘ 35 30 25 20 is
2 (ppm)
COSY spectrum of compound 123b
MPI-HRW-0618-beta_2019-01-21_15-19-17_AV700.5.1.2rr G
q
“Ww‘
AcO o : ]
BnO 0@
L]
123b
60
6% ° 0
@
4
?,
7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0

f2 (ppm)

HSQC spectrum of compound 123b

247

3.0

3.5

F4.0

4.5

£5.0

£5.5

6.0

£6.5

7.0

7.5

F20

F30

L40

F50

60

£70

80

F90

100

F110

120

F130

140

1 (ppm)

1 (ppm)



2.0

(wdd) 14

< v < v <
© o < <+ n)
I I I I I

k2.5

n
w
I

6.0

£6.5

£7.0

L7.5

L

MPI-HRW-0618-beta_2019-01-21_15-19-17_AV700.4.1.2rr

P

h-

123b

&

3.0 25 2.0 1.5

3.5

4.0

4.5
2 (ppm)

NOESY spectrum of compound 123b

MPI-HRW-0627-final_2019-01-23_13-46-35_AV500.10.fid —

5.0

5.5

6.0

6.5

7.0

8197
2907
€167
1862
6867
180T
8v'7 |
oLE'E
8e€'E
1vEE
6vEE
TSE'E
bSE'E |
z9e°€
$9°E
PTrE
61+°¢
SEP'E
Obb'E
765°E
THS'E
L¥5°E
£55°€
955°€ -
295°€
895°€
s
585°€ 4
£65°€
509°€ |
919'€
1v9°€
299°¢ |
99°¢ ]
289°¢
167
6v6'E
256
vS6'E
€5
9UEY
165V
029°%
€69
959°%
118%
ov8y
S0E'S
oveL
vz
8vT 'L |
bST2
092
v9T'L
197
1z
sz
S8zt
887,
T67°¢
s6z't
667°L
£0€°¢
1€
stee
0ze'L
€e€'L
9zEL
TEEL
€€E°L
LE€°L
ovEL
e
9EL
0SE'L
wseL
T9E°L

$E0'D
700
8880
50917

e

POEL

10°€
0'€

/JMJ’

I

/

Ir

o\o(””

BnO (0]

TBSO
BnO

123c

=bb'0

=== Xy

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 ‘ (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm
'H NMR spectrum of compound 123c (500 MHz, in CDCls)

12.0

2.5

248



MPI-HRW-0627-final_2019-01-23_13-46-35_AV500.11.fid —

3 g A a 2 3828803888 R 3% TEBY
< s =z 2 8 bs88rgRuR S 8% 3ERK X
8 g @ E g  ZERREERR ¢ 8y =4%%
| | SN | ENE AN
I
1 | | Corer o | [ ‘ ‘
Il
n | I N N L L
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 |
1 (ppm)
13 i
C NMR spectrum of compound 123c (126 MHz, in CDCls)
MPI-HRW-0627-final_2019-01-23_13-46-35_AV500.12.1.2rr —
. l “ m M Mo A\)L ‘ )N LLJL\
0.5
1.5
4
ﬁo = 2.0
.
b = s
3.0
L - @ L35
= e we '
- £
o e k4.0 g
=
o o et
Las
o
-]
5.0
55
6.0
F6.5
7.0
7.5
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

4.5 4.0
f2 (ppm)

COSY spectrum of compound 123c

249



MPI-HRW-0627-final_2019-01-23_13-46-35_AV500.14.1.2rr —

T Y

IA T lnlklm l

=@

T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5
2 (ppm)

HSQC spectrum of compound 123c

MPI-HRW-0627-final_2019-01-23_13-46-35_AV500.13.1.2rr —

@

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
2 (ppm)

NOESY spectrum of compound 123c

250

0.0

F20

F30

L40

£50

£ 60

70

80

F90

100

110

120

130

£-0.5

0.0

£0.5

L1.0

F1.5

F2.0

F2.5

£3.0

£3.5

4.0

4.5

£5.0

£5.5

6.0

6.5

L7.0

7.5

1 (ppm)

1 (ppm)



MPI-HRW-0620-beta_2019-01-21_15-19-17_AV700.1.fid —

£95°T
8v9'T
966'T
€11
ozre
8217
SseTe
Wiz
2627
€627
1627
8627
€167
STE'T
817
61€7
SEET
LE€2
SHET
6vE' ]
95€2
[lxa
ose
stv°7
Sev'z
vSHT
092
09€°€
29
59€°€ 4
89€°€
€Le7€ ]
9se°€
6L
z8ec |
85v°c |
ve ]
YLY'E
98b'E
sts'€
0ES°E
6ES°E
PrSE
€s5°€
855°€
£09'€
909°E
8T9°E
T29°€
6£9°E
259
599'€
1°9°€
2y
£89°€
769°€
925°%
€55
155
095°%
895%
LSy
609°%
st
69L%
s8Lb
126
186
1vE'S
T61°L
00z'L
20TL
097,
[z
YTl
8LTL
08TL
S8T°L
0672
967'L
T0E°¢
£0€°L
€167
StEL
see't
oLEL

9PEL

sl ”

nrey

[ /J/[

123d

66'0
M 90°T
86'0

g ot
20T
660
001

=001

= /0T

Feoer

55 50 45 40 35 30 25 20 15 .0 05

6.0
1 (ppm)

1H NMR spectrum of compound 123d (700 MHz,

MPI-HRW-0620-beta_2019-01-21_15-19-17_AV700.2.fid —

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0

CDCls)

in

06'€7 —
1097 "
¥6'67 —

65'LE —
69'Th ~_
€970 —

0989

TWEL /
09'vL
vo'vL
18°SL
8'9L V

0024 \.
81°LL
0T'6L
€8'6L
0€'E8

19'56 —

09'901 —
osezt
x4t
[Ykas
e
8Lzt
08zt

87T
vr8TT W
8v'821
6261\

00'8€T
STEET 7

123d

T T T T T T T T T T T T
190 170 150 140 130 120

210

100
1 (ppm)

13C NMR spectrum of compound 123d (176 MHz

110

200 180 160

220

CDCls)

,in

251



Lk

b A

[}

A,
MPI-HRW-0620-beta_2019-01-21_15-19-17_AV700.3.1.2rr
&#°
[~>=] @ @@
L .
@
%@ge e @
(<] g g;f":
s ° %o
-]
7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5
2 (ppm)
COSY spectrum of compound 123d
MPI-HRW-0620-beta_2019-01-21_15-19-17_AV700.5.1.2rr u
ﬁl‘ll
e 0
@
0
00
o0 d 0
o @
0
[}
©0
7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2.5 2‘.0 1‘.5 1‘.0
f2 (ppm)

HSQC spectrum of compound 123d

252

3.0

£3.5

4.0

4.5

£5.0

5.5

6.0

£6.5

£7.0

L7.5

-8.0

20

30

F-40

F50

£ 60

£70

80

90

100

F110

F120

~130

1 (ppm)

1 (ppm)



(wdd) 14

L2.0

< v <
< <+ A
I I I

F2.5
£3.0
3.5

bl
wn
I

6.0
£6.5
L7.0

7.5

o

123d

MPI-HRW-0620-beta_2019-01-21_15-19-17_AV700.4.1.2rr

2 (ppm)

NOESY spectrum of compound 123d

MPI-HRW-0699-final_2019-05-20_08-15-53_AV700.1.fid —

6900
ST
185°T
659'T
49T
00T
9€0T
€50
80T
60T
101
8012
orrz
[2axd &
0ETZ |
1922
zey
€87 |
9622
8162
6bEZ
1562
SLET

2867 /f
LevT
£bT

w9v'T
69b°C

wh'e
mmq.m/
89v'€ |

SLy'E
08v°€
166°€ 7]
005°€
sise 4
£25°€
bbse
055°€
255°€
£95°€
125°€ |
wse]
bZTh ]
21y ]
14
6T+ ]
00+ ]
20ey
15
61€
995°%
sy
£€85°p
885°%
(423
128
26t
6v6y
667°S
61€'S

s

S\ —

i

et
8TL
6TL
€0€°L
| pTEL

2
i
~

5
o
@
2

O

Qo
REH
R
NSNS

O

AcO

S

i

/7

/1

[ Ty

O

"j’\

(0]
123e

BnO"

BnO

« 90¢
vTE
e
90°€

Rort

o0z
201

oot

00
m [a83
$0'T
10T
=001
A 96'0
10T
=107

00T

=001

Freor

<

1 (ppm)

'H NMR spectrum of compound 123e (700 MHz, in CDCls)

7.0

7.5

8.0

9.5

T
10.0

)5

253



MPI-HRW-0699-final_2019-05-20_08-15-53_AV700.2.fid —

] X9 5 39 8858R a " rmwodon®  w ny® Ny oo
g £g g 85 828RR g 2 SoRngess @ dom v pe]
g 88 8 BRERERd £ 8 gsRReRe: @
| I | N ===y | I/ /NEN
| (] | [
| i i M | I LI | I T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 |
1 (ppm)
13 ;
C NMR spectrum of compound 123e (176 MHz, in CDCls)
MPI-HRW-0699-final_2019-05-20_08-15-53_AV700.3.1.2rr Lio
(=]
@
3.0
o & oD 3.5
@ 4.0
88 1 £
g
4.5 =
e g @
QQ k5.0
] o
5.5
6.0
6.5
L7.0
@ 7.5
8.0
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f2 (ppm)

COSY spectrum of compound 123e

254




| L

MPI-HRW-0699-final_2019-05-20_08-15-53_AV700.4.1.2rr

4 20
% 30
L-40
50
60
k70
o] L-80
90
k100
F110
k120

130

7.5 7.0 6.5 6.0 5.5

T T T T T T T
5.0 4.5 4.0 3.5 3.0
2 (ppm)

HSQC spectrum of compound 123e

|

JUL

MPI-HRW-0699-final_2019-05-20_08-15-53_AV700.5.1.2rr

EETY 9 £3.5
4.0

Las

4
]
!
]
1
]

qA'
[
0

)
!
3

£5.0

£5.5

6.0

6.5

£7.0

7.5

4.0 3.5 3.0 2.5 2.0 1.5

4.5
f2 (ppm)

NOESY spectrum of compound 123e

255

1 (ppm)

1 (ppm)



MPI-HRW-0688-final-2_2019-05-20_08-15-53_AV700.1.fid —

MOMO

BnO

BnO

123f

Fvvor

40 35 30 25 20 15 10 05 0.0

4.5

5.5

6.0
1 (ppm)

'H NMR spectrum of compound 123f (700 MHz, in CDCls)

MPI-HRW-0688-final-2_2019-05-20_08-15-53_AV700.2.fid —

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0

2.5

£5'901 —

1L
16°£2T
96'£21
[a8:74¢
8¢'8z1
£5°821
THULET ~
TH'8ET =

PTT9T —

| £5°89T —

$0'20C —

123f

90 80 70 60 50 40 30 20 10

100

1 (ppm)
13C NMR spectrum of compound 123f (176 MHz, in CDCls)

200 190 180 170 160 150 140 130 120 110

10

256



ol

MPI-HRW-0688-final-2_2019-05-20_08-15-53_AV700.3.ser

7.5 7.0 6.5 6.0

T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
2 (ppm)

COSY spectrum of compound 123f

Jl

R

MPI-HRW-0688-final-2_2019-05-20_08-15-53_AV700.4.1.2rr

W

00
]
9
]
00
@ | ® 0
6 a @@
a
®
75 70 65 60 55 50 45 40 35 30 25 20 15
f2 (ppm)

HSQC spectrum of compound 123f

257

3.0

3.5

L4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

-85

-20

30

L40

£50

£ 60

F70

80

F90

100

F110

120

F130

1 (ppm)

1 (ppm)



e L

JU

(wdd) 14
e w2 w2 n e 0 ] e 0
- N @ I < 5 P S < N ~
| h A ! 1 f ! ! ! ! ) )
. o~
<
Q
o e °3 °
0 o' o
0. o, o
s
@ o
o @0 e
o .
5 ®5
° o
s e N
° .
N
i .
s
2 - -
m 3
A_
o
2 °
2 B
i
&
8 S
S —
] o &
i o~
|4 (@] (@) -
a c
] [24]
N
= o
2 c
I O om
& d
£ W
Z = . L. alesa
f
a
= [

4.5
2 (ppm)

NOESY spectrum of compound 123f

MPI-HRW-0681-down_2019-04-29_13-03-04_AV700.1.fid —

T
5.0

£9v°€
19v°E
6Lb'E
€£8v'e
SSS'€
$95°€ 7]
€15
985°€
65
009°€
£09°€
609°€
19e
106°€
[
906°¢ |
90+
[
£80°
060°%
vy
0ST'v
9STh
99Tb
29e
6LE
sy
685
0Ly
Ly
198
sy
500'
1675
09z°2
soz'e
1z
vz
SLTL
087,
£87°¢
967°L
867°L
S0E°¢
80£°L
€1€°L
9TEL
A
6T€L
9zEL
82€'L
zsee
09,
(4730
S9E°L

oLy'T
9797
6607
£6€°T
w0v'T
0st°'Z
[ad
856°C
19°C
98b'T
8ES'T
SS'T
£55°C
095°C
895°C
55T
€85°C

e

BocO

IS EIEE

I

123g

=16
=419
=6
& 86T

66T
K660

o 160

160
oo
B oot
W 860

00’1
o001
et
T 860
F 560

F o001

Feo01

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 ‘ (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm
'H NMR spectrum of compound 123g (700 MHz, in CDCls)

12.0

2.5

258



MPI-HRW-0681-down_2019-04-29_13-03-04_AV700.2.fid —

206.94
— 16834

o o Nxenng@n ©
= S SR ©
o P BN @DD DN~ 8
g g BOSSRRARY g

95.76
4152

37.82

37.28
_-30.08
_-27.73
—25.81
~24.12

£

T T T T
200 190 180 170

13C NMR spectrum of compound 123g (176 MHz, in CDCls)

L

T T T T T T T
160 150 140 130 120 110 100

1 (ppm)

MPI-HRW-0681-down_2019-04-29_13-03-04_AV700.3.1.2rr

T

7.5 7.0

T T T T T
6.5 6.0 5.5 5.0 4.5

COSY spectrum of compound 123g

259

4.0
f2 (ppm)

F2.0

2.5

£3.0

4.0

F4.5

£5.0

£5.5

6.0

6.5

L7.0

£7.5

1 (ppm)



A

L

T}

e

MPI-HRW-0681-down_2019-04-29_13-03-04_AV700.4.1.2rr

18
W‘o ‘mn%mula; |

00
0
00
e ®
e @ 1)
0
]
g8 13
&
T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5
f2 (ppm)

HSQC spectrum of compound 123g

I\ L

MPI-HRW-0681-down_2019-04-29_13-03-04_AV700.5.1.2rr

4.5
f2 (ppm)

NOESY spectrum of compound 123g

260

o8 i

o 00 [

, .

o )
. i
|

° v
o ]
e .
° i
-+

’

0

v

[ B

L4

@ )

Ot

v 4

° o [

Lo .
B 1 "
B N
o © 0| o o f .

- !
T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5

L 20

L40

50

£ 60

£70

80

F90

100

110

F120

F130

£3.5

4.0

£5.0

5.5

6.0

£6.5

£7.0

7.5

1 (ppm)

1 (ppm)



MPI-HRW-0680-final_2019-04-29_13-04-41_AV700.1.fid —

BzO

(e}
c
m

an

11

J

5o

123h

2.0 1.5 1.0 0.5 0.0

2.5

55 50 45 40 35 3.0

6.0
1 (ppm)

'H NMR spectrum of compound 123h (700 MHz, in CDCls)

MPI-HRW-0680-final_2019-04-29_13-04-41_AV700.2.fid —

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0

2.5

[aS7ag
ss'sz
60°0€ ~

eLE—
vee’
18—

PEPY —

mm.om /
LSTL
9EL S
60°9L

vT'9L by

9L
00'LL
8TLL \

SL18
$9'56 —

05'90T —

8871
v6'LZT
$0'821
97821
ov'8zT
Ly'8T1
85871
85671
59'6Z1
24334
TE'LET
90°8€T

00791 —

£€'99T —
9€'89T —

16'90C —

BzO

(e}
c
m

123h

90 80 70 60 50 40 30 20 10
3)

100

1 (ppm)

13C NMR spectrum of compound 123h (176 MHz, in

200 190 180 170 160 150 140 130 120 110

10

CDCI

261



L

AL

i

ol

4.5
2 (ppm)

COSY spectrum of compound 123h

MPI-HRW-0680-final_2019-04-29_13-04-41_AV700.4.1.2rr

»®

MPI-HRW-0680-final_2019-04-29_13-04-41_AV700.3.1.2rr
&
0 e
; °
.
- o
20 @
o o
. - fe
(]
o & o
® %° o
o o
-]
< 8
% (-] gg
-] e
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0

5.0
f2 (ppm)

HSQC spectrum of compound 123h

262

F20

30

L40

£50

60

F70

80

F90

100

110

120

F130

140

1 (ppm)

1 (ppm)



A Jodime L s

MPI-HRW-0680-final_2019-04-29_13-04-41_AV700.5.1.2rr

(wdd) 14

b S

oo °
E

® 60 o

L} ° »
) °

1.5

2

2.5

3.0

3.5

4.0

4.5
2 (ppm)

NOESY spectrum of compound 123h

019-05-22_09-23-49_AV700.1.fid —

5.0

55

6.0

6.5

7.0

7.5

S

MPI-HRW-0689-Final.

6980
6/80
6880
62T
LT
¥82°T
962°7
£6E°T
1297
0£9°T
S50
11Ty
2617
$02°T
S12°Z
S22
9677
877
€967\
087
8E'T
S6£°C
80b°2
1157
6277
v5t°2
292 ]
19v'7
9657 ]
b5z ]
1552

6557

9957

€15

1852

r9v°c ]
ve ]
£8v'€

98b'E

81S°E

£25°€

9ES'E

use

185°€

065°€

S65°€

PO9'E

809°E

8H8E

60

280%

S60'r

EUST |
jx484
EETY
6ETY
6vTh
ey
866
sy
885°%
804t
veLy
898'%
b88p
62€'S
097,
vTL
98TL
L6T°L
90€'L
60€L
0zeL
e
433
LS€°¢L
198t

T

~
IN
“
~

s

” s17

v

123i

—ee
F0'0€
= 0£'9

o EE
wore
6T
86T
Aort

2501
Mwﬁu

10T
ot
Ed

PTT
=TT
> 11T
=911
= 0T'T

=001

F81°0T

35 30 25 20 15 1.0 05 0.0

4.0

12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (6[-:gm) 5.5 5.0 4.5
'H NMR spectrum of compound 123i (700 MHz, in CDCls)

2.5

263



MPI-HRW-0689-Final_2019-05-22_09-23-49_AV700.2.fid —

] 88 8 EEEEETET H w O
g R 8 3 EREEEERE g o SRR GkBetris s dRRshcdgddgdacmesae
< E g &  aaidaqsy ] a ERRCEEIRRE FhRSASLLARLTIRLIINS
(. | N e SNk | T ———
/WJ\O A
15 |
o)
BnO /
BnO o (0]
123i
I
H | | | |1 | \\\‘\ I i
] | i | I ) T
" T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

13C NMR spectrum of compound 123i (176 MHz, in CDCls)

L L

MPI-HRW-0689-Final_2019-05-22_09-23-49_AV700.3.1.2rr

= © AP T 3.5

-4 4.5
]

k5.0
k55
L6.0
6.5
7.0

7.5

8.0

T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f2 (ppm)

COSY spectrum of compound 123i

264

f1 (ppm)



TR

L

__| MPI-HRW-0689-Final_2019-05-22_09-23-49_AV700.5.1.2rr
P 0
= aw
—— |g uuwn@mnn..
3 ) ® '
B (0]
b ]
- e
= R ] o ] 0
— B @a
- 6
- ]
_— fao]
¥
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0
2 (ppm)

HSQC spectrum of compound 123i

|

MPI-HRW-0689-Final_2019-05-22_09-23-49_AV700.4.1.2rr

AL

!
~
5

1

T T T T T T T T T T T T T T
5.0 4.5 4.0 3.5
f2 (ppm)

NOESY spectrum of compound 123i

265

F20

F30

L-40

£50

£ 60

£70

80

F90

100

110

120

F130

4.0

4.5

£5.0

5.5

6.0

L7.0

7.5

1 (ppm)

1 (ppm)



123

=001

=€0'1
2201
=860

17
Zeot
bere

00

9.0 8.5 8.0 7.5 7.0 6.5 o (Gbgm) 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C
'H NMR spectrum of compound 123j (700 MHz, in CDCls)

120 115 11.0 10.5 10.0 9.5

2.5

£€°€T —

T 7
st/
£0°0E ~

°0°LE ~—
vl
9ETH —

1455 —

18769 —

£8°0L
YO'1L /
TbL
£v'SL #
09—

9L
0L
1972 \
818

6556 —

2o/
15°90T ~

9TITT
€€2TT M
96411~

9Lzt
£6°421
16121
86'L21
f43:744

25821
co61 7

65°0ET
08'0€T
£0'TET
S9'EET
| Lo

67°LET

-19-17_AV700.
g
8
I

1
2
g
/

56'907 —

MPI-HRW-0693-final_2019-05-09.

T T T T T T T T T
180 170 120 110

100

1 (ppm)

13C NMR spectrum of compound 123j (176 MHz, in CDCls)

150 140 130

160

200 190

10

266



BT

L

|l

N

b,

MPI-HRW-0693-final_2019-05-09_13-19-17_AV700.3.1.2rr

\
Cl O
(0] -
N__ ° £
o (6]

123] o0 @8 8

T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f2 (ppm)

COSY spectrum of compound 123j

m ol AL

MPI-HRW-0693-final_2019-05-09_13-19-17_AV700.4.1.2rr

cl o
9 wp
0 p o
o) e o
Bn ’

123j 5 Q 0

F2.0

k2.5

3.0

F3.5

F4.0

F4.5

£5.0

5.5

6.0

£6.5

L7.0

7.5

1.5

T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0
f2 (ppm)

HSQC spectrum of compound 123j

267

20

F30

F40

50

£ 60

L70

80

F90

100

110

F120

F130

1 (ppm)

1 (ppm)



(wdd) 14

< v <
o © +
I I I

0.0
£0.5

F4.5

£5.0

5.5

6.0

£6.5

7.0

L7.5

ce

[l
Qr i,
O

MPI-HRW-0693-final_2019-05-09_13-19-17_AV700.5.1.2rr

2.0 1.5

2.5

3.0

3.5

4.0

6.5 6.0 5.5 5.0 4.5
2 (ppm)

7.0

7.5

NOESY spectrum of compound 123j

MPI-HRW-0649-final_2019-02-25_15-19-25_AV500.10.fid —

280
6680
bS8°0
5060
026'0
S€6'0
658'
898'
b8
€88'7
688'
868'
£06'7
S06'T
€16'T
816'T
10T~
T
98E7 W.
T6€°
sty
9Eb'T
ovb'z
156
8E5°7
857
6557
0T+ 7]
STrE )
2ere ]
LevE ] ﬁ
2ove ]
e ]
Leye ]
88v'€ |
s6b'e |
905°¢ |
805°E
9rS'E
815°E ﬁ
8E5°E
8vS'E
£55°€
095°€
£95°€
895°€
£15°€
sLS°€
£85°€
896'€
€6
626
[
8Eby
ssst
85y
299t
89t
se8'y
8v8'p
192°
097 ]
v9TL
0LTL
szt
6LTL
¥8TL
887L
€62'¢
s62'¢
26T
20€'L
S0E°L
L08°L
8TEL
TeEr
82€L
0EEL
€€
oLEL
8E€L
THE'L
ShEL
6vEL
€567
9SEL
8SEL

s

I

I

///I/

o)
0]

‘e,

(o)
BnO
BnO
BnO

123k

Forv

= 10€

0T

Fsest

0.0

0.5

1.0

25 20

3.0

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Gp.'gm) 5.5 5.0 4.5 4.0 3.5
IH NMR spectrum of compound 123k (500 MHz, in CDCls)

12.0

2.5

268



MPI-HRW-0649-final_2019-02-25_15-19-25_AV500.11.fid —

~ n
A

| T NS (RO ES IRV v
BnO
BnO
[
| | | I ! ! [ [ i i
- 4 | LML L Ll I
‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 9‘0 8‘0 7‘0 éO 5‘0 ‘;0 3‘0 2‘0 1‘0
f1 (ppm)
1 -
3C NMR spectrum of compound 123k (126 MHz, in CDCls)
1 I ULAJA M
MPI-HRW-0649-final_2019-02-25_15-19-25_AV500.12.1.2rr
0.5
1.0
1.5
’ 2.0
- e
BnO OJ\ 0] e L2s
123k L3.0
= e @ 20 b3s
&~ 3
= = = 40 2
= - O‘ “ —
= © Lo [+
_ o
° 5.0
—_— w’“
L3 k5.5
£} 6.0
6.5
7.0
ﬁ D@ L7s
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
2 (ppm)

NOSY spectrum of compound 123k

269



_
———

( M_IUL‘LM I\ e

MPI-HRW-0649-final [2019-02-25_15-19-25_AV500.14.1.2rr

o e}
©06
@
(0@
o] <]
o0 ®
<]
)
T = T T T T T T T T T T T T T
7.5 7.0 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
2 (ppm)

HSQC spectrum of compound 123k

MPI-HRW-0649-final_2019-02-25_15-19-25_AV500.13.1.2rr

Y e

"
] ! /ﬁ .
“ we & S
& Tl o
. ‘ K
* .
N * L]
L L . !
Lo¢
'
: : : : : : : : : : : : : : :
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
2 (ppm)

NOESY spectrum of compound 123k

270

20

F30

F40

£50

60

F70

F80

F90

t100

110

F120

F130

2.0

2.5

£3.0

F3.5

L4.0

L5

£5.0

£5.5

£6.0

6.5

£7.0

£7.5

1 (ppm)

f1 (ppm)



MPI-HRW-0651-final_2019-02-25_15-19-25_AV500.10.fid —

; b —
(=}
_ =819 [ S
1
L2 €L~
4 © 65L7
b6 [ o
X eos |- -
¥2'8T —
1 ~—~~
I [s2] T6'ST\_
— bz~
O L£82
— Ferv| 2 900t
E— Eore [ N (A
002 0526~
= = W ooz |12 o ozge
~ | N — 16T —
o —
™ Z-r
- = 660 | 1n
// WS@ e H
-~ 7 50 M 0b19 —
v0'T o
- - =660 - 6L°0L
<+
o PITL /
= orle B oroc\.
YOT [ .
~ — L = w7
- - =00t | o — mN.R\
[ o 89'8L \
- S . ~ e
n —
[ wn
B k=] 6056 —
og c
s =
= o
S Q.
o
m £5°0TT —
= o
r~
o
—_— T ot el
| v Y 68°L21
~ o v6'L2T
96'221
° e oz'gzt
o 1v'8e1
> TS LET ~
[ v — | scger—"
@ (&} 2
D b=
LS Qs
Q [Z2 2]
2
(@] o L o
— M Y ozror—
o
o -
4 th
S - re P | 65891 —
N (2] i
O« e I &
o} o ° R
c o <
Lo )
o o H
o n &
c Lo =
O o = g
[0} o 2
m F o 3
= i3
& ovcor—

10

20

30

40

50

60

70

flzggm) % 5
13C NMR spectrum of compound 1231 (126 MHz, in CDCls)
271

110

120

1231
200 190 180 170 160 150 140 130

10




[ e

‘J L HMM | Ll HI‘I L

N |

MPI-HRW-0651-final_2019-02-25_15-19-25_AV500.12.1.2rr

=.°
TBSO g
.f
B L}
ca‘
Se E
e 6@& °
-]
89 8
o ®
o ©°
e e
o o
°
&
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
2 (ppm)
COSY spectrum of compound 123l
A [T
MPI-HRW-0651-final_2019-02-25_15-19-25_AV500.14.1.2rr [
o
[]
0® °
o0
]
c]o}
o0 2]
o e
(]
(]
0
(]
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
2 (ppm)

HSQC spectrum of compound 1231

272

£3.0

£3.5

4.0

L4.5

£5.0

£5.5

£6.0

6.5

£7.0

7.5

F20

30

L40

£50

£ 60

L£70

80

F90

100

F110

F120

130

1 (ppm)

f1 (ppm)



(wdd) 13
e w o wu o o w9 w o w9
o o — — o~ [} ~m < wn wn o o ~ ~
> 2 7N R R R P S SRR
& -
®
] ﬁ
lru
o -
N:
2 Qe
oy
. S W
&
= = QF
2 LX)
S O
2
z Q o
5_ P - L d
4
&
g
4 s 3
0 \ O «
& -~
< (@) (@)
4 c
g m
g (o)
! C
o O m
g 1)
= m .
£ = [
g |
= !

0.0

3.0 2.5 2.0 1.5 .0 0.5

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

2 (ppm)

NOESY spectrum of compound 123l

o
8
a
N

-
5
a
~

MPI-HRW-0650-final2_2019-03-28_07-59-16_AV700.1.fid —
3
@
~

gl

o
s}
<

IR

I

123m

=979

L
A €0°€

we
ke

00T
wmmog
0T
w/ 86'0
66'0
A 61T
= 860
T
W:A
10T

J

= 00T

Fezor

4.5

So s 0 75 7o 45 do 35 do-
IH NMR spectrum of compound 123m (700 MHz, in CDCls)

9.5

T
10.0

273



MPI-HRW-0650-final2_2019-03-28_07-59-16_AV700.2.fid —

-

206.9
28.
28
27
27.

110.55

95.03

o-
°
~
88 § = HARSSIIRN
I

P
a =
g 2
| I

AcO
BnO

81.70
77.18
77.00
76.82

|

_-41.48

37.97
L3737
3011
2828
- 27.50

—20.78
760
729

T
190

T
160

T T
140 130

T
110
f1 (ppm)

T T T T T T T
20 210 200 180 170 150 120 100

13C NMR spectrum of compound 123m (176 MHz, in CDCls)

MPI-HRW-0650-final2_2019-03-28_07-59-16_AV700.3.1.2rr —

£3.0

£3.5

F4.0

F4.5

£5.0

5.5

£6.0

£6.5

£7.0

£7.5

T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5
f2 (ppm)

3.0

COSY spectrum of compound 123m

274

1 (ppm)



MPI-HRW-0650-final2_2019-03-28_07-59-16_AV700.4.1.2rr —

F20

30

F40

£50

£ 60

L£70

80

F90

— @
0
AcO ,
_ Q o
— BnO .
3 )
— @)
! q@g.
— 00
'
e 5 @ B H
— o P
[—— ., 08
— 0
3 *
T T T T T T T T T T T T
6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
2 (ppm)

HSQC spectrum of compound 123m

LI

MPI-HRW-0650-final2_2019-03-28_07-59-16_AV700.5.1.2rr —

T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0
f2 (ppm)

NOESY spectrum of compound 123m

275

-4.0

L4.5

5.0

5.5

£6.0

6.5

7.0

8.0

100

f1 (ppm)

1 (ppm)



MPI-HRW-0694-final_2019-05-10_11-11-40_AV700.1.fid —

0£8'0
0v8'0
158°0
256'0
£96'0
££6'0
68'T
668'T
106'T
206'T
£06'T
906'T
606'T
7161
b16°T
916'T
926'T
o661
0ze'z
steT
4354
She'T
58T
99€7
T
8EbT
TSP'E ¢
bov'€
9%

S

/////

I ///[

(0]
BnO™
BnO

BnO

123n

= [T€
s

€0
= p0€
A zo01
Fooe
o001

860
€0'T
WW 10T
W €01
£0T

xsee

w0t
201
201

=007

= €07
Fooer

55 50 45 40 35 30 25 20 15 10 05 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 123n (700 MHz, in CDCls)

MPI-HRW-0694-final_2019-05-10_11-11-40_AV700.2.fid —

6.5

11.5 11.0 105 100 95 90 85 80 75 7.0

12.0

2.5

UL~
91"

@iz~
09'87 —
€662~

1826 —
€LTH~_
oy —

16’89 —
£VEL

65V,
L9%L V\.

88'SL
89

0022
8TLL
9T'6L
8L6L
TE€8

€1'56 —

89'0TT —

69°L21
[ar2ad
EYavad
6L°L21
18421

ag:14d
SY'8ZT N
8b'81
EGLET N

00°8ET
9T'8€T 7

PTTOT —

bb'89T —

902 —

BnO

(@)
c
m

123n

90 80 70 60 50 40 30 20 10

100

1 (ppm)

13C NMR spectrum of compound 123n (176 MHz, in CDCls)

200 190 180 170 160 150 140 130 120 110

10

276



Ann

T

11

|

Il

AL

|

MPI-HRW-0694-final_2019-05-10_11-11-40_AV700.3.1.2rr

MMM

(0] (o)
BnO | \K/
8 ", (0]
BnO* ‘ = % w@
BnO (0] @ o
o .
123n
-3
Lx: %
Og ! .
.
@
70 65 60 55 50 45 ‘ 35 30 25 20 15 10

4.0
2 (ppm)

COSY spectrum of compound 123n

l LM_MM Madn »A

MPI-HRW-0694-final_2019-05-10_11-11-40_AV700.4.1.2rr

o0
%
6@ b
o]
0B ¢
06
00 @
@ @
[
®
===
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
2 (ppm)

HSQC spectrum of compound 123n

277

-4.0

4.5

£5.0

£5.5

£6.0

6.5

7.0

£7.5

20

30

L40

£ 50

60

£70

80

F90

100

110

120

F130

1 (ppm)

f1 (ppm)



E IV

0.0

£0.5

F1.0

1.5

2.0

F2.5

£3.0

(wdd) 14

1n
o
I

<
<
I

n
< )
I

5.5

£6.0

6.5

£7.0

7.5

MPI-HRW-0694-final_2019-05-10_11-11-40_AV700.5.1.2rr

(o]
c
m

123n

T
4.0 3.5 3.0 2.5 2.0 1.5 1.0
2 (ppm)

4.5

5.5

6.5

7.0

7.5

NOESY spectrum of compound 123n

MPI-HRW-0623-f-col301 — MPI-HRW-0623-f-col3 — STANDARD 1H OBSERVE — —

o
8
o
o

A1)

M

!

~
~
=
-

1230

Fyrst

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 “ (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm.
IH NMR spectrum of compound 1230 (500 MHz, in CDCls)

12.0

2.5

278



MPI-HRW-0623-front_2019-01-30_06-52-10_AV500.11.fid —

8 25 BRE2IRIIBRE = R g428L899nk3 R8ES8E K8S
5 8 o) BENERZERRNRR 5 w ANNROSYmiom SENTNS TAA
g g #A3ad8849899 g y SRRREETRRRS EERE T ERR
I I N SN e Y INCHEE NY
(0] (0]
BnO |
o
BnO /
BnO o}
(@)
1230
| | [ T P
| L | L
L | L L)
i T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound 1230 (126 MHz, in CDCls)

MPI-HRW-0623-front_2019-01-30_06-52-10_AV500.12.1.2rr —

£3.0

- 2o

L2 = . 4.0
La.5
. k5.0
k5.5

6.0

e £7.0
7.5

8.0

T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5
f2 (ppm)

COSY spectrum of compound 1230

279

1 (ppm)



MPI-HRW-0623-front_2019-01-30_06-52-10_AV500.13.1.2rr —

It

©

o @ F30

F40

mm
@

£ 50

60

(0] F70

I

80
F90
100
F110

120

@ F130

T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4 3.5 3.0 2.5 2.0 1.5 1.0

.5 4.0
2 (ppm)

HSQC spectrum of compound 1230

MPI-HRW-0623-front_2019-01-30_06-52-10_AV500.14.1.2rr —

F2.0

£3.0

-4.0

a ca g0

£5.0

£6.0

£6.5

7.0

o 0o 8 0 oo B 0

£7.5

T T T T T T T T T T T
6.0 5.5 5.0 4.5

4.0
2 (ppm)

NOESY spectrum of compound 1230

280

f1 (ppm)

1 (ppm)



in CDCI3 am 05.02.2019 — STANDARD 1H OBSERVE — —

MPI-HRW-0632-finalH_01 — MPI-HRW-0632-finalH

00
6+0'0
690°0
$68°0
00v'T

oTy'T
't
[
b1
959'T
09T
b16'T
626'T
Sv6'T
190°C
8L£T
€867
96€'
05t
£9b°Z
wse
SES'T
8rE'E
TSE'E
SSE'E
L5€°€
89€°E
TEEe
£EbE
obbE
09'€
L9v°E
£95°€ 7
LL5°€ 7
285°€ -]
885°€
¥65°€ |
709°€
899°€ |
689°€
£69°€
€10
$96°€
o0s6'
1SEb
08y |
09"
529
£€9'
€59
218y
o'y
89757
Ty
6vTL
957°£
092'
59T,y
697°L
6LTL
T82°£
[
¥87°L 7]
872
82
260,
6L
867°£
002
20672
ez
STEYL

8TEL

TeEL

seeL

zeL

0E€L

TEEL

YEEL

ovEL

£VEL

SvEL

LvEL

6vEL

TSE°L

T9£°L

99€L

L )

“,

TBSO
BnO

O

BnO

123p

===

= €09

=6

00'€
W or'e
S0t

I 9T'E

= 20T
N
S6°0

ozt
=07
E 907
B 2ot

=10t

R0t
20T
00’1

& 00T

=101

Feror

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
1 (ppm)

H NMR spectrum of compound 123p (400 MHz, in CDCls)

MPI-HRW-0632-front_2019-01-30_06-54-03_AV500.11.fid —

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

1.5

1£°5-—

62'8T ~
sTzz

AN
S9ve—
sesz
£1°0E —
8026 —
S9'bE
ssLE—
ozge
06Ty~

PST9—

S8°0L
0TIL /
09'vL
€1°9L #

649~
vO'LL \
mN.R\
mNmN\
59’18

1056 —

90°£0T —

J2yiad
s6'L21
16'12T1
00'821
seser
£5'871
8SLET ~
08'86T ~

81191 —

| 8€°89T —

€200 —

TBSO

BnO

BnO

123p

200 190 180 170 160 150 140 130 120 110 . %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm
13C NMR spectrum of compound 123p (126 MHz, in CDCls)

10

281



MPI-HRW-0632-front_2019-01-30_06-54-03_AV500.12.1.2rr —

6.0

6.5

£7.5

8.0

T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
2 (ppm)

COSY spectrum of compound 123p

MPI-HRW-0632-front_2019-01-30_06-54-03_AV500.13.1.2rr —

l

L20

L40
L 50

wco - £ 60

80
F90
100
T 110

F120

‘l L] HLH | Ll

Q- k130

7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
f2 (ppm)

HSQC spectrum of compound 123p

282

f1 (ppm)

1 (ppm)



MPI-HRW-0632-front_2019-01-30_06-54-03_AV500.14.1.2rr

(wdd) 1y

@ m 9 ®m 9 w o ®w 9 n o un 9 0 Q
S oS 4 =& & & ® ® ¥ ¢ m 1\ 6 6 9~ N
T AN O S SRR R SRR T ST AT SR SR
o -
-]
- @
@
e |-
_— o @
. + Q@
— o > Q
N [=X
oo
N
-

0

TBSO

BnO

Bn

&

0.0

T
3.5 3.0 2.5 2.0 15 1 0.5
2 (ppm)

4.0

NOESY spectrum of compound 123p

AV700.1.fid —

MPI-HRW-0263-final_2018-02-07_13:

a
<
o

11

Il

I

-

123s

Frost

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (640 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
1H NMR spectrum of compound 123s (700 MHz, in CDCls)

12.0

283



MPI-HRW-0263-final_2018-02-07_13-34-08_AV700.2.fid —

207.05

BnO
BnO

oo CEMm NNONBMMOVT AN

28 8RQ LYRHBBBI8RER awogawmaTm TNmmas ~
oo BNN BBONNNNNNNT N ®m Q@M aM auinemwo bl
gd 855 EE8RRRRRRRES iR denang g y= i 3
g8  onn ANdqaNdaNNgg SRRREXRNRRS EEES S E
W N Nt RSN PN ENNS

220 210 200 190 180 170 160 150 140 130 120 110

13C

100
1 (ppm)

NMR spectrum of compound 123s (176 MHz, in CDCls)

MPI-HRW-0263-final_2018-02-07_13-34-08_AV700.3.1.2rr —

T T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f2 (ppm)

COSY spectrum of compound 123s

284

F2.0

F2.5

£3.0

3.5

4.0

4.5

£5.0

£5.5

6.0

1 (ppm)



MPI-HRW-0263-final_2018-02-07_13-34-08_AV700.5.1.2rr —

(0]
] BnO © b
” \ e
’
BnO ” %
BnO
= 0 &
_ 123s 0@ o
_ ©-
— ©
] I3
— @0
— © -0 %)
— =) '@
o
| 0
—— T T T T T T T
54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08
2 (ppm)

HSQC spectrum of compound 123s

MPI-HRW-0263-final_2018-02-07_13-34-08_AV700.4.1.2rr —

O
BnO oo
BnO o
[0)
123s °
® |8
e

T T T T T T T T T T T T T
32 3.0 28
f2 (ppm)

2.6

2.4

NOESY spectrum of compound 123s

285

20

F25

F30

F35

L40

Las

50

55

60

L 65

£70

L75

80

-85

£0.5

F2.0

F2.5

£3.0

4.0

4.5

£5.0

£5.5

f1 (ppm)

1 (ppm)



/NMR-Daten MPI 7

MPI-HRW-0628-frone_2019-01-25_12-00-25_AV600.10.fid — H1 — z_Proton CDCI3

120°0
2200
0880
SLs'T

€857
S6L'T
5907
wure
9677
T0£°Z
0ze'z
seee
L34 x4
05t°7
857
wst g
2957
2sy
957
185°
685°7
8657
L0£°€
81£°E |
6z
oTH'E
PIVE
82°E
TEPE
£55°€
1v5°E
055°€
955°€ -7
655°€ 7]
€95°€
2t
Le9e
059°€
mmw.L
999°€
PEGE
29€%
T8E%
285
909' |
SE9P
$59°b
bI8'%
£€8'p -

— T

=

0972
682
162
€62
20e°L o
SOE'L
80€'L
PTELA
8TEL
126°L 7
zee's )
seeL
e
Sve'L
9EL]
6YE'L
6seL

S

TBSO

i, 11

/ ////

BnO

/

/ol

BnO

123t

=019

—8T'6

= 960
860
ES6T
Bpr1

=0T
=60
0T

=01
= 00T

Feeor

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

4.5

5.0
1 (ppm)

'H NMR spectrum of compound 123t (600 MHz, in CDCls)

10.0

).5

pg CDCI3 /NMR-Daten MPI 7

z_C13

.fid — C13 with power gated H1 decoupling —

MPI-HRW-0628-frone_2019-01-25_12-00-25_AV600.11

bb's-—

6€°0T —

€281 —

T —
88'SZ

06'sZ A
69'67 \
90°0E

tove
1e'8 <"
£0'2h —

919 —

€0°1L
AS?
8bbL~_
6L°9L

0
T \
6L'8L \

(818

76'201 —
68'¥0T —

0s°22T
98°L21
06'L21
66'L71
oz'ser
8b'87T
09'LET ~
88'86T —

19791
18791 >

Tz L0r—

123t

190 180 170 160 150 140 130 120 110 o %00 ) 90 80 70 60 50 40 30 20 10
ppm
13C NMR spectrum of compound 123t (151 MHz, in CDCls)

200

286



MPI-HRW-0628-frone_2019-01-25_12-00-25_AV600.12.1.2rr — gCOSY — z_gCOSY CDCI3 /NMR-Daten MPI 7

A ﬂhu]J '

F2.0

F2.5

£3.0

F3.5

L4.0

4.5

£5.0

5.5

£6.0

£6.5

F7.0

7.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.0 2.5 2.0

4.0 3.5
2 (ppm)

COSY spectrum of compound 123t

MPI-HRW-0628-frone_2019-01-25_12-00-25_AV600.14.1.2rr — gHSQC — z_gHSQC_adiab CDCI3 /NMR-Daten MPI 7

00

LI

L

0.0

20

30

F40

50

60

L70

80

F90

100

110

F120

F130

T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f2 (ppm)

HSQC spectrum of compound 123t

287

0.0

f1 (ppm)

1 (ppm)



gNOESY CDCI3 /NMR-Daten MPI 7

e WL

3

MPI-HRW-0628-frone_2019-01-25_12-00-25_AV600.13.1.2rr — NOESYGPPH — — z

sanll

TBSO

“,

BnO

N

123t

BnO

(wdd) 14
<+
1
B-238 o
B s

Natan

v

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

2 (ppm)

NOESY spectrum of compound 123t

MPI-HRW-0629-finalH_01 — MPI-HRW-0629-finalH_ in CDCI3 am 05.02.2019 — STANDARD 1H OBSERVE — —

665°T
908'T
856'T
190
182
8827
L1€7
Y2E'T
1992
SLy'T
£8Y'C
255°7
1557
6457
1857~
(e
vioz
9t
Lsv'E
va.mk
68v°'E L
205°€ -
815°€ 7]
85°€
sss'e
2s's
8s5°
565°€
£09°€
T€8°€
8€0't
150 ]
990't |
6200
960t
€T
vy
Wiy
98Ep
STHb
WSy
vLSy
Q0L
SEL
098'p
688
0922 _
SiTL

98T'L

208,

80€£°L

(3

bSEL

89€°L

08€°Z

68€°L

|

e

",

BnO
"o
123u

AcO
BnO

= op9
— e
= S0°€
= oze
i
70T
61T

EST0T

T
25 2.0

1.0

1.5

3.0

4.0 3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 “ (G;ng) 5.5 5.0 4.5
IH NMR spectrum of compound 123u (400 MHz, in CDCls)

12.0

2.5

288



MPI-HRW-0629-final_2019-01-29_13-38-21_AV500.11.fid

Iy 5 0o HoQT N N

3 g 28 LR 33 NI R AN oL o

N S oo QN ®® P NN £ Racaranwa- magoaan o

S R 9% ANRIRIIN 33 NN TR dRYoums S

] B B R e L B SRRRRRRARR S TEOALAR =
v NS Vi == | NSNS

" T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

13C NMR spectrum of compound 123u (126 MHz, in CDCls)

MPI-HRW-0629-final_2019-01-29_13-38-21_AV500.12.1.2rr —

AcO

, -

BnO = @ o
* @e » G o "
@ -4
123u R
g .
° -

T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.0 35 3.0 25 2.0

4.5
f2 (ppm)

COSY spectrum of compound 123u

289

£3.0

£3.5

4.0

4.5

£5.0

£5.5

6.0

£6.5

£7.0

£7.5

f1 (ppm)



MPI-HRW-0629-final_2019-01-29_13-38-21_AV500.13.1.2rr —

— ]
= AcO @
] o) [}
= BnO ©
— [©]
1
B @
— © @
= @
p— D@
— e
———
7‘.5 7‘.0 E;.S 6‘.0 5‘.5 5‘.0 ‘ ‘ 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0

4.5 4.0
2 (ppm)

HSQC spectrum of compound 123u

MPI-HRW-0629-final_2019-01-29_13-38-21_AV500.14.1.2rr —

AcO
BnO

123u

7.5 7.0

6.5 6.0 5.5 5.0 4.5
f2 (ppm)

NOESY spectrum of compound 123u

290

F20

F30

L40

£50

£ 60

£70

80

F90

100

110

120

F130

5.5

6.0

£6.5

L7.0

L7.5

8.0

8.5

1 (ppm)

f1 (ppm)



MPI-HRW-0695-Final_2019-05-22_09-23-49_AV700.1.fid —

BnO

1]

/////

/////

[e)
c
m

123v

=€
poe
- 96T
= 20°€
Er
& w0t
= 00T
=001

660
4501
101
W 860
S0

50T
00T
00T
00T

gy

=207
Booer

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

2.5

9€°0T — -——
ez /. 1
95°€2 J—
oz
—~~ 1667 ]
[a2] TOVEN_ ]
08'Th ~ J—
D 8 -
=
N
T 16'89
18°€L /
15bL -—
M S
199 —-—
o 78'9L
00°LL =—
<IN
N~ L1T6L I
~— 68'6L \
> TrEs
™
N
—
£6'201 — -—
o) 96401 — -
|
>
o
p ¥9'L2T
69'21
m €241
8171
o ovsct —
o P N
f 9v'8et
[S) L6281
€0°8ET -
m 0E'8ET
>
—
)
(&}
a
L6791~ p—
[%2] 1791 -
—

Sv'907 —

MPI-HRW-0695-Final_2019-05-22_09-23-49_AV700.2.fid —

123v

200 190 180 170 160 150 140 130 120 o %10 ) 100 90 80 70 60 50 40 30 20 10
ppm
13C NMR spectrum of compound 123v (176 MHz, in CDCls)

210

291



Jisk

il

|

Il

W] T

MPI-HRW-0695-Final_2019-05-22_09-23-49_AV700.3.1.2rr

-] @
7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 £.5 2‘.0 1‘.5
2 (ppm)
COSY spectrum of compound 123v
MPI-HRW-0695-Final_2019-05-22_09-23-49_AV700.5.1.2rr @
3
iy
i 4
o ®
B8 g
00
0o e p
o 8
]
oo
70 es 60 55 so 45 40 35 30 25 20 15 10
2 (ppm)

HSQC spectrum of compound 123v

292

F2.0

F2.5

3.0

F3.5

F4.0

F4.5

£5.0

5.5

£6.0

£6.5

£7.0

£7.5

8.0

L85

L20

30

L40

£50

60

70

80

F90

100

110

F120

F130

1 (ppm)

f1 (ppm)



n
o«
I

<
<
I

(wdd) 14

n
<
I

<
w
1

5.5

£6.0

6.5

£7.0

7.5

8.0

[TV

MPI-HRW-0695-Final_2019-05-22_09-23-49_AV700.4.1.2rr

8 8 Bap

e

1.5

2.0

2.5

3.5

4.0

4.5

5.0

2 (ppm)

NOESY spectrum of compound 123v

MPI-HRW-660-1_2019-05-06_13-35-31_AV700.1.fid —

2151
985°T
€207
£LET
8LET
Y6E'T
66£C
L0v°T
STH'T
e
6.5 1
297
9€9°7
¥b9' f
£59°
£0v'€
L0v'
1€
91v'€
£2v°€
9zv's
08 |
80°€
06+°€ |
T6V°€ |
864°E T
661°€

evs'e < F
$SS'E 7]
955°€
995°¢ “
265°€

$65°€
£65°€
665°€ |
0€9°€
£56°€
556°€
956°c
856°c |
bhED |

09¢p
186
86€Y
£lb'y
ob'y
875y
SbSy
oy
889'%
ov8'y
LS8
9z1°L
Sers
seve
9912
691
[AYE
8T
881°¢ |
vz
[
sszL
09z
voT'L
9L
182°L
an
€621
S62°L
£0E°C
s0e°¢
P
o1e'L
1€,
veeL
et
£EE°L
seeL
6EE°L
weL
ShE'L
eL
6bEL
wseL
09€°L
[

i

’// / /

/

-
<
-
-

123w

= bTE
= sze
=90°€
¥0'Z
w01

R

0T
W\\Sa
$O'T
MN:
96'T

= 660

g 101

€1z
2o
Neot
001

v0'T
Lore
oo
€T

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 “ (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm.
'H NMR spectrum of compound 123w (700 MHz, in CDCls)

12.0

2.5

293



MPI-HRW-660-1_2019-05-06_13-35-31

@

207.0

BnO
BnO

- 164.05 |
—162.28

AV700.2.fid —

123w

" T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

13C NMR spectrum of compound 123w (176 MHz, in CDCls)

JL

MPI-HRW-660-1_2019-05-06_13-35-31_AV700.3.1.2rr
—

123w
0%
&
-}
6.5 6.0 5.5 5.0 4.5 4.1
2 (ppm)

COSY spectrum of compound 123w

294

£0.5

F1.5

F2.0

F2.5

£3.0

F3.5

-4.0

4.5

£5.0

£5.5

£6.0

6.5

£7.0

7.5

-8.0

f1 (ppm)



MPI-HRW-660-1_2019-05-06_13-35-31_AV700.4.1.2rr

Ll

BnO

BnO

123w

— (¢

L

10

F20

£30

L40

£50

£ 60

£70

F80

F90

100

F110

F120

F130

T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 35 3.0 2.5
2 (ppm)

HSQC spectrum of compound 123w

L(LU\MALJ

MPI-HRW-660-1_2019-05-06_13-35-31_AV700.5.1.2rr

:

Lk

© o |0 @ o 0o o

£6.0

£6.5

£7.0

£7.5

8.0

8.5

T T T T T T T T T T T
4.5 3.5 3.0 2.5
2 (ppm)

NOESY spectrum of compound 123w

295

1 (ppm)

f1 (ppm)



MPI-HRW-0696-1_2019-05-08_13-36-39_AV700.1.fid —

1600
801°0
910
08T°0
¥26°0
1660
9557
1957
€97
618'T
0z8'7
PhET
[
19£'2
9857
885
065
e
(7483
061°€
veT'E
62v'c
TepE
£Ev'E
6Ev'E
obb'E
S6v'€
£05°€ ]
mom.mu
vIS'E

s
£55°€
£95°€
995°€ |
€8¢
b8 ]
os8° ]
88°¢
166°
soov
8e'y
oov't
vev'y |
DVQ.?L
S6v'y

[

909y

w9y

£59°

09t

b8

168

—

e e

—

eve L
o0szs
25z
sz
09Z°L
2972
voz'
9972
99z°¢ |
692t
e
veL
ueeL
8LTL
187,
¥8T'L
L8TL
882°¢
T67°L
£62°L
962'L
662'L
20e°L
S0E°L
SIEL
et
0zE'L
9zE'L
82€°L
TEEL
9EEL
8EE'L
obEL
6bE'L

o1E's ﬁ e

avs

iy

/ ////

I

o
c
m

BnO

s8'1
¥ 81'9

e
< 676

—ore
o
Boce

Feet
T

v0'T
W 7w
660
s
M 99'T
60'T
= 00T
E o1
o bST
=0T
M €0'T
vt

Rzt

E8eT

= 02T

Fror

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 125 (700 MHz, in CDCI

MPI-HRW-0696-1_2019-05-08_13-36-39_AV700.2.fid —

11.5 11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5

12.0

P81 —
SOEZ~
86'€2—
095z

e~
18'6E —

869
£51L
LSTL
6vEL
0TvL
789,
00°4L
8TLL
SELL
8€LL
5878 —

e

1606 —

T€°90T —

821
ovszt
85/21
[7kat
88'/71
90821
60871
0€'821
L£821
88LET~\

L9°'8ET
£8'8ET 7
16°05T —

WT9T —

ST0LT —

BnO

(@]
c
[aa]

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 125 (176 MHz, in CDCls)

200 190 180 170 160 150 140 130 120 110

10

296



i

MPI-HRW-0696-1_2019-05-08_13-36-39_AV700.3.1.2rr

0 0\\/—

0

BnO i \
OB )\

"/ otss

L TR N

6.0

£6.5

7.0

7.5

Bn
&
75

7.0 6.5 6.0 5.5 5.0 4.5

COSY spectrum of compound 125

1

4 MPI-HRW-0696-1_2019-05-08_13-36-39_AV700.4.1.2rr

L Ll J

1l

]

o %%

e

S
D =

o

v
ol wwaw:’nlu
0

60

F70

80

F90

100

110

120

130

k140

T T T
4.0 3.5 3.0
f2 (ppm)

HSQC spectrum of compound 125

297

f1 (ppm)

1 (ppm)



£0.0

0.5
1.5

(wdd) 14

g = 9
I
P LT T

2.0
F2.5

o
w
I

6.0
£6.5
7.0
F7.5

n )
+ \n
I I

8.0

MPI-HRW-0696-1_2019-05-08_13-36-39_AV700.5.1.2rr

® 0@

T
3.5

2 (ppm)

T T
0.5 0.0

1.0

1.5

T
2.0

2.5

3.0

T T T
5.5 5.0 4.5 4.0

T
6.0

6.5

NOESY spectrum of compound 125

2019-05-29_13-42-52_AV500.10.fid —

MPI-HRW-0697-up_:

o}

OTBS
BnO o
OB /K
"o

= 10°€
6T

=6

Foze
T
Foet
F ot
W SO°T

STt
1t
wﬂ 60'T

't
erﬂ.ﬁ

A gez

1T

50T

Foot

Tﬂ.mﬂ

55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.0
f1 (ppm)

1H NMR spectrum of compound 126 (500 MHz, in toluene-ds)

2.

298



08'S- ~
9Ep-

97’81
b6'61
60°0Z
sz°0z
ov'0z
ov'0z
§5°02

1L0T
€807
98°0Z

b6'ST \
50'92
97:67
TC8E —
ey —

9b'507 —

MPI-HRW-0697-up_2019-05-29_13-42-!

OTBS

o}

T T T T T T T T T T
190 170 150 130 110

210

160 140 120 o (lggm)
13C NMR spectrum of compound 126 (126 MHz, in toluene-ds)

180

200

1.5

2
N
h

1
~N
L

o
=
I

(wdd) 74

1
o«
I

<
<
I

0
<
I

o
w
I

1
wn
I

6.0

6.5

£7.0

7.5

8.0

2019-05-2913-42-52_AV500.12.1.2rr

MPI-HRW-0697-up.

OTBS

o

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.5

f2 (ppm)

COSY spectrum of compound 126
299



L JLLLL

L

M L

-

MPI-HRW-0697-up_2019-05-29_13-42-52_AV500.13.1.2rr

B
BnO O _~OTBS

BnO or =
OBn /K .
o}

126 e

60

£70

80

F90

{100

110

120

130

140

4.0 3.5
2 (ppm)

HSQC spectrum of compound 126

MPI-HRW-0697-up_2019-05-29_13-42-52_AV500.15.1.2rr

B
BnO O _~OTBS

BnO K
OB /K
o

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 1.5

3.5
f2 (ppm)

NOESY spectrum of compound 126

300

f1 (ppm)

1 (ppm)



MPI-HRW-0324-PhCH3_2019-05-17_11-01-24_AV700.1.fid —

2007
85T
£80'
1802
060'7
£60'7
960'7
zez
6e£'7
¥29'Z
PPE'E
S6S°E
665°€
T9E
stoeql
669'
804'€ 7.
obL'E
oszrefL
ese
o9 JL
9L0't
260't
€52t
vZ€'y
THE'D |
SsE'y
2Ey
T6Ew
80v'h
£6v'h
605°%
958
28
£6E'G
1169
8£6'9
086'9
910°L
L10°L
6102
150°
650°
190
£90°L
690°
SL0°¢ Y
100°¢
6L0°L
280°L
S80°L
960°L 7]
£60°L
6602
001 4
€014
SOT°L
[ 9%
vire ]
ers
vers ]
9ETL
SET'L
SPT°L
wrL
6v1°L
YST'L
8ST°L
091°L
S9T°L
69T°¢
oLte
s0z'¢
602'¢
o1z'¢
91zt
o0zz'e
Tzt
29zt
v9T'L
€L
ozt
682
062°¢
£62°¢
00€°¢
o€t

T i ——

il

/// VAN Y/ A A

o)

OH
BnO K
Tk
"No

BnO

127

Tm.ﬁ

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 127 (700 MHz, in toluene-ds)

MPI-HRW-0324-PhCH3_2019-05-17_11-01-24_AV700.2.fid —

11.5 11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5

12.0

2.5

1002
8102
67°0C
14
15°02
290z
£L0T
95'67 —

£ LEN
95'TH
YTy =

vozy

0569
16'69
SsToL
£€TL
1572 W ——
1974 -
sz f p—
09°€L 7
19°€L
1662 -
9L J
NN.VN\‘
Sv'8L J
1184
9666 — -
SI'g6 — -—
iz
szt 4
vzser |
6v'L21
09221 1
SLLTT
08421 |
8421
68421
6L
£0'821
80'821

|

TT8CT
118217
£2'821
£2'821

GE8CT —
¥b'82T |
5821 |
95°871 |
1581 ]
65'821
12821 ]
S8'821 g
86'821 %
9T'62T

ov'seT ]
05'8€T

LL8ET @)

08'8€T T

88'8€T

25'6ET o N
0L'6ET N

290z
6£°£02 -—

90 80 70 60 50 40 30 20 10

100

200 190 180 170 160 150 140 130 120 11f01 oo
13C NMR spectrum of compound 127 (126 MHz, in toluene-ds)

10

301



MPI-HRW-0714-final_2019-06-04_10-39-10_AV700 — —

€TL
SETL
ovzL
vhTL
15T°L
09z°L
69°L
€L
v8T'L
167°L
TIE'L
T2E°L

n
g
~

THE'L

[

71

s

//f/f

I

o]
c
m

2 00E [
=ore

Feee
2 06T

et
B 960

F oot

Freat

1.0 0.5 0.0

1.5

1H NMR spectrum of compound 128 (700 MHz, in CDCls)

MPI-HRW-0714-final_2019-06-04_10-39-10_AV700 — —

T,
85577
20°0€ ~

STLE—
w6
8T —

£0'69
201 W
9T

0s'€L ="

9L
0024 W
8TLL
018 7

19°56 —

95'90T —

29zt
18°221
88'/21
6821
o'zt
j24:143

[4g:1a \
pig:iad
Ly LET
SLULET W
05'8ET

9T 19T —

85'89T —

£0°207 —

BnO

BnO

|

|

|

90 80 70 60 50 40 30 20

100

f1 (ppm)

13C NMR spectrum of compound 128 (176 MHz, in CDCls)

190 180 170 160 150 140 130 120 110

200

302



|

MPI-HRW-0714-final_2019-06-04_10-39-10_AV700.2.1.2rr

BnO

BnO ' M

128 L3

8.0 7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
2 (ppm)

COSY spectrum of compound 128

T

L

I

|

MPI-HRW-0714-final_2019-06-04_10-39-10_AV700.4.1.2rr

60

80
90
f100
110
120

@ F130

140

T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f2 (ppm)

HSQC spectrum of compound 128

303

f1 (ppm)

1 (ppm)



Mo

0.0

0.5
F1.0

F1.5

2.0
2.5
£3.0

(wdd) 14

o
n
I

6.0
£6.5
£7.0

9w
< <+
T

F3.5

n
n
I

7.5
8.0

MPI-HRW-0714-final_2019-06-04_10-39-10_AV700.3.1.2rr

© o 0®p

°® -0 -gRPgoq - -

I

1.

1.5

3.0

3.5

4.0

2 (ppm)

4.5

NOESY spectrum of compound 128

MPI-HRW-0703_2019-05-24_12-47-21_AV700 — —

007
80£°7
9TET
zeeT
ovET
€22
TeT
1vhT
ssb'z
9057
€157
1252
8752 |
9657
b5
155
e |
609
9297
2692
66
050z~
1007 \
€142
£9€°€
e
6LE°€ ]
28€°€ )
L9
v8°E
26v°
T05°€ |
b15°€
sese
875°¢ |
vese |
Ws'E
1SS°€
8v9'E
o1ze
91L€
wLe
see
azLe
oeL€
9EL'E
e
626'
26
8I€Y
SeEy
S6Ey
vy
[ ad
0Sb'b
925y
€5y
169
bS9'b
608'v
978
T1TL
seze
097,
992°¢
6971
90€°L
orEL
81€L

@
&
g
~

7717y J

sl g /”f/

[}
=
@)

Foost

55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.0
f1 (ppm)

IH NMR spectrum of compound 129 (700 MHz, in CDCls)

2.

304



£6'67 —

818 —
S8'TE—

68'9y —
186 —
9T'Ts —

9L\

00°2L
e/

[xra3
9s'Lzt
[3: 9743
v8'LZT
88'/TT
66'£T1

0z'8z1
0v'821 \
S'8TT
ESLETN

16°LET —
soser 7

|
55491 —

£9'107 —

7€L07 —

MPI-HRW-0703_2019-05-24_12-47-21_AV700 — —

OMe

(o]
c
m

| ]

[l

|

90 80 70 60 50 40 30 0 10

100

f1 (ppm)

13C NMR spectrum of compound 129 (176 MHz, in

MPI-HRW-0701-Final_2019-05-24_12-47-21_AV700 — —

200 190 180 170 160 150 140 130 120 110

10

CDCI

|

Ve ]

s700)r ///fr

=819

=0
o 860
Fort
Fot

96'0
A ie0

56'0
M 0T
7 60

60
F€0'T

T soT
Teaz
ot
oot
i
00T
B0t

Brst

35 30 25 20 15 1.0 05 0.0

4.0

4.5

55

6.0
f1 (ppm)

H NMR spectrum of compound 130 (700 MHz, in

12.0

2.5

CDCls)

305



89'1Z
89'1Z >
£6'67 —

[
€61 —
68'9v —
6€'05 —

€889
£6'89
$6°0L
AR /

LA
€€bL—

€9 %
w8'9L
00'LL
90'LL
8TLL

(818

[£ral
9s'czt
[3: 9743
68'LT
10°82T

o0z'8er
Tb'81 \
e
SSLETN

T6LET
soser 7

47-21_AV700 — —

T 19991 —

78’107 —

67°L07 —

MPI-HRW-0701-Final_2019-05-24_12-

OiPr

BnO

BnO

‘0,

130

BnO

100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 130 (176 MHz

MPI-HRW-0700-check01 — MPI-HRW-0700-check — STANDARD 1H OBSERVE — —

200 190 180 170 160 150 140 130 120 110

10

in CDCI

et
7
€22
o°z'T
682
£0€°Z
oTET
62€'
ShE'T
9S€T
S9£°Z
2867
s6€'Z
20v'Z
92v'T
[
YOP'T
025°Z
8257
€557
155
4952
€5
1857
€62
sbez
9LLe
887
€187 ]
1287
1587 |
o8z
Sm.&
a6 |
926
8SE°E
29eE
99€°E
9EV'E
1SP'E
POP'E
0LY'E
06v'€
86°E
LyS'E
YSS'E
wuse
6.5°€
185°€
965°E
£09°€
S19°€
€09°€
159°E
899°E
969°€
YOL'E
e
61L°€
0eLE
6bL°€
TI8°€
18°€
158°€
£98'€

T r—

08
0zv's

131

=0

35 30 25 20 15 1.0 05 0.0

4.0

55 50 45

6.0
f1 (ppm)

'H NMR spectrum of compound 131 (400 MHz, in CDs0D)

2.

306



MPI-HRW-0712-final-2_2019-06-04_10-39-10_AV700.1.fid —

0£0'
LET'T
862
90£°
se€'e
TEET
ST
1992
8Lv'T
S8v'Z
68+
205
71se
65T
5552
2952
05T
1°sT
0107
w2
€607
vhLT |
o€
0LEE
786°€
98€°€ |
925°€
0€5°€
5°E
bss'E
£55°€
£95°€
895°€
0/S°€
085°€
veLe

62E
SEL'E ]
6cL€
L€
bl ]
0S¢
ss2°€ ]
456
196°€ -|
ShE'D
29€°t
wr'y
6€bt
650
stby ]

D

£95% |
ossb
699+
589
58
vsg'y 1
8vT'L 1
152°
€522
£5TL A
0922
5922 |
LTl A
SLTLA
LLT LA
182
S8T'L
062, ]
b6z
167°L
00£°Z
2o
soe's
60
e ]
crez
TEEL
vEEL
et
TEL
phEL
e
0s€°L
[

bSEL
95€°L

i)

////

Iy

BnO

BnO

BnO

132

I

W 7€
9T’
iokaad
0£'T
W 0zt
o 81T

871
A gre
T

J 001

et
W €67

szT
sr1
= 61T

Toost

0.0

0.5

1.0

1.5

2.0

2.5

3.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)

'H NMR spectrum of compound 131 (700 MHz, in CDCls)

MPI-HRW-0712-final-2_2019-06-04_10-39-10_AV700.6.fid —

7667~
PTTE

96'2€ —
ee—
15—
9069

¥6°0L
AR71

LYEL
€Y.
0592
Nw.mn%

0024

SUIZ
st
5028 —

bSLZT
[Ykat
£8'/71
6871
50'821
127°821
8Tl
9821
85LET
96°LET W
TL°8€T

6b'L07 —

BnO

v, O

BnO

BnO

132

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 131 (176 MHz, in CDCls)

190 180 170 160 150 140 130 120 110

200

307



MPI-HRW-0226_2017-11-21_13-18-35_AV500 — —

NN QON QNN YT NS 2
FRFRIND3RGTTEINRS 8
NRNRNNRNRROQI T TON N
RNNRNRRNNRNNRNRNNR ~
]
g & 8
NI o

25 120 115 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 135 (500 MHz, in CDCls)
MPI-HRW-0226_2017-11-21_13-18-35_AV500 — —
8 82 2 8% @RS 2 wgw ?
g 83 B {8 252 g NN @
[ N SN
0.__0O
/
CN
135
| |
| | I
| 11 l “ t. n |
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 135 (126 MHz, in CDCls)

308



MPI-HRW-0307-Final_2018-04-13_13-18-41_AV400.10.fid — H1 — z_Proton CDCI3 /NMR-Daten MPI 33
P o
RE88S2338335858 g8
BRNNNNNNRNNNNG OGS NN
| ==\ [
N
H
I
I J A
T & ard 1 r
@ @ 229 a o
3 3 2SS 3R
L T T T T T T T T T T T T T T T T T T T T T T
25 12,0 11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

'H NMR spectrum of compound s15 (400 MHz, in CDCls)

MPI-HRW-0307-Final_2018-04-13_13-18-41_AV400.11.fid — C13 with power gated Proton decoupling — z_C13pg CDCI3 /NMR-Daten MPI 33
I B 8 388K g Ng 8 on
g w a Remad a acy9 8-
5 b o aaNag | RR® a8
NSNS N I
N
H
s15
[ |
|
| |
j I l 1‘1 l ’
T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)

13C NMR spectrum of compound s15 (101 MHz, in CDCls)

309



MPI-HRW-0311-final_2018-04-16_11-12-39_AV500.10.fid —

004
988

599

584

317

302

286

260

193

178

162
4.028
—2.612
— 2.419

| )]

12.0 115 11.0 10.5 10.0 9.5 9.0 8.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

0 75 70 65 60
f1 (ppm)

'H NMR spectrum of compound s16 (400 MHz, in CDCls)

MPI-HRW-0311-final_2018-04-16_11-12-39_AV500.11.fid —

2 3 g 3 898%3 8 now o v
w ~ - ~ NYTmo < Non N ]
k4 E—— a 9989 & RRR 2 R
[ NSNS N \
(0]
N
\
Moc
s16
I
I
I
. . . . . . . . . . . . . . . .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)

13C NMR spectrum of compound s16 (126 MHz, in CDCls)

310



MPI-HRW-0306-solid201 § %‘ § E % i\ E E E § § § E g g § § &
MPI-HRW-0306-solid2 RNNRNNRNNRRNRNNR N +
STANDARD 1H OBSERVE e ) 1

M” M“ ] ‘l‘ ‘ A
4

3.15x

T T T T T T T T T T T T T T T T T T T T T T T T
25 12,0 11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR spectrum of compound s17 (400 MHz, in CDCls)

MPI-HRW-0306-final_2019-08-28_14-09-51_AV500.11.fid —

o oo o ogawa @
5 & 9 5 23393 3 o ongen —
w ~ =] © E RN < < ITNQORI T NM
$ 5 8 2 g£3888 % 3 paiisie Soe
g b g 8  RIRER 1 3 555588 EEE
| | NSNS N VI
\
Boc
s17
[ | 1y
I
I I
L N T L
. . . . . . . . . . . . . . . . . . . .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound s17 (126 MHz, in CD2Cly)

311



MPI-HRW-0349-product01 — MPI-HRW-0349-product — STANDARD 1H OBSERVE — —
Aot gty o o d "
S YAENEBIARENES88NS5383528] g B E 8
2ocoo9ounninhnNANNNNINNA~MmN @ ! 2 -
SES22oSRRRRRRANNRNNANARS 3 i E 3
P\ N ) )
OTBS .
\
Moc f [

Il
L I A
| Jk

443 Ee) bs & 4 4

e 2 2 29 - - - Q

3 R =] & & a a
" T T T T T T T T T T T T T T T T T T T T T T T T T
25 120 11.5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -

f1 (ppm)

1H NMR spectrum of compound 140 (400 MHz, in CDCls)

MPI-HRW-0234-final_2019-08-28_14-10-25_AV500.11.fid
n

2 o om wmazn  x
2 5 848 9333% X onsnen -
o o ~ oW MMmA YT w TNQoRin N0
& % 8 &4§dd322 8 FHRA040 Rk
| [ A B i Y =\ /N
\
Moc
i
i
| | ‘ |
i I
i i ‘ Il “ Hl I
. . . . . . . . . . . . . . . . . . . .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum of compound 140 (126 MHz, in CD,Cly)

312



MPI-HRW-0327-051401 — MPI-HRW-0327-0514 — STANDARD 1H OBSERVE — —

N22IISRINRAT 9252 LRBREER] B3 % 3% 8§
RN RNnnnhhbhhNAAddda 44714 8N el ©n S
RERERIREI R i bebefebeBedededededed i b R £

N OTBS

N / {

\

Boc I 1

141

0.170

(VY D
117 28 N
25 12,0 11.5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 -
H NMR spectrum of compound 141 (400 MHz, in CDCls3)
MPI-HRW-0326-final_2019-08-28_14-10-25_AV500.11.fid —
T T 7 e RV
N—oTBs
N
\
Boc
141
I
|
| - i
[
L4 “H i
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 141 (126 MHz, in CD,Cly)

313



e

O

MPI-HRW-0266-final_2018-02-07_13-34-08_AV700 — —

148b

Fore

=001

501
H/S.m:

10T

0T

1.0

T
1.

T T T T T
55 5.0 3.5

10.5

0.0

0.5

25 2.0 5

3.0

4.0

4.5

6.0
f1 (ppm)

'H NMR spectrum of compound 148b (700 MHz, in

MPI-HRW-0266-final_2018-02-07_13-34-08_AV700 — —

6.5

9.5

10.0

11.5 11.0

12.0

2.5

CDCls)

9T~
w—

PO'6E ~
e

189 —

8L'€E§ —

£5'89
60'0¢ /
[ %
107~

1S°€L 7
€0vL 7

8'9L
00°2L
8T'LL \
g

+8'00T
[R4ad /
b9°€TT
1021
ST'HTT
[38%4¢
09221
EYavias
66°LCT
20821
50871
j24:748
Eratiad
9z'8eT
6£'821
£5°8T1
T§LET
85°LET

S6'LET W
b9'8ET

08'TST —
16851 —

T'S9T —

(@]
c
om

148b

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

10

13C NMR spectrum of compound 148b (176 MHz, in CDCls)

314



AL

1

A A NJ A i

MPI-HRW-0266-final_2018-02-07_13-34-08_AV700.3.1.2rr

o -
BnO
BnO
OBn e g
® 0
148b
El ® 'Y
9 &% e
’.é’ - w
e
.gg $ -
!C"- @
o Y gF
R
® ®
8‘.0 7‘.5 7‘.0 6‘45 6‘.0 5‘.5 5‘.0 4‘5 4‘.0 3‘.5 3“.0 2‘.5 2‘.0 1‘.5 1‘.0

2 (ppm)

COSY spectrum of compound 148b

I Y Y o

MPI-HRW-0266-final_2018-02-07_13-34-08_AV700.5.1.2rr

°
o 9
© o o
(0]
BnO ® °
L]
BnO
OBn
o
148b e o §
s 0@
°
[
L]
0 L]
® & °
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4. 3.5 3.0 2.5 2.0 15 1.0 0.5
2 (ppm)

HSQC spectrum of compound 148b

315

30

L 40

£50

£ 60

L70

80

F90

100

F110

120

130

f1 (ppm)

f1 (ppm)



(wdd) 13

m o »w o W o ;W 9o W 9o W 9 W 9 uw 9 un
S 4 4 & N ® 4 ¢ ¢ B s 6 6 R N @& &
AL U S e My SR SR SR
0
=}
Q
F3
0
Fa
o
e
. n
8 e
o
e
0
e
<
[«
1
° na
© r<+2
l o
° ]
&
— & V wn
= 5 rw
4
(=3
S
> o
A, o
o
e
=+
i 0
(] o
[
o ®
5
& h Q
S = @ [N
e :
2 o
3
8 . epo e .
i n
= 3 | w
N
- & .
o °
8
o
-z 2 T
&« O m
ot =
o o wn
= [ o

=

NOESY spectrum of compound 148b

MPI-HRW-0430-final_2018-08-22_13-38-03_AV500.10.fid —

‘\\OMe

(0]

BnO

il

1o

“OBn
OBn

s20

BnO

—sze
o1z
=867
50T

60°€

607
M 001
€0'T

At 90T

= p1T
Foegr

35 30 25 20 15 1.0 05 00

4.0

11,5 11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 " (Gbgm) 5.5 5.0 4.5
'H NMR spectrum of compound s20 (500 MHz, in DMSO-ds)

12.0

2.5

316



MPI-HRW-0430-final_2018-08-22_13-38-03_AV500.11.fid —

SSH'T
8567
9T
o] 997
oy
0T€'E
6bEE .
Fa 15€°€

€SE'E
20'6€
61'6€
SE'6E
=)

YoE'E
75'6€ L2
69°6€
S8'6€
z00or

89€°E
TLEE
s — R

£L£°€ 1
T6E'E r
Ws'e
SbS'E
1vS°E = L
795°€
oss°

¥8L'E ]
208°€
65t
9T L
bbb |

St
99
238
495
885t
729°b
9v9'b |
£99'
2990
089°% ]
989t
6890
RS
96£°b ]
818+
618
99T°5
ers F
(AL
€81's -

89°'89
2269 % _ o
PHTLNC — FR
€€2L— —
L0vL T =
6bbL W -—
052 —
09°6L \

9118

7S

i

£8'96 — -

=

T
100

f1 (ppm)

13C NMR spectrum of compound s20 (126 MHz, in DMSO—de)

MPI-HRW-0431-2_2018-08-22_13-36-50_AV500.10.fid —

T
110

ovzt
8v£T1
€57221
[E¥as r
5921

61821

j24:743 =
1 4:744 r
67821

SsT'sEl
ze'8eT W S

259
AN ~ J— P

120

TETL
bET n/

[\ ¥R\ 0 = ¥ Dvuc r
Tl 8.7
ob1s e Feoo
0ST°2 F
8072
11z
yIT ﬁ
orTL
2z
vees ]
ez
[
9€TL
66T L
YTl
L
0sT'L
vSTL
€97,
97t
0LT'L I
€L
6LTL
w8TL
v8TL
98TL
62°¢
9622
867°L (@]
20£'L
So£'L
60€'L
TIEY
3
orEL
81€L
WL

130

T
140

15°8€T
8L'8ET

T
150

T
160

T
170

‘\\O Me
“’OBn
180

OBn
s20

OH
“’0Bn
OBn
150

o}

T T
200 190

BnO
BnO™

BnO
210

BnO

5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 150 (500 MHz, in CD30D)
317

12.0

25



37-32_AV500.11.fid —

MPI-HRW-0431-1_2018-08-22_13:

05'8t
L9'8%
€8'8%
006t
LT6Y
€E°6Y
0S'6%
€b'8L
0S°8L
weL
0,08
8,18
w818
66°78
10°€8
bb'E8
15°€8
16°€8
0048
6€°L8 ~
S5°68 —
6606~
0926 \
wed
2066 —
TZ'901

78'9€1 /
$8'9ET
£8'9€T
T6'9ET
96'9€T
00°L€T
$O'LET
90°LET
60°LET
[A923
STLET
TTLET
TTLET

bTLET
T9LET
19°L€T
0L'LET
(237233

9L°LET w
8L°LET
89'LbT
SLLpT
8L7LYT

16°LbT
ET'8T
€T8PT
£€°8PT
6€'8bT

OH

BnO

“OBn
OBn
150

BnO™

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

f1 (ppm)

13C NMR spectrum of compound 150 (126 MHz, in CD30D)

_| /NMR-Daten MPI 45

HRW-0550-final_2018-11-08_17-17-01_AV600.10.fid — H1 — z_Proton CDCI3

MPI-|

807°€

L9v'E
105°E
[
L1S°E
ws'e
£ES°E
ouUS'E
£58°E
158°€
188°€
z68°€
Y06°E
606°€
926°€
826'€
T66°€
£€6°€
200t
800°F |
810°%
¥20°b
TETY
Tl

£5T

Uy

£8EY

6

(e

[ ad

99b—~
055°+
695°p

685

OH

BnO

r illan ///,/ s

“OBn
OBn

151

BnO

|

S

Fszer

55 50 45 40 35 30 25 20 15 1.0 05 0.0

6.0
1 (ppm)

H NMR spectrum of compound 151 (600 MHz, in CDCls)

9.5

11.5 11.0 105 10.0

12.0

2.5

318



.fid — C13 with power gated H1 decoupling — z_C13pg CDCI3 /NMR-Daten MPI 45

MPI-HRW-0550-final_2018-11-08_17-17-01_AV600.11

L2 £55°€
155°€
085°€
S85°E [
LR 9'€
159°€
099°€ r
999°€
Lg st9'€
—_— 089°€ L
™ €89°€
P 689'
o O 198°€
¥ D 998°€ [
o0g'g9 o8°€
689 su8'
¥b'69 o C 988'€ r
e82L o 168°€
T6°2L . m S68°€ 1
TWEL 006°¢ L
ShEL 1=} T 606°¢
poy 3 N 266 |
£5°€L I 956°€
Tebe (739 - = ¥ r
Tobe _ M T0b°p = [453
Sl = LR 8eb'y | N 3 [ Gdad
bO'SL — 8ob't - T
259 N — l Ub'y
o - Lo s6v 1 _
00'2L — LS — 645t S~ == Fore |
oout -3 N 809y & ~ y e
99'8L b9 W - e
9908 ° — [Znd ~ o1t
€128 r e ooid [
816 — B Lo e
— 8059
o _ L1597 F
€Ll L8 k=] 2or'ZA
- m c Lo
=T ‘
. = ]
ov 2zt oz o cz.Z(
85°£21 r= o 9TT'L o -— o0t
j7vas bLTL r
[ Vavias m ey
68'2T o 08T°Z
96421 re m €81°L F
Trser PBTL
oz'8et o f  T—————— [,
ve8er Y= I oot
_ —_
se'ser F m o | 6817 [
SE'8TT m w 06T
ovsei g o)
8 == =3 > o core] [
8T'8ET LS = @ YeT'L
£E°8ET - o O serc ]
Th8ET [ &) T 61
6b'8ET o 86Ts bl /) Feor[
. o (B} a ﬁ
bS'BET L3 o ot
LS°8ET - g soee
5] z 207 o [
01zt —
L 8 R 5 e o
- | b1z O r
= lad u T
th LTTL
I N @ oeee z nm L
c [ Q swL
T m Q g ot ﬁw ,/O
e - N
O /ﬁu o B T seee S N r
N Lo 5 zez m v
S c = & zevs
o = geey (@] o -
| ez F
o O« o o sere /
w0 ] = WY <
- o Tl O L
QD svrL c
2 6v'L
Q e : o @
c 2 150¢L
o & 7558 = r
O o T m
< a
o =] =

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

1 o)
'H NMR spectrum of compound 152 (400 MHz, in CD2Cl,)
319

115 110 105 100 95 9.0 85 80 75 7.0 65

12.0

2.5



2 run with findz0 before acquisition —

MPI-HRW-0432-final01 — MPI-HRW-0432-final — 13C OBSERVE — — pad

9'ES
€L°€S /

00'vS —¢
LTS \“
bSbS

£0'69
oEL /
mw.mh%
16°€L
£LSL~—
209 *
SSLL \
7108

v6'18 \

86'16 —
£6'v6 —

[45:144
LT8TT
0€'82T
8b'821
95°82T
29'8zT
98821
06'8T
v6'87T
96'8Z1
LL8ET
08'8€T

ec1 T
£0'6€T
05'6€T \

94191 —

BnO

o _\\o\n/cm3

“0Bn

BnO""

OBn

152

i

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 152 (101 MHz, in CDCl.)

200 190 180 170 160 150 140 130 120 110

10

& /NMR-Daten MPI 46

MPI-HRW-0551-final_2018-11-08_17-17-01_AV600.10.fid — H1 — z_Proton CDCI3

ws9
8759 >

e

187°L

88T°L
Al

6L
£0€°L
90€° ﬁ
oteL
1
Tee
szt
6c€°L ]
eeet
sees |
sees
obEL
el
YhE'L
veL
6bEL
(239
9SEL
98E°L
88E°L
665°L
w0r'L
209’8

——

s

I T

OBn
19

W o't
90T

K0T
MGGA

80T
Fere
=0T
W 00'Z

2T
g0t

=001

Fso0z

101

30 25 20 15 10 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 o (6[;gm) 5.5 5.0 4.5 4.0
IH NMR spectrum of compound 19 (600 MHz, in CD.Cl,)

12.0

2.5

320



.fid — C13 with power gated H1 decoupling — z_C13pg CDCI3 /NMR-Daten MPI 46

MPI-HRW-0551-final_2018-11-08_17-17-01_AV600.11

00821
£0'821
0’821
L1821
07’821
£2°821
L£'821
69871
9,821
18'821
v8'82T
88'871
69'8€T

TT6ET
€T6ET W
ST6ET

SLT9T —

o _\\o\n/ccl3

BnO

NH

‘OBn

’,

BnO

OBn

19

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 19 (151 MHz, in CD,Cly)

MPI-HRW-0542-final_2018-11-02_12-08-29_AV500.10.fid —

200 190 180 170 160 150 140 130 120 110

10

sto'€
0z9°€
zo'€
zo€
vEo'E
ggo'e
o'
ob9'€
wuee
s69°€
869°€
soz'€
80'€
[474
Tece
Tese
veLe
6ec |
vhE ]
6vL'€ |
ss.'€ |
190¢
99.°¢ |
[
2s'h o
9£5°% N
2us —
S65' |
65L'Y
180
a8
868t
S68'
116
265
ov6h 7

L1E°S
0zE'S W.
243

€28’ -
ses's

//// I

[
S6T'L
661°L
90zt
117
0Lz’
PLT L —
6.2, -
¥8T°L

887'
062'2
8622
v0e'L
10€'L
1€
eres
ste ]

ALy S
seeL
67E°L

o€,

gl
'L O
O

8YEL

8087 T
=

00T

= b2
Byrer

F o1

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 153 (500 MHz, in CD2Cl,)

12.0

2.5

321



MPI-HRW-0542-final_2018-11-02_12-08-29_AV500.11.fid —

LS'ES
8L€ES W
005

s \“
£V'bS

2689 —
08EL

8T'SL
ov'ss >
0092 \“
ST
oLLL \
ov'18
86'v8 \

€916 —

LL'86 —

80871
91821
61821
17821
bEBTT
£4'821
9v'8zT

08821
j4:3:744
98'871

[35N

6L°8ET
crecr/

L8191 —

=

90 80 70 60 50 40 30 20 10

100

f1 (ppm)
13C NMR spectrum of compound 153 (126 MHz, in CD,Cly)

200 190 180 170 160 150 140 130 120 110

10

MPI-HRW-0552-final_2018-11-08_17-17-01_AV600.10.fid — H1 — z_Proton CDCI3

/NMR-Daten MPI 47

865°€
£09°€
€19°€
£29°€
T€9°€
2b9'€
99'E
859°€
1°9e
189°€
£69°€
869°€
voL'E
SLLE
S8L'E
1000
800°b
010
v10
L10'%
0€0°
ssv'v
stov o
205t
125
985+
09t
RE
9Lt
Sty
v6L'Y
TI8'%
628' |
98"
¥68'p
8E6'Y
5607
61€'S
0Z€'S W.
2e's
6LLS~
w605~
€872
062°2
1674
s62'.
L6T°L
20£°,
90€°L |
80€°L
TTEL
£1€°2
91€'L 7]
0z,
€2€°
s2€°L
zees
see's ]
6ecL ]
eves
ove'L

6YE'L
156

£5€°L
bLEL
LEL
6LEL
88€'L
16€°L
rergd

BnO

(]
c
om

7

J

///f i

oI
R 101
60'T
=1
ort
kNﬁ.ﬂ
60T
Pe
90T
0T

Y
m/ 61T

= 00T

Fo00z

660

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 154 (600 MHz, in CD2Cl,)

12.0

322



.fid — C13 with power gated H1 decoupling — z_C13pg CDCI3 /NMR-Daten MPI 47

MPI-HRW-0552-final_2018-11-08_17-17-01_AV600.11

$9'€S
j4: 33 W
005

8T'tS \.
9E'bS
1689

8bEL
£6°EL /
0€'vL ~t
v6'vL T
19'5¢ \
1St
99°'8¢
99'78 s
05'16 —

5066 —

60821
81821
j24:744
87821
(4148
8821
05821
£0821
58'821
68'871
06'821

99'8€T
P6'8ET
SO'6ET
80°6€T

64191 —

BnO

(e}
c
om

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 154 (151 MHz, in CD,Cly)

MPI-HRW-0477-final_2018-09-07_09-49-28_AV500.10.fid —

190 180 170 160 150 140 130 120 110

200

¥00'7
800'7
610
€207
520'
£60'C
2207
$80'
901°Z
€17
8900
2oy
¥80°p
680°0
760y
S60°%
1600
6600
00Ty
[UsS
01T'Y
€14
L1
07Ty
T2
[TaS
[dza s
9T |
052
¥y
129
ey
STy
8TY
687
867
0S|
280°
560'S
201's
orr's
€175
6115 ]
Te1's |
s
621
TET'S
£ET'S
9T’
6ET'S
9T’
ZsT's
SST'S
zezs
We's
092's
Thb's
9v'S
1855
969'
s
91€'9

€269
09Z'L

OAc
AcO
AcO™ ‘OAc
OAc
s22

Hre
=80'T

1T
1T

=001

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound s22 (600 MHz, in CDCls)

12.0

2.5

323



MPI-HRW-0477-final_2018-09-07_09-49-28_AV500.11.fid

€402
$5°0Z
+9'07
89'0C
9802

8E'T9 —
6L7L9~
2169 —
ore9

SL9L
0L W
st

0068 —

be'g9T
8€°69T /
v9'691 2

! 1zt \
230

OAc

AcO

“OAc

OAc
s22

Aco™

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound s22 (151 MHz, in CDCls)

MPI-HRW-0478-ultra01 — MPI-HRW-0478-ultra — STANDARD 1H OBSERVE — —

200 190 180 170 160 150 140 130 120 110

10

o
64171
L61°TA
L1LT
880
60
or1T'e
T1S°€
€158°€E
825'¢
TES°E
9bs'E
8vS'E
€95°€
996°¢
L£6°E
8€6°'€
Sh6'E
9v6'E
mvm.mA
196°€
296°€
88Tv
16Tt
96Tt
Y0P
L0E')
60t
PIED
JATRE
0ZEP
TEY
L€ N
ogey 7

—

T

88
488
168’
€68t
806't
116
S16'%
L16'%
F4: 189
681°S
961°S
Y0L'S
91L'S

09Z'L —

N

n\

0]

AcO

o, o/
X

o

m

AcO"

OAc

s23

=0€

=re

'€
e
0°E

o
86T
PSOT

5.5 50 45 40 35 3.0 2.5 2.0 1.5 1.0 05 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound s23 (400 MHz, in CDCls)

6.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

12.0

324



.fid — C13 with power gated Proton decoupling — z_C13pg CDCI3 /NMR-Daten MPI 32

MPI-HRW-0478-final_2018-09-11_13-51-39_AV400.11

ey
SHT'T
2917
v19'T
L5v'€
9v'E
£0°ST— -— e

S.DN @@.m
20z W _ w .K«.m
L0z

10

20

YoY'E
L6v'E
TSE
bIS'E
91S'E
625°€
VES'E
865°€
£09°€
£19°¢
7b9°€
+59°€
£99°¢
8£9°€
s2L°€
TeL°E
seL'e |
0bL'E
6bL°€
SSL'E

S~

=

=
voce
st8'€ %

~—

=

—

=

|

Eeo0e

30

J

E10¢e

40

50

u
E
/
!

l

60

74 (x4
6T [
mO:

€0'T
s 660

®
2
R
B
|
70

sz8'€
SE8'E
£2ey

¥ 20
E €0l
oy 270
oy g0t
9sey
5% L
$9E'y
99
695t |
I3
8LEY ﬁ — -—  Eo00T

T
90

58'96 — —

T
100

6LEY
9ty
99b'Y
215
£€5'F
LSy
295
£49'b

1724 r
01L's 4 _— _ _ Wom.ﬁ
€2Ls I - (35
611°L S

vers
LET'L
evrs
661
607,
iz
e r
0zz'L
et
9zz't L
82zt

£€TL
9€T'L .
6€T°L
SYTL
O,
O

f1 (ppm)

13C NMR spectrum of compound s23 (101 MHz, in CDCls)

T
110
/NMR-Daten MPI 31

T
120

e — —

o, o/
X

o

8vT'L
152,
£57°L
092'¢
897'L 2
e z
ST cC
882°L m v
062 =
167t Q o

£0€°L
90€°L P r

ST'69T
€9°69T —
s90c1 7

w\

”
I
|

170

3

(o)
OAc
s2

AcO
AcO™

MPI-HRW-0479-final_2018-09-11_13-51-39_AV400.10.fid — H1 — z_Proton CDCI3

10

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 155 (400 MHz, in CDCls)
325

11.5 11.0 10.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5

12.0

2.5



.fid — C13 with power gated Proton decoupling — z_C13pg CDCI3 /NMR-Daten MPI 31

MPI-HRW-0479-final_2018-09-11_13-51-39_AV400.11

TEST —

Tz —

5985 —

0169
£4°0L
88'1L
06'2L
9£'EL

88'vL ~
YLSLE
89'9L
00°LL
4972
9L'8L

SLL6—

£6°02T —
9521
[Ykat
4 Wads
98471
86'LZ1
00821
0€'8¢T
j43:744
[4g:744
0L°LET
16°L€T
90°8€T

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 155 (101 MHz, in CDCls)

200 190 180 170 160 150 140 130 120 110

10

| /NMR-Daten MPI 33

MPI-HRW-0480-final_2018-09-11_13-51-39_AV400.10.fid — H1 — z_Proton CDCI3

6T
969°€
ToL€
see
82L€
o18°€
818'E
8€8'E
98'€
ge
968°€
616°¢
010t
£10'%
220t
SE0'Y
250t
160t
880°F
I
SET'

€05y
EES'Y
8.5
$09'%

2€9' 7
299' )
69L% 7|
164
668"
098t |
598t
688"t |
0£0°S
6£0°s
5605 |
vor'sd
1859

o590

6LT'L
v8T'L y
161
96T°L 7
€072 )
092°2 ]
ozs
182
187L
e6eL ]
8627,
£0e°C ]
v0£'L | ﬁ

i

===

60€°L
aesL
vIEL
agL
2474
LzeL
432
8EE'L
6EE°L
TwEL
0S€'L
seL
09€°L
£9€°L
085’8

—
-
N
3
3
-
-~
=
-
—
-
o
3
T
=3
<
©_©
o
[e)
C
m

BnO

OBn

F oo

€0°T
M\ or't
90T
W 0T
w0t
mwr
[4%4
w0t
A £1e
B oot

= 00T

Eere

Froer

960

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 60 (400 MHz, in CDCls)

12.0

2.5

326



95°0C —

1897 —

9849

aten MPI 33

! 86001 —

| 00041 —

MPI-HRW-0480-final_2018-09-11_13-51-39_AV400.11.fid —

BnO

o) ‘\\O\H/CCIS

NH

‘,

BnO"

OAc

OBn
60

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 60 (101 MHz, in CDCls)

MPI-HRW-0486-final_2018-10-10_06-33-34_AV500.10.fid —

200 190 180 170 160 150 140 130 120 110

10

612
sose
60L'€
seL€
TeLE
ze8'e
0v8'€
bS8'E
298°€
£L6°€
ue'e
186°€
¥86°€
686'C
£66'€
£66°€
100
20t
180
0v0'%
50t
850't |
250't
L6047
0z5'%
0vs't

2L9'%

38
165 JF

JUAR\

82LY T
p72% 7
v98'%
588'%

L6v'S
205'S W.
905'S

POE'9
80€°9 >

e
SLTL
181,
981,
061°L
092'2 7
9922 7
ez
SLT LA
8.7t
€8z
82
262,
967
00£°. |
£0€°L
80€°L
e
5
61€L
et
[
SEEL
obE'L
YhEL
LhEL
7se'L
56
09€°L

ﬁ

—

189'8

BnO

o ‘\\o\n/ccns

]///

T

BnO™

OAc

J

OBn

157

= 00°€

> 20T
= 00T

20T
X 6T
ore
90T
et

90T
A 90'T

F ot

E 00T

=607
Forer

Frot

30 25 20 15 1.0 05 0.0

3.5

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 f (Gpgm) 5.5 5.0 4.5 4.0
'H NMR spectrum of compound 157 (500 MHz, in CDCls)

12.0

2.5

327



€0°'1C —

879
6789
s0eL
WEL
65°€L
1€V,
S¥'SL V

SL9L
004L
ST
8TLL

5L°06 —

0£'56 —

19°221
08zt
26021
10821
67821
1€°821
Le'821
14144
SHLET N

bO'8ET
60°8ET 7

| 26'65T —

| ET0LT—

MPI-HRW-0486-final_2018-10-10_06-33-34_AV500.11.fid —

o} ‘\\O\H/CCI3
NH
OAc

OBn
157

BnO%

BnO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

13C NMR spectrum of compound 157 (126 MHz, in CDCls)

MPI-HRW-0587-final_2018-12-07_14-12-01_AV500.10.fid —

s29°€
ShL'E
wsee
9sL'E
o€
9r€
sire
S8L'E
88L°€
06L°€
L6L°€
018°€
L18°€
060°%
(244
£9v'p
Sév'b
605y
£E5'Y
LES
¥8S'y
909y
€S0
9L
28y
058y
158
198'%
598'%
6.8
88
S06°% |
696
166'F
8TE'S
0z€'s

22’
1Lv'9
¥8Y'9
S0z
807'¢
112
ST
612
zes
sez's
ez
[
VET'L
9ETL
6£7L
[
vh'L ]
1572
15T,
092'2
voTL
19z
697,
€0z ]
iz
8z
[
S8z'¢
682°L
v62'L
862'L
20€°L
YOE'L
80€°L
€16
61€°L
weeL
9L
87€'L
6EE°L
Te'L
PrEL
9bE'L
6bE'L
TSEL
z6€°L
£6€°L
80v'L
o1v'L
0052

S1S°L

o ‘\\o\(N
0

BnO

S

“0Bn

OBn

BnO"

158

EsST
E ez
= 10T
E o071

9€’E

65T
6T

W 16
$O'T

E1s0

00T

Wmm&m
19T

30 25 20 15 10 05 0.0

3.5

5.5 5.0 4.5 4.0

6.0
f1 (ppm)

'H NMR spectrum of compound 158 (500 MHz, in CD2Cl,)

12.0

328



.

WL
06291~

MPI-HRW-0587-final_2018-12-07_14-12-01_AV500.11.

OBn
152

BnO

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 158 (126 MHz, in CD,Cly)

MPI-HRW-0503-final_2018-10-12_11-35-22_AV700.1.fid —

200 190 180 170 160 150 140 130 120 110

10

09ZL
LEL
S8E'L
£85°L
T6E°L
86€°L
LovL
195
€LS'L
185°L
S89°L
169°L

S98°L
y72: %4
a6l
616
vT6'L

SET8—

N

>
N

CF3

161

=002
Z00°T
6T
0T

=107

7.0 6.5 " (Gﬁgm) 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
'H NMR spectrum of compound 161 (700 MHz, in CDCls)

7.5

11.5 11.0 105 100 95 9.0 85 8.0

12.0

2.5

329



N ¢ 8 3 3
2 ] ? K
| | | |
161 CF;
131.0 130.6 130.2 129.8 129.4
1 (ppm)
23ISR
RRRR
NV
I
MJMM
127.7 127.5 127.3 127.1
f1 (ppm)
I
| Ly |
Wl Ll
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13 ;
C NMR spectrum of compound 161 (176 MHz, in CDCls)
MPI-HRW-0559-final_2018-11-14_08-04-21_AV500.10.fid —
bR I PP EE R R SR S b
I P P R EE LR SRR
BBONNNNNRNRNNNNNNNNNNNNNNNNNNWG WG N
SR RGeS SLLLLEED
N
>
N
162 NO2
' [l
.
ILogsel
2 2 gcce¢8g
25 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)

'H NMR spectrum of compound 162 (500 MHz, in CD2Cl.)

330



S88R T ORABIRN S mNo®N
YW M OT T M =1 INQRIn
ee9Y A EIIRA e
NV [N N
C[\>
162 NO»
I
|
| ‘ }ﬂ
1| |
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

13C NMR spectrum of compound 162 (126 MHz, in CD,Cl.)

MPI-HRW-0560-final_2018-11-14_08-04-21_AV500.10.fid —
NN T O TN NN OO AN D ANV AONMONT T AIOD DO ©
NS 200 RARITRALEARINE03C3BRRBNa S
SR RBRRRITITTTITCITINAMNAAIRS38530amA )
=

163 OMe

{4 £iyd &
23 38332 &
T T T T T T T T T T T T T T T T T T T T T T T
25 120 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

'H NMR spectrum of compound 163 (500 MHz, in CD2Cl.)

331



MPI-HRW-0560-final_2018-11-14_08-04-21_AV500.11.fid —

[V i nE
N
>
N
163 OMe
I
| H | ‘ ‘ ‘ ‘\
I
Ll
‘10 2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 l‘lf(i ( 1)‘00 9‘0 éO 7‘0 éO 5‘0 ‘10 310 2‘0 1‘0
ppm
13C NMR spectrum of compound 163 (126 MHz, in CD,Cly)
MPI-HRW-0487-final_2018-10-10_06-33-56_AV500.10.fid —
N (
\>_
N ! ‘ [
| i
Il
164 CFs
-
I m
‘2.5 1‘2.0 11‘..5 11.0 1‘0.5 1(‘10 9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 flzs‘.o )5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 Z‘.S 2‘,0 1‘.5 1‘.0 C;.S 0‘.0
ppm

H NMR spectrum of compound 164 (500 MHz, in CDCls)

332



MPI-HRW-0487-final_2018-10-10_06-33-56_AV500.11.fid —

$8'97 —

SLoL
00'LL W
9TLL

8€°20T

88601 /
LE6TT
£p'zer
80'€TT
96'€CT
09'vZT
96'92T
66'9CT
e
02T
19'821
9T'IET /
TET
89'TET
S6'TET w
90°LET —
65°6ET —

6£'SHT —

CF;

164

90 80 70 60 50 40 30

100

f1 (ppm)

13C NMR spectrum of compound 164 (126 MHz, in CDCls)

xucf1173-H01 — xucf1173-H — STANDARD 1H OBSERVE — —

200 190 180 170 160 150 140 130 120 110

10

vrL
sers
are
621°L
wTL
wre
6bT'L
aze
817
0zz'L
L
9€TL
LeTL
667
WL
952,
LSTL
0972
Tt
uzre
082'L
1822
v67'L
962°L
862°L
662°L
T0€°L
PTELA
9TEL
81€L

R
9852
165 u‘.
2097

809
¥8LL
980
1847 ]
6842
064°L ]
v08'2
5082 ]
L0'¢ ]
6082}
018°¢
206'¢
206'¢
806
€16
vzl
£26°L
626'L
0£6'¢
bE6L

)

165

=00'T
T

Rsop
Bs0z

=860
0T

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

IH NMR spectrum of compound 165 (400 MHz, in CDCls)

).5

333



—3.904

166 OMe

r T T T T T T T T T T T T T T T T T T T T T T T T T
25 120 11.5 110 105 100 95 90 85 80 75 7.0

'H NMR spectrum of compound 166 (500 MHz, in CD2Cl,)

MPI-HRW-0564-final_2018-11-15_08-11-36_AV500.11.fid —

3 & g gy 28833 g 2oygRy
| | | Vool N =\
N
Dam
N
166 OMe
1 ! |
| ‘i | |
| 1
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum of compound 166 (126 MHz, in CD,Cly)

334



MPI-HRW-0484-final_2018-10-10_06-32-45_AV500.10.fid —

o 24y HRTSNTNEGDIONEqNaNSnNSESENEEEE
g $80 C03SBR9USEIRAAHNRSERRNRRRRASE
3 285 EERERREREER GERRARAARY g839852282
QD S ekl heirleiebeieleledcypsirintohrinirioke Ak
e
W\ /CF3
/\/\/\/\o/ )
s25 /
J N
[
L A
g A S
S S gSa =
R § %% 3
—_—————————— —————————————————
25 12,0 115 11.0 105 100 95 90 85 80 75 45 40 35 3.0 25 20 1.5 1.0 05 00 -
1 -
H NMR spectrum of compound s25 (500 MHz, in CDClz)
MPI-HRW-0484-final_2018-10-10_06-32-45_AV500.11.fid —
889 gRge gR5888 3
LR RRR© SREEAN T
K R Woe
W\ /CF3
/\/\/\/\o/ )
s25
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
10 200 190 180 170 160 150 140 130 80 70 60 50 40 30 20 10

13C NMR spectrum of compound s25 (126 MHz, in CDCls)



MPI-HRW-0484-F_2018-10-11_14-35-26_AV500.10.fid —

-74.93

O‘\s _CF3
NN TN TN R
O \O

s25

r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -25(
1 (ppm)

1%F NMR spectrum of compound s25 (470 MHz, in CDCls)

MPI-HRW-0506-pure_2018-11-02_12-08-58_AV500.10.fid —

NOENANDM O o0 N OB M I NN N O NN RO NP OO T AN NOMT IONENOMS SO0 D

5R2a308823388n N2 RN N8 N T8RP a0 NARNINRN838R2E R38R

COBINNRESTIRAA AMMERRcS0SaEnhhhTITITANANAANARNRAARRRNGEE

BENNNRNNNNRNNN BB FTNNNNAddddd b dddddddddddddddn S d86 o

e NPAAGY e ——— L) o o
sl e

IOct
N+ OTf
H—I
N
{/[// f f / //
CF3
167

SRS & ¥ LI 7

25as3s S 2 SN

Ndddda I ~ A6 @
T T T T T T T T T T T T T T T T T T T T T T T T T T
2.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.0
f1 (ppm)

'H NMR spectrum of compound 167 (500 MHz, in CD2Cl,)

336



_2018-11-02_12-08-58_AV500.11.fid —

MPI-HRW-0506-pure

9EPT —

ETET~_
e

8567
0962 W.
£9'62

e

9L'15
um.mm/

8L€ES

TV
Trs \,
£0'bS

89°ZTT
T9ETT W
TLETT
SLETT_
og'zzt
[Araas A
26'v21 —
9781~
S5°'821
19'821
9821
19821
04821
17671
PLEET
L8EET
PTYET
OvbET
L9VET
6£'SET
L9°4€T

“OTf

IOct
N +

F3

C

167

90 80 70 60 50 40 30 20 10

100

1 (ppm)

13C NMR spectrum of compound 167 (126 MHz, in CDCl.)

MPI-HRW-0567-final_2018-11-16_08-04-20_AV500.10.fid —

190 180 170 160 150 140 130 120 110

200

1280
168'0
060
8577
%L
£82°7
062'7
S62°7
1627
£0£°T
60£°T
E1E'T
61€'T ]
2eeT
see'1
pEE'T
6£€°T
THE'T
6vE'T
1567
vseT
8967 |
£6€°T
90v'T
T
Ter't
ver't
£Ep'T
8Ev'T
1561
66+'T
015°T
bIS'T
8157
0€S'T
ST
9bS'T
0951
£8S°T

9
117

o

Feez

¥86'T
S66'T
500
010
¥10'
020
920
1607
660
o'z
b0
90
£50'C
590
209
819'%
£€9'%
81E'S
0ze's
wes
ss€°2
(2%
665 ]
9192
1e92
069
S0t
TecL
vES'L
0s8'¢
bS8t
£98'¢
898'¢
€8¢
958
695°8
€45'8
£85°8
1858

£65'8

T - 00T
. _ 00T
— - F0'T
—_— = — F90°€

-OTf
NO,

pct
N +

\>_
N
168

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 fl ?.D )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
'H NMR spectrum of compound 168 (500 MHz, in CD2Cl.)

12.0

2.5

337



MPI-HRW-0567-final_2018-11-16_08-04-20_AV500.11.fid —

89T —

PIET—
6T°LT
85'67 W
09'67

€ze—

(815
LS°€S /
8L°€S W

0045
s \
£0°bS

v9ZIT
LSETT W
69°€TT

99'9ZT ~
9£'87T —
89871 *
SO0ET -
8LEET 7S
STSET

bS6ET =

ST'0ST —

NO,

168

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
200

13C NMR spectrum of compound 168 (126 MHz, in CD,Cly)

MPI-HRW-0568-final_2018-11-16_08-04-20_AV500.

N

00

19
raxd

B0

F66'1

Foe

200
60
0T

E10'T

Rzt

Eved

5.5

6.0
f1 (ppm)

9.5

25 12.0 115 11.0 10.5 10.0

'H NMR spectrum of compound 169 (500 MHz, in CD2Cl,)

338



89T —

TEETT
mm,m:V
A
a
91T

18921~
00821 —
sz'8zt N
zeezt
bOEET

verser

65°79T —

Oct
N +

MPI-HRW-0568-final_2018-11-16_08-04-20_AV500.11.fid —

“OTf

OMe

169

90 80 70 60 50 40 30 20 10

100

f1 (ppm)

13C NMR spectrum of compound 169 (126 MHz, in CD,Cly)

MPI-HRW-0473-final_2018-09-04_13-24-13_AV700.1.fid —

190 180 170 160 150 140 130 120 110

200

/s

"

879

F o961

sb'T
08's

E 901
90
stz

Tose

Es1T

= 00T
= sp'0

907
kS 56'0

Roez

11,5 11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 f (6.0 )5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
IH NMR spectrum of compound 40a (700 MHz, in CDCls)

12.0

2.5

339



i

M

00191
$.F:V.

SL'89T~
| ¥689T

MPI-HRW-0473-final_2018-09-04_13-24-13_AV700.2.fid —

o
c
om

J

|

60 50 40 30 20 10

70

90

100

1 (ppm)

13C NMR spectrum of compound 169 (176 MHz, in CDCls)

200 190 180 170 160 150 140 130 120 110

10

|

(wdd) 1y

F10

=

BnO

MPI-HRW-0473-final_2018-09-04_13-24-13_AV700.4.1.2rr

3

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.5 7.0

8.0

2 (ppm)

COSY spectrum of compound 40a
340



| |

MPI-HRW-0473-final_2018-09-04_13-24-13_AV700.6.1.2rr

® 20

30

L4o0

50

60

L70

80

90

100

F110

120

F130

140

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
2 (ppm)

HSQC spectrum of compound 40a

2.5

Lok wi

MPI-HRW-0473-final_2018-09-04_13-24-13_AV700.5.1.2rr

o

4 coo @ - o

2.0

1.5

1.0

2.0

L2.5

3.0

F3.5

F4.0

L4.5

£5.0

£5.5

£6.0

£6.5

£7.0

7.5

8.0

8.5

£9.0

T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5
2 (ppm)

NOESY spectrum of compound 40a

341

f1 (ppm)

f1 (ppm)



11.3 List of thesis compound number to Enso experiment number

Compound number

Enso experiment
number

Compound number

Enso experiment
number

70
71
72
73
74
77
78
87
88
89
90a
90b
90c
90d
90e
90f
90g
90h
92
93
95

97

MPI_WUHUEI_0007
MPI_WUHUEI_0010
MPI_WUHUEI_0049
MPI_WUHUEI_0019
MPI_WUHUEI_0022
MPI_WUHUEI_0052
MPI_WUHUEI_0429
MPI_WUHUEI_0058
MPI_WUHUEI_0059
MPI_WUHUEI_0061
MPI_WUHUEI_0082
MPI_WUHUEI_0085
MPI_WUHUEI_0084
MPI_WUHUEI_0086
MPI_WUHUEI_0087
MPI_WUHUEI_0090
MPI_WUHUEI_0091
MPI_WUHUEI_0092
MPI_WUHUEI_0003
MPI_WUHUEI_0008
MPI_WUHUEI_0011

MPI_WUHUEI_0025

98

99

6

100

101

103

104

106

107

108

109

110

111

112

113

116

s2

117

s3

118

s5

s6

MP1_WUHUEI_0050
MPI_WUHUEI_0053
MP1_WUHUEI_0054
MPI_WUHUEI_0315
MPI1_WUHUEI_0318
MPI_WUHUEI_0662
MP1_WUHUEI_0664
MPI_WUHUEI_0672
MPI_WUHUEI_0686
MP1_WUHUEI_0354
MPI_WUHUEI_0667
MPI_WUHUEI_0668
MP1_WUHUEI_0678
MPI_WUHUEI_0679
MPI_WUHUEI_0692
MPI1_WUHUEI_0131
MPI_WUHUEI_0639
MP1_WUHUEI_0643
MPI_WUHUEI_0193
MPI_WUHUEI_0621
MP1_WUHUEI_0224

MPI_WUHUEI_0227
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Compound number

Enso experiment
number

Compound number

Enso experiment
number

119
s8
s9

120

s10

s11

121

s12

s13

122

123a
123b
123c
123d
123e
123f
123g
123h
123i
123j
123k
123I

123m

MPI_WUHUEI_0622
MPI_WUHUEI_0194
MPI_WUHUEI_0202
MPI_WUHUEI_0258
MPI_WUHUEI_0654
MPI_WUHUEI_0655
MPI_WUHUEI_0658
MPI_WUHUEI_0637
MPI_WUHUEI_0647
MPI_WUHUEI_0657
MPI_WUHUEI_0262
MPI_WUHUEI_0627
MPI_WUHUEI_0618
MPI_WUHUEI_0620
MPI_WUHUEI_0699
MPI_WUHUEI_0688
MPI_WUHUEI_0681
MPI_WUHUEI_0680
MPI_WUHUEI_0689
MPI_WUHUEI_0693
MPI_WUHUEI_0263
MPI_WUHUEI_0628

MPI_WUHUEI_0629

123n
1230
123q
123r
123s
123t
123u
123v
125
126
127
128
129
130
131
132
135
s15
s16
s17
140
141

148b

MP1_WUHUEI_0695
MPI_WUHUEI_0660
MP1_WUHUEI_0649
MPI_WUHUEI_0651
MP1_WUHUEI_0650
MPI_WUHUEI_0694
MP1_WUHUEI_0623
MPI_WUHUEI_0632
MPI_WUHUEI_0696
MPI_WUHUEI_0697
MPI_WUHUEI_0324
MPI_WUHUEI_0714
MP1_WUHUEI_0703
MPI_WUHUEI_0711
MP1_WUHUEI_0700
MPI_WUHUEI_0712
MPI_WUHUEI_0226
MP1_WUHUEI_0228
MP1_WUHUEI_0230
MPI1_WUHUEI_0306
MP1_WUHUEI_0349
MPI_WUHUEI_0326

MPI_WUHUEI_0266
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Compound number

Enso experiment
number

Compound number

Enso experiment
number

s20

150

151

152

19

153

154

$22

523

155

60

157

MPI_WUHUEI_0430
MPI_WUHUEI_0431
MPI_WUHUEI_0541
MPI_WUHUEI_0432
MPI_WUHUEI_0551
MPI_WUHUEI_0542
MPI_WUHUEI_0552
MPI_WUHUEI_0477
MPI_WUHUEI_0478
MPI_WUHUEI_0479
MPI_WUHUEI_0480

MPI_WUHUEI_0486

158

161

162

163

164

165

166

s25

167

168

169

40a

MPI_WUHUEI_0587
MPI_WUHUEI_0503
MP1_WUHUEI_0559
MPI_WUHUEI_0560
MPI_WUHUEI_0487
MPI_WUHUEI_0566
MP1_WUHUEI_0564
MP1_WUHUEI_0484
MPI_WUHUEI_0506
MPI_WUHUEI_0567
MPI_WUHUEI_0568

MPI_WUHUEI_0473
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