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Design, Synthesis and Bioactivity Studies of Novel Sugar Derivatives

Abstract

Sugar widely exists in the nature. It plays a key role in a variety of biological processes
including signal transmit and immune response. Because of the importance of sugar to human
beings, its structure and bioactive effects have become the mainstream of scientific research.
Meanwhile, the synthesis of multifunctional sugar derivatives is the major focus. Aiming at
probing sugar derivatives and their synthetic study, four series of compounds were designed

and synthesized; their bioactivities were evaluated.

[1] Arbutin as a kind of natural product for cosmetic, its preparative and structure
modification are very important. In this work, a series of novel, stable, mono- and
oligo-C-glycosides analogues of arbutin were designed and synthesized. 16 new compounds
have been prepared. The inhibition for tyrosinase of compound 44 is similar to that of
a-arbutin at 100 pg/mL, compounds 32, 43, 44 showed the same range inhibition as a-arbutin
at 200 pg/mL, while compounds 21, 32, 43, 44 are better than o-arbutin at higher
concentration (400 pg/mL).

[2] Vitamin E is one of the most important antioxidant in lipid. In this work, a series of novel
mono- and oligo-C-glycosides analogues of vitamin E were designed and synthesized. They

are more stable and more effective. Six compounds have never being reported.

[3] Sugar biochip as a super tool to solve many difficult problems in the field of
glycobiology has attracted lots of attention of scientists. This work takes up with synthesis of
photolabile sugars as biochip’s basic blocks. By regioselective opening of 4,
6-O-(o-nitro)benzylidene ring with Et;SiH and BF;-Et,O, a series of 6-O-(o-nitro)benzyl

protected glycopyranosides were synthesized. Syntheses of 15 new compounds are reported.

[4] Diabetes Mellitus is a very serious disease in 21% century. Since Protein-tyrosine
phosphatase 1B is a potential target to treat diabetes, a series of glycosyl amino acids have
been designed and synthesized as potentiel inhibitors of PTP-1B. Alkyne sugars and azide
acids were connected via click chemistry to afford a series of sugar amino acids derivatives.
Amongt tested molecules, the glycosyl tyrosine 111 showed 83.4% inhibition of PTP-1B at 5
pg/mL.

Keywords: Sugar Biochip Photolabile Protecting Groups PTP-1B  Amino acids
Arbutin  Vitamin E  Synthesis



General Introduction

Study of carbohydrates began in the late nineteenth century with the work of Emil Fischer.

Carbohydrate ring structure was elucidated in the 1930s by Haworth and colleagues.’

Carbohydrates have long been underappreciated by the scientific community, and many
scientists approach the complex structures and elaborate nomenclature of carbohydrates with
trepidation. 2001, a special issues about Carbohydrates and Glycobiology was published in
<science>, they declared that sugar is “a Cinderella field: an area that involves much work but,
alas, does not get to show off at the ball with her cousins, the genomes and proteins”.” Like
amino acids and nucleic acids, sugars are abundant in nature: many natural products contain
oligosaccharides that are vital for their biological activity, and carbohydrates have key roles in

a broad range of biological processes, including signal transduction and immune responses.

Although fewer scientists work with carbohydrates than with other biopolymers, researchers
in this field have been prolific. Chemists and biochemists have developed new methods to
rapidly synthesize oligosaccharides, enabling them to generate complex polysaccharides and
analogues of natural products that have increased activity in vivo. Biologists have explored
the physiological roles of various sugars, discovering that many have essential roles in all of

the major organ systems and are involved in several disease states.’

The number of chemists, biochemists and biologists in this field is steadily increasing, and
this interest underscores the fact that there are so many discoveries to be made. To quote Ajit

Varki®, it is “a fertile area for the new generation of young scientists”.



Chapter 1 Synthesis of Novel Arbutin C-glycoside Derivatives
for Inhibition of Tyrosinase

1.1 Introduction

Arbutin, 4-hydrophenyl-f-D-gluco-pyranoside, is a white needle crystal or powder, often got
from natural green plants.” Arbutin is very important to human being, such as relieve a cough,
prevent and cure asthma, cure burn. Furthermore, arbutin is an inhibitor of tyrosinase of
human pigment cells which catalyzes the production of melanin and other pigments from
tyrosine by oxidation.® Morever, arbutin has been a focus for its effect of whitening skin.’

The structure of natural arbutin is a f type, but its anomer, a-arbutin, has a similar whitening
skin effect. According to recent research result, it has been confirmed that arbutin can inhibit

the synthesis of melanin, with no obvious side-effect.’
1.2 C-glycoside

As the unique class of carbohydrates, aryl C-glycosides are stable analogs of the
corresponding O-, N- and S-glycosides owing to uncleavability of the glycosidic C-C bond
under the presence of acids and enzymes.® ° Because of their favorable pharmacological
profiles such as the treatment of stroke, cancer, cardiovascular and diabetic diseases, aryl

C-glycosides have gained increasing popularity as drug candidates.'* '

Some C-glycosides have better bioactivity than their corresponding O-glycoside. For example,
KRN7000, found from a structure—function study on the naturally occurring ceramide
derivative agelasphin-9b by Koezuka and co-workers, '* possessed potent anti-tumor activity

in B16-bearing mice."?

OH
KRN7000,X=0,Y=0H,Z=H,m=20,R= %\/\M/m\

For improving its bioactivity and stability, Mani Ranj Chaulagain'® synthesized a stable
B-C-glycoside analog of the KRN7000 in 2004. The anti-solid tumor activity in vitro was carried
out using the Valeriote disk-diffusion assay. Result shows that the bioactivity and stability of these

-3-



C-glycoside analogues are obviously improved.

(6]
OH OH WAWM

o NH OH

HO

OH OH

S-C-KRN7000 analogue

In our wok, a series of C-glycoside arbutin analogues were designed and synthesized. There

are lots of methods for forming a C-C bond and synthesizing a C-glycoside as shown below:

.....................................................................................................

Wittig,
Henrv,
elc. reaciion

Prmm - AmmamEEEEm e ==

‘ot’__ﬁ“m("?w v

2.1.-26 4.1,51, =& Allyi EWG
72 7.4.1., 7.2, complex 12
vOJ'I

6.1.2. .2,
S!rslcm Me o F mmmmemenas b

M = metal

n=0orl

. X= actiw;ting group. Y = OR
C-Glycosides Z=H, M, OM, N(M)Ac
EWG = clectron withdraw group

15,

Based on our previous work, we designed an appropriate route'™ '® for synthesizing the

C-glycoside analogues of arbutin. The target structures are as follows:

OH
OH HO R OH
OH HO
R1 R2 OH R1 RZ
HO Q Ho

HO G Rs HO Rs
HO OH

R], Rz, R3 =H or CH3



OH (0]
R Rz R4 Rz
—
Rs Rs
(0]
OH OMe
R R, 3 R,
— > R — OMe
Rs Rs OR1 Ro
OH OMe :> ’isl/L"\

OAc Rs
OH OAc
RM&, o Rwﬁ'
OH OAc
HO G AcO A

OMe

OH OH 0
R R R R
o0 1 2 e 1 2 ,/OR1 R,
OH Rs OAc Rs OAc Rs
OH OH (0]

The synthetic route of C-glycoside analogues of arbutin

1.3 Results and discussion
1.3.1  Synthesis of methyl benzoquinone

OH 0

R\©iR Fremy's salt R R
R R

R =H or CHj;

There are many methods for synthesizing benzoquinone. Method using Fremy's salt

(KS0O3),NO to oxidate phenol is mild and economical.

The key of this process is the amount of ammonia for the preparation of Fremy's salt. If too

much or too little ammonia was added, the yield will be reduced, even to 10~20%. The pH

should be controlled between 8 and 10; the usual yield is over 90%. The crude product can be

used for next step without further purification.



1.3.2  Synthesis of methyl hydroquinone

R R Na,S,0, R R

R CHCl3 / H,0 R
o) OH

We used Na,S,04 as reducing agent to reduce benzylquinone in CHCI3/H,O at room
temperature. After 30 min, most starting material has been consumed ant the color of reaction
suspension changed form yellow to white. The reaction is very mild and quick, and the yield

is over than 90%, the crude product can be used in next step without further purification.
1.3.3  Synthesis of aryl C-glycoside

OCHj,4 ACO OCHj;

AcO
\%/o R R, SnCl, / AgOTf \%/O& R,

—~_0Ac *

OAc Rs CH.Cl,  SAc R;

OCH, OCH,

Takeshi Kuribayashi'’ reported a method of using Lewis acids and AgOTf as catalyst to

synthesize C-glycoside. It is a Friedel-Crafts reaction and the mechanism might be as follows:

AcO L M +Ln—
AcO OAc
AcO N

We found that the temperature is very important to this reaction, result for the two following
reactions is summarized in the table:

OCH
o 3

_CHs
o]
AcO @ Ac
ACOM — » AcO O
N
AcO N AcO
AcO
o)
“"CHs

AcO
OCHj

OAc

OAc OM o
(0] e AcO
AcO CA o OMe
AcO AcO OAc + » C AcO OAc
AcO OAc AcO
OMe AcO

AcO OMe
18 4 27
OAc
OMe AcO (0]
OMe
AcO G OAC
o) O
AcO
OMe AcO
OMe
8 38



The results of synthesis of C-D-Glycopyranosylmaltoside under various temperatures

Materials Product Temperature (C)  Yield%
18 and 4 27 20 37
18 and 4 27 25 45
18 and 4 27 30 61
18 and 4 27 35 54
18 and 4 27 reflux 52
18 and 8 38 20 40
18 and 8 38 25 51
18 and 8 38 30 63
18 and 8 38 35 67
18 and 8 38 reflux 61

Best result can be obtained at 35 °C. However, reaction of 1,2,3,4,6-penta-O-acetyl-f-
D-glucopyranoside 14 (1.0 equiv) with 4-dimethoxy-2,5-dimethylbenzene 12 (2.0 equiv) gave
a mixture of o- and - anomers with 17 % yield.

OMe OMe
OAc OAc
AcO Q + 5 AcO Q
AcO OAc AcO
OAc OAc
OMe OMe
14 12
OAc
AcO Q
AcO
OAc
MeO OMe

Separation of the mixture is very difficult, and the yield is too low, so we didn’t synthesize
this type of analogues.

1.3.4  Synthesis of acetylated glycosyl benzoquinone

OCHs o

CAN is a good choice for oxidation of methoxy benzene. The reaction is mild and quick. The

mechanism * is as follows:



OCHs [ H,CO O'H |
R1 R2 R R2
+  2Ce*+ 2H,0¢ ] R +2H*  +2Ce’
R3 R4 R3 N
OCH, H*O OCH,
O*
R1 R,
- + 2CH5OH
R; Ry
o*

O* is isotope of O

1.3.5 Deprotection of hydroxyl group

OH on oH
Acg%/om R, _ \7%77; oR1 Ro
- R
- Rs OH ’
OAc OH OH

As people known, removing of acetyl can be realized in acidic or basic conditions. Normal,
NaOMe/MeOH are used most commonly as basic condition, and CH;COCI/MeOH as acidic

condition.
At first, we tried to remove acetyl in basic condition, but all the reactions were failed.

OH
OH o

H
AcO R R
L e

- MeOH - R
R3 3
OAc OH OH OH

So we tried to remove acetyl in acidic condition, and finally got desired product.

OH
OH HO

AcO R R R R,
\%/01 2 CHCOCl \%/o

- R MeOH

3
OAc OH OH OH

1.3.6  Spectral analysis

For compound 30, HPLC showed it is pure more than 95%, but its '"H NMR spectra is
illegible. Though the structure of compound 19 is similar, its "H NMR spectra is very clear.

-8-



OCH3 OCH3
OAc OAc

AcO 0 AcO Q

AcO G AcO O

OCHs OCHs

19 30

We tried to make spectra of compound 30 at different temperature: 25°C, 50°C and 90°C. The

results are as follows::

HL-85/DMSO/rt/300MHz

— 173624
— 172192

{74891

;
;
“;
S
“
S
“
@
“
<
-
&
“
%
o
o

2 B A B R R )
(ppm)

b. 50°C.

HL-85/DMSO/50C/300MHz

—1585.76
— 157634
— 156692
—1502.12
—1492.70
—1483.65

R

I . TR

3 52 5T 50 5 48 7 76 5 i 3 3] a7 40 39 38
(ppm)



c. 90€C.

~~~~~~~~~~~~~~

—s.1259
—5.0845
— 50818
—5.0192
1907
1806
1493
1380
1216
0953
2
0237
0124
9999
911
9798
9672
3.5831

(pom)

The '"H NMR spectral of compound 30 at 25°C, 50°C, 90°C

Spectra of compounds 34, 38 are very similar to that of compound 30. This may be due to the
existing stereo-hindrance effect in 30 compared to 19 :

OAc
OCH
OAc__0OAc 3 % OCHj3
o) OAC
AcO AcO CO

OCH; OCH;

34 38

biz pace

Ok \

1.3.7 Bioactivity

Recently arbutin has been a focus for its effect of whitening skin. People spend over billions

of dollars in whitening skin every year. So it’s very important to find an effective and safety

-10-



agent for whitening skin. And as we known, the melanin is mainly produced by tyrosinase, so

arbutin derivatives as inhibitors of tyrosinase may be the one which we are looking for.

The tyrosinase inhibition result

Inhibition rate %

Compd.
400pg/mL  200pg/mL 100pg/mL Opg/mL
Hydroquinone 21.35 20.98 20.88 0
penta-0O-acetyl-B-D-glucose 15.88 9.28 5.37 0
penta-O-acetyl--D-galactose 18.27 12.83 1.04 0
B-D-glucose 19.93 17.20 17.56 0
B-D-galactose 10.84 10.35 10.90 0
a-arbutin 31.62 29.49 31.30 0
B-arbutin 21.29 23.21 20.43 0
OH
OAc
AcO Q
47.02 27.36 15.05 0
AcO G
OH
43
OH
OAc
AcO Q
33.65 8.30 3.24 0
AcO G
OH
32
OH
OAc
AcO Q
31.39 11.48 4.78 0
AcO AcO
OH
21
OAc _0Ac OH
)
25.90 27.52 21.17 0
AcO A
OH
47
OAc_opAc oH
° 1534 11.89 7.42 0
AcO G

OH
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36

OH
OAc_0OAc
o)
AcO AcG
OH
25
OH
OH
HO Q
HO—=7
OH
44
OH
OH
HO Q
HO—7
OH
33
OH
OH
HO 0
HO—="2
OH
22
OH
OH _oH
o}
HO—=7
OH
48
OH
OH __oH
o)
1O~ 6
OH

37

14.33

32.52

19.98

17.46

22.68

26.06

12.93

26.10

22.38

15.23

23.90

25.97

3.11

30.36

19.34

12.34

25.16

21.45
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OH

OH OH
(0]
HO G
OH
26
OAc
% OAc
AcO
51
OAc
% OAc
AcO
40
OAc
% OAc
AcO
29

18.94

16.03

14.09

13.08

19.24

12.74

10.49

11.48

14.38

8.471

4.33

4.21

1.4 Conclusion

In this part of work, we tried to find compounds with better whitening effect than natural
arbutin. So based on bioisostere, we designed and synthesized 45 aryl C-glycoside analogues
of arbutin, 16 of them are new compounds.

The inhibition for tyrosinase of compound 44 is similar to that of a-arbutin at 100 ug/mL,
compounds 32, 43, 44 showed the same range inhibition as a-arbutin at 200 pg/mL, while
compounds 21, 32, 43, 44 are better than a-arbutin at higher concentration (400 pg/mL). It
proved that C-glycoside analogues of arbutin are potential whitening reagents, worthing

further research.
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1.5 Experimental section

1.5.1 Synthesis of compound 2

OH O
@i Fremy's salt
0]
1 2

1) The preparation of Fremy's Salt

To a solution of NaNO; (10 g, 0.145 mol) in 20 mL H,O, ice cooled, a soln of Na,S,0s(11.5
g, 0.061 mol) in 30mL H,O was added dropwise at ice bath, after Smin, 6 mL CH3;CO,H was
added, the reaction solution was stirred for 10 min, then 20 mL ammonia (6 M) was added,
followed by adding dropwise (over 30 min) KMnOy4 (4.2 g, 0.026mol) in 100 mL H,O, the
mixture was filtered and the filtrate was added to a sat. aq soln of KCl 100 mL, stirred for 30

min, filtered, the filter cake is Fremy’s salt.
2) Synthesis of compound 2

To the solution of the Fremy’s salt (obtained above) in 200 mL H,0O, 2,3-dimethyl-phenol (4.5
g, 36.88 mmol) in 200 mL MeOH was added dropwise. After addition, the mixture was stirred
at room temperature overnight. TLC showed the starting material was consumed completely,
the reaction solution was extracted with CH,Cl, (3x100 mL). The combined organic layer was
washed with brine, dried over MgSQO,, evaporated, purified with column chromatography
(DCM:petroleum ether = 1:3) to give compound 2 (4.62 g, 92.1%) as yellow solid. TLC:
R=0.49 (Pet:EtOAc=3:1); '"H NMR (250 MHz,CDCL): § 1.92(s, 6H, 2xCHs), 6.61(s, 2H,
PhH).

1.5.2  Synthesis of compound 3

@) OH
N328204
CHCl3 / H,0
@) OH
2 3

To a solution of compound 2 (1.36 g, 10 mmol) in CHCl; 30 mL, Na,S,04(10.4 g, 60 mmol)

in H,O (30 mL) was added. The reaction mixture was then stirred at room temperature for 45
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min, and evaporated. The residue was partitioned with Et,0O(3%x20 mL) and H,O (30 mL). The
combined organic layer was washed with brine, dried over MgSO,, evaporated to give
compound 3 (1.31 g, 95% ) as white solid. TLC: R=0.27 (Pet:EtOAc=3:1); "H NMR (500
MHz, CDCl3): ¢ 2.11 (s, 6H, 2xPhCHj3), 4.52 (s, 1H, OH), 4.92 (s, 1H, OH), 6.32 (s, 2H,
PhH).

1.5.3 Synthesis of compound 4

OH OCH,
CHjl KOH
DMSO
OH OCHj,
3 4

To a solution of compound 3 (1.38 g, 10 mmol) in DMSO (8 mL), KI (3.2 mL, 50 mmol) was
added dropwise at room temperature, followed by KOH (4 g, 70 mmol). After addition, the
reaction solution was stirred for 5 h. Then the solution was diluted with H,O (20 mL),
extracted with CH,Cl, (330 mL). The combined organic layer was washed with sat. aq.
Na,S,0s3, brine, dried over MgSO,, evaporated, and purified with column chromatography
(petroleum ether: EtOAc=3:1) to afford compound 4 (1.52 g, 92%) as white solid. TLC:
R=0.59(Pet:EtOAc=3:1); '"H NMR (500 MHz, CDCl5): 6 2.18 (s, 6H, 2xPhCH3), 3.79 (s, 6H,
2x0OCHs), 6.68 (s, 2H, PhH).

1.5.4  Synthesis of compound 6

OH O
\@/ Fremy's salt
O
5 6

To a soln of 20 g Fremy’s salt in 100 mL ice water, compound 5 (4.5 g, 37 mmol) in MeOH
(400 mL) was added dropwise, stirred for 4 h at room temperature, extracted with CH,Cl,
(3x100 mL), the combined organic layers were washed with brine, dried over MgSQy, evaporated
and purified with column chromatography (Pet:EtOAc =3:1) to afford compound 6 (4.8 g,
95%) as yellow needle crystal. TLC: R = 0.52(Pet:EtOAc=3:1); "H NMR (500 MHz, CDCl;):
02.05 (d, 6H, J = 6.83 Hz, 2xPhCHs), 6.56 (s, 2H, PhH).
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1.5.5  Synthesis of compound 7

O OH
Na23204
CHCly / H,0
0] OH
6 7

To a soln of compound 6 (1.36 g, 10 mmol) in 30 mL of CHCls, Na;S,04 (10.4 g, 60 mmol)
in H;O (30mL) was added at room temperature. The reaction mixture was stirred for 45 min,
evaporated to remove solvents. The residue was partitioned with Et;0 (3x20 mL) and H,O
(20 mL), and the combined organic layer was washed with brine, dried over MgSQO; to afford
compound 7 (1.27 g, 92%). TLC: R=0.19 (Pet:EtOAc=2:1); '"H NMR (500 MHz, DMSO-dj):
02.20 (s, 6H, 2xPhCH3), 4.22 (s, 1H, OH), 4.28 (s, 1H, OH), 6.48 (s, 2H, PhH).

1.5.6 Synthesis of compound 8

OH OCH;
CHsl  KOH
DMSO
OH OCH;
7 8

To a soln of compound 7 (1.38 g, 10 mmol) in DMSO (8 mL), KI (3.2 mL, 50 mmol) was
added dropwise at room temperature, followed by KOH (4 g, 70 mmol). After addition, the
reaction solution was stirred for 5 h. Then the solution was diluted with H,O (20 mL),
extracted with CH,Cl, (3%x30 mL), the combined organic layers were washed with sat. aq.
Na,S,03, brine, dried over MgSO4, evaporated to give crude product, purified with column
chromatography (petroleum ether: EtOAc=3:1), to afford compound 8 (1.50 g, 90%) as white
solid. TLC: R=0.51(Pet:EtOAc=2:1); 'H NMR (500 MHz, CDCls): J 2.25 (s, 6H, 2xCHs),
3.65 (s, 3H, OCHs3), 3.71 (s, 3H, OCHs), 6.53 (s, 2H, PhH).

1.5.7 Synthesis of compound 10

OH (0]
\@\ Fremy's salt
0}
9 10
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To a soln of 20 g Fremy’s salt in 100 mL ice water, compound 9 (4.5 g, 37 mmol) in MeOH
400 mL was added dropwise, stirred for 4 h at room temperature, extracted with CH,Cl,
(3x100 mL), the combined organic layers were washed with brine, dried over MgSQy,
evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to afford compound
10 (4.7 g, 94%) as yellow solid. TLC: Ry = 0.51(Pet:EtOAc=3:1); 'H NMR (500 MHz,
CDCl): 0 1.97 (d, 6H, J= 1.7 Hz, 2xCH3), 6.53 (d, 2H, J = 1.7 Hz, PhH).

1.5.8 Synthesis of compound 11

) OH
N328204
CHCl5 / H,0
0 OH
10 11

To a soln of compound 10 (1.36 g, 10 mmol) in 30 mL CHCl;, Na;S,04 (10.4 g, 60 mmol) in
H,0O (30mL) was added at room temperature. The reaction mixture was stirred for 45 min,
evaporated to remove solvents. The residue was partitioned with Et;O (3x20 mL) and H,O
(20 mL), and the combined organic layer was washed with brine, dried over MgSOy to afford
compound 11 (1.29 g, 93%) as white solid. TLC: Rf=0.18 (Pet:EtOAc=2:1); '"H NMR (500
MHz,DMSO-dy): 6 1.99 (s, 6H, 2xCHs), 6.45 (s, 2H, PhH), 8.34(s, 2H, 2xOH).

1.5.9 Synthesis of compound 12

OH OCHjs
CHsl  KOH
DMSO
OH OCH;
11 12

To a soln of compound 11 (1.38 g, 10 mmol) in DMSO (8 mL), KI (3.2 mL, 50 mmol) was
added dropwise at room temperature, followed by KOH (4 g, 70 mmol). After addition, the
reaction solution was stirred for 5 h. Then the solution was diluted with H,O (20 mL),
extracted with CH,Cl, (3%30 mL), the combined organic layers were washed with sat. aq.
Na,S,0s, brine, dried over MgSO,, evaporated, and purified with column chromatography
(petroleum ether: EtOAc=3:1) to afford compound 12 (1.29 g, 78%) as white solid. TLC:
R=0.59(Pet:EtOAc=2:1); '"H NMR (500 MHz, CDCL): d 2.15 (s, 6H, 2xCHj), 3.70 (s, 6H,
2x0OCHs3), 6.58 (s, 2H, PhH).
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1.5.10 Synthesis of compound 14

OH OAc
OH >  AcO C
HO ACzO

OH OAc

13 14

To a solution of compound 13 (5 g, 0.28 mol) in 25 mL of Ac,O, CH;COONa (2.3 g, 28 mmol)
was added. After addition, the solution was heated to reflux for 2 h, the solution was added to

ice water, filtered to give crude product, purified with recrystallization to afford the known

compound 14 (8.7 g, 83%) as white solid. TLC: R=0.43(Pet:EtOAc=3:1).

1.5.11 Synthesis of compound 16

OH OH OAc OAc

0 CH;COONa 9]
HO OH >~ AcO OAc
OH ACzo OAc
15 16

To a solution of compound 15 (5 g, 0.28 mol) in 25 mL of Ac,O, CH3;COONa (2.3 g, 28 mmol)
was added. After addition, the solution was heated to reflux for 2 h, the solution was added to
ice water, filtered to give crude product, purified with recrystallization, to afford the known
compound 16 (7.5 g, 72%). TLC: R=0.46 (Pet:EtOAc=3:1).

1.5.12 Synthesis of compound 18

OH OAc
0 0
HO CH3COONa AcO
HO=7 OH > A0S OAc
e} 0 Ac0 0 0
HO OH AcO OAc

HO AcO

17 18

A solution of CH3COONa (10 g, 0.12 mol) in Ac,O (110 mL) was heated to reflux for 1 h,
compound 17 (20 g, 59 mmol) was added in portions. After addition, the solution was stirred
for 3 h at reflux. Then the solution was cooled to r.t, then the solution was extracted with
CHCl;, dried over MgSQs, evaporated to give the known compound 18 (32 g, 81%). mp:
159~160°C.
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1.5.13 Synthesis of compound 19

OCH
OAc QCH, OAc °
Aco/ﬁ/ . SnCly / AgOTfa= AcO 0)
OAc
AcO—SC0 CH,Cl ACO—L
OCH,4 OCH;
14 4 19

To a solution of compound 14 (985 mg, 2.5 mmol) and compound 4 (830 mg, 5.0 mmol) in 12
mL of CH,Cl,, AgOTf (831 mg, 3.75 mmol) was added under Ar. Kept from light, SnCls in
CH,CI, (7.5 mL, 7.5 mmol) was added dropwise over 30 min. After addition, the mixture was
stirred at 30°C for 5 h, then diluted with sat.aq NaHCO; (40 mL), filtered, extracted with
CHCl, (3%15 mL). The combined organic layers were washed with brine, dried over MgSOs,,
evaporated, and purified with column chromatography (Pet:EtOAc=2:1) to afford compound
19 (825 mg, 67%) as white solid. TLC: R¢= 0.43 (Pet:EtOAc = 2:1); [a]p= -20.8 (c 0.76,
CH,Cl,); 'H NMR (200 MHz, CDCl;): § 1.80, 2.03, 2.04, 2.07, 2.12, 2.21 (6s, 18H, 2xCH;,
4x0Ac), 3.72 (s, 3H, OMe), 3.81 (s, 3H, OMe), 3.90 (ddd, 1H, J= 2.3, 5.0 and 9.7 Hz, H-5'),
4.12 (dd, 1H, J=12.3 and 2.3 Hz, H-6b"), 4.24 (dd, 1H, J=12.3 and 5.0 Hz, H-6a’), 4.90 (d,
1H, J=10.1 Hz, H-1"), 5.24 (t, 1H, J = 9.1 and 9.7 Hz, H-4"), 5.38 (t, 1H, J = 9.1 Hz, H-3),
5.52 (t, 1H, J = 9.1 and 9.9 Hz, H-2), 6.71 (s, 1H, ArH-3); °C NMR (50 MHz, CDCL): ¢
12.2, 12.8, 20.6, 20.7, 20.7, 20.8, 55.8, 62.0, 62.7, 68.9, 70.8, 74.5, 74.9, 76.2, 106.6, 125.3,
128.1, 131.0, 151.2, 154.0, 169.3, 169.6, 170.4, 170.7; Anal. calcd for C24H3,0,;: C, 58.06; H,
6.50; O, 35.45. found: C, 57.94; H, 6.62; O, 34.90.

1.5.14 Synthesis of compound 20

OCHj 0
OAc OAc
AcO Q CAN - AcO Q
AcO—75 CH3CN / H,0 AcO—5
OCHj o]
19 20

To a solution of compound 19 (1.120 g, 2.26 mmol) in 4 mL of CH3CN, was added CAN
(3.72 g, 6.78 mmol) in H,O (5 mL) at room temperature. After stirring for 30 min, the
reaction solution was extracted with CH,Cl, (3%x20mL), and the combined organic layers were
washed with brine, dried over MgSQy,, evaporated, and purified with column chromatography
to afford compound 20 (1.03 g, 97.6%). TLC: R = 0.45(Pet:EtOAc=2:1); [a]lp™=-1.2 (¢ 0.8,
CH,CL); IR (KBr): 1760 (C=0, acetyl), 1650 (C=0, benzoquinone); 'H NMR (200 MHz,
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CDCl3): 6 1.87, 1.98, 1.99, 1.99, 2.02, 2.06.(6s, 18H, 2xCH;, 4xOAc), 3.79 (m, 1H, H-5'),
4.10 (dd, 1H, J=2.3 and 12.4 Hz, H-6'b), 4.20 (dd, 1H, J=4.7 and 12.4 Hz, H-6'a), 4.66 (dd,
1H, J=9.7 and 0.8 Hz, H-1"), 4.97 (t, 1H, J=9.2 and 9.7 Hz, H-2"), 5.11 (t, 1H, J = 9.4 and
10.0 Hz, H-4"), 5.34 (t, 1H, J = 9.2 and 9.4 Hz, H-3"), 6.80 (d, 1H, J = 0.8 Hz, ArH-3); °C
NMR (50MHz, CDCls): 6 12.2, 12.4, 20.5, 20.6, 20.6, 20.8, 62.0, 68.3, 72.2, 72.3, 73.8, 76.2,
133.4, 140.9, 141.0, 143.4, 169.5, 169.7, 170.1, 170.6, 185.7, 186.9; Anal. calcd for CyyH6011:
C, 56.65; H, 5.62; O, 37.73. found: C, 56.56; H, 5.97; O, 36.77.

1.5.15 Synthesis of compound 21

(0] OH
OAc
OAc N828204 e}
AcO 0 > AcO
AcO G CHCI; / H,O AcO AcG
(0] OH

20 21

To a solution of compound 20 (932 mg, 2 mmol) in 10 mL of CHCl;, Na,S,04 (2.05 g, 12
mmol) in H,O (10 mL) was added at room temperature. After stirring for 30 min, the solution
was extracted with CHCl; (3%20mL), the combined organic layers were washed with brine, dried
over MgSQO,, evaporated, and purified with column chromatography (Pet:EtOAc=2:1) to
afford compound 21 (820 mg, 87.6%). TLC: Ry = 0.31 (Pet:EtOAc=2:1,); [a]p® = -37 (c 0.8,
CHCl3); 'TH NMR (200 MHz, CDCls): 6 1.86, 2.01, 2.06, 2.12, 2.13, 2.16 (6s, 18H, 2xCHs,
4x0Ac), 3.89 (m, 1H, H-5"), 4.16 (d, 1H, J = 12.4Hz, H-6b’), 4.32 (dd, 1H, J = 3.8 Hz and
12.4 Hz, H-6a"), 4.52 (br d, 1H, J = 8.0 Hz, H-1"), 4.87 (s, 1H, OH, Ar), 5.23-5.37 (m, 3H,
H-2', H-3', H-4"), 6.35 (s, 1H, ArH-3), 6.49 (s, 1H, OH, Ar); °C NMR (50 MHz, CDCls): ¢
12.1, 12.2, 20.5, 20.6, 20.7, 20.7, 61.7, 68.0, 70.7, 73.9, 76.1, 80.0, 111.7, 117.6, 125.1, 126.6,
146.8, 146.8, 169.0, 169.5, 170.5, 170.8; Anal. calcd for Cy,H2301;: C, 56.41; H, 6.02; O,
37.57. found: C, 56.15; H, 6.22; O, 37.26.

1.5.16 Synthesis of compound 22

OH OH
OAc CH,COCI oH
AcO Q P HO Q
CH5OH
AcO AcO 3 HO HO
OH OH
21 22

To a solution of compound 21 (468 mg, 1 mmol) in 10 mL of MeOH, a freshly prepared
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solution of AcCl in MeOH (0.1 M, 2 mL) was added. After addition, the solution was stirred
for 72 h, evaporated to afford compound 22 (243 mg, 81%). TLC: Ry = 0.31 (CH3;0H:EtOAc
= 1:8,); '"H NMR (500 MHz, D,0 ): § 2.08 (2s, 6H, 2xCHs), 2.19, 3.41-3.74 (m, 3H, H-3',
H-4" and H-5"), 3.73-3.90 (m, 3H, H-2', H-6'a and H-6'b), 4.51 (d, /= 9.8 Hz, 1H, H-1"), 6.37
(s, 1H, Ar-H); HRESIMS: calcd for [C14H2007+Na]+: 323.1107. found 323.1093.

1.5.17 Synthesis of compound 23

OCH
OAc_OAc OCH, OAc__OAc °
ﬁ . SnCl, / AgOTfa o

AcO O OAc CH,Cl, AcO O

OCH, OCHs
16 4 23

To a solution of compound 16 (985 mg, 2.5 mmol) and compound 4 (830 mg, 5.0 mmol) in 12
mL of CH,Cl, was added AgOTf (831 mg, 3.75 mmol) under Ar. Kept from light, SnCls in
CH,Cl, (7.5 mL, 7.5 mmol) was added dropwise over 30 min. After addition, the mixture was
stirred at 30°C for 5 h, then diluted with sat. ag NaHCO3 (40 mL), filtered, extracted with
CH,CI;, (3%15 mL). The combined organic layers were washed with brine, dried over MgSQO,,
evaporated, and purified with column chromatography (Pet:EtOAc=2:1) to afford compound
23 (905 mg, 73%). TLC: Ry= 0.43(Pet:EtOAc = 2:1); [a]p>>= -5.8 (¢ 0.80, CH,Cl,); "H NMR
(300 MHz, CDCl5): ¢ 1.80, 2.00, 2.00, 2.12, 2.20, 2.22 (6s, 18H, 2xCH3, 4xOAc), 3.72 (s, 3H,
OMe), 3.81 (s, 3H, OMe), 4.08-4.19 (m, 3H, H-5', H-6'a and H-6'b), 4.87 (d, 1H, J=10.2 Hz,
H-1"), 5.23 (dd, 1H, J=10.0 and 3.4 Hz, H-3"), 5.54 (d, 1H, J = 3.4 Hz, H-4'), 5.69 (t, IH, J =
10.0 and 10.2 Hz, H-2"), 6.76 (s, 1H, ArH-3); *C NMR (75 MHz, CDCl3): 6 12.5 , 13.1, 21.0,
21.0, 21.1, 21.2, 56.1, 62.2, 62.3, 68.4, 68.4, 73.1, 75.2, 75.6, 107.4, 125.9, 128.3, 131.3,
151.6, 154.2, 169.6, 170.5, 170.7, 170.7; Anal. calcd for C,4H3,04;: C, 58.06; H, 6.50; O,
35.45. found: C, 58.08; H, 6.36; O, 35.63.

1.5.18 Synthesis of compound 24

OCH
OAc__0OAc ® CAN OAc__0OAc
(0] > 0]
CH4CN / H,0
AcO G AcO G
OCHs 0
23 24

To a solution of compound 23 (932 mg, 2 mmol) in 4 mL of CH3CN, CAN (3.7 mg, 6.78
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mmol) in H,O (5 mL) was added at room temperature. After stirring for 30 min, the reaction
solution was extracted with CH,Cl, (3%x20mL). The combined organic layers were washed
with brine, dried over MgSQO,, evaporated, purified with column chromatography to afford
compound 24 (904 mg, 97%) as yellow solid. TLC: Ry = 0.44 (Pet:EtOAc=1:2); mp
132-133°C (CH,Cl); [a]p™ = +20.2 (¢ 0.84, CH,Cl,); 'H NMR (300 MHz, CDCls): § 1.90,
2.00, 2.02, 2.02, 2.04, 2.19 (6s, 18H, 2xCH3, 4xOAc), 4.02 (m, 1H, H-5"), 4.10 (m, 2H, H-6a’,
H-6b"), 4.68 (dd, 1H, J=9.2 and 0.8 Hz, H-1"), 5.13 (t, 1H, J= 9.2 and 10.0 Hz, H-2'), 5.21
(dd, 1H, J = 3.2 and 10.0 Hz, H-3"), 5.50 (d, 1H, J = 3.2 Hz, H-4"), 6.91 (d, 1H, J = 0.8 Hz,
benzoquinone H-3); *C NMR (75 MHz, CDCl;): 6 12.5, 12.7, 20.9, 21.0, 21.0, 21.1, 62.1,
67.8, 70.3, 72.1, 72.6, 75.0, 133.9, 141.2, 141.3, 144.3, 170.3, 170.3, 170.6, 170.8, 186.2,
187.5; Anal. calcd for C,,Hy6011: C, 56.65; H, 5.62; O, 37.73. found: C, 56.26; H, 5.56; O,
38.35.

1.5.19 Synthesis of compound 25

OH
OAc__OAc o OAc__0OAc
o N328204 . o)
AcO—= CHCI; / H,0 AcO—=—
o) OH
24 25

To a solution of compound 24 (932 mg, 2 mmol) in 10 mL CHCl;, Na;S;04 (2052 mg, 12
mmol)in H;O 10 mL was added at room temperature, stirred for 30 min,the solution was
extracted with CHCI3(3%X20mL), the combined organic layers were washed with brine, dried over
MgSO4, evaporated to give crude product, purified with column chromatography
(Pet:EtOAc=2:1) to afford compound 25 (824 mg, 88 %). TLC: Ry= 0.26(Pet:EtOAc=2:1);
[a]p” = -6.32 (¢ 0.87, CHCl3); '"H NMR (200 MHz, CDCL;): 6 1.86, 2.00, 2.05, 2.13, 2.17,
2.23 (6s, 18H, 4x0OAc, 2xCHj3), 4.07-4.19 (m, 3H, H-6'a H-6'b and H-5"), 4.39 (d, 1H, J=9.8
Hz, H-1"), 4.73 (s, 1H, Ar-OH, exchanged with D,0), 5.14 (dd, 1H, J=3.1 and 10.0 Hz, H-3'),
5.54-5.64 (m, 2H, H-2', H-4"), 6.34 (s, 1H, ArH-3), 6.67 (s, 1H, Ar-OH, exchanged with D,0);
C NMR (50 MHz, CDCl3): ¢ 12.1, 12.2, 20.6, 20.7, 20.7, 20.8, 61.7, 67.7, 67.8, 72.0, 74.9,
81.1, 112.1, 117.7, 125.1, 126.4, 146.5, 147.2, 170.0, 170.1, 170.4, 170.5; Anal. calcd for
CnH2s04;: C, 56.41; H, 6.02; O, 37.57. found: C, 56.15; H, 6.01; O, 37.63.
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1.5.20 Synthesis of compound 26

OAc OH OH oH
OAc OH
S CH,COCI 5
CH4OH
ACO—25 3 HO— 5
OH OH
25 26

To a solution of compound 25 (468 mg, 1 mmol) in 10 mL of MeOH, was added a freshly
prepared CH3COCI in MeOH (5%) (2 mL). After 72 h’s recation, the reaction mixture was
evaporated to give compound 26 (255 mg, 85%). TLC: Ry = 0.34 (CH;0H:EtOAc=1:6); 'H
NMR (500 MHz, D,0): 6 2.19 (2s, 6H, 2xCH3), 2.24, 3.62 (dd, J=9.0 and 2.4 Hz, 1H, H-3'),
3.68 (m, 1H, H-5"), 3.70-3.75 (m, 2H, H-6'a, H-6'b), 4.05 (d, J = 2.4 Hz, 1H, H-4"), 4.09 (t, J
=9.0 and 9.5 Hz, 1H, H-2'), 4.61 (d, J = 9.5 Hz, 1H, H-1"), 6.25 (s, 1H, Ar-H); HRESIMS:
calcd for [C14H2007+Na]": 323.1119 found 323.1109.

1.5.21 Synthesis of compound 27

OAcC OAc
OCH 0
AcO (0] 3 AcO OCH3
AcO SnCl, / AgOTf AcO
AcO OAc + - 000 @ o» AcO OAg
o) o] CH,Cl, o
AcO OAc OCH; AcO
AcO AcO OCHj
18 4 27

To a solution of compound 18 (1.69 g, 2.5 mmol) and compound 4 (830 mg, 5.0 mmol) in 12
mL of CH,Cl,, was added AgOTf (831 mg, 3.75 mmol) under Ar. Kept from light, SnClsin
CH,CI, (7.5 mL, 7.5 mmol) was added dropwise over 30 min. After addition, the mixture was
stirred at 30°C for 5 h, then diluted with sat. ag NaHCO; (40 mL), filtered, and extracted with
CH,Cl; (3%15 mL). The combined organic layers were washed with brine, dried over MgSO,,
evaporated, and purified with column chromatography (Pet:EtOAc=2:1) to afford compound
27 (1.195 g, 61%). TLC: Ry = 0.47 (Pet:EtOAc=3:1); '"H NMR (200 MHz, CDCl3): ¢ 1.77,
2.01, 2.01, 2.03, 2.08, 2.08, 2.09, 2.11, 2.17 (9s, 27H, 2xArCH;, 7xOAc), 3.71 (2s, 6H,
2x0CH3), 3.77-3.90 (m, 1H, H-5" or H-5"), 4.00 (d, 1H, J=9.9Hz, H-5' or H-5"), 4.07 (d, 1H,
J = 12.6Hz, H-6'b or H-6"b), 4.13 (t, 1H, J = 9.2 Hz, H-4"), 4.20-4.28 (m, 2H, H-6'ab or
H-6"ab), 4.42 (d, 1H, J = 10.3Hz, H-6'a or H-6"a), 4.89 (dd, 1H, J = 10.4 Hz, H-2"), 4.90 (d,
1H, J=10.4Hz, H-1"), 5.08 (t, 1H, J = 9.2Hz, H-2"), 5.33-5.45 (m, 3H, H-3', H-3",H-4""), 6.63
(s, 1H, Ar-H), 5.47 (d, 1H, J = 3.9Hz, H-1"); HRESIMS: calcd for [C3sHss019+Na]':
807.2688 found 807.2647.
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1.5.22 Synthesis of compound 28

OAc OAc
AcO Q
OCH;, AcO 0
AcO o AC CAN AcO OAc
> o) o)
CH5CN / H,0 AcO
AcO o)

OCH,

27 28

To a solution of compound 27 (784 mg, 1 mmol) in 10 mL of CH3CN, CAN (1.64 g, 3 mmol)
in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CH,Cl, (3x20mL), and the combined organic layers were washed with brine,
dried over MgSQ,, evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 28 (727 mg, 97%) as yellow solid. TLC: Ry = 0.50 (Pet:EtOAc=3:1); 'H
NMR (500 MHz, CDCl3): ¢ 1.77, 1.93, 1.94, 1.96, 1.96, 2.00, 2.04, 2.06, 2.13 (9s, 27H,
2xCHj3, 7*0Ac), 3.66 (m, 1H, H-5" or H-5"), 3.91 (m, 1H, H-5" or H-5"), 4.12-4.20 (m, 3H,
H-6'a,b or H-6"a,b, H-4"), 4.20 (dd, 1H, J =3.6 and 12.5 Hz, H-6a or H-6"a), 4.53 (dd, 1H, J
=2.3 and 12.3 Hz, H-6'a or H-6"a), 4.81 (dd, 1H, J=10.5 Hz, H-2"), 4.87 (d, 1H, J=10.0 Hz,
H-1'), 5.01 (t, 1H, J = 10.0 and 9.8 Hz, H-4"), 5.23 (t, 1H, J = 9.2 Hz, H-2'), 5.31 (m, 2H,
H-3', H-3"), 5.40 (d, 1H, J=4.0 Hz, H-1"), 6.48 (d, 1H, J = 1.52 Hz, Ar-H); HRESIMS: calcd
for [C34H42019+Na]™: 777.2218 found 777.2241.

1.5.23 Synthesis of compound 29

OAc OAc
% Ore Na25,04 C% ors
CHCl; / HZO
AcO AcO

28 29

To a solution of compound 28 (754 mg, 1 mmol) in 10 mL of HCls, Na,;S;04 (1.04 g, 6 mmol)
in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CHCI3 (3%x20mL), and the combined organic layers were washed with brine, dried
over MgSQO,, evaporated, and purified with column chromatography (Pet:EtOAc=1:1) to
afford compound 29 (730 mg, 97%). TLC: R; = 0.41(Pet:EtOAc=2:1); '"H NMR (200 MHz,
CDCl3): o 1.84, 2.01, 2.17, 2.02, 2.04, 2.07, 2.11, 2.12, 2.14 (9s, 27H, 2xArCH;, 7xOAc);
3.83 (m, 1H, J = 2.2 and 12.5 Hz, H-6'b or H-6"b), 3.83 (m, 1H, H-5'), 3.95 (m, 1H, H-5"),
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4.04 (dd, 1H, J = 2.2 and 12.5 Hz, H-6'b or H-6"b), 4.15 (t, 1H, J = 9.4 Hz, H-4'), 4.27 (dd,
1H, J=3.5 and 12.5 Hz, H-6'a or H-6"a), 4.32 (dd, 1H, J= 3.6 and 12.3 Hz, H-6'b or H-6"b),
4.48 (dd, 1H, J = 2.3 and 12.3 Hz, H-6'a or H-6"a), 4.52 (d, 1H, J = 10.0 Hz, H-1"), 4.89 (dd,
1H, J=10.5 Hz, H-2"), 5.08 (t, 1H, J = 9.8 Hz, H-2"), 5.15 (t, 1H, J = 9.7 Hz, H-4"), 5.37 (m,
2H, H-3', H-3"), 5.47 (d, 1H, J = 4.0 Hz, H-1"), 6.31 (s, 1H, ArH), 6.52 (s, 1H, Ar-OH);
HRESIMS: caled for [C3sHasO10+Na]™. 779.2375 found 779.2341.

1.5.24 Synthesis of compound 30

OCH
OAc OCH,3 OAc s
Aco/ﬁ/ . SnCly/AGOTfa 5 0
A OAc -
cO AcO CHyCl, AcO AcO
OCH; OCH;
14 8 30

To a solution of compound 14 (985 mg, 2.5 mmol) and compound 8 (830 mg, 5.0 mmol) in 12
mL of CH,Cl,, AgOTf (831 mg, 3.75 mmol) was added under Ar. Kept from light, SnCls in
CH,ClI, (7.5 mL, 7.5 mmol) was added dropwise over 30 min. After addition, the mixture was
stirred at 30°C for 5 h, then diluted with sat.aq NaHCO; (40 mL), filtered, and extracted with
CH,Cl; (3%15 mL). The combined organic layers were washed with brine, dried over MgSO,,
evaporated, and purified with column chromatography (Pet:EtOAc=2:1) to afford compound
30 (909 mg, 74%). TLC: Ry = 0.40 (Pet:EtOAc=2:1); [a]p>> = -10.1(c 0.86, CH,CL,); 'H NMR
(300 MHz, DMSO-dg, 90°C): 6 1.69, 1.95, 2.01, 2.03, 2.22, 2.33 (6s, 18H, 6xXCHj3), 3.58 (s,
3H, OMe), 3.76 (s, 3H, OMe), 4.00 (m, 1H, H-5"), 4.11 (dd, 1H, J = 12.4 and 4.1 Hz, H-6b’),
4.16 (dd, 1H, J = 12.4 and 3.4 Hz, H-6a’), 5.05 (dd, 1H, J = 9.5 and 10.0 Hz, H-4"), 5.10 (d,
1H, J=9.3 Hz, H-1"), 5.30 (t, 1H, J=9.3 Hz, H-3"), 5.54 (t, 1H, J=9.3 Hz, H-2'), 6.69 (s, 1H,
ArH-6); C NMR (75 MHz, DMSO-ds, 90°C): d 12.5, 16.4, 20.2, 20.5, 20.6, 20.6, 56.9, 59.8,
62.5, 69.2,70.6, 73.6, 74.7, 75.4, 112.9, 121.7, 131.7, 131.8, 151.3, 154.6, 168.7, 169.5, 169.7,
170.1; Anal. Caled for C,4H3,011(496.19) : C, 58.06; H, 6.50; O, 35.45. found: C, 57.76; H,
6.46; O, 35.95.

1.5.25 Synthesis of compound 31

OCHj, O
OAc CAN OAc

AcO Q > AcO 0
AcO CH5CN / H,0 AcO

AcO AcO
OCHj, O

30 31
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To a solution of compound 30 (932 mg, 2 mmol) in 10 mLof CH3CN, CAN (1.64 g, 3 mmol)
in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CH,Cl, (3x20mL), and the combined organic layers were washed with brine, dried
over MgSQOy, evaporated, purified with column chromatography (Pet:EtOAc=3:1) to afford
compound 31 (866 mg, 93 %). Mp: 149~150.5°C(CH,Cl,); TLC: R = 0.43(Pet:EtOAc = 2:1);
[a]p™* = -63 (¢ 0.70, CH,CL); IR (KBr): 1750 (C=0, acetyl), 1650 (C=0, benzoquinone); 'H
NMR (500 MHz, CDCl3): 0 2.04 (d, 3H, J= 1.5 Hz, Me), 1.87, 2.01, 2.06, 2.08, 2.27 (5s, 15H,
CHs;, 4x0Ac), 3.76 (m, 1H, H-5"), 4.17 (dd, 1H, J=4.0 and 12.5 Hz, H-6'b), 4.20 (dd, 1H, J =
2.6 and 12.5 Hz, H-6'a), 4.96 (d, 1H, J=9.9 Hz, H-1"), 5.20 (t, 1H, J= 9.7 Hz, H-4"), 5.31 (t,
1H, J=9.1 and 9.7 Hz, H-3"), 5.43 (t, 1H, J=9.1 and 9.9 Hz, H-2"), 6.56 (d, 1H, J= 1.4 Hz,
benzoquinone-H-6); 3C NMR (50 MHz, CDCl3): ¢ 12.7, 16.0, 20.4, 20.6, 20.6, 20.7, 61.9,
68.3, 70.2, 71.9, 74.2, 76.3, 133.0, 136.8, 145.8, 145.9, 169.5, 169.6, 170.1, 170.6, 185.3,
187.7; Anal. Calcd for C,,Hy6O11: C, 56.65; H, 5.62; O, 37.73. found: C, 56.57; H, 5.61; O,
37.50.

1.5.26 Synthesis of compound 32

o) o OH
A
OAC N328204 OC
AcO Q = AcO
A
AcO AcO CHC|3 / Hzo cO ACO
0] OH

31 32

To a solution of compound 31 (932 mg, 2 mmol) in 10 mL of CHCI;, Na,S,;04 (2.05 g, 12
mmol) in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CHCI; (3%x20mL), and the combined organic layers were washed with brine, dried
over MgSQO,, evaporated, purified with column chromatography (Pet:EtOAc=1:1) to afford
compound 32 (842 mg, 90 %). mp: 198.5~200°C (CH,Cl,); TLC: Ry = 0.27(Pet:EtOAc=2:1);
[a]p™ = -23.9 (¢ 0.8, CHCl;); "H NMR (500 MHz, CDCl5): 6 1.81, 2.01, 2.06, 2.12, 2.17, 2.21
(6s, 18H, 6xCHs;), 3.88 (m, 1H, H-5"), 4.15 (dd, 1H, J = 12.5 and 1.4 Hz, H-6'b), 4.25 (s, 1H,
exchangeable, OH), 4.32 (dd, 1H, J = 2.3 and 12.5 Hz, H-6"a), 4.91 (d, 1H, J = 9.9 Hz, H-1"),
5.30-5.37 (2 overlapped triplets, 2H, H-3" and H-4"), 5.50 (t, 1H, J= 9.5 Hz, H-2"), 6.58 (s, 1H,
Ar-H-6), 6.95 (s, 1H, exchangeable, OH); BC NMR (50 MHz, CDCls): 0 12.3, 16.3, 20.3,
20.6, 20.7, 20.7, 61.4, 67.8, 70.4, 73.9, 76.1, 77.0, 117.6, 122.3, 125.3, 125.3, 145.5, 1494,
168.6, 169.4, 170.4, 170.7; Anal. Calcd for CoH»301:: C, 56.41; H, 6.02; O, 37.57. found: C,
56.03; H, 6.21; O, 37.51.
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1.5.27 Synthesis of compound 33

OH OH
OAc OH
CH,COCI
AcO Q 3 - HO @)
CH4OH
ACO—5 3 HO— 5
OH OH
32 33

To a solution of compound 32 (468 mg, 1 mmol) in 10 mL of MeOH, was added a freshly
prepared solution of CH3COCI in MeOH (5%, 2 mL). After 72 h, the reaction solution was
evaporated to give compound 33 (243 mg, 81%). TLC: Ry = 0.37(CH;0H:EtOAc=1:6); 'H
NMR (500 MHz, D,0): ¢ 2.18, 2.27 (2s, 6H, 2xCHj3), 3.53-3.59 (m, 3H, H-3', H-4' and H-5'),
3.70 (dd, /=9.8 and 8.7 Hz, 1H, H-2"), 3.71-3.84 (m, 2H, H-6'a and H-6'b), 4.59 (d, J = 10.0
Hz, 1H, H-1'), 6.86 (s, 1H, Ar-H); HRESIMS: calcd for [C;4H200-+Na]": 323.1107 found
323.1132.

1.5.28 Synthesis of compound 34

OCH
OAC_OAc OCH; OAc__OAc °
ﬁ SnCl, / AgOTfa o
+ =
A OAC
O~ 5ed CH,Cl, AcO— 7
OCH OCHs
16 8 34

To a solution of compound 16 (985 mg, 2.5 mmol) and compound 8 (830 mg, 5.0 mmol) in 12
mL of CH,Cl,, AgOTf (831 mg, 3.75 mmol) was added under Ar. Kept from light, SnClsin
CH,CI, (7.5 mL, 7.5 mmol) was added dropwise over 30 min. After addition, the mixture was
stirred at 30°C for 5 h, then diluted with sat. ag NaHCO; (40 mL), filtered, and extracted with
CH,Cl; (3%15 mL). The combined organic layers were washed with brine, dried over MgSO,,
evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to afford compound
34 (855 mg, 69%). TLC: Ry = 0.42(Pet:EtOAc=2:1); 'H NMR (500MHz, DMSO): ¢ 1.98,
2.04, 2.07, 2.14, 2.26, 2.31 (6s, 18H, 2xCHs, 4x0Ac), 3.68 (s, 3H, OCH3), 3.73 (s, 3H,
OCHs), 4.08-4.26 (m, 3H, H-5', H-6'a and H-6'b), 4.92 (d, 1H, J = 10.1 Hz, H-1"), 5.23 (dd,
1H, J=9.9 and 3.6 Hz, H-3'), 5.54 (d, J = 3.6 Hz, 1H, H-4'), 5.69 (dd, 1H, J = 9.9 and 10.1
Hz, H-2'), 6.69 (s, 1H, Ar-H); HRESIMS: calcd for [C,4H3,0;; +Na]":519.1843 found
519.1825.
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1.5.29 Synthesis of compound 35

OCH
OAc__OAc ’ CAN OAc__OAc
0] > 0
CH3CN / H,0
AcO G AcO G
OCHj o
34 35

To a solution of compound 34 (932 mg, 2 mmol) in 10 mL of CH3CN, CAN (1.64 g, 3 mmol)
in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CH,Cl, (3%20mL), the combined organic layers were washed with brine, dried over
MgSO,, evaporated, purified with column chromatography (Pet:EtOAc=2:1) to afford
compound 35 (843 mg, 91 %). TLC: Ry = 0.47(Pet:EtOAc=2:1); '"H NMR (500 MHz, CDCl;):
01.96,2.02,2.02,2.05,2.06,2.32 (6s, 18H, 6XCHj3), 4.02-4.10 (m, 3H, H-5’, H-6a" and H-6b"),
4.68 (d, J=9.6 Hz, 1H, H-1"), 5.13 (dd J = 9.6 and 10.0 Hz, 1H, H-2"), 5.21 (dd, J = 3.3 and
10.0 Hz, 1H, H-3"), 5.50 (d, J = 3.3 Hz, 1H, H-4"), 6.56 (d, 1H, J = 0.7 Hz, benzoquinone-H);
HRESIMS: calcd for [C22H26011+Na]+:489.1373 found 489.1391.

1.5.30 Synthesis of compound 36

OH
OAC_OAc o OAc__0OAc
o N328204 . 0
AcO
AcO AcO CHC|3 / Hzo C ACO
@) OH
35 36

To a solution of compound 35 (932 mg, 2 mmol) in 10 mL CHCI; was added Na,S,04 (2.05 g,
12 mmol) in H,O (10 mL) at room temperature. After 30 min, the reaction solution was
extracted with CHCl; (3%x20mL), the combined organic layers were washed with brine, dried over
MgSO,, evaporated, purified with column chromatography (Pet:EtOAc=2:1) to afford
compound 36 (849 mg, 91 %). TLC: Ry = 0.29(Pet:EtOAc=2:1); '"H NMR (500 MHz, CDCl;):
0 1.89, 2.00,2.03,2.12, 2.15, 2.21 (6s, 18H, 2xCHj3, 4x0OAc), 4.02-4.19 (m, 3H, H-6'a, H-6'd
and H-5"), 4.43 (d, J = 9.8 Hz, 1H, H-1"), 4.73 (s, 1H, Ar-OH), 5.14 (dd, J = 3.2 and 9.9 Hz,
1H, H-3"), 5.43-5.56 (m, 2H, H-2', H-4"), 6.53 (s, 1H, Ar-H), 6.64 (s, 1H, Ar-OH); HRESIMS:
caled for [C2HagO11 +Na]:491.1530 found 491.1542.
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1.5.31 Synthesis of compound 37

OH OH
QAc —OAc CHACOCI OH —OH
0 3 _ 0
CH-OH
ACO—5 3 HO— 15
OH OH
36 37

To a solution of compound 36 (468 mg, 1 mmol) in 10 mL MeOH, was added a freshly
prepared solution of CH3COCI in MeOH (5%, 2 mL). After 72 h, the reaction mixture was
evaporated to give compound 37 (213 mg, 71%). TLC: R = 0.32 (CH;OH:EtOAc=1:6); 'H
NMR (500 MHz, D;0): 0 2.19, 2.24 (2s, 6H, 2xCHs3), 3.62 (dd, J=9.0 and 2.4 Hz, 1H, H-3"),
3.68 (m, 1H, H-5"), 3.70-3.75 (m, 2H, H-6'a, H-6'b), 4.05 (d, J = 2.4 Hz, 1H, H-4"), 4.09 (t, J
= 9.5 Hz, 1H, H-2'), 4.61 (d, J = 9.5 Hz, 1H, H-1"), 6.25 (s, 1H, Ar-H); HRESIMS: calcd for
[C14H2007+Na]™: 323.1107 found 323.1119.

1.5.32 Synthesis of compound 38

OAC OAc
AcO 0 QCHa AcO R
OCHs
ACO SnCl, / AgOTf AcO
AcO OAc + _ AcO OAc
o% CH,Cl, 0 0
AcO OAc AcO
OCH3 ACO
AcO OCHj3
18 8 38

To a solution of compound 18 (678 mg, 1.0 mmol) and compound 8 (332 mg, 2.0 mmol) in 10
mL of CH,Cl,, AgOTf (330 mg, 1.5 mmol) was added under Ar. Kept from light, SnCl4 350
uL) in CH,Cl, (3 mL) was added dropwise over 30 min. After addition, the mixture was
stirred at 30 °C for 5 h, and then diluted with sat. aq NaHCOs3 (40 mL), filtered, and extracted
with CH,Cl, (3%x15 mL). The combined organic layers were washed with brine, dried over
MgSO,, evaporated, and purified with column chromatography (Pet:EtOAc=4:1) to afford
compound 38 (480.8 mg, 61.3 %). TLC: Ry = 0.37(Pet:EtOAc=3:1); '"H NMR (500 MHz,
DMSO): ¢ 2.00, 2.01, 2.03, 2.04, 2.08, 2.11, 2.12, 2.24, 2.35 (9s, 27H, 2xCH3,7x0Ac), 3.60
(s, 3H, OCHs), 3.76 (s, 3H, OCHs3), 3.78 (m, 1H, H-5" or H-5"), 4.00 (m, 1H, H-5' or H-5"),
4.07-4.28 (m, 6H, H-2', H-4', H-6'a,b, H-6"a,b), 4.53 (bd, 1H, J=11.6 Hz, H-1"), 4.90 (t, J =
10.5 Hz, 1H, H-2"), 5.09 (t, J = 9.8Hz, 1H, H-4"), 5.39 (m, 2H, H-3’, H-3"), 5.51 (d, /= 3.9
Hz, 1H, H-1"), 6.53 (s, 1H, Ar-H); HRESIMS : Calcd for [C3sH43019+Na] ": 807.2688 found
807.2712.
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1.5.33 Synthesis of compound 39

OAc OAc
AcO Q OCHj AcO Q (6]
CAN
ACO— oG OAc . PO OAc
O Q CH4CN / H,O 0 0
AcO AcO
38 39

To a solution of compound 38 (784 mg, 1 mmol) in 10 mL of CH3CN, CAN (1.64 g, 3 mmol)
in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution was
extracted with CH,Cl, (3x20mL), and the combined organic layers were washed with brine,
dried over MgSQO,, evaporated, purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 39 (724.1 mg, 96 %). TLC: Ry= 0.37(Pet:EtOAc=3:1); '"H NMR (500 MHz,
CDCl): 0 1.77, 1.93, 1.94, 1.96, 1.96, 2.00, 2.04, 2.06, 2.13 (9s, 27H, 2xCH3,7x0OAc), 3.66
(m, 1H, H-5" or H-5"), 3.91 (m, 1H, H-5' or H-5"), 4.12-4.20 (m, 3H, H-6"a,b or H-6""a,b,H-4"),
4.21 (dd, 1H, J =3.6 and 12.5Hz, H-6"a or H-6"a), 4.53 (dd, 1H, J =2.3 and 12.3Hz, H-6'a or
H-6"a), 4.81 (dd, 1H, J = 10.5 Hz, H-2"), 4.87 (d, 1H, J = 10.0 Hz, H-1"), 5.01 (dd, 1H, J =
10.0 and 9.8 Hz, H-4"), 5.23 (t, 1H, J = 9.2Hz, H-2'), 5.31 (m, 2H, H-3",H-3"), 5.40 (d, 1H, J
= 4.0 Hz, H-1"), 6.48 (d, 1H, J = 1.52Hz, Ar-H); HRESIMS: Calcd for [C34H4,09+Na]
777.2218 found 777.2241.

1.5.34 Synthesis of compound 40

OAc OAc
N328204
OAc AcO OAc
CHCI; / H20
cO cO

39 40

To a solution of compound 39 (754 mg, 1 mmol) in 10 mL of CHCls, Na,S,04 (1.04 g, 6
mmol)in H,O (10 mL) was added at room temperature. The mixture was stirred for 30 min,
then extracted with CHCI; (3%20mL). The combined organic layers were washed with brine,
dried over MgSQO,, evaporated, and purified with column chromatography (Pet:EtOAc=1:1) to
afford compound 40 (720.0 mg, 95.2%). TLC: R¢= 0.32(Pet:EtOAc=1:1); 'H NMR (CDCl;,
500 MHz): ¢ 1.82, 2.00, 2.02, 2.04, 2.08, 2.11, 2.17, 2.17, 2.21 (9s, 27H, 2xCH3,7x0OAc),
4.03 (dd, 1H, J = 2.0 and 12.5 Hz, H-6'b or H-6"'b), 4.22 (t, IH, J = 9.37 and 9.18 Hz, H-4"),
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4.27 (dd, 1H, J = 3.3 and 12.5Hz, H-6'a or H-6"a), 4.35 (1s, 1H ,Ar-OH), 4.36 (dd, 1H, J =
2.5 and 12.1 Hz, H-6'a or H-6"a), 4.46 (dd, 1H, J = 2.1 and 12.4Hz, H-6'a or H-6"a), 4.89 (t,
1H, J=10.6Hz, H-2"), 4.94 (d, 1H, J = 9.8Hz, H-1"), 5.09 (t, 1H, J = 9.4Hz, H-2'), 5.31-5.45
(m, 3H, H-3', H-3" H-4"), 5.48 (d, 1H, J = 3.95 Hz, H-1"), 6.55 (s, 1H, Ar-H), 8.16 (s, 1H,
Ar-OH); HRESIMS : Calcd for [C34H44019 +Na] ":779.2375 found 779.2394.

1.5.35 Synthesis of compound 41

OCH
OAc OCH, OAc °
ACO/TSiE;:ESL/ . SnCly/AGOTE 5 0
A OAc -
co AcO CH,Cl, AcO AcO
OCHs OCH,
14 41

To a solution of compound 14 (390 mg, 1.0 mmol) and 1,4-dimethybenzene (276 mg, 2.0
mmol) in 10 mL of CH,Cl,, AgOTf (330 mg, 1.5 mmol) was added under Ar. Kept from light,
SnCly (350 uL) in CH,Cl, (3 mL) was added dropwise over 30 min. After addition, the
mixture was stirred at 30 °C for 5 h, then diluted with sat. aq NaHCO3 (40 mL), filtered, and
extracted with CH,Cl, (3%15 mL). The combined organic layers were washed with brine,
dried over MgSQ,, evaporated, purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 41 (332 mg, 71%). TLC: Ry = 0.57(Pet:EtOAc=3:2); mp:106-107 °C; 'H
NMR (500 MHz ,CDCls) 6 1.78 (s, 3H, OAc), 2.01 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.08 (s,
3H, OAc), 3.77 (s, 3H, OMe), 3.79 (s, 3H, OMe), 3.80-3.89 ( m, 1H, H-5'), 4.14 (dd, 1H, J =
12.3 and 2.2 Hz, H-6'b), 4.27 (dd, 1H, J = 12.3 and 4.7 Hz, H-6'a), 4.92 (d, 1H, J = 9.0 Hz,
H-1"), 5.23 (t, 1H, J = 9.0 Hz, H-2"), 5.29 (t, 1H, J = 8.8 Hz , H-4"), 5.37 (t, 1H, J = 9.0 Hz,
H-3"), 6.80-6.82 (m, 2H, ArH-5, H-6), 6.95 (d, 1H, J= 1.9 Hz, ArH-3).

1.5.36 Synthesis of compound 42

OCHj
OAc CAN OAc

AcO 0 - AcO Q
AcO CH3CN / H,O AcO

AcO AcO
OCH3

41 42

To a solution of compound 41 (468 mg, 1 mmol) in 10 mL of CH3;CN, CAN (1.64 g, 3 mmol)
in H,O (10 mL) was added at room temperature. The mixture was stirred for 30 min, then

extracted with CH,Cl, (3%x20mL). The combined organic layers were washed with brine, dried
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over MgSQO,, evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 42 (403 mg, 92 %). TLC: Ry = 0.61 (Pet:EtOAc=3:2); '"H NMR (500 MHz,
CDCl): 0 1.91(s, 3H, OAc), 2.02(s, 3H, OAc), 2.06 (s, 3H, OAc), 2.10 (s, 3H, OAc), 3.80 (m,
1H, H-5"), 4.14 (dd, 1H, J = 2.2 Hz, H-6'b), 4.26 (dd, 1H, J = 4.6 and 12.4 Hz, H-6'a), 4.64
(dd, 1H, J=0.8 and 9.7 Hz, H-1"), 4.98 (t, 1H, J=9.5 Hz, H-2"), 5.15 (t, 1H, J = 9.8 Hz, H-4"),
5.37 (t, 1H, J = 9.4 Hz, H-3"), 6.77 (d, 2H, J = 1.2Hz, ArH-5, H-6), 6.91 (d, 1H, J = 0.8 Hz,
ArH-3); *C NMR (125 MHz, CDCL): 6 20.59; 20.60, 20.60, 20.75, 62.00, 68.25, 72.01,
72.54, 73.66, 76.26, 133.73, 136.37, 136.50, 144.06, 169.51, 169.70, 170.05, 170.62, 185.49,
186.93; ESIMS m/e 461.1[M+Na]+(100%); Anal. Calcd for C»,H»,011: C, 54.80; H, 5.06; O,
40.15. found: C, 54.92; H, 4.95; O, 40.02.

1.5.37 Synthesis of compound 43

O
OAc
OAc Na 28 204 0]
AcO O > AcO

A
AcO ACO CHC|3 / H20 cO ACO

42 43

To a solution of compound 42 (438 mg, 1 mmol) in 10 mL of CHCls, Na,S;04 (1.04 g, 6
mmol) in H,O (10 mL) was added at room temperature. The reaction mixture was stirred for
30 min, extracted with CHCl3(3%x20mL). The combined organic layers were washed with
brine, dried over MgSO,4, evaporated, and purified with column chromatography
(Pet:EtOAc=2:1) to afford compound 43 (396 mg, 90%). TLC: R = 0.30(Pet:EtOAc=1:2);
[a]p® = -23 (¢ 0.9, CHCls); '"H NMR (500 MHz, CDCls,): 5 1.86 (s, 3H, OAc), 2.01 (s, 3H,
OAc), 2.07 (s, 3H, OAc), 2.11 (s, 3H, OAc), 3.89 (m, 1H, H-5/), 4.18 (dd, 1H, J = 12.6 and
2.2 Hz, H-6'b), 4.31 (dd, 1H, J = 12.6 and 3.8 Hz, H-6'a), 4.60 (d, 1H, J = 9.8 Hz, H-1"), 5.27
(t, IH, J=9.8 Hz, H-4"), 5.31 (t, IH, J= 9.8 Hz, H-2"), 5.36 (t, 1H, J= 3.4 Hz, H-3"), 5.71 (s,
1H, OH, exchanged with D,0), 6.50 (s, 1H, OH, exchanged with D,0), 6.57 (d, 1H, J = 2.8
Hz, ArH-3), 6.68 (dd, 1H, J = 2.8 and 8.7 Hz, Ar-H-5), 6.74 (d, 1H, J = 8.7 Hz, ArH-6); °C
NMR (125 MHz. CDCl;3): ¢ 20.83, 21.01, 21.06, 21.09, 62.17, 68.46, 71.33, 74.24, 76.44,
79.28, 115.32, 117.57, 118.71, 121.91, 148.94, 149.54, 169.57, 170.04, 170.96, 171.34;
HRESIMS: calcd for [CooH2401+H]" : 441.1319 found 441.12890.
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1.5.38 Synthesis of compound 44

OH OH
OAc OH
AcCl
CH5OH
ACO—560 3 HO—16
OH OH

43 44

To a solution of compound 43 (100 mg, .227 mmol) in 10 mL of MeOH, was added a freshly
prepared solution of CH3COCI in MeOH (1%, 3 mL). Afetr 72 h, the reaction solution was
evaporated to give compound 44 (52 mg, 84%). TLC: Ry = 0.38 (CH3;0H:EtOAc =1:8);
[a]p™= +19.24 (¢ 0.8, CH;0H); 'H NMR (500 MHz, D,0.): ¢ 3.53-3.59 (m, 3H, H-3', H-4’
and H-5"), 3.70 (dd, 1H, J= 9.8 and 8.8 Hz, H-2'), 3.74 (dd, 1H, J = 4.4 and 12.3 Hz, H-6'b),
3.84 (d, 1H,J=12.3 Hz, H-6"a), 4.59 (d, 1H, J= 9.8 Hz, H-1"), 6.77 (dd, 1H, J= 2.8 and 8.8
Hz, ArH-5), 6.82 (d, 1H, J = 8.8 Hz, ArH-6), 6.86 (d, 1H, J = 2.8 Hz, ArH-3); *C NMR (125
MHz, D,0O): ¢ 61.23, 70.13, 73.55, 76.57, 77.93, 80.63, 115.48, 117.27, 117.94, 125.50,
148.30, 149.50; HRESIMS: calcd for [C1,H;60,+H]" : 273.0974 found: 273.09759.

1.5.39 Synthesis of compound 45

OCH
OAC_OAc OCH;, OAC__OAc ’
% SnCl, / AgOTfa o
+ »
OAc -
ACO—50 CH,Cl, AcO— 5
OCH; OCH;
16 45

To a solution of compound 16 (390 mg, 1.0 mmol) and 1,4-dimethoxybenzene (276 mg, 2.0
mmol) in 10 mL of CH,Cl,, AgOTf (330 mg, 1.5 mmol) was added under Ar. Kept from light,
SnCly (350 pL) in CH,Cl; (3 mL) was added dropwise over 30 min. After addition, the
mixture was stirred at 30 °C for 5 h, and then diluted with sat. aq NaHCO; (40 mL), filtered,
extracted with CH,Cl, (3%15 mL). The combined organic layers were washed with brine,
dried over MgSOQy,, evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 45 (339 mg, 74%) TLC: Ry = 0.55(Pet:EtOAc=3:2); mp: 86-87 °C; 'H NMR
(200 MHz, CDCls): 6.1.80 (s, 3H, OAc), 1.99 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.21 (s, 3H,
OAc), 3.78 (s, 3H, OMe), 3.80 (s, 3H, OMe), 4.04-4.21 (m, 3H, H-5" and H-6'a,b), 4.91 (d, 1H,
J=9.9 Hz, H-1"), 5.21 (dd, 1H, J=9.9 and 3.5 Hz, H-3'), 5.46 (t, 1H, J = 9.9 Hz, H-2"), 5.52 (d,
1H, J = 3.5 Hz, H-4"), 6.81 (s, 1H, Ar), 6.81 (d, 1H, J = 2.4 Hz, Ar), 7.04 (d, 1H, J = 2.4 Hz,
Ar).
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1.5.40 Synthesis of compound 46

OCH
OAc OAc 3 CAN OAc OAc
(0] > 0]
CH3CN / H,O
AcO G AcO G
OCH;, 0]
45 46

To a solution of compound 45 (468 mg, 1 mmol) in 10 mLof CH3CN, was added CAN (1.64 g,
3 mmol) in HO (10 mL) at room temperature. The reaction mixture was stirred for 30 min,
then extracted with CH,Cly(3%x20mL). The combined organic layers were washed with brine,
dried over MgSQ,, evaporated, and purified with column chromatography (Pet:EtOAc=3:1) to
afford compound 46 (390 mg, 89 %). TLC: Ry = 0.59(Pet:EtOAc=3:2); [a]p™ = -11.2 (¢ =
0.95, acetone); IR (KBr) : 1740 (C=0, OAc), 1655 (C=0, benzoquinoe); '"H NMR (200 MHz,
CDCl): 0 1.91 (s, 3H, OAc), 1.99 (s, 3H, OAc), 2.04 (s, 3H, OAc), 2.18 (s, 3H, OAc),
3.99-4.21 (m, 3H, H-5', H-6'a, and H-6'b), 4.63 (dd, 1H, J = 0.8 and 8.6 Hz, H-1"), 5.11 (dd,
1H, J= 8.6 and 10 Hz, H-2"), 5.20 (dd, 1H, J = 10 and 3.1 Hz, H-3"), 5.50 (dd, 1H, J= 0.7 and
3.1 Hz, H-4"), 6.76 (d, 2H, J = 1.2 Hz, Ar-H-5, H-6), 6.98 (d, 1H, J = 0.8 Hz , ArH-3); "°C
NMR (50 MHz, CDCls): ¢ 20.60, 20.60, 20.70, 20.70, 61.72, 67.45, 70.11, 71.66, 72.08,
74.75, 133.83, 136.35, 136.50, 144.59, 169.94, 170.01, 170.18, 170.42, 185.70, 187.14;
HRESIMS Calcd for [CyoH,,01,+H]": 439.1240 found 439.12312.

1.5.41 Synthesis of compound 47

OH
OAc__OAc 0 OAc__0OAc
o NaZSZO4 . 0)
A
AcO AcO CHC|3 / Hzo cO ACO
o) OH
46 47

To a solution of compound 46 (438 mg, 1 mmol) in 10 mL of CHCls, Na,S,04 (1.04 g, 6
mmol) in H,O (10 mL) was added at room temperature. After 30 min, the reaction solution
was extracted with CHCI5(3%x20mL), and the combined organic layers were washed with brine,
dried over MgSQO,, evaporated, purified with column chromatography (Pet:EtOAc=2:1) to
afford compound 47 (399 mg, 91%). TLC: Ry = 0.30(Pet:EtOAc=2:1); [a]p>>= -0.56 (c 0.7,
CHCl;3); 'TH NMR (500 MHz, CDCls): 6 1.88 (s, 3H, OAc), 2.00 (s, 3H, OAc), 2.05 (s, 3H,
OAc), 2.21 (s, 3H, OAc), 4.08 (t, 1H, J= 6.3 Hz, H-5"), 4.18 (m, 2H, H-6'a, and H-6'b), 4.48
(d, 1H, J=9.8 Hz, H-1"), 5.16 (dd, 1H, J = 2.8 and 10.1 Hz, H-3"), 5.54 (br s, 1H, H-4"), 5.56
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(t, 1H, J = 10.1 Hz, H-2'), 6.18 (s, 1H, OH, exchanged with D,0), 6.55 (d, 1H, J = 2.8 Hz,
Ar-H-3), 6.63 (s, 1H, OH, exchanged with D,0), 6.69 (dd, 1H, J = 2.8 and 8.5 Hz, ArH-5),
6.77 (d, 1H, J = 8.5 Hz, ArH-6); °C NMR (125 MHz, CDCls,): d 20.53, 20.68, 20.68, 20.68,
61.71, 67.81, 68.10, 71.92, 74.86, 80.09, 115.20, 117.21, 118.18, 121.76, 148.9, 149.06,
169.26, 170.20, 170.48, 170.72; HRESIMS Calcd for [Cy0H24011 +H]" : 441.1319. found:
441.12993.

1.5.42 Synthesis of compound 48

OH OH
OAc _0OAc AcCl OH _OH
0] 0]
CH50OH
AcO Al 3 HO G
OH OH
47 48

To a solution of compound 47 (99 mg, .226 mmol) in 5 mL of MeOH, a freshly prepared
solution of CH3COCI in MeOH (1%, 3 mL) was added. After 72 h, the reaction mixture was
evaporated to give compound 48 (50 mg, 81%). TLC: R = 0.33 (CH3;0H:EtOAc=1:8); mp
209-210.5 °C; [a]p™=+31.5 (¢=0.7, MeOH); 'H NMR (500 MHz, D,0): J 3.69-3.78 (m, 4H,
H-3', H-5', H-6'a,b), 3.90 (t, 1H, J=9.6 Hz, H-2"), 4.03 (d, IH , J= 2.9 Hz, H-4'), 4.56 (d, 1H,
J=9.8 Hz, H-1"), 6.77 (dd, 1H, J = 2.8 and 8.8 Hz, ArH-5), 6.82 (d, 1H, J = 8.8 Hz, ArH-6),
6.92 (d, 1H, J = 2.8 Hz, ArH-3); *C NMR (125 MHz, D,0): J 61.59 , 69.65, 71.13, 74.62,
76.61, 79.66, 115.28, 117.18, 117.86, 125.74, 148.30, 149.52; HRESIMS Calcd for [Ci,H607
+H]": 273.0974. found: 273.09722.

1.5.43 Synthesis of compound 49

OA OAC
o OCH;4
Aco SnCl, / AgOTf OCH,
n 4 g
AcO AG OAc + OAc
o Q CHZCIz
AcO OAc OCH;4 CO

AcO OCHj,
18 49

To a solution of compound 18 (678 mg, 1.0 mmol) and 1,4-dimethoxybenzene (276 mg, 2.0
mmol) in 10 mL of CH,Cl,, AgOTf (330 mg, 1.5 mmol) was added under Ar. Kept from
light, SnCl, (350 puL) in CH,Cl, (3 mL) was added dropwise over 30 min. After addition, the
mixture was stirred at 30 °C for 5 h, then diluted with sat. aq NaHCO; (40 mL), filtered, and

extracted with CH,Cl, (3x15 mL). The combined organic layers were washed with brine,
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dried over MgSQO,, evaporated to afford crude product, purified with column chromatography
(Pet:EtOAc=4:1) to afford compound 49 (430 mg, 57%). TLC: R; = 0.43(Pet:EtOAc=3:2);
mp:155-156 °C ; '"H NMR (500 MHz, CDCl;): d 1.70, 1.92, 1.94, 1.96, 2.00, 2.04, 2.06 (7s,
21H, 7x0OAc), 3.67 (s, 3H,OMe), 3.71 (s, 3H, OMe), 3.76 (m, 1H, H-5' or H-5"), 3.93 (m, 1H,
H-5" or H-5"), 4.00 (dd, 1H, J = 12.4 Hz, H-6'b or H-6"b), 4.05 (t, IH, J = 10.4 Hz, H-4"),
4.16-4.21 (m, 2H, H-6'a,b or H-6"a,b), 4.39 (dd, 1H, J= 2.0 and 12.2 Hz, H-6'a or H-6"a), 4.83
(t, IH, J=10.5 Hz, H-2"), 4.89 (d, 1H, J= 9.8 Hz, H-1"), 5.00 (t, 1H, J = 9.8 Hz, H-2"), 5.05 (t,
1H, J=9.4 Hz, H-4"), 532 (t, IH, J=9.6 Hz, H-3"), 5.33 (t, IH, J="7.9 Hz, H-3'), 5.40 (d, 1H,
J=13.9 Hz, H-1"), 6.72 (m, 2H, Ar-H-5, H-6), 6.81 (d, 1H, J= 1.9 Hz, ArH-3).

1.5.44 Synthesis of compound 50

OAc OAC
Q
AcO OCHj
AcO ACO OAc OAC
(0] (0]
CH3CN / H,0 cO

AcO

AcO OCH,

49 50

To a solution of compound 49 (756 mg, 1 mmol) in 10 mL of CH3CN, was added a solution
of CAN (1.64 g, 3 mmol) in H,O (10 mL) at room temperature. The reaction mixture was
stirred for 30 min, then extracted with CH,Cl,(3%20mL). The combined organic layers were
washed with brine, dried over MgSQy,, evaporated, and purified with column chromatography
(Pet:EtOAc=3:1) to afford compound 50(660 mg, 91%). TLC: Ry= 0.55(Pet:EtOAc=1:1); mp:
154-156 °C; 'H NMR (500 MHz, CDCl;): § 1.81, 1.93, 1.94, 1.97, 2.00, 2.05, 2.08 (7s, 21H,
7x0Ac), 3.70 (m, 1H, H-5" or H-5"), 3.91 (m, 1H, H-5" or H-5"), 3.95 (t, 1H, J =9.5Hz, H-6'b
or H-6"b), 4.01 (t, 1H, J=10.4 Hz, H-4"), 4.10-4.21 (m, 2H, H-6'a,b or H-6"a,b), 4.45 (dd, 1H, J
= 2.0 and 12.2 Hz, H-6'a or H-6"a), 4.60 (t, 1H, J = 9.3 Hz, H-2"), 4.80 (d, 1H, J = 9.8 Hz,
H-1"), 4.81 (t, 1H, J = 9.8 Hz, H-2"), 5.05 (t, IH, J = 10.0 Hz, H-4"), 5.32 (t, 1H, J = 9.6 Hz,
H-3"), 5.34 (t, 1H, J="7.3 Hz, H-3"), 5.38 (d, 1H, J=4.0 Hz, H-1"), 6.68 (m, 2H, Ar-H-5, H-6),
6.72 (d, 1H, ArH-3).

1.5.45 Synthesis of compound 51

OAc OAc
CHCI3 / H,O
cO cO

50 51

-36 -



To a solution of compound 50 (726 mg, 1 mmol) in 15 mL of CHCI; was added NaS;04
(1.04 g, 6 mmol) in H,O (10 mL) at room temperature. The reaction mixture was stirred for
30 min, then extracted with CHCl; (3x20mL). The combined organic layers were washed with
brine, dried over MgSO4, evaporated, and purified with column chromatography
(Pet:EtOAc=2:1) to afford compound 51 (699 mg, 96 %). TLC: Ry= 0.23 (Pet:EtOAc=1:1);
'H NMR (500 MHz, CDCls): 6 1.84, 2.01, 2.02, 2.04, 2.08, 2.11, 2.15 (7s, 21H, 7xOAc), 3.80
(m, 1H, H-5" or H-5"), 3.97 (m, 1H, H-5" or H-5"), 4.08 (m, 1H, H-6'b or H-6"b), 4.09 (s, 1H,
Ar-OH), 4.15 (t, 1H, J = 9.3 Hz, H-4'), 4.26 (dd, 1H, J = 3.3 and 12.6 Hz, H-6'a or H-6"a),
4.31 (dd, 1H, J=3.4 and 12.3 Hz, H-6'b or H-6"b), 4.49 (d, 1H, J=12.3 Hz, H-6'a or H-6""a),
4.62 (d, 1H, J = 9.9 Hz, H-1"), 4.89 (dd, 1H, J = 3.9 and 9.5 Hz, H-2"), 5.11 (m, 2H, H-4",
H-2"), 5.40 (m, 2H, H-3', H-3"), 5.47 (d, 1H, J = 3.9Hz, H-1"), 6.55 (d, 1H, J = 2.7Hz, ArH-3),
6.63 (s, 1H, Ar-OH), 6.68 (dd, 1H, J = 2.7 and 8.7 Hz, ArH-4), 6.72 (d, 1H, J = 8.7Hz,
ArH-6).

1.5.46 The experimental procedure for tyrosinase test

1) The aim of research

To test the inhibition of samples for tyrosinase.

2) Equipment

ELIASA of American Thermo, CO; Incubators

3) Agents and materials

Tyrosinase, L-DOPA (from Sigma), pancreatin, PRMI 1640 Cary-Blair (from Gibco), LDH
4) Cell strain

B16 melanocyte of human being, from Chinese Academy of Science (Shanghai)

5) Procedure

Selected the same generation of cell and digest them with pancreatin, get the solid via
centrifugal machine. The filtered cake was added into RPMI 1640 and added different
concentration of samples. In 37 ‘C, 5% CO,, after 36h, the solution was added 0.1% L-DOPA
10 mL and detected its absorptivity in 475 nm.

-37 -



References
[1] V.Ladmiral, E. Melia, D. M. Haddleton, Euro. Polymer J. 2004, 40: 431-449.

[2] S. Hurtley, J. Alper, R. F. Service, M. Balter, L. Wells, P. Sears, A. Dell, C. R. Bertozzi, A
Helenius, P. M. Rudd. et al. Science. 2001, 291: 2337-2375.

[3] J. Finkelstein, Nature, 2007, 446 (7139): 999.

[4] A. Varki, Nature, 2007, 446 (7139): 1023-1029.

[5] W. Steglich, B. Fugmann, S. Lang, Naturestoffe, New York:Georg Thieme, 1997, p53.
[6] K.Maeda, M. Fukuda, J Pharmacol Exp Ther, 1996, 276 (2): 765-769.

[7] T. Tehara, H. Hachimaki, Jpn. Kokai Tokkyo Koho JP, 277, 261, 2003; Chem. Abstr. 2003,
139, 265423k

[8] a) M. H. D. Postema, C-Glycosides Synthesis , Boca Raton, CRC Press Inc.: London, UK,
1995. b). D. E. Levy, C. Tang, The Chemistry of C-Glycosides, Pergamon, Elsevier Science
Ltd, Oxford, 1995. c¢). Y. Du, R. J. Linhardt, I. R. Vlahov, Tetrahedron, 1998, 54: 9913-9957.

[9] a) D. Y. W. Lee, M. He, Curr. Top. Med. Chem., 2005, 5: 1333-1350. b). M. Jay. in J. B.
Harborne (Ed.). The Flavonoids: Advances in Research Since 1986, Chapman and Hall,
London, 1994, 57-93. c). M. Jay, M. -R. Viricel, J. -F. Gonnet. in: O. M. Andersen, K. R.
Markham (Eds.), Flavonoids: Chemistry, Biochemistry and Applications, CRC Press, Boca
Raton, 2006, 875-915.

[10] J. Q. Cutrone, J. M. Kolb, K. McBrien, S. Huang, D. Gustavson, S. E. Lowe, S. P.
Manly. J. Nat. Prod. 1998, 61: 1379-1382.

[11] P. W. Ford, M. Gadepalli, B. S. Davidson. A.-D. Halawanones, J. Nat. Prod. 1998, 61:
1232-1236.

[12] M. Morita, K. Motoki, K. Akimoto, T. Natori, T. Sakai, E. Sawa, K. Yamaji, Y. Koezuka,
E. Kobayashi, H. Fukushima, J. Med. Chem. 1995, 38: 2176-2187.

[13] K. Motoki, E. Kobayashi, T. Uchida, H. Fukushima, Y. Koezuka, Bioorg. Med. Chem.
Lett. 1995, 5: 705-710.

[14] M. R. Chaulagain, M. H. D. Postema, Tetrahedron Lett. 2004, 45 (42): 7791-7794.

[15] L. He, Y. Z. Zhang, M. Tanoh, G.-R. Chen, J.-P. Praly, E. D. Chrysina, C. Tiraidis, M.
Kosmopoulou, D. D. Leonidas, N. G. Oikonomakos. Eur. J. Org. Chem, 2007, 4: 596-606.

-38 -



[16] J.-P. Praly, L. He, B. B. Qin, M. Tanoh, G.-R. Chen, Tetrahedron Lett. 2005, 46:
7081-7085.

[17] T. Kuribayashi, N. Ohkawa, S. Satoh, Tetrahedron Lett. 1998, 39: 4537-4540.

[18] P.Jacob, P-S. Callery, A.-T. Shulgin, J. Org. Chem. 1976, 41(22): 3627-3629.

-39 -



Chapter 2 Synthesis of Aryl C-Glycoside Derivatives of Vitamin E

2.1 Introduction

Research over the past decades has led to many new insights into molecular details of vitamin
E action but also to controversies about its usefulness as a dietary supplement. In human
physiology, a-tocopherol and its isomers may be involved in the progression of low-density
lipoprotein (LDL) oxidation and atherosclerosis, not only through their antioxidant or
pro-oxidant properties but also through their ability to regulate gene expression and functional

activities of proteins that are critically involved in atherogenesis'.

Vitamin E is a kind of outstanding nature antioxidant reagent’. Indeed, it is now confidently

accepted that R-tocopherol is the most important lipid soluble antioxidant in plasma.’

The term vitamin E is used for a family of eight molecules of related structure. The four
tocopherols consist of a chromanol ring with different substitution pattern of methyl groups at
positions 5, 7, and 8 of the head group (a-, B-, 6-, and y-) and a 16-carbon saturated phytyl rest
as a side chain. Tocopherols have three chiral centers at carbons 2, 4’, and 8', and the naturally
occurring isomers have the R-configuration at all three positions. The tocotrienols have the
same substitution pattern on the chromanol ring but an unsaturated C16 isoprenoid side chain
with double bonds in the positions 3’, 7', and 11'. All of these molecules possess antioxidant
activity, although a-tocopherol is chemically and biologically the most active. The other
naturally occurring forms of vitamin E (B-, y-, and d-tocopherols and the tocotrienols) do not
contribute toward meeting the vitamin E requirement because (although absorbed) they are
not converted to a-tocopherol by humans, and they are recognized poorly by the a-tocopherol

transfer protein in the liver.

vitamin E
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Tocopherol/
Ry R; antioxidation (%)
tocotrienol
(0 CH3 CH3 100
B CH; H 71
) H H 28

The antioxidant mechanism of vitamin E is to capture free radical and then stop chain reaction.

As we know, the OH group is the most important functional group in vitamin E.

regeneration
/
OH B Qe O N
Re + —» RH+ B
0] @) @)
CieHas CieHas CieHas
| syntonic structure

In certain conditions, the syntonic structure of vitamin E and free radical can be reduced by
vitamin C to its original structure. In fact, there is a cycle in vitamin E, vitamin C and flavone,

it makes the antioxidant system work smoothly. The cycle is as follows:
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_E Water-soluble antioxidants Water-soluble radicals
o
0 = AscO- AscO+ Fl.
&
=

& «TO - -TOH
J Tncnphemxy[radica% J
v ROO

. ROOH

c

L]

.E /"/—_—\. Carofeneadaduct ROS /
E ROO- ROO-B-CAR-

< | AL/ Roor

Termination reaction at low Q,
Non radical products partial pressure

| SRe0SREEREY ResseeERe

a-tocopherol (a-TOH), ascorbate (AscO') and flavonoid (F1) during lipid oxidation (ROO)

through reactive oxygen species (ROS) and action of b-carotene (f-CAR) in membrane

4
systems.

In order to improve the antioxidant of vitamin E, P. Arya and G. W. Burton thought several

very important questions about the vitamin E structure:’

Enzymatic hydrolysis?

Solubility and
Bio-recognition?

Inter-Cellular Mobility
and Membrane
Retention?

So we designed a series of new C-glycoside analogues of vitamin E, the general structure is as

followed:

HO
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2.2 Results and discussion

We used phytol and hydroquinone as materials, via Friedel-Craft reaction to synthesize

analogues of vitamin E. The mechanism is as followed:

OH

OH ] oH
;%g_w %/\/L/\/L/\/L

Most common catalysts in this reaction are ZnCl,, SnCls, BF;.Et,0, P,Os, HCOOH,
CH;COOH, and Ac,0. We choose ZnCl, because it is solid and easy to remove.

Normally, the reaction yield is high at high temperature, so the reaction solution was usually
stirred several minutes at 100~200°C. But sugar is unstable at high temperature, so we have
chosen CHCI; as solvent. The solution had to been stirred for more than 24 h, and the yield is
often less than 60%.

In our work, a series of C-glycoside analogues of vitamin E were synthesized, with the

structure as followed:

AcO

HO
AcO O
AcO e}

OAc 3

60 62
OAc
AcO 0 OH
OH
AcO OAc
OAc ore ACO 0
AcO AcO OAC
OAc o o
3
58 53

There are at least 3 asymmetric carbon atoms on the aglycon (C,, C4, Cg), so there are 8
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stereo isomers. It’s meaning that every product we obtained is a mixture of several

stereomers.
2.3 Conclusion

In this part of work, we tried to modified the structure of vitamine E to improve its
antioxidant activity. Based on our previous work, 12 C-glycoside analogues of vitamin E were

synthesized, 6 of them are new compounds.

Synthesis of oligo C-glycoside analogues of vitamin E, such as maltose vitamin E analogue, is
a new filed of research. Their antioxidant activity has not been confirmed, but the work is

valuable for further research of analogue of vitamin E.
2.4 Experimental Section

2.4.1 Synthesis of compound 53

OH OH
OAc OAc
AcO Q + phytol  ZnCl, _ AcO 0
OH @)
3

32 52 53

To a solution of compound 32 (270 mg, 0.58 mmol) in 5 mL of CHCl;, compound 52 (phytol)
(0.2 mL, 0.56 mmol) and ZnCl, (453.7 mg, 3.34 mmol) was added under Ar and kept from
light, heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSO,, evaporated, and purified with column chromatography
(Pet:EtOAc=3:1) to afford compound 53 (272 mg, 65.6 %). TLC: R¢= 0.26 (Pet:EtOAc=3:1);
[a]p=+ 4.66 (c 0.88, CH,Cl,); "H NMR (500 MHz, DMSO-ds, 120°C.): § 0.87-0.93 (m, 12H,
Mel3", 4"a, 8"a, 12"a), 1.12-1.61 (m, 24H, H-1"-12" and Me2a), 1.71 (2s, 3H, acetyl at C2’),
1.74 (m, 2H, H-3a, H-3b), 1.94, 2.00, 2.02, 2.08, 2.27 (5s, 15H, 2xArCH3, 3x0OAc), 2.57 (m,
2H, H-4a, H-4b), 3.86 (m, 1H, H-5"), 4.11 (dd, 1H, J=4.5 and 12.1 Hz, H-6'b), 4.16 (dd, 1H,
J=3.2and 12.1 Hz, H-6"a), 5.04-5.10 (m, 1H, H-4"), 5.11 (br signal, 1H, H-1"), 5.23 (2dd, 1H,
J=9.5 and 9.1 Hz, H-3"), 5.64 (br signal, 1H, H-2), 7.26 (s, 1H, Ar-OH); *C NMR (125
MHz, DMSO-ds, 120°C,): ¢ 12.6, 13.3, 20.3, 20.3, 20.3, 20.3, 20.4, 20.4, 20.7, 21.0, 21.0,
21.1,21.5,23.1,23.1, 23.7, 24.0, 24.7, 24.9, 28.2, 31.9, 33.1, 37.6, 37.7, 37.8, 38.2, 39.8, 41.5,
63.4, 63.5, 70.1, 70.2, 71.6, 75.6, 75.7, 76.0, 76.3, 118.4, 118.5, 120.2, 120.4, 125.1, 125.2,
125.3, 125.3, 146.5, 169.1, 169.8, 169.9, 170.1, 170.15, 170.4; HRFABMS: Calcd for
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[C42Hg7011 +H]' : 747.4683. found : 747.46790.

2.4.2  Synthesis of compound 55

OH OH
OAc OAc
AcO O + (CH3),C=CHCH,OH _2ZCl _ AcO °
AcO— =~ Reflux ACO— 75
OH 0
32 54 55

To a solution of compound 32 (560 mg, 1.2 mmol) in 5 mL of CHCIl;, compound 54 (0.123
mL, 1.19 mmol) and ZnCl, (979 mg, 7.2 mmol) was added under Ar and kept from light,
heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSO,, evaporated, purified with column chromatography
(Pet:EtOAc=3:1) to afford compound 55 (384 mg, 60%). TLC: Ry = 0.21 (Pet:EtOAc=2:1);
[a]p”=- 1.1 (¢ 0.8, CH,Cl,); 'H NMR (500 MHz, DMSO-ds, 120°C,):  1.29 (2s, 6H, Me2a,
Me2b), 1.33, 1.71, 1.95, 2.00 (4s, 12H, 4xOAc), 1.77 (t, 2H, J = 6.9 Hz, H-3a, H-3b), 2.03,
2.08 (2s, 6H, Me5a, Me7a), 2.27, 2.58 (t, 2H, J = 6.9 Hz, H-4ab), 3.91 (dt, 1H, /= 9.8 and 3.8
Hz, H-5"), 4.14 (d, 2H, J = 3.5 Hz, H-6'a, H-6'), 5.07 (t, 1H, J= 9.5 and 9.8 Hz, H-4"), 5.11
(br, 1H, H-1"), 5.24 (t, IH, J= 9.1 Hz, H-3"), 5.65 (br triplet, 1H, H-2"), 7.00 (s, 1H, Ar-OH);
C NMR (125 MHz, DMSO-ds, 120°C,): 6 12.6, 13.3, 20.8, 21.0, 21.0, 21.4, 21.4, 27.0, 27.6,
33.6, 63.4, 70.0, 71.7, 73.5, 74.5, 76.0, 76.0, 118.3, 120.4, 125.1, 125.3, 146.5, 146.8, 169.2,
169.9, 170.2, 170.5; Anal. Calcd for C,7H3601:: C, 60.44; H, 6.76; O, 32.80. found: C, 60.92;
H, 7.05; O, 31.23.

2.4.3  Synthesis of compound 56

OH
OAc__OAc OH OAc__0Ac
Q + phytol Zn_CI2> ©
A
ACO — Reflux cO ACO
OH @)

36 52 56

To a solution of compound 36 (270 mg, 0.58 mmol) in 5 mL of CHCls, compound 52 (phytol)
(0.2 mL, 0.56 mmol) and ZnCl, (453.7 mg, 3.34 mmol) was added under Ar and kept from
light, heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq

NaHCOj; and brine, dried over MgSQOy, evaporated, and purified with column chromatography
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(Pet:EtOAc=3:1) to afford compound 56 (272 mg, 65.6%).

2.44  Synthesis of compound 57

OH OH
OAC_OAc OAc__0OAc
0 + (CHy),C=CHCH,OH _2ZnCl2 _ O
AcO
AcO s Reflux c AcO
OH 0
36 54 57

To a solution of compound 36 (560 mg, 1.2 mmol) in 5 mL of CHCIl;, compound 54 (0.123
mL, 1.19 mmol) and ZnCl, (979 mg, 7.2 mmol) was added under Ar and kept from light,
heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSO,, evaporated, and purified with column chromatography
(Pet:EtOAc=3:1) to afford compound 57 (380 mg, 59%).

2.4.5 Synthesis of compound 58

OAc OAc
ZnCl,
/&‘ OAc + phytol _> OAC

Reflux
cO AcO

40 52 58

To a solution of compound 40 (756 mg, 1 mmol) in 10 mL of CHCIl;, compound 52 (phytol)
(0.36 mL, 1 mmol) and ZnCl, (803 mg, 6 mmol) was added under Ar and kept from light,
heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj3 and brine, dried over MgSQy, evaporated, and purified with column chromatography
(Pet:EtOAc=2:1) to afford compound 58 (589 mg, 57 %). TLC: R = 0.49 (Pet:EtOAc=1:1);
'H NMR (500 MHz, CDCl3): 6 0.84-0.91 (m, 12H, 4xCHj), 1.09-1.38 (m, 19H, 3xCH,
8xCH,), 1.53-2.32 (m, 35H, 2xCH,, 3xCH3, 7X0Ac), 2.56 (m, 2H, CH>), 3.78 (m, 1H, H-5'
or H-5"), 4.00 (m, 1H, H-5" or H-5"), 4.07-4.28 (m, 6H, H-2', H-4', H-6'a,b, H-6"a,b), 4.53
(bd, 1H, J=11.6 Hz, H-1"), 4.90 (dd, 1H, J=10.5 and 3.6 Hz, H-2"), 5.10 (t, 1H, J=9.6 Hz,
H-4"), 5.38 (m, 2H, H-3’, H-3"), 549 (d, 1H, J = 3.6 Hz, H-1"), 7.27 (s, 1H, Ar-OH);
HRESIMS: calcd for [Cs4Hg2019+Na] : 1057.5348 found 1057.5315.
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2.4.6  Synthesis of compound 59

OAc OAc
ﬁg A°°$% ™
zncl, AcO OAc
oRe + (CHy),C=CHCH,0H ———2> A 0
AcO

Reflux AcO
AcO 0

40 54 59

To a solution of compound 40 (756 mg, 1 mmol) in 10 mL of CHCI;, compound 54 (0.11 mL,
1 mmol) and ZnCl; (803 mg, 6 mmol) was added under Ar and kept from light, heated to
reflux for 24 h. The mixture was filtered, the filtration was washed with sat.aq NaHCO; and
brine, dried over MgSO4, evaporated, and purified with column chromatography
(Pet:EtOAc=1:1) to afford compound 59 (590.3 mg, 71.6 %), TLC: Ry = 0.36
(Pet:EtOAc=1:1); HRESIMS : calcd for [C39H52019+Na]+: 847.3001 found 847.3028.

2.4.7  Synthesis of compound 60

AcO HO
(0]
+ phytol ——=> ZnCl AcO
Reflux AcO ACG 0
3

21 52

To a solution of compound 21 (270 mg, 0.58 mmol) in 5 mL of CHCl;, compound 52 (phytol)
(0.2 mL, 0.56 mmol) and ZnCl, (453.7 mg, 3.34 mmol) was added under Ar and kept from
light, heated to reflux for 24 h. The mixture was filtered; the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSOy, evaporated, and purified with column chromatography
(Pet:EtOAc=2:1), afford compound 60 (272 mg, 65.6 %). TLC: R¢= 0.20 (Pet : EtOAc=3:1);
mp: 144-146 °C (CH,Cly/Pet); [a]p>> = -0.227 (c 0.88, CH,Cl,); 'H NMR (200 MHz, CDCL):
0 0.86-0.89 (m, 12H, Mel3", 4'a, 8"a, 12"a), 1.01-1.60 (m, 24H, H-1"-12" and H-2a), 1.75
(2H, overlapped, H-3a,b), 1.82, 2.01, 2.06, 2.08, 2.14, 2.14 (6s, 18H, 6xCH3), 2.70 (t, 2H, J =
6.5 Hz, H-4a,b), 3.89 (m, 1H, H-5"), 4.15 (d, 1H, J = 12.4 Hz, H-6b"), 4.33 (dd, 1H, J = 2.9
and 12.4 Hz, H-62"), 4.86 (d, 1H, J = 9.9 Hz, H-1"), 5.30-5.35 (m, 2H, H-3', H-4"), 5.58 (dd,
1H, J = 7.9 and 9.9 Hz, H-2'), 6.90, 6.93 (2s, 1H, Ar-OH, exchangeable with D,0); *C NMR
(50 MHz, CDCl3): 0 11.9, 12.2, 19.7, 19.8, 20.4, 20.6, 20.6, 20.6, 20.6, 20.7, 20.7, 21.0, 22.6,
22.8,23.5,24.5,24.8, 28.0,31.7,32.8,37.3,37.4,37.4,39.4,39.4,61.4, 67.8, 70.3, 74.2, 74.4,
76.2,76.2, 114.9, 115.6, 124.9, 127.6, 144.9, 146.8, 168.4, 169.3, 170.5, 170.7;; Anal. Calcd
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for C42HesO11: C, 67.53; H, 8.91; O, 23.56. found: C, 67.56; H, 8.83; O, 22.67.

2.4.8 Synthesis of compound 61

AcO
AcO HO
° OHO ZnCl, AcO Q
AcO + (CH3),C=CHCH,OH ——> ACO
Reflux C 0]
AcO
c G OH AcO
21 54 61

To a solution of compound 21 (560 mg, 1.2 mmol) in 5 mL of CHCIl;, compound 54 (0.123
mL, 1.19 mmol) and ZnCl, (979 mg, 7.2 mmol) was added under Ar and kept from light,
heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCO; and brine, dried over MgSQOs, evaporated to give crude product, purified with
column chromatography (Pet:EtOAc=2:1) to afford compound 61 (384 mg, 60%). TLC: R¢=
0.23 (Pet :EtOAc=2 :1); mp: 205-206.5 °C (CH,Cly/Pet); [a]p™> = -4.4 (¢ 0.9, CH.CL); 'H
NMR (200 MHz, CDCl5): ¢ 1.23, 1.29 (2s, 6H, Me2a, Me2b), 1.75 (2H, overlapped, H-3a,b),
1.81, 2.01, 2.06, 2.07, 2.14, 2.14 (6s, 18H, 4xOAc, Me7a, Me8b), 2.72 (t, 2H, J = 6.7 Hz,
H-4a,b), 3.86 (m, 1H, H-5"), 4.14 (dd, 1H, J= 2.0 and 12.5 Hz, H-6'b), 4.33 (dd, 1H, J=3.14
and 12.5 Hz, H-6"a), 4.86 (d, 1H, J = 10.0 Hz, H-1"), 5.31-5.35 (m, 2H, H-3', H-4"), 5.58 (dd,
1H, J = 9.3 and 10.0 Hz, H-2), 6.93 (s, 1H, Ar-OH); >C NMR (50 MHz, CDCls): ¢ 11.9,
12.2, 20.4, 20.6, 20.7, 20.7, 26.3, 26.9, 20.8, 33.1, 61.4, 72.4, 67.7, 70.3, 74.2, 76.2, 76.2,
1149, 115.4, 124.9, 127.6, 145.0, 146.9, 168.4, 169.3, 170.5, 170.7; Anal. Calcd for
C»7H36011: C, 60.44; H, 6.76; O, 32.80. found: C, 59.98; H, 6.74; O, 33.75.

2.4.9 Synthesis of compound 62

OAG OAc o
Q + phytol ﬂ»
Reflux
AcO G OH
26 52 62

To a solution of compound 26 (270 mg, 0.58 mmol) in 5 mL of CHCls, compound 52 (phytol)
(0.2 mL, 0.56 mmol) and ZnCl, (453.7 mg, 3.34 mmol) was added under Ar and kept from
light, heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSOy, evaporated, and purified with column chromatography
(Pet:EtOAc=1:1) to afford compound 62 (291 mg, 69 %). TLC: R = 0.22(Pet:EtOAc=3:1);
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mp: 105.5-107 °C (CH,Cly/Pet); [a]p**= +13.2 (¢ 0.92, CH,CL,); "H NMR (300 MHz, CDCl;):
6 0.83-0.87 (m, 12H, Mel3"”, 4"a, 8"a, 12"a), 1.07-1.57 (m, 24H, H-1"-12" and H-2a), 1.75
(m, 2H, H-3a,b), 1.83, 1.99, 2.05, 2.08, 2.15, 2.26 (6s, 18H, 2xArCH; and 4xOAc), 2.69 (m,
2H, H-4a,b), 4.08 (m, 1H, H-5), 4.16 (m, 2H, H-6'a, H-6'b), 4.81 (d, 1H, J = 10.0 Hz, H-1"),
5.15 (dd, 1H, J = 10.0 and 3.0 Hz, H-3"), 5.54 (d, 1H, J = 3.0 Hz, H-4"), 5.80 (dt, 1H, J = 10.0
and 2.4 Hz, H-2'), 6.93, 6.96 (2s, 1H, Ar-OH, exchangeable with D,0); BC NMR (CDCls, 75
MHz): 6 12.2, 12.5, 20.0, 20.1, 20.1, 20.8, 20.8, 21.0, 21.1, 21.2, 21.4, 23.0, 23.1, 23.9, 24.1,
24.8,25.2,28.4,32.0,33.2,37.7,37.8,37.9, 39.8, 40.4, 61.9, 68.1, 68.3, 72.7, 74.7, 75.3, 76.7,
115.6, 115.8, 1249, 127.9, 145.2, 147.4, 168.7, 170.4, 170.7, 170.8; Anal. Calcd for
C4HesO11 (746.92): C, 67.53; H, 8.91; 0, 23.56. found: C, 67.71; H, 8.91; 0, 23.41.

2.4.10 Synthesis of compound 63

oAc PAC OAc
OHC) ZnCl,
+ (CH3)ZC:CHCH20H T
ACO eflux
C AcO OH AcO
26 54 63

To a solution of compound 26 (560 mg, 1.2 mmol) in 5 mL of CHCIl;, compound 54 (0.123
mL, 1.19 mmol) and ZnCl, (980 mg, 7.2 mmol) was added under Ar and kept from light,
heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCOj; and brine, dried over MgSQ,, evaporated, and purified with column chromatography
(Pet:EtOAc=2:1) to afford compound 63 (399 mg, 62%). TLC: R¢=0.22 (Pet:EtOAc=2:1), mp:
174-176 °C (CH,Cly/ PET) ; [a]p> = +7.30 (¢ 0.5, CHCls); '"H NMR (500 MHz, CDCls): 6
1.23, 1.29 (2s, 6H, Me2a,2b), 1.76 (m, 2H, H-3a,b), 1.83, 1.99, 2.05, 2.26 (4s, 12H, 4x0Ac),
2.08, 2.15 (2s, 6H, 2xArCHs), 2.71 (m, 2H, H-4a,b), 4.07 (m, 1H, H-5"), 4.16 (m, 2H, H-6'a,
H-6'b), 4.82 (d, 1H, J=10.0 Hz, H-1"), 5.15 (dd, 1H, J = 10.0 and 3.0 Hz, H-3"), 5.54 (d, 1H,
J = 3.0 Hz, H-4"), 5.80 (t, 1H, J = 10.0 Hz, H-2"), 6.96 (s, 1H, Ar-OH, exchangeable with
D,0); *C NMR (75 MHz, CDCl3): 6 12.0, 12.3, 20.7, 20.8, 20.8, 20.9, 21.0, 26.5, 27.1, 33.3,
61.7, 68.0, 68.2, 72.5, 72.6, 75.2, 76.6, 115.4, 115.4, 124.8, 127.7, 145.1, 147.3, 168.5,
170.2170.5, 170.5; Anal. Calcd for C,7H3604;: C, 60.44; H, 6.76; O, 32.80. Found: C, 60.01;
H, 6.74; O, 33.24.
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2.4.11 Synthesis of compound 64

OAC OAc
OAc HO zncl, A0S
cO

29 52 64

To a solution of compound 29 (756 mg, 0.58 mmol) in 5 mL of CHCl;, compound 52 (phytol)
(0.2 mL, 0.56 mmol) and ZnCl, (453.7 mg, 3.34 mmol) was added under Ar and kept from
light, heated to reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq
NaHCO; and brine, dried over MgSQs, evaporated to give crude product, purified with
column chromatography (Pet:EtOAc=3:1) to afford compound 64 (63.8%). TLC: R =0.42
(Pet:EtOAc=1:1); '"H NMR (CDCls, 200MHz): 5 0.86-0.89 (m, 12H, Mel3”, 4a, 8”a, 12"a),
1.01-1.60 (m, 24H, H-1"-12" and H-2a), 1.75 (2H, overlapped, H-3a,b), 1.82, 2.01, 2.06, 2.08,
2.14, 2.14 (6s, 18H, 6xXCHs;), 2.41 (m, 2H, H-3a,b), 3.86 (m, 1H, H-5" or H-5"), 3.94 (m, 1H,
H-5" or H-5"), 4.01 (dd, 1H, J=2.1 and 12.5Hz, H-6'b or H-6"b), 4.22 (t, 1H, J=9.2 Hz, H-4),
4.28 (dd, 1H, J = 3.2 and 12.6Hz, H-6'a or H-6"a), 4.34 (d, 1H, J = 12.0 Hz, H-6'b or H-6"b),
4.46 (d, 1H, J = 12.2 Hz, H-6'a or H-6"a), 4.88 (d, 1H, J = 9.9 Hz, H-1"), 4.89 (dd, 1H, J =
10.7 and 3.9 Hz, H-2"), 5.09 (t, 1H, J = 9.8Hz, H-2"), 5.40 (m, 3H, H-3’, H-3" H-4""), 5.48 (d,
IH, J = 39 Hz, H-1"), 689, 686 (2s, 1H, Ar-OH); HRESIMS: calcd for
[Cs54Hg2019+Na] :1057.5348 found 1057.5369.

2.4.12 Synthesis of compound 65

OAc OAc
ACO o)
oA HO _ZnCl, _ AcO 0Ac HO
+ (CH3),C=CHCH,OH ———=» AcO 4 0
cO

Reflux ACO o
AcO

29 54 65

To a solution of compound 29 (756 mg, 0.58 mmol) in 5 mL of CHCI3, compound 54 (0.11
mL, 1 mmol) and ZnCl, (803 mg, 6 mmol) was added under Ar and kept from light, heated to
reflux for 24 h. The mixture was filtered, the filtration was washed with sat. aq NaHCO; and
brine, dried over MgSO,4, evaporated, and purified with column chromatography
(Pet:EtOAc=3:1) to afford compound 65( 612 mg, 74%). TLC: R =0.39 (Pet:EtOAc=2:1); 'H
NMR (200 MHz, CDCl3): ¢ 1.15, 1.22 (2s, 6H, Me2a, Me2b), 1.65 (m, 2H, H-3a,b), 1.71,
1.93, 1.94, 1.96, 1.99, 2.00, 2.04, 2.04, 2.11 (9s, 27H, 7xOAc, Me7a, Me8b), 2.65 (m, 2H,
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H-4a,b), 3.79 (m, 1H, H-5 or H-5"), 3.88 (m, 1H, H-5 or H-5"), 3.95 (dd, 1H, J = 12.5 and 2.1
Hz, H-6'b or H-6"b), 4.15 (t, 1H, J= 9.2 Hz, H-4'), 4.21 (dd, 1H, J=12.5 and 2.4Hz, H-6'b or
H-6"b), 4.27 (dd, 1H, J=12.4 and 2.7 Hz, H-6'a or H-6""a ), 4.39 (dd, 1H, J=12.4 and 2.2Hz,
H-6'a or H-6"a), 4.81 (d, 1H, J=9.3 Hz, H-1"), 4.82 (dd, 1H, J=10.4 and 3.9 Hz, H-2"), 5.02
(t, 1H, J = 10.4 Hz, H-2"), 5.32 (m, 3H, H-3', H-3", H-4"), 5.41 (d, 1H, J = 3.9 Hz, H-1"),
6.80 (s, 1H, Ar-OH); HRESIMS: Calcd for [C39Hs5,019+Na]": 847.3001 found 847.2994.
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Chapter 3 Synthesis of photolabile sugar molecules as building blocks for
carbochips

3.1 Introduction

Biochip, equal bio+chip, bio: stands for any biological entity, such as protein, DNA; chip: a
computer chip; so biochip is a mate between biological entity and a computer. It’s a marriage
between electronics and biology/medicine’.

Collection of miniaturized test sites of living entities (microarrays) arranged on a solid
substrate that permits many tests to be performed at the same time in order to achieve higher
throughput, speed, accuracy and smaller size.

Biochips can be classified by its working mechanism and fabrication process. There are many
types of biochip, such as gene chip, protein chip, cell chip and tissue chip.

Biochips
Function Position Energy supplier
|mplantable external
Interaction Capture Passive Active
\\/’
Lab on Chips
Types of biochips

GeneChip microarrays are a classic Silicon Valley innovation, combining several disciplines
to create a new technology and more useful research tool. The integration of semiconductor
fabrication techniques, solid phase chemistry, combinatorial chemistry, molecular biology,
and sophisticated robotics results in a unique photolithographic manufacturing process that
produces GeneChip arrays with millions of probes on a small glass chip.

The photolithographic process begins by coating a 5" x 5” quartz wafer with a light-sensitive
chemical compound that prevents coupling between the wafer and the first nucleotide of the
DNA probe being created. Lithographic masks are used to either block or transmit light onto
specific locations of the wafer surface. The surface is then flooded with a solution containing
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either adenine, thymine, cytosine, or guanine, and coupling occurs only in those regions on
the glass that have been deprotected through illumination.

The coupled nucleotide also bears a light-sensitive protecting group, so the cycle can be
repeated. In this way, the microarray is built as the probes are synthesized through repeated
cycles of deprotection and coupling. The process is repeated until the probes reach their full
length, usually 25 nucleotides. Commercially available arrays are typically manufactured at a
density of over 1.3 million unique features per array. Depending on the demands of the
experiment and the number of probes required per array, each quartz wafer can be diced into
tens or hundreds of individual arrays.”

Light
{deprotection)
srpn WWERRMS . wan Toa manas
1 1 I 1
00000 00000 » OHOHOOO P TTOODO
55555 5555% § 555% 55555
Waler
Y
GATCG
35mer{ CATAT o = =
AGCTG manmeE T Pe »  GOwed
TTCCG < TTCCO4 TTOHOHO< TTOOO
22252 Repeat 22222 iiiﬁé
GeneChip®
Microarray

The manufacturing process of Genechip

3.1.1 Carbohydrate Microarrays

Glycans in living organisms play a critical role in both normal physiological and detrimental
disease processes through their interactions with proteins. Owing to their significance in
biological research and biomedical applications, the development of rapid and sensitive
methods to elucidate the nature and consequence of glycan-protein interactions has become
the target of a number of recent investigations®.

The synthesis of glycoarrays is a challenge for chemists, and more and more chemists have
paid attention in this field.

Unlike proteins and nucleic acids, oligosaccharides are difficult to synthesize chemically. This
i1s because some oligosaccharide chains are linear, others are branched. Monosaccharide
building blocks are in a or B anomeric configurations and adjacent monosaccharides are
linked via different hydroxy groups in their sugar rings. Nevertheless, syntheses of a
considerable number of complex oligosaccharides have been achieved.

Usually, carbohydrate microallays are obtained by immobilization of naturally extracted or
synthesized oligo- or polysaccharides on a surface. For exemple, Chi-Huey Wong reported a
new type oligoarray via click chemistry in 2004."
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Cleavable linkers can be attached to either NHS- or amine-coated surfaces to give the

alkyne-functionalized surface.
o RO O~ Ny
%)J\N?
< RO%O\/\
3 N
i Cul, DIEA
Sooo
oH ro==C o N
HS/\)\’SH T ~NCON
\ZKWN%SH
o}

(DTT)
Figure 2. Triazole formation and cleavage by DTT for MS analysis.

General immobilization strategies are shown in the following figure:
L2} o,
egvcan

a)
£y
. 0 Y
S Y X -
: mndified carbohydrates E
derivatized surtace site-specific and covalent
immaohbilization
ﬂ‘ fa] Ll )
: SR SRGIGRe:
LA ; —
ce neoglycolipids U
underivatized surface site-specific but noncovalen
immaobilization
o

L2,

Cvaﬂ.‘
@ 0 o HOp~O
(al3]
nonspecific and noncovalen

underivatized surface e
immobilization
7 ] o

- e GQGR

- - i g
unmodified carbohydrates

(%H = -ONH» or -CONHNH,)  Site-specific and covalent

immobilization

derivatized surface

c)

d)

Immobilization strategies for the preparation of carbohydrate microarrays
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Chi-Huey Wong® summarized the recent methods of carbohydrate microarrays preparation as

followed:
a b
(@ HO A(OH )
HO- (o]
OH
HO (0] HO OH
Teth HN O
ether
o o) o OH
Tether OH
oH | O_NHT—F+N |
o} o}
S 0 N__~0
HO OH o
CH
o) HO OH o
OH SH ‘S
- > f
Spacer—» Spacer —» E
Thiol-coated Thiol-coated
glass slide glass slide
Gold-coated Gold-coated
glass slide glass slide
(c) (d)
OH
HO OH OH
o . — . .
5 o Spotting without T~ Spotting without
{—o 0 o] \ derivatization 3§ —0- >— 0 \\. derivatization
HO OH HO  OH || OH HO  OH |
i / |
Polysaccharide i r s Polysaccharide / ¥ /
or glycoprotein .
Nitrocellulose-coated glyeop Modified black
glass slide polystyrene slide
(e) (f) |
o
e HO
| OH
o}
0 HO
HO
OH 0
HO OH
HO © OH
CH3(CH,);50 o o
CH5(CH,) on[H o HO OH OH
—_p— N
0=P-0_~ . o nd o~
CH HN™ HO
Reductive OH \ Oligosaccharide ‘[\w )f
amln:mon 0
—OH
H —Spotting Hydrophobic Hydrophobie
\ chain chain
OH HO 1f,o O(CHz):eCH, |
)
Oligosaccharide 4
/ 4 / Microtiter Microtiter
plate plate
Nitrocellulose
membrane
Current Opinion in Structural Biology

More recently, Myung-ryul Lee and Injae Shin reported a new method to immobilize the
unmodified carbohydrates on Hydrazide-Coated Glass Slides.’
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Free carbohydrates

Facile Preparation of Carbohydrate Microarrays by Site-Specific, Covalent Immobilization of
Unmodified Carbohydrates on Hydrazide-Coated Glass Slides

However, generation of sugar microarrays through solid-phase oligosaccharides synthesis on
chips has never been reported. Usually, solid-phase synthesized oligosaccharides have to be
delivered from the solid support, then immobilized on a chips. We then decided to prepare
photolabile sugar derivatives so as to study the possibility to generate carbohydrate
microarray by the photolithographic process.

3.1.2 Photolabile Protecting Groups

Many photolabile protecting groups have been developed. Mechanism of photo deprotection
is related to the substituted group, so it is possible to improve their function by changing the
substituted group.””

0 (0]
O -
O/ (o) OJ\\ W
( o)
NO, ) NO, O
MeO OOMe

o-nitrobenzyl MeNPoc DMBoc
o .- 0
o1y A0S e
o (A 1
o
90 -
NNEoc PYMoc NPPOC

Some photochemically removable protecting groups

o-Nitrobenzyl group is the most popular photolabile protecting group.”'' We decided to

prepare various o-nitrobenzyl protected sugar derivatives.
3.1.3 The route of synthesis

3.1.3.1 Sugar

We finally chose glucose, galactose and mannose as the starting materials, considering they
are widely existing in nature and they are very cheap. Because the anomeric hydoxyl group is
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very sensible, so we chose methyl glycosides as starting materials.

Methyl a-D-glycopyranoside
3.1.3.2 Photolabile group

As photolabile groups, we decided to introduce o-nitrobenzyl group on 4- or 6-position of

sugar ring. These compounds can be obtained by regioselective opening of o-nitrobenzylidene

NO, OH
o o
RO
N02 / R OMe
0
5 0
RO NO,
HO Q
RO
OR

There are many methods to protect vicinal hydroxy groups as benzylidene. Peter M. Collins
reported in 1973 the synthesis of various benzylidene-protected sugar derivatives by treating
sugars with benzaldehyde in the presence of H,SOy as catalyst: '

ring:

Ar/vo OMe
0 Me o)
Ar—\ O X0
o) Q R 0 o
X0 2 X0 Ry \_©
OX OX C

R R RN Ry

R,= OMe, R,= H, X =H
R;= OMe, R,= H, X =Ac
R,= OMe, R,= H, X =Me
Ri=H, Ry= OMe, X =H

R,=H, R,= OMe, X =Ac

R;=OMe, R,=H, X=H
Ri=OMe, R,=H, X =Ac
Ri=H, R,=OMe, X =H
Ri=H, R,= OMe, X =Ac

Rx or Ry =Ar or H, X=H
Rx=Ar Rn=H, X=Ac
RX:H, RN:AI', X=Ac

Based on this method, we plan to protected 4,6-hydroxyl groups as o-nitrobenzylidene:
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o O-nitrob Idehyd
HO e} -nitrobenzaldehy e‘
HO o
OH H,SO, / p-dioxane

OMe

NO,

(@)
@T 6
HO

OH

OMe

According to the report of Balaram Mukhopadhyay in 2006 '* who used H,SO; and silica as
catalyst in CH3CN, we have successfully synthesized a series of 4,6-O-o-nitrobenzyl-sugars.

OH _
HO o) o-nitroPhCH(OMe), _
HO OH H,SO4 onsilca

OMe then Ac,0O
3.1.4 Regioselective Ring Opening
NO, ;S
/o
OH OMe

NO,

(0]
o 0
Acm
AcO

OMe

There are many methods about regioselective ring opening of benzylidene acetals:

a. Methods leading to 4-OH free sugars
1) BF:Et,O and Et;SiH' in CH,Cl,:

BF; Et,O Et,SiH

0]
O
BnO CH,CI,
OBn

OMe
2) MeCNBHj; and CF;COOH'™'® in DMF:

Ph— 1 O o
0]
Bng%

BnO

OMe

MeCNBH, CF;COOH

DMF
3) MesNBH; and AICL;' in THE:

Ph— Y O o
o)
BnO
BnO

OMe

Me3NBH3 A|C|3

THF

4) NaBH;CN and TfOH' in THF:
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OBn

Ph—\ O o  NaCNBH; TfOH o
0 > HO
BnO THF BnO
BnO BnO

OMe OMe

5) NaBH3;CN and MsOH'" in THF:

OBn

Ph— 1 O NaBH3CN MsOH
0 o TEEFE TS Ho 0
BnO THF BnO
BNO e B0 Sue
b. Methods leading to 6-OH free sugars
1) DIBAL-H in CH,CL™":
o OH
PMP DIBAL-H
40\ O T s PMBO 0
BnO CH,Cly BnO
OBnOMe OBnOMe

2) LiAlH4/AICI;:*'*

HO
Ph & LiAIH, AICI
/Or ) 4 3 > BnO Q
BnO Et,0 CH,Cl, BnO
BnO BnO

OMe OMe

3) NaCNBHj; and Me;SiCl in MeCN:>

OH
Ph—\ O NaCNBH/Me;SiCl
(@] Q 3 3 » BnO 0
BnO MeCN BnO
BnO OMe BnO OMe
4) Me;NBHj; and AICI; in toluene:>*
0 OH
Ph Me;sNBH; AICI
0 0 e s . BnO Q
BnO Toluene BnO
BnO OMe BnO OMe

3.1.5 Photo deprotection

As reported by S. Watanabe™ et al., o-nitrobenzyl protected methyl-o-D-glycosides can be
converted to methyl-a-D-glycosides in 60% yield under 365 nm wave of light.
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HO OMe HO OMe

3.1.6 Modification of anomeric methyl group

In order to realize light-controlled oligosaccharide synthesis lately, we planned also to convert
the methyl glycoside into thioglycoside or trichloroaceimidate as glycosyl donors with

following methods:
H,SO.
AcO T AcO
AcO Ac,0 AcO
OAc
OAc _OAc BF3Et2 o OAc
© CH,Cl,

OBn
0]
- ﬁk CCI5CN /DBU BE%%
BnO OH CH20|2 BnO 0) NH

A proposed way to synthesize oligosaccharides is described in the following scheme with

o-nitrobenzyl protected sugars:

%%j&‘ = O\/NEZO%A T Q/;O%OC(NH)CCQ

RO OR; OR;
C (Orthogonally protected Glycosyl Donnor)

v&/S*CON H—O Glycosylation

~_ 1. Photodeprotection Q/\ %/
- — >
o/—© 2. Glycosylation with C O(R(‘)')/‘A/S_CONH_O

Rzo/é/:&/o/v/’/&/s—cow—o

RO n(RO)

oligosaccharides
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3.2 Results and discussion

3.2.1 Synthesis of 4,6-O-(2'-nitro)benzylidene-a-D-methyl glycopyranoside

NO,
OH .
o-nitrobenzaldehyde O
HO Q e, <:j>/?;‘ 0
HO SH H,SO, / p-dioxane HO
OMe OH HMme

Synthesis of these compounds has already been reported.'> The product can be used for the
next step of acetylation without further purification. But the Rfof NBA (o-nitrobenzaldehyde)
on the TLC plate is much closed to that of acetyl sugar, so we often added un excess of sugar
to improve the conversion of NBA.

With a-D-methyl glucopyranoside as starting material, the yield of compound 67 is about 68
%; 60% yield has been obtained with B-D-methyl galactopyranoside. When we used
a-D-methyl mannopyranoside as starting material, the yield is just 30 % for compound 75
because of easy formation of 2,3-O-benzylidene as by-product:

Rk - Wﬁ@%&

Acetylation of compounds 67 and 75 led to acetylated derivatives 68 and 76 in good yield.

Their NMR 'H spectra are compared in the following table.

OMe OACOMe
67 68
NO, NO,
0— OH o— OAc
0 -0 o) -0
HO AcO
OMe OMe
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NMR 'H spectra comparison of compounds 67, 68, 75 and 76:

No./Group Chemical Shift(ppm)

67 68 75 76

'H 'H 'H 'H
OMe 3.44 3.39 3.29 3.39
1 4.79 4.93 4.68 4.65
2 3.63 4.85 3.93 5.27
3 3.90 5.48 4.18 5.37

4 3.52 3.64 3.89 4.03
5 4.26 4.30 3.81 4.28
6a 3.76 3.82 3.77 3.88
6b 3.78 3.83 3.79 3.88
7 6.13 6.10 6.10 6.17
ArH-3' 7.90 7.78 7.79 7.80
ArH-4' 7.50 7.46 7.45 7.49
ArH-5' 7.62 7.58 7.71 7.60
ArH-6' 7.86 7.81 7.84 7.81

3.2.2  Protection of 2,3-hydroxyl groups as benzyl ether

The 2- and 3-hydroxyl function groups of the above 4,6-O-(2'-nitro)benzylidene

derivatives were then protected as benzyl ether.

N02 NOZ
@/ro BnBr ,NaH 0
HO DMF BnO
OH OMe OBHme
gluco 66 71
galacto 82 84
manno 75 78

We used cyclohexane to wash NaH (60%) before use in the reaction. The yield was improved
for about 5 %.
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3.2.3  Regioselective ring opening to 4-O-(2'-nitro)benzyl glycosides

R

NO,
H
o) Q > o) Q
o)
RO

OMe OMe
R=AcorBn

1) DIBAL-H in CH,Cl,:

DIBAL-H can also reduce acetyl ester, so we have to use the sugar protected with —OBn as
starting material.

We tried
quantities
sugar, but

to use compound 71 as starting material, DIBAL-H as catalyst, in variating
of the reagent, reaction temperature as well as reaction time, to prepare 6-OH free
all experiments were failed.

NO,
o) 0 o 0
BnO O2N  gho
BnO OMe BnO OMe
71

DIBAI-H Solvent Tem(;ieg;lture Reaction Time Result
5 equiv CH,(CI, -60 6H no reaction
5 equiv CH,Cl, r.t 6H by product
5 equiv CH,Cl, 0 6H no reaction
2 equiv CH,Cl, 0 64H yield<5%
3 equiv CH,Cl, 0 13H by product
4 equiv CHCl, r.t 20H by product
The main reaction is as followed:
NO,
0] HO
@T 0 - HO 0
BnO BnO
BnO Lo B0 ome
71 91

We found that treatment with 5 eq of DIBAL-H during 6 h at room temperature afforded the

compound 91 in 76% yield. The o-nitrobenzylidene group has been removed from the sugar

ring. This

represented a new way to afford 4,6-di-OH sugar.

2) LiAIH4/AICIs:
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As OAc group can’t be used in this condition, we tried with compound 71 which was

protected with Bn ether.

NO,
o LiAIHy/AICI; OH
o) 0 7 g > o) 0
BnO O2N BnO
OBn OBn
OMe OMe
LiAlH4 /AICl; as catalyst
Ti
LiAIH4/AICI; Solvent em(;leé?ture Reaction Time Result
CH,Cl
6eq/6eq 2 reflux 64h by product 91
Et,O
H,Cl
4.7eq/4eq CHCL reflux 8h by product 91
Et,O
CHCl, .
4.7eq/4eq ELO r.t 48h mixture
CH,CI, .
2eq/2eq ELO r.t 60h no reaction

We found in this condition that we can’t got the expected product, 6-OH sugar. However,
when more than 5 eq of LiIALH4/AICl; is employed, we could got compound 91 in 72 %
yield.

3) NaCNBH3/Me;SiCl in MeCN:

Acetyl protected sugar could be used in the presence of NaCNBH3/Me;SiCl, so both acetyl
and benzyl protected sugars 68 and 71 were used as starting materials. Once again, we did not
get the expected product.

N02 NOZ
as~: as=
o} Q o o)
AcO Bnm
OADMe B0 Ome
68 71
. . NaCNBH3 Temperature Reaction
Material /MesSiCl Solvent °C) Time Result
71 4eq/deq MeCN r.t 24H no reaction
6eq/6eq r.t 24H no reaction
71 +3eq/3eq MeCN r.t +24H no reaction
40 +24H no reaction
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12eq/12eq 48H yield <10%

71 MeCN Refl
+6eq/6eq © M +24H By product 91
6eq/6eq r.t 24H no reaction
68 +3eq/3eq MeCN r.t 13H no reaction
40 24H no reaction
NO,
NaCNBH
@o IMe,SICIN. N Q OH
0 Q >~ o) Q
RO O:N RO
RO OMe RO OMe

4)  Mes;NBH; /AICI; in toluene:

] NaCNBH; Temperature Reaction
M 1 1 Resul
ateria /MesSiCl Solvent C) Time esult
68 6eq/6eq Toluene r.t 60H no reaction
68 12eq/6eq Toluene r.t 72H no reaction
68 12eq/12eq Toluene 100 60H no reaction
71 12eq/12eq Toluene r.t 60H no reaction
71 12eq/12eq Toluene 100 72H no reaction
NO,
0 Me3NBHS AICI; Q OH
O 0] \n > @) 0]
RO Toluene OzN RO
RO OMe RO OMe
3.2.4 Regioselective ring opening to 6-O-(2’-nitro)benzyl glycosides
O
Oy S o
RO RO
RO OMe RO OMe

Synthesis of methyl 2,3-di-O-acetyl-6-O-(2'-nitro)benzyl gluco- and manno-o-D-pyranosides
have been described by S. Watanabe et al using BFsEt,0 and Et;SiH in CH,Cl.” We then

tried this condition with both acetyl and benzyl protected derivatives.

1) BF3Et20 and Et3SlH in CH2C122

- 65 -



NO,

BF5 Et,O EtsSiH

NO,

(@)
@T q
RO OR CH,Cl,

OMe

-
L

O\/©
HO 0
RO
OR

OMe

It’s pretty good for gluco and mannoside, but it didn’t work with the galacto derivative 84.

BF; Et,0 EtySiH
e —

¢
HO 0
RO
OR

NO,

CHyCl, R =Ac, 69; R =Bn, 72
OMe
NO,
O
o&% BF; Et,O Et;SiH NO2
RO >
(e} OR
CH,CI _ R =
OROMe 2bl2 HO _0 R=Ac, 77;,R=Bn, 79
RO
Gluco: R =Ac, 68, R=Bn,71
Manno: R=Ac,76;R=Bn, 78 OMe

Galacto: R =Bn, 84

—<

NO»

e C
(0]

RO
OR

OMe
T R i
Material BF;EGO/EGSIH Solvent | Cmperature  Reaction o e
°O) Time
68 6eq/12eq CH)Cl, rt 20H 69: 71%
71 3eq/6eq CHCL, rt 28H mixture
71 3eq/12eq CHCL, rt 8H mixture
71 6eq/12eq CH,Cl, rt 14H 72:52%
71 6eq/12eq CH)Cl, rt 60H 72: 91%
76 6eq/12eq CH)Cl, rt 18H 77: 73%
78 6eq/12eq CH)Cl, rt 18H 79 : 78%
2) MeCNBHj;and CF;COOH:
NO, NO,
@/vo 5 MeCNBH3 0\/©
O "~ HO 0
BnO OMe BnO OMe
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NaCNBH3/

Temperature

Reaction

Material CF:COOH Solvent °C) Time Result
- Seq/10eq DMF rt 60H No feactlon
+5eq/10eq 24H mixture
71 10eq/20eq DMF 100 48H No reaction
3) MesNBH3/AICI; in THEF:
. Me;NBH/ Temperature Reaction
Material AIC Solvent °C) Time Result
3eq/3eq r.t 64H no reaction
n -
68 1.5eq/1.5eq THF r.t 24H no react¥on
+1.5eq /1.5¢eq r.t 24H no reaction
50 24H no reaction
68 6eq/6eq THE r.t 68H no react¥on
40 18H no reaction
68 6eq/6eq THF r.t 80H no reaction
68 12eq/12eq THF reflux 48H no benzene
6ea/6e r.t 60H no reaction
71 e THF 40 26H no reaction
+3eq/3eq r.t 24H no reaction
71 12eq/12eq THF reflux 48H no reaction
NO, NO
Me3sNBHA/AICI 0]
o) 3 3
Qg o e, 70
HO
RO RO
RO OMe OR OMe
R =Ac or Bn

3.2.5 Isomerization

Because the system BF;Et;O/Et;SiH couldn’t work with galactopyranoside, so we decided to
isomerize the C-4 hydroxy group of the gluco compound:
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NO
2 o)

RO OMe OR
OR

NO, O,N
O =e
O Q —_— 0
RO HO

OMe OR

There are several ways to realize isomerization:

1) with ArCO,H, Phs;P and DEAD:**

ArCO,H, PhsP, DEAD

PhH [
O OTBS

2) with TH0, NaNO,*’
OBz i Tf,O, Pyridine, CH.Cl,  oH OBz
HO Q i NaNO,, DMF Q
/W /W
NH o NH o
Ac Ac

We found that the second method with Tf,O/ NaNO, is better than the Mitsunobu reaction with
Ph;P/DEAD. From compound 69, we have prepared compound 70 in 97 % yield. Benzylated
gluco derivative 72 was also converted to the galacto derivative 73 in 97 % yield.

NO, NO, NO, NO,
o\/© OH o\/© o\/© OH o\/©
AcO AcO BnO BnO
OACOMe OBrbMe

OACOMe OBrbMe

69 70 72 73
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"H NMR spectra of gluco- and galacto- derivative

No./Group Chemical Shift (ppm)
69 70 72 73
'H 'H 'H 'H
OAc 2.09 2.11
OAc 2.11 2.61
OMe 3.41 3.42 3.40 3.40
1 4.92 5.01 4.65 4.66
2 4.88 5.24 3.54
3 5.30 5.30 3.83
4 3.85 4.25 3.74
5 3.81 4.08 3.62
6a 3.76 3.83 3.75 3.73
6b 3.78 3.85 3.76 3.73
7a Tb 4.97 4.97 4.94 4.95
ArH-3' 7.77 7.75 7.75 7.75
ArH-4' 7.45 7.45 7.45 7.45
ArH-5' 7.68 7.65 7.65 7.65
ArH-6' 8.06 8.07 8.07 8.07

Similarly, the mannopyranoside 79 has been transformed into the talo derivative 80 in 57 %

yield.
O5N
)
5~ 0

Tf,0 OH

(0] OBn OBn
CH,Cl,
HO -Q -Q
BnO NaNO, BnO
DMF

OMe OMe

\/

79 80

3.2.6  Synthesis of new photochromic molecule

In the field of memory devices, optically active molecular materials open the way to high
density information storage with very fast writing and reading rates. The development of such
an advanced technology first requires a molecular switch. Photochromic molecules are
particularly efficient photo-driven switches, as they can commute upon light excitation
between two different molecular species showing large absorption changes. The reversibility
and the fast switching rate of the photochromic reaction, associated with the possibility to
cycle up to one million “round trip” reactions in some photochromic compounds, make them

good candidates for optical switches or rewritable memories.
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Schiff’s base has been used as photochromic materials. In collabotation with Pr K. Nakatani,
we have synthesized a new photochromic molecule 87 in 31 % yield by the condensation of
amine function of the benzylidene 85 with the aldehyde 86. The nitro function can be reduced
to amine group with NiCl,/B,Hg in a mixture of THF/MeOH.

NO,

(@)
o (@)
AcO
OACO Me

68

46 % NiCl, ByHg
THF-Methanol

NH

%@* i
A& CH2Cl2
OAc AcO
OAc

3.2.7 a-C-Allylation of o-nitrobenzyl protected glycoside

Allyl group is a versatile functional group in organic chemistry, because it can be easily
transformed into other functional groups. We have realized the following reaction:

1eq TMS - NF
AcO

AcO 1eq  TMSOTf
AcO Q > AcO Q
AcO CH3CN RO
AcO RO

OMe \

But when we tried to use compounds 68, 71 as starting materials, unfortunately, the reactions
failed.

NO
1eq TMS - NF 2

NO,

O 1eq TMSOTf 0]
O < O
RO CH5CN RO

RO OMe

RO
68 R=Ac, 71 R=Bn
Finally, we found that when the amount of reagents is more than 5 eq, the reaction could be

worked smoothly.
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N02 N02 N02

0 o TMSOTf TMS (0]
\\//[:ﬁ:] acetic anhydride \E:/I:f:] \\¢/f?§ :;/W:f:]
HO 0 ~ AcO AcO

OBn

BnO pyridine BnO CH5CN BnO
OBn OBn
OMe OMe ‘
72 88 89
Catalyst Temperature  Reaction Result
T™MS ~ % TMSOTf (°C) Time(H)
leq/0.2eq 24 .
r.t no reaction
+1eq/0.2eq 24
2eq/leq r.t 48 no reaction
4eq/2eq r.t 72 no reaction
3eq/3eq r.t 48 no reaction
4eq/deq r.t 72 89: less than 10%
5.1eq/5.1eq r.t 72 89: 72%

3.3 Conclusion

This part of work was the basic part of the synthesis of photolabile sugar derivatives which
could be used as starting materials for the light-controlled oligosaccharide synthesis. After
many attempts with different reaction conditions, finally Et;SiH and BF;Et,O were used to
afford a series of benzyl or acetyl-protected 6-O-o-nitrobenzyl glucoside and mannosides. Via
isomerization, the 6-O-o-nitrobenzyl galacto- and talo-pyranosides were prepared successfully

from the gluco- and manno- derivative.

3.4 Experimental Section

3.4.1 Synthesis of compound 67

NO,
OH .
o-nitrobenzaldehyde Q/TO
HO Q > O Q
HO OH H,SO, / p-dioxane HO
OMe OH OMe
66 67

To a solution of methyl-a-D-pyranglucose 66 (4 g, 20 mmol) in p-dioxane (20 mL) was added
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o-nitrobenzaldehyde, NBA 2 g (13 mmol), followed by H,SO4 conc (0.8 mL). The reaction
mixture was stirred for 6 h at room temperature, then diluted with 30 mL of CH,Cl,,
neutralised with Na,COs, filtered, and evaporated. The residue was partitioned with CH,Cl,
(20 mLx3) and H,O (20 mL), dried over with MgSO, evaporated to afford 67 (2.89 g, 67.9
%). TLC: R=0.51 (EtOAc); [a]p=+137 (¢ 0.98 CH,Cl,); m.p. 162-163°C (EtOAc); '"H NMR
(300 MHz, CDCls): 6 2.36 (br s, 2H, 2xOH), 3.44 (s, 3H, OMe), 3.52 (t, 1H, J =9.4 Hz, H-4),
3,63 (dd, 1H, J=3.7 and 9.16 Hz, H-2), 3.76-3.78 (m, 2H, H-6a, H-6b), 3.90 (t, 1H, J=9.2 Hz,
H-3), 4.26 (m, 1H, H-5), 4.79 (d, 1H, J =3.7 Hz, H-1), 6.13 (s, 1H, H-7), 7.50 (t, IH, J =8.5
Hz, H-4"), 7.62 (t, 1H, J =8.5 Hz, H-5"), 7,85-7.90 (t, 2H, J =8.5 Hz, H-3', H-6'); Anal. Calc.
for Ci14H7NOg: C, 51.7; H, 5.2; N, 4.3. found C, 51.3; H, 5.2; N, 4.1.

3.4.2 Synthesis of compound 68

NO, NO,
@O acetic anhydride/
O/% anhydrous pyridine _ 5 O o
OMe OAG e
67 68

To a solution of compound 67 (3.27 g, 10 mmol) in 20 mL of pyridine was added 8 mL of
Acy0. The reaction mixture was stirred for 16 h at room temperature, diluted with 30 mL of
H,O0, extracted with CH,Cl, (3%20 mL). The combined organic layer was washed with brine,
dried over MgSOQ., evaporated, and purified by column chromatography (cyclohexane :EtOAc
=4:1) to afford 68 (3.66 g, 89 %) as white solid. TLC: R=0.77(cyclohexane:EtOAc=1:1); [a]p
=+194 (¢ 0.1 CH,Cl,); 'H NMR(300 MHz, CDCls): § 2.07 (s, 3H, OAc), 2.09 (s, 3H, OAc),
3.39 (s, 3H, OMe), 3.64 ( t, 1H, J=9.5 Hz, H-4), 3.83 (m, 2H, H-6a, H-6b), 4.30 (dd, 1H, J =
9.5 Hz, 4.0 Hz, H-5), 4.85 (dd, 1H, J =3.7 Hz, 9.9 Hz, H-2), 4.93( d, 1H, J = 3.7 Hz, H-1),
5.48(t, 1H, J =9.9 Hz, H-3), 6.10(s, 1H, H-7), 7.46(t, 1H, J = 7.4 Hz, H-4"), 7.58(t, IH, J =
7.4 Hz, H-5"), 7.78-7.81(d, 2H, J= 7.7 Hz, H-3', H-6"); >*C NMR (75 MHz, CDCls): J 20.6,
20.7, 55.3, 62.0, 68.5, 68.9, 71.2, 79.6, 97.2, 97.5, 124.1, 127.3, 129.6, 130.7, 132.5, 148.3,
170.0, 170.2
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3.4.3 Synthesis of compound 69

NO, NO,
@/ﬁo BF3; Et,O Et3SiH O\/©
o = ~ Ho C
Acom CHCL A&
OA(bMe OACOMe
68 69

To a 0 °C solution of compound 68 (2.05 g, 5 mmol) in CH,Cl, (40 mL) was added Et;SiH
(9.63 mL, 60 mmol) and BF5-Et;O (1.29 mL, 30 mmol). After addition, the solution was
stirred for 4 h. The solution was diluted with 100 mL of CH,Cl,, washed with sat. NaHCOs,
dried over MgSO4, evaporated, and purified with column chromatography
(cyclohexane:EtOAc=1:1) to afford the compound 69 (1.45 g, 71 %) as yellow oil. TLC:
R=0.41 (cyclohexane:EtOAc=1:1); "H NMR (300 MHz, CDCls): § 2.09 (s, 3H, OAc), 2.11 (s,
3H, OAc), 3.41 (s, 3H, OMe), 3.76-3.87 (m, 4H, H-4, H-5, H-6a, H-6b), 4.88 (dd, 1H, J = 3.8
Hz, 6.3 Hz, H-2),4.92 (d, 1H, J = 3.8 Hz, H-1), 4.97 (s, 2H, PhCH »), 5.30 (t, 1H, J = 8.8 Hz,
H-3), 7.45 (t, IH, J =7.6 Hz, H-4"), 7.68 (t, 1H, J = 7.6 Hz, H-5"), 7.77 (d, 1H, J = 7.6 Hz,
H-3"), 8.06 (d, 1H, J =7.6 Hz, H-6'); °C NMR (75 MHz, CDCl3): ¢ 20.7, 20.8, 55.2, 69.7,
69.9, 70.2, 70.5, 70.6, 73.4, 96.8, 124.6, 128.0, 128.7, 133.6, 134.5,147.5, 170.2, 171.7

3.4.4 Synthesis of compound 70

NO, NO,
H/?& NaNO, Aco%ﬁ
OACOMB OA(bMe
69 70

a) To a -15 °C mixture of Tf,0 (36 pL) and pyridine (33 pL) in 1 mL of CH,Cl, was added a
solution of compound 69 (53 mg, 0.13 mmol) in CH,Cl, 1 mL under Ar. After the solution
was stirred for 2 h, the solution was diluted with 2 mL CH,Cl, washed with 5% HCI, sat
NaHCOj; and brine. The combined organic layers were dried over MgSQy, evaporated to
remove solvents.

b) The residue was dissolved in 2 mL of DMF, followed by addition of NaNO, (95 mg), and
then stirred for 20h. The solution was diluted with 5 mL of CH,Cl,, washed with brine, dried
over MgSQy, evaporated, purified with column chromatography (cyclohexane:EtOAc=3:1)
to give compound 70 (51.4 mg, 97%). TLC: R;= 0.34 (EtOAc:cyclohexane=1:2); [a]p =
+129.4 (¢ 0.26, CH,Cly); '"H NMR (300 MHz, CDCl;): d 2.09 (s, 3H, OAc), 2.11 (s, 3H,
OAc), 2.61 (s, 1H, 4-OH), 3.42 (s, 3H, OMe), 3.85 (m, 2H, H-6a, H-6b), 4.08 (t, 1H, J=4.7
Hz, H-5), 4.25 (m, 1H, H-4), 4.97 (s, 2H, PhCH,), 5.01(d, 1H, J=2.6 Hz, H-1), 5.29 (m, 2H,
H-2, H-3), 7.45 (t, 1H, J = 8.0 Hz, 0-NO,-PhH),7.65 (t, 1H, J = 8.0 Hz, 0-NO,-PhH), 7.75 (d,
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1H, J = 8.0 Hz, 0-NO,-PhH), 8.07(d, 1H, J = 8.0 Hz, 0-NO,-PhH); °C NMR (75 MHz,
CDCls): § 20.7, 20.8, 55.3, 68.0, 68.2, 68.7, 70.1, 70.2, 70.5, 97.3, 124.7, 128.1, 128.5, 133.6,
134.3, 147.6, 169.9, 170.3. HRESIMS: calcd for C;gH»3sNO;oNa: 436.1220; found: m/z
436.1225

3.4.5 Synthesis of compound 71

N02 NOZ
Q/ﬁo o BnBr ,NaH @/ﬁo o
O '
OH OMe OBrbMe
66 71

To a 0 °C solution of compound 66 (2.48 g, 7.6 mmol) in 10 mL of DMF, was added
NaH(60%) (790 mg, 19.76 mmol). After 45 min, BnBr (2.17 mL, 19.76 mmol) was added and
the solution was stirred for another 16 h. The reaction was quenched with 10 mL of MeOH,
and evaporated. The residue was partitioned with CH,Cl, (3%20 mL) and H,O (20 mL). The
combined organic layer was washed with sat NaHCOs3, dried over MgSO,, evaporated and
purified with column chromatography (cyclohexane:EtOAc=3:1) to give compound 71 (2.76
g, 72%) as a yellow oil. TLC: Ry= 0.67 (EtOAc:cyclohexane, 1:2); [a]p = -31.2 (¢ 0.98,
CH,Cly); '"H NMR (300 MHz, CDCls): 6 3.39 (s, 3H, OMe), 3.54 (dd, 1H, J= 3.7 and 9.5 Hz,
H-2), 3.63 (t, 1H, J= 9.2 Hz, H-4), 3.69-3.79 (m, 2H, H-6a, H-6b), 3.99 (t, 1H, J= 9.2 Hz,
H-3), 4.22 (m, 1H, H-5), 4.57 (d, 1H, J= 3.7 Hz, H-1), 4.66 (d, 1H, J = 12.0 Hz, CHPh), 4.74
(d, 1H, J = 11.4 Hz, CHPh), ), 4.84 (d, 2H, J = 12.0 Hz, 2xCHPh), 6.17 (s, 1H, H-7),
7.27-7.42 (m, 10H, 2xPh), 7.45 (t, 1H, J = 8.1 Hz, 0-NO,-PhH), 7.65 (t, 1H, J = 8.1 Hz,
0-NO,-PhH), 7.75 (d, 1H, J = 8.1 Hz, 0-NO,-PhH), 8.07 (d, 1H, J = 8.1 Hz, 0-NO,-PhH); "*C
NMR (75 MHz, CDCls): 0 55.3, 62.0, 69.2, 73.8, 75.1, 78.3, 79.1, 82.3, 97.1, 99.2, 124.2,
127.4,127.5, 127.8, 128.0, 128.1, 128.2, 128.4, 129.6, 131.2, 138.0, 138.6, 148.3. HRESIMS:
calcd for [C28H29N08+Na]+: 530.1791; found: 530.1798.

3.4.6 Synthesis of compound 72

NO, NO,
Q/ﬁo o BF; Et,O EtsSiH OV@
(0] > 0]
HO
BnO CH,Cl, BnO
OBrbMe OBrbMe
71 72

To a 0 °C solution of compound 71 (1.42 g, 2.8 mmol) in 20 mL of CH,Cl, was added Et;SiH
(5.32 mL, 33.6 mmol) and BF;-Et;0O (2.02 mL, 16.8 mmol). After 16 h, the solution was
diluted with 20 mL of CH,Cl,, washed with sat NaHCOs and brine, dried over MgSOs,
evaporated, purified with column chromatography (cyclohexane:EtOAc=4:1) to afford
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compound 72 (850 mg, 52%). TLC: R/= 0.51 (EtOAc:cyclohexane=1:2); [a]p = +5.8 (¢ 0.28,
CH,Cl,); '"H NMR (300 MHz, CDCls): § 2.29 (d, 1H, J = 2.2 Hz, 4-OH), 3.40 (s, 3H, OMe),
3.54 (dd, 1H, J= 3.7 Hz, J= 9.5 Hz, H-2), 3.62 (m, 1H, H-5), 3.74-3.83 (m, 4H, H-3, H-4,
H-6a, H-6b), 4.65 (d, 1H, J= 3.7 Hz, H-1), 4.67 (d, 1H, J=12.5 Hz, CHPh), 4.73 (d, 1H, J =
11.4 Hz, CHPh), 4.78 (d, 1H, J = 12.0 Hz, CHPh), 4.94 (m, 2H, 2xCHPh), 5.04 (d, 1H, J =
11.4 Hz, CHPh), 7.27-7.42 (m, 10H, 2xPh), 7.45 (t, 1H, J = 7.4 Hz, 0-NO,-PhH), 7.65 (t, 1H,
J = 7.4 Hz, 0-NO,-PhH), 7.75 (d, 1H, J = 7.4 Hz, 0-NO,-PhH), 8.07(d, 1H, J = 7.4 Hz,
0-NO,-PhH); *C NMR (75 MHz,CDCls): § 55.2, 70.01, 70.04, 70.07, 70.14, 73.0, 75.4, 79.6,
81.3, 98.1, 124.5, 127.8-128.0, 128.4, 128.5, 128.6, 133.5, 134.9, 137.9, 138.6. HRESIMS:
caled for [C28H31N08+Na]+: 532.1947; found: 532.1963.

3.4.7  Synthesis of compound 73

NO> NO,
Tf,0
OV@ CH,Cl, Pyr OH _O
HO ° NaNO ~ R
BnO B |a:)MF2 BnO
rbMe OBrbMe
72 73

a) To a -15 °C mixture of Tf,0 (27 pL, 0.16 mmol) and pyridine (25 pL) in 1 mL of CH,Cl,
was added a solution of compound 72 (52 mg, 0.1 mmol) in CH,Cl, (1 mL) under Ar. After 2
h, the solution was diluted with 2 mL of CH,Cl, washed with 5% HCI, sat NaHCOs and brine.
The combined organic layers were dried over MgSOys, evaporated to remove solvents.

b) The residue was dissolved in 2 mL of DMF, followed by addition of NaNO, (73 mg, 1.05
mmol). After 20 h, the solution was diluted with 5 mL of CH,Cl,, extracted with CH,Cl, (3%x5
mL), washed with brine, dried over MgSO,, evaporated, and purified with column
chromatography (cyclohexane:EtOAc=4:1) to afford compound 73 (27.4 mg, 53%). TLC: Ry
= 0.47 (EtOAc:cyclohexane, 1:2); [a]p = +39.6 (¢ 0.60, CH,Cly); 'H NMR (300 MHz, CDCl;):
0 2.53 (s, 1H, 4-OH), 3.40 (s, 3H, OMe), 3.73-4.06 (m, 6H, H-2, H-3, H-4, H-6a, H-6b, H-5),
4.66 (d, 1H, J= 3.3 Hz, H-1), 4.67 (d, 1H, J = 12.1 Hz, CHPh), 4.72 (d, 1H, J = 11.7 Hz,
CHPh), ), 4.82 (d, 2H, J = 12.3 Hz, 2xCHPh), 4.95 (s, 2H, 2xCHPh), 7.30-7.43 (m, 10H,
2xPh), 7.45 (t, 1H, J = 7.4 Hz, 0-NO,-PhH), 7.65 (t, 1H, J = 7.4 Hz, 0-NO,-PhH), 7.75 (d, 1H,
J=17.4 Hz, 0-NO,-PhH), 8.07 (d, 1H, J = 7.4 Hz, 0-NO,-PhH); *C NMR (75 MHz, CDCl;): §
55.3, 67.9, 68.2, 69.9, 70.3, 72.8, 73.5, 75.6, 77.1, 98.5, 124.6, 127.7-128.0, 128.3, 128.4,
128.6, 133.5, 134.8, 138.0, 138.2. HRESIMS: calcd for C,sH3;NOgNa: 532.1947; found: m/z
532.1943.
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3.4.8 Synthesis of compound 75

OH OH o-nitrobenzaldehyde o) OH
HO & > o -Q
H,SO, / p-dioxane HO
OH OMe OMe
74 75

To a solution of compound 74 (4.85 g, 25 mmol) in 20 mL of p-dioxane was added NBA
(3.04 g, 20 mmol) and conc.H,SO4 (1.4 mL) under Ar. After addition, the solution was stirred
for 48 h, then diluted with 20 mL of CH,Cl,, neutralised with solid Na,COs3, and evaporated.
The residue was partitioned with CH,Cl, (3%x20 mL) and H,O (20 mL), dried over MgSOs,,
evaporated, and purified with column chromatography (cyclohexane:EtOAc=2:1) to give
compound 75 (2.04 g, 25%).TLC: Ry=0.21 (EtOAc: cyclohexane =1:1); 'H NMR (300 MHz,
CDCls): 0 3.29 (s, 3H, OMe), 3.50 (br s, 1H, OH), 3.71 (br s, 1H, OH), 3.77-3.95 (m, 5H, H-2,
H-4, H-5, H-6a, H-6b), 4.18 (dd, 1H, J=4.5 and 9.9 Hz, H-3), 4.68 (s, 1H, H-1), 6.10 (s, 1H,
H-7), 7.45 (t, 1H, J = 7.7 Hz, H-4"), 7.55 (t, 1H, J = 7.7 Hz, H-5"), 7.79 (d, 1H, J = 7.7 Hz,
H-3"), 7.84 (d, 1H, J = 7.7 Hz, H-6'); °C NMR (75 MHz, CDCL3): 6 55.1, 62.6, 68.6, 68.9,
70.7,79.2,97.5,101.2, 124.0, 127.6, 129.8, 131.1, 131.2, 132.7,

3.4.9 Synthesis of compound 76

N02 NOZ
Q/TO OH acetic anhydride @o OAC
0]
0 . — - O °
HO pyridine AcO
OMe OMe
75 76

To a solution of compound 75 (156 mg, 0.48 mmol) in 8 mL of pyridine was added 1 mL of
Ac,0. After stirred for 16 h, the solution was extracted with CH,Cl, (3x20 mL), washed with
brine, dried over MgSO4, evaporated and purified with column chromatography
(cyclohexane:EtOAc=2:1) to give compound 76 (184 mg, 94%). TLC: Ry= 0.57 (EtOAc:
cyclohexane=1:2); "H NMR (300.13 MHz, CDCls): ¢ 2.05 (s,3H, OAc), 2.17 (s, 3H, OAc),
3.39 (s, 3H, OMe), 3.88 (dd, J = 2.6 Hz, 6.60 Hz, 2H, H-6a, H-6b), 4,03 (m, 1H, H-4), 4.28 (d,
1H, J = 5.5Hz, H-5), 4.65 (s, 1H, H-1), 5.27 (m, 1H, H-2), 5.37(dd, 1H, J = 3.7 and 10.3 Hz,
H-3), 6.17 (s, 1H, H-7), 7.49 (t, 1H, J = 6.6 Hz, H-4"), 7.60 (t, 1H, J = 6.6 Hz, H-5"), 7.81 (t,
2H, J = 6.6 Hz, H-3', H-6'); °C NMR (75 MHz, CDCl5): 6 20.6, 20.8, 55.1, 63.4, 67.6, 68.8,
70.0, 70.5, 97.3, 99.5, 124.0, 127.4, 130.1, 131.8, 132.6, 148.4, 169.9, 170.8.
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3.4.10 Synthesis of compound 77

NO, NO,
@/ﬁo OAC " BF,E,0 EtySiH @AO OAc
o) Q e Q
AcO CH2C|2, AcO
OMe OMe
76 77

To a 0 °C solution of compound 76 (200 mg, 0.49 mmol) in 5 mL of CH,Cl, was added
Et;SiH (0.93 mL, 5.84 mmol) and BF;s-Et,0 (0.36 mL, 2.92 mmol). After 16 h, the reaction
solution was diluted with 20 mL of CH,Cl,, washed with sat NaHCO; and brine, dried over
MgSO4, and evaporated. The crude product was purified with column chromatography
(EtOAc:cyclohexane=1:2) to addord the compound 77 (146 mg, 73%). TLC: Ry= 0.51
(EtOAc:cyclohexane=1:2); 'H NMR (300 MHz, CDCls): 6 2.08 (s, 3H, OAc), 2.12 (s, 3H,
OAc), 3.41 (s, 3H, OMe), 3.83-3.95 (m, 3H ), 4.01-4.04 (m, 1H), 4.71 (s, 1H, H-1), 4.99 (s,
2H, PhCH ), 5.17-5.22 (m, 2H, H-7a, H-7b), 7.45 (t, 1H, J = 7.3 Hz, H-4"), 7.64 (t, 1H, J =
7.3 Hz, H-5'), 7.78 (d, 1H, J = 7.3 Hz, H-3"), 8.04 (d, 1H, J = 7.3 Hz, H-6"); °C NMR (75
MHz, CDCl;): 0 20.8, 20.8, 55.1, 66,3, 69.7, 70.2, 70.3, 71.4, 71.9, 98.6, 124.6, 128.1, 128.7,
133.4, 134.5, 147.5, 169.9, 170.9.

3.4.11 Synthesis of compound 78

N02 NOZ
o THF o
HO BnO
OMe OMe
75 78

To a 0 °C solution of compound 75 (190 mg, 0.58 mmol) in 5 mL of DMF was added
NaH(60%) (70 mg, 1.74 mmol). After 45 min, BnBr (208 pL, 1.74 mmol) was added and
the solution was stirred for another 32 h, then quenched with 5 mL of MeOH. After
evaporation, the residue was partitioned with CH,Cl, (3x10 mL) and H,O (20 mL). The
combined organic layer was dried over MgSQOs, evaporated and purified with column
chromatography (EtOAc:cyclohexane=1:3) to afford compound 78 (229 mg, 78%). TLC: R/=
0.84 (EtOAc:cyclohexane, 2:3); [a]p = -10.3 (¢ 0.52, CH,CLy); 'H NMR (300 MHz, CDCls): §
3.31 (s, 3H, OMe), 3.73 (td, 1H, Js5=Js6a= 9.9 Hz, J5 6o = 4.2 Hz, H-5), 3.83 (dd, IH, J=1.5
and 3.0 Hz, H-2), 3.87-3.93 (m, 2H, H-6a, H-6b), 4.20 (dd, 1H, J = 3.6 and 10.2 Hz, H-3),
4.28 (t, 1H, J=9.9 Hz, H-4), 4.59 (d, 1H, J = 12.0 Hz, CHPh), 4.68 (d, 1H, J= 1.2 Hz, H-1),
4.72 (d, 1H, J = 9.3 Hz, CHPh), 4.76 (d, 1H, J = 9.3 Hz, CHPh), ), 4.83 (d, IH, J = 12.3 Hz,
CHPh), 6.25 (s, 1H, H-7), 7.28-7.36 (m, 10H, 2xPh), 7.50 (t, 1H, J = 7.4 Hz, 0-NO,-PhH),
7.62 (t, 1H, J = 7.4 Hz, 0-NO,-PhH), 7.87 (m, 2H, 2x0-NO,-PhH); *C NMR (75
MHz,CDCls): 0 54.8, 63.8, 69.0, 72.8, 73.6, 76.1, 76.2, 79.4, 97.3, 100.5, 124.3, 127.4-128.3,
129.5, 131.5, 132.5, 138.0, 138.6, 148.4; HRESIMS: calcd for [CosHyNOg+Na]™: 530.1791;
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found: 530.1794.

3.4.12 Synthesis of compound 79

NO, NO,
@O O%H BF; Et,0 Et;SiH @AO OBn
(0] > o)
Bn& CH,Cl,, HE%O&A
OMe OMe
78 79

To a 0 °C solution of compound 78 (600 mg, 1.18 mmol) in 10 mL of CH,Cl, was added
Et;SiH (2.26 mL, 14.2 mmol) and BF3-Et;0 (0.88 mL, 7.1 mmol). After 16 h, the solution
was diluted with 20 mL of CH,Cl, washed with NaHCOs3 and brine, dried over MgSOy,
evaporated, and purified with column chromatography (EtOAc:cyclohexane=1:4) to afford
compound 79 (468 mg, 78%). TLC: Ry/= 0.63 (EtOAc:cyclohexane= 2:3); [a]p = -10.7 (c 0.30,
CH,Cl,); '"H NMR (300 MHz, CDCls): 6 3.37 (s, 3H, OMe), 3.69-3.79 (m, 2H, H-4, H-5),
3.81 (dd, 1H, J= 1.8 and 3.0 Hz, H-2), 3.91 (m, 2H, H-6, H-6b), 4.11 (t, 1H, J= 9.5 Hz, H-4),
4.46 (d, 1H, J = 11.8 Hz, CHPh), 4.59 (d, 1H, J =11.7 Hz, CHPh), 4.64 (d, 1H, J =12.3 Hz,
CHPh), 4.70 (d, 1H, J =12.3 Hz, CHPh), 4.82 (d, 1H, J= 1.8 Hz, H-1), 5.00 (2d, 2H, PhCH,),
7.26-7.37 (m, 10H, 2xPh), 7.40 (t, 1H, J = 8.1 Hz, 0-NO,-PhH), 7.58 (t, 1H, J = 8.1 Hz,
0-NO,-PhH), 7.86 (d, 1H, J = 8.1 Hz, 0-NO,-PhH), 8.06 (d, 1H, J = 8.1 Hz, 0-NO,-PhH); °C
NMR (75 MHz, CDCl3): ¢ 54.8, 66.8, 69.9, 71.56, 71.63, 72.5, 73.6, 79.6, 99.0, 124.4,
127.6-127.7, 128.3, 128.5, 128.6, 133.6, 135.3, 137.9, 138.0. HRESIMS: calcd for
[C28H31N08+Na]+: 532.1947 found: 532.1951.

3.4.13 Synthesis of compound 80

Methyl 2,3-di-O-benzyl-6-O-(o-nitro)benzyl-a-D-talopyranoside

O,N
Ao
O :

O—, OBn 120 OH /~0oBn
CH,Cl,
HO -0 - -0
BnO NaNO, BnO
DMF
OMe OMe
79 80

To a -15 °C mixture of Tf,0 (27 pL, 0.16 mmol) and pyridine (25 pL) in 1 mL of CH,Cl, was
added a solution of compound 79 (52 mg, 0.1 mmol) in CH,Cl, (1 mL) under Ar. After 2 h,
the solution was diluted with 2 mL of CH,Cl, washed with 5% HCI, sat NaHCOs3 and brine.
The combined organic layers were dried over MgSQj, evaporated to remove solvents. The
residue was dissolved in 2 mL of DMF, followed by addition of NaNO; (73 mg, 1.05 mmol),
stirred for 20 h. The solution was diluted with 5 mL CH,Cl,, extracted with CH,Cl(3%5
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mL), washed with brine, dried over MgSQ,, evaporated, and purified with column
chromatography (cyclohexane:EtOAc=2:1) to afford compound 80 (43 mg, 57.3 %). TLC: Ry
= 0.65 (EtOAc:cyclohexane, 2:3); [a]p = +37.8 (¢ 2.22, CH,Cl,); "H NMR (300 MHz, CDCls):
0 3.36 (s, 3H, OMe), 3.77 (m, 1H), 3.88 (m, 2H, H-6a, H-6b), 3.98-4.02 (m, 2H), 4.54 (d, 1H,
J=11.7 Hz, CHPh), 4.56 (d, 1H, J =12.1 Hz, CHPh), 4.68 (d, 1H, J =11.7 Hz, CHPh), 4.69
(d, 1H, J =12.1 Hz, CHPh), 4.74 (d, 1H, J =3.8 Hz, H-1), 4.94 (d, 1H, J =12.3 Hz, CHPh),
5.04 (d, 1H, J =12.3 Hz, CHPh), 5.45 (t, IH J= 9.9 Hz,), 7.30-7.39 (m, 10H, 2xPh), 7.42 (t,
1H, J = 8.1 Hz, 0-NO,-PhH), 7.55 (t, 1H, J = 8.1 Hz, 0-NO,-PhH), 7.86 (d, 1H, J = 8.1 Hz,
0-NO,-PhH), 8.07 (d, IH, J = 8.1 Hz, 0-NO,-PhH); *C NMR (75 MHz,CDCL): § 55.3, 68.8,
69.4, 69.8, 72.2, 72.9, 74.4, 77.1, 81.3, 98.9, 124.4, 127.6-128.4, 133.8, 134.9, 137.1, 137.7,
146.5. HRESIMS: calcd for [C28H31N08+Na]+: 532.1947; found: 532.1962.

3.4.14 Synthesis of compound 82

NO,
O
OH _oH 9
&/ o-nitrobenzaldehyde
HO OMe H.SO, / . o (0]
p-dioxane
OH S HO OMe
OH
81 82

To a solution of compound 81 (4 g, 20 mmol) in 20 mL of p-dioxane was added NBA (3.04 g,
20 mmol) and conc. H,SO4 (1.4 mL) under Ar. After 6 h, the solution was diluted with 30 mL
of CH,Cl,, neutralised with solid Na,COs, evaporated to remove solvents. The residue was
partitioned with CH,Cl, (3%20 mL) and H,O (20 mL), dried over MgSQOs, evaporated, and
purified with column chromatography (cyclohexane:EtOAc=1:1) to afford compound 82
(2.98 g, 59%). TLC: Ry=0.31(EtOAc); mp 135-136 °C (EtOAc).

3.4.15 Synthesis of compound 83

NO, NO,
? ACZO 0
0 » > 0
HO OMe PyMdine AcO OMe
OH OAc
82 83

To a solution of compound 82 (201 mg, 0.61 mmol) in 5 mL of pyridine was added 2 mL of
AcyO. After 16 h, the solution was extracted with CH,Cl, (3%x20 mL), washed with brine,
dried over MgSO4, concentrated, and purified with column chromatography
(EtOAc:cyclohexane=1:3) to afford compound 83 (152 mg, 61%). TLC: Ry = 0.66
(EtOAc:cyclohexane= 1:1); '"H NMR (300 MHz,CDCls): 6 2.03 (s, 3H, OAc), 2.10 (s, 3H,
OAc), 3.49 (s, 3H, OMe), 4.09-4.34 (m, 2H, H-6a, H-6b), 4.37-4.42 (m, 3H, H-4, H-1, H-5),
4.98 (dd, 1H, J=3.7 and 10.3 Hz, H-3), 5.58 (dd, 1H, J=10.3 and 8.1 Hz, H-2), 6.13 (s, 1H,
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H-7), 7.50 (t, 1H, J = 8.1 Hz, H-4"), 7.63 (t, 1H, J = 8.1 Hz, H-2'), 7.84 (d, 1H, J = 8.1 Hz,
H-3), 7.93 (d, 1H, J = 8.1 Hz, H-1).

3.4.16 Synthesis of compound 84

N02 NOZ

BnBr NaH

\

o DMF ')

HO OMe BnO OMe
OH OBn

82 84

To a 0 °C solution of compound 82 (190 mg, 0.58 mmol) in 5 mL of DMF was added
NaH(60%) (70 mg, 1.74 mmol). After 45 min, BnBr (208 pL, 1.74 mmol) was added and the
solution was stirred for another 24 h, then quenched with 5 mL of MeOH, and concentrated.
The residue was partitioned with CH,Cl, (3%10 mL) and H,O(10 mL). The combined organic
layers were washed with brine, dried over MgSQO,, evaporated, and purified with column
chromatography (cyclohexane:EtOAc=3:1) to afford compound 84 (211 mg, 72%). TLC: Ry=
0.73 (EtOAc:cyclohexane = 2:3); '"H NMR (300 MHz, CDCls): 6 3.58 (s, 3H, OMe), 3.75 (t,
1H, J=7.7 Hz,), .4.09 (d, 1H, J = 12.4 Hz), 4.25-4.89 (m, 9H), 6.20(s, 1H, H-7), 7.27-7.37
(10H, Ph), 7.50 (t, 1H, J= 7.7 Hz, H-4"), 7.63(t, 1H, J=7.7 Hz, H-2"), 7.84 (d, 1H, J=7.7 Hz,
H-3'),7.93 (d, IH, J= 7.7 Hz, H-1").

3.4.17 Synthesis of compound 85

NO, NH,
o) .
AcO THF-Methanol AcO
68 85

To a solution of compound 68 (54 mg, 0.13 mmol) in THF (3 mL)/MeOH (1 mL) was added
NiCl;-6H,0 (16 mg, 0.066 mmol) and B,Hs (I mL, 1.04 mmol). After 8 h, the reaction
solution was evaporated and the residue was partitioned with CH,Cl, and H,O, dried over
MgSO,, evaporated, purified with column chromatography (cyclohexane:EtOAc=3:1) to
afford compound 85 (23 mg, 46 %). TLC: R;= 0.32(EtOAc:cyclohexane=1:2); 'H NMR (300
MHz, CDCl3): 62.04 (s, 3H, OAc), 2.10 (s, 3H, OAc), 3.42 (s, 3H, OMe), 3.63-3.97 (m, 3H,
H-5, H-6a,6b), 4.32 (t, 1H, J=4.77 Hz, H-3), 4.93 (m, 2H, H-1, H-2), 5.57(m, 2H, H-1, H-7),
6.66-6.76 (m, 2H, 0-NO,-PhH), 7.12 (d, 1H, J = 8.1 Hz, 0-NO,-PhH), 7.21 (d, 1H, J = 8.1 Hz,
0-NO,-PhH); ?C NMR (75 MHz, CDCl3): § 20.68, 20.81, 55.17, 61.92, 69.80, 70.65, 71.10,
73.36,96.72, 128.8-129.5, 135.10. 135.62, 170.24, 171.86, 193.99
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3.4.18 Synthesis of compound 87

HO
NH2 ~
N
O
o) O + Ho 0
AcO 0 CH,Cl o} Q
OACOMe AcO OAco
Me
85 86 87

To a solution of compound 85 (140 mg, 0.34 mmol) in 5 mL of CH,Cl, was added compound
86 (96 mg, 0.41 mmol) and MgSO4 (20 mg). After 1 week, the solution was washed with H20,
extracted with CH,Cl, the combined organic layers were washed with brine, dried over
MgSOs, concentrated to afford compound 87 (63 mg, 31%). TLC: R, = 0.71
(EtOAc:cyclohexane=1:2); '"H NMR (300 MHz, CDCL): 61.32 (s, 9H, 3xCHs3), 1.51 (s, 9H,
3xCHj3), 1.69 (s, 3H, OAc), 2.03 (s, 3H, OAc), 3.40 (s, 3H, OMe), 3.68-3.98 (m, 3H, H-5,
H-6a,6b), 4.31 (t, 1H, J = 4.4 Hz, H-3), 4.85 (dd, 1H, J=4.1 and 3.7Hz, H-2), 4.92 (d, 1H, J
=3.7Hz, H-1), 5.52 (t, IH, J= 4.4 Hz, H-4), 5.86 (s, 1H, H-7), 7.40-7.78 (m, 6H, Ar-H), 8.58
(s, IH, CH=N); *C NMR (75 MHz, CDCl5): 6 20.17, 20.62, 29.17, 29.35, 31.22, 31.35, 34.09,
35.09, 55.17, 62,26, 68.80, 71.57, 79.30, 97.52, 98.84, 117.63, 118.24, 119.90, 126.43, 126.48,
126.74, 128.15, 130.15, 130.32, 135.62, 137.14, 140.59, 146.42, 158.41, 158.99, 163.75,
169.90, 170,18.

3.4.19 Synthesis of compound 88

NO, NO,
acetic anhydride
HO Q d AcO Q
BnO pyridine BnO
OBI'bMe OBrbMe
72 88

To a solution of compound 72 (390 mg, 0.77 mmol) in 8 mL of pyridine, was added 1 mL of
Ac,0. After 16 h, the solution was extracted with CH,Cl, (3%10 mL), washed with brine. The
combined organic layers were dried over MgSO, evaporated, purified with column
chromatography (EtOAc:cyclohexane=1:5) to afford compound 88 (388 mg, 92%). TLC: Ry
= 0.53 (EtOAc:cyclohexane, 1:3); [a]p = +50.0 (¢ 0.53, CH,Cly); 'H NMR (300 MHz, CDCl):
0 1.89 (s, 3H, OAc), 3.42 (s, 3H, OMe), 3.58-3.63 (m, 3H, H-2, H-6a,H-6b), 3.84-3.89 (m, 1H,
H-5), 3.94 (t, 1H, J = 9.5 Hz, H-3), 4,64 (m, 2H, CH,Ph), 4.68 (d, 1H, J= 1.2 Hz, H-1),
4,79-4.96 (m, 4H, 2xCH-2Ph), 5.07 (dd, 1H, J= 9.6 and 9.2 Hz, H-4), 7.27-7.38 (m, 10H,
2xPh), 7.41 (t,1H, J = 8.1 Hz, 0-NO,-PhH), 7.54 (t, 1H, J = 8.1 Hz, 0-NO»-PhH), 7.85 (d, 1H,
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J= 8.1 Hz, 0-NO,-PhH), 8.05 (d, 1H, J = 8.1 Hz, 0-NO,-PhH); °*C NMR (75 MHz, CDCl;): §
= 20.8, 55.3, 68.6, 69.8, 69.9, 70.2, 73.4, 75.3, 79.2, 79.6, 98.1, 124.4, 127.5, 127.7-128 4,
128.6, 133.7, 134.8, 137.8, 138.5, 146.9, 169.6; HRESIMS: calcd for [C3H3;NOg+Na]':
574.2053; found: 574.2039.

3.4.20 Synthesis of compound 89

N02 NO2
o\/© TMSOTF TMS\_~ o\/©
AcO Q AcO Q
BnO CH5CN BnO
OBrbMe OBn
88 89

To a solution of compound 88 (52 mg, 0.1 mmol) in 2 mL of CH3;CN, was added TMS Allyl
(0.08 mL, 0.5 mmol) and TMSOTT (0.1 mL, 0.5 mmol). After 72 h, the reaction solution was
diluted with 5 mL of CH,Cl,, extracted with CH,Cl, (2%5 mL), washed with brine, dried over
MgSO., evaporated, purified with column chromatography (cyclohexane:EtOAc=3:1) to
afford compound 89 (34 mg, 71%). TLC: R;= 0.59 (EtOAc:cyclohexane, 1:3); [a]p = +48.3 (¢
1.21, CH,CL); "H NMR (300 MHz, CDCL): 6 1.93 (s, 3H, OAc), 2.52 (m, 2H, CH,C=), 3.63
(m, 2H, H-6'a, H-6'b), 3.70-3.85 (m, 3H), 4.07-4.13 (m, 1H), 4.57-4.70 (m, 3H), 4.81-4.88 (m,
3H), 5.00-5.17 (m, 3H, H-4, PhCH,), 5.76-5.85 (m, 1H, =CH), 7.28-7.34 (m, 10H, 2xPh),
7.36 (t, 1H, J = 6.6 Hz, 0-NO,-PhH), 7.41 (t,1H, J = 6.6 Hz, 0-NO,-PhH), 7.85 (d, 1H, J =
6.6 Hz, 0-NO,-PhH), 8.04 (d, 1H, J = 6.6 Hz, 0-NO,-PhH); *C NMR (75 MHz,CDCl): &
20.9, 30.3, 69.8, 70.2, 70.3, 70.4, 73.0, 73.1, 74.6, 78.2, 789, 117.1, 124.4, 127.6,
127.7-127.8, 128.3, 128.4, 128.7, 133.7, 134.3, 135.0, 137.9, 138.2, 146.8, 169.8. HRESIMS:
calcd for [C3,H3sNOg+Na]": 584.2260

3.4.21 Synthesis of compound 90

N02 NOZ
o O
<;§/oﬁ S Ac0 - o) !
AcO H,SO, AcO
OACOM o OAc OAc
68 90

To a solution of compound 68 (7.8 mg, 19 umol) in 5 mL of Ac,0O, was added a solution of
conc. H,S04(98%, 5 uL) in 2 mL of H,O. After 20 h, the reaction was neutralised with solid
NaHCO:;, extracted with CH,Cl, (2x5 mL), washed with brine, dried over MgSQO,, evaporated,
and purified with column chromatography (cyclohexane:EtOAc=3:1) to afford compound 90
as a mixture of v P anomer (2.9 mg, 35%). TLC: R/= 0.47 (EtOAc:cyclohexane, 1:3).
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Chapter 4 Synthesis of glycosyl amino acids as potential inhibitors of

PTP-1B

4.1 Introduction

Up to the end of 2006, there are already more than 246 million people suffered from diabetes
and obesity all over the world. Furthermore, the total patients of diabetes would exceed 380
million if there is not any measure to be taken in future 20 years. And 75% of the obesity
patients have the dangerous of suffering from diabetes. Only in 2005, there are about 2.9
million people died from diabetes throughout the world. Diabetes, one of human severe
diseases, consists of one fifth reasons of death. Therefore, development of the treatment and

high effective drugs for diabetes became more and more urgent. '
4.1.1 PTP-1B and non-insulin-dependent diabetes mellitus

Non-insulin-dependent diabetes mellitus (type 2 diabetes), which accounts for 95% of all
diabetes cases, is characterized by a deficient insulin cascade and is therefore also termed
insulin resistance (IR).” Recent studies demonstrate that the Protein tyrosine phosphatase 1B
(PTP-1B) has close relationship with diabetes and obesity, and plays a key role in the negative
regulation of insulin and leptin signaling transduction pathway. Leptin is a peptide hormone
that is produced by fat cells and plays a role in body weight regulation by acting on the
hypothalamus to suppress appetite and burn fat stored in adipose tissue. PTP1B works as an
insulin antagonist through the excess dephosphorylation and inactivation of the insulin
receptor for insulin resistance. Furthermore, the over expression of PTP-1B makes the leptin
receptor not responsive to leptin signaling and results in obesity (leptin resistance, LR).
Therefore, PTP1B has attracted considerable attention as a possible therapeutic target for type

2 diabetes and obesity."
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Schematic Illustation of Insulin-dependent Signaling and Relevant Interactions with PTP-1B ?

Insulin binds the a-chain of the insulin receptor (IR) to cause a conformational change
activating the kinase activity of the B-chain and auto-phosphorylating its activation loop. This
autophosphorylation further activates the kinase activity to phosphorylate other sites on the
subunit recruiting and phosphorylating different substrates including the insulin receptor
substrates (IRSs, for example IRS1). The phosphorylated IRSs recruit phosphatidylinositol
3-kinase (PI3K) resulting in its activation, converting phosphatidyl inositol into 3,4-bis and
3,4,5-trisphosphate which stimulate the activity of phosphoinositide-dependent kinase 1 or 2
(PDK1/2) which in turn activate Akt. Akt is involved in the translocation of GLUT4
transporter to the cell surface for glucose uptake and also promotes glycogen synthesis. In
addition to the effects of insulin on glucose metabolism, the insulin-signalling pathway also
stimulates transcriptional events: IRS1 forms a complex with Shc and the
growth-factor-receptor- binding protein 2 (GRB2) to stimulate the mitogen activated protein
kinase (MAPK) pathway. PTP1B has been shown to directly dephosphorylate IR, IRS(s) and
She.

4.1.2 Structure character of PTP1B*®

As the novel target for drug development of the diabetes and obesity, recent studies focus on
the crystal structure of PTP1B and how inhibitors work. PTP1B consists of 435 amino acids.
The active site of PTPIB is defined by residues 214-221 (the P-loop which binds the
phosphate group and contains the catalytic Cys215). The mobile WPD loop
(Tyr179Pro180Asp181) is responsible to the peptide substrate recognition, by forming one
boundary of the binding pocket and contains the general acid/base Asp181, and the Tyr46 and
Phe182 define the depth of the pTyr-binding pocket’. Other important residues include Arg47,
Lys120 and Val 49 which offer electrostatic, hydrogen-bonding and hydrophobic interactions.
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It is admitted that the PTP-mediated catalysis proceeds via a two-step process'".

O~ - o
GlIn262 _‘L-HNH‘,_, (J-]ngf,g}-i{ )
%A PN BN
/ __Q“""f—’(?*‘iuhsll‘mc - [T Cys215 ’——-Fg ----- IO-\‘ \O“"H — Inorganic Phosphate
f . : f P E
o O = .
%\?G)

| ® ; \?‘

\ HaN— HO — Substrate |

! : | y NH, Asplil
Arg22] / \ Arg22] /
L =

Mechanism for the PTP1B-catalyzed dephosphorylation reaction.

In this mechanism, PTP1B utilizes the active-site cysteine residue (Cys215) as nucleophile to
form a covalent thiophosphoryl enzyme intermediate. The phosphoenzyme formation step is
assisted by a conserved aspartic acid (Asp181) which protonates the leaving group thereby
acting as a general acid catalyst. In the second step, the hydrolysis of the phosphoenzyme
intermediate occurs by the nucleophilic attack of a water molecule assisted by Asp181, which
functions as a general base, with subsequent release of the free enzyme and inorganic
phosphate. A conserved glutamate residue (GIn262) is important for the precise placement of
the water nucleophile for phosphoenzyme hydrolysis. The arginine residue (Arg221) mediates

substrates binding and transition state stabilisation.

Up to date, various therapeutic strategies have been developed for targeting PTP1B in

- 11,12
diabetes

. Inhibitors of PTPIB generally fall into two categories: nonhydrolysable
phosphotyrosine mimetics (or affinity-based) and covalent inactivators. The first category has
received the most attention; numerous phosphotyrosine mimetics have been reported,
including difluoromethylphosphonates, cinnamic acid, oxalylamino benzoic acid, isoxazole
carboxylic acid, salicyclic acid, a-ketocarboxylic acid, etc. The second category of inhibitors
consists largely of reactive molecules which modify the active site Cys215, like
naphthoquinone as Mickael acceptor or oxidant, and halomethyl ketones as alkylating
agents'’. High-affinity inhibitors against PTPIB have been elaborated by industrial and
academic laboratories. However, because of the high homology of the PTP family of
enzymes, the design of selective inhibitors is a challenging hurdle. Furthermore, many of the

reported phosphotyrosine mimics are highly charged, which makes them less attractive as

drug candidates.

Recently, two naturally occurring allosteric binding sites have been identified in the PTP1B.
The crystal structure of PTP1B/C215S complexed with low molecular weight nonpeptidic

substrate revealed the presence of a second aryl phosphate-binding site positioned adjacent to
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the active site'*. In addition to this second aryl phosphate binding site, a novel allosteric site
located ~20 A from the catalytic site has been discovered from the crystal structure of PTP1B
in complex with allosteric inhibitor which block the mobility of the catalytic “WPD” loop,
thereby preventing formation of the active form of the enzyme. Discovery of the allosteric
sites presents an opportunity for developing more selective inhibitors, as the key residues
involved in compound binding are not conserved in most PTP. In addition, the structural
adaptability of the allosteric sites may afford increasing flexibility in drug design. A bidentate
ligand that binds both the catalytic site and allosteric site should lead to more selective and
high-affinity inhibitors. Several potent and remarkable selective bidentate inhibitors of PTP1B

have been developed"™'®.

Second aryl phosphate
binding site

Active site

Overall binding mode of an inhibitor with PTP1B

Based on the structure of PTP1B, we decided to develop sugar-based inhibitors for the
following reasons: First, sugars are natural compounds containing many functional groups
and well-defined stereogenic centers in one molecular unit. Consequently, they are useful
building blocks for the design and synthesis of a rich library compounds, including mono- and
bidentate inhibitors. Second, a range of glycolipids like glucolipsin, caloporoside and
woodrosine were identified as micromolar inhibitors of PTPases. Recently, peracetylated
B-D-glucopyranosyl-1,4-benzoquinone has also been found to be an inhibitor of PTP1B (ICs
= 4.85 uM)."” Third, sugar derivatives have already been used to improve the membrane
permeability or the cell assimilation of some molecules (e.g. glycosylated enkephalin,
toxophores, oligonucleotides, proteins and polymers). Finally, appropriate protection of sugar

hydroxyl function might allow controlling the hydrophilic/hydrophobic character of
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molecules. Encouraged by the inhibitory activity of B-D-glucopyranosyl-1,4-benzoquinone
discovered by Prof. Chen’s group in 2005," we decided to prepare glycosylated tyrosine or
phenylalanine derivative conjugated with or without 1,4-naphthoquinone moiety as potential

inhibitors of PTP1B:

o

o)
HO%ﬁom Ho%; ‘O
e o}
W
N /N

2

Ar N Ar

HOOC HOOC

4.1.3 Click chemistry for the connection between amino acids and sugar

Click chemistry, a concept introduced by Sharpless and co-workers in 2001,% is used to describe
almost perfect chemical reactions that share a number of important properties which include very
high efficiency in terms of both conversion and selectivity under very mild reaction conditions, and a
simple workup. Among these carefully selected reactions, the Cu(l)-catalysed Huisgen 1,3-dipolar
cycloadditions of terminal alkynes with organic azides were shown to be the most effective and
versatile and have been recently receiving attention as a high efficient and stereo selective reaction
associated with excellent functional groups compatibility. In many instances, water is an ideal

reaction solvent, providing the best yields and highest rates.

=R CuSOy . 5H,0 (0.25-2 mol %) R'
sodium ascorbate (5-10 mol %) /_g
+ o N N
2 N -BuOH-H,0, rt RN\
R W2
@

Cu(I)-catalyzed Huisgen 1,3-dipolar cycloaddition

Because of the convenience of click chemistry, we plan to link amino acid to sugar moiety via click

chemistry. The route is as followed:

- N=N  cooRr;
< (M
Rz

o o COOR o o
N M N
2

Starting from methyl o-glucopyranoside, the general synthetic way of the target compounds is

summarized in the following scheme:
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BnO O
BnO
Bn/o OMe
R102C/:L
N\
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BnO N
BnO
Bn/o OMe
i HogiL
N\
BnO N
BnO
/O OMe

o)
OH OMe
\ OTBS
HO 0
HO
TBSO
OMe

CO,R4
OH N-
BnO 9 Ry N OTBS
BnO % o
OH Sy1e leﬁ\ o
RN N TBSO
2 _ OMe
o ~F l
BnO O
BnO COR
0 Ny
OMe R,” N oH
= CO,R; O Q
)\ Ney @
R, N OH
R10,C \?u OMe

R
N\
O/\& //N i
BnO O “-N
o) ZQ\N/N\\ N

OMe
_ OH
N = 0
\
N COzH
- (0]
NfR2 RzAN/NtN O ome
R10,C Y/
l HO,C
/LRz
N,
o/\t N
/
BnO O "N
BnO
0 OMe
| ’\\I\N R4= Etor Me; Ry = Bn or p-hydroxyBn
N/
R
HO,C
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4.2 Results and discussion
4.2.1 Synthesis of azido acids

Transformation of amine to azide is usually realized with TfN; which could be prepared by reacting

sodium azide with triflic anhydride.*'

Tf,0
NaN; —— = TfNg

We have used TfNj3to synthesize azido acids from the corresponding amino acids. The yield is more
than 69 %.

\—O NH, HCI TfN3 \—O

N
OMOH CuSO, NaHCO, OKQOH

However, Tf,0 is very expensive and TfN; is not easy for use. In 2007, Stick and coll. reported a

new solid reagent, the imidazole-sulfonyl azide hydrochloride 93 for the conversion of amine to

azide.” Furthermore, this solid compound is stable enough for deposited a long time.

i) SO,Cl, MeCN _ o) HCI o =
’ /) 7\\ -
NaN; N N TSN > N3 N@N Hel

ii) imidazole 93

We found that the effects of two reagents are very similar to transform the following amino acids to

the corresponding azido acids, so we chose the cheaper compound 93.

Amino acid Reagents
T{N3 Imidazole-sulfonyl Azide Hydrochloride 93
Tyr-OEt 74% 71%
Phe-OMe 79% 77%
Val-OMe 69% 63%

4.2.2 Silylation of methyl a-D-glucopyranoside

TBDMS is a popular protecting group. According to the equivalence of TBDMSCI, the reaction
would afford different products. We found that reactivity of methyl a-D-glucopyranoside is as
follows: 6>2>3>4.

With 1 eq. of TBDMSCI in the presence of 0.1 eq. of DMAP in pyridine, there is mixture of four

products, as well as the staring material:
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OH OTBDMS OTBDMS OTBDMS OTBDMS
Hom TBDMSCI 1eq Ho% Ho% HO% TBDMSO%
HO HO HO TBDMSO TBDMSO
DMAP 0.1 eq
OH OMe Pyridine HO OMe TBDMSO OMe TBDMSO OMe TBDMSO OMe
99 106

13% 3% trace
Modification of equiv of TBDMSCI gave the result is as followed:

Different equiv of TBDMSCI afford different product

TBDMSCI (equiv) 929 % 106 % | Three TBDMS % | Four TBDMS %
1 78 13 3
1.5 71 15 3 2
56 26 7 4
3 32 55 9 5
3.8 2 71 11 4
5 14 69 14

Consequently, we can selectively prepared mono- and di-silylated compounds 99 and 106 which
were used as starting material for the preparation of glycosyl amino acid derivatives. Structure of

both compounds has been confirmed by COSY and HSQC analysis.

|1

|
N [ ‘nﬁ ity

| U O Epm
‘ 2.6
Hs J L2.8
{; Eg 3.0
< B s i
OTBDMS = é&f e " .5
H i | =
HO © @.{ = [ 5.3
HO 99 |

=0 e
OH omMe éii ui?J&éi 3.6
= Pifﬁ fiml) | o 2.8
4.0
4.2
Fa.a

— - & [h o
| 4me v

=F: \_‘:;{ \. & "'Ef@ ::3’_.»'
:==;] ﬁii o ’ . 4.8
] @ @ :
N O O O W S| T T | T T —5.0
5.0 4.8 4.6 4.4 4. 1.8 3.6 3.4 3.2 3.0 2.8 2.6 ppm

H-H COSY
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|
__J‘lL JULJ_ - d_,n"it__ i MA A ppm

] 0 ]
- 60
e o] Lo ]
- &t
@ el i)
OTBDMS - 78
HO Q
HO 99 e
OH OMme 4 - oes
— 90
-1
= 0 100
=105
T T T T 110
4.5 4.0 3.5 3.0 ppm
C-H HSQC
The NMR of compound 106
Chemical shift (ppm) DMSO
106
No / Group 'H Bc
OMe 3.25 543
Si(CHs) 0.02-0.03 -5.3,-5.0,-4.4
C(CHa»)s3 0.84-0.85 17.9,25.7

1 4.48 99.6

2 3.34 73.1

3 3.36 72.6

4 3.00 70.2

5 3.31 73.6

6 3.60, 3.82 62.8

OH-3 4.84
OH-4 4.93
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4.2.3 Synthesis of glycoside fonctionnalized with propargyl ether

In order to realise the Click reaction with azido esters, we need to introduce the propargyl group on
the sugar. For this propose, the free hydroxy group of compounds 99 and 106 were then protected as
benzyl ether. After desilylation under acidic condition, propargyl ether can then be introduced.

Compound 102 has been easily prepared from 99 in good yield.

OTBDMS OTBDMS O/\//
AcCl O g—=
HO o BnBr/NaH BnO o} C BnO o) r BnO o)
HO DMF BnO CH3OH BnO NaH, THF BnO
990H OMe  86% B0 OMe  gg 9 BnO ome 83 % BnO e
100 101 102

From 106, it’s possible to prepare both 2,6-O-dipropargyl and 3,4-dipropargyl ethers 107 and 116.
Treatment of 106 with propargyl bromide under basic condition afforded compound 107 in 74 %

yield.
OTBDMS OTBDMS
NN 0 B = o 0 OTBOMS
/" TBDMSO NaH, THF TBDMSO B0
OMe 74 9 OMe TBDMSO oM
107 106 114 e

o~ F OH
BnO 0 BnO 0
BnO BnO
o OH d e

OMe
116\ 115

==

By the way, compound 115 can also be used to prepare di-azido compound 124 for Click reaction:

OH N3 N3
50 o DIADPPR;DPPA o
BnO THF, 68 % BnO
. OMe OMe

124

115

When we tried to protect the OH of compound 106 as benzyl ether under usual condition, TLC
showed the presence of several products which are difficult to be separated. According to the NMR
spectra, we found that 6-O-silyl group has been partially deprotected:

OTBDMS OTBDMS OH OBn
HO o _BnBr_ Bno O , Bno O, TBDMSO °
HO NaH BnO BnO BnO
TBDMSO
TBOMSO Me  TBDMSO TBDMSO
106

(0] OMe OMe

Finally, based on the report of D.Prosperi*’, we added NaH(60%) and BnBr in small portions over
30 min (NaH and BnBr must be added at the same time), the expect product can be obtained in 86%

-95-



yield. Successive desilylation and O-propargylation afforded the desired compound 116

0.6 eq NaH 0.6 eq NaH 0.6 eq NaH
0.6 eq BnBr 0.6 eq BnBr 0.6 eq BnBr
OTBDMS \' \ } OTBDMS
HO 0 BnO 0
HO —_— —> —_— > —— P BnO
TBDMSO [ Wi /‘ TBDMSO
0.6 eq NaH 0.6 eq NaH
106 0.6 eq BnBr 0.6 eq BnBr 114

4.2.4 Click reaction

The Cu'-catalysed Huisgen 1,3-dipolar cycloaddition is a very useful reaction, the mechanism is as

followed:
R! Cul,
- R!
1 ///M N\\ /N\RZ ;7\
R N T N N. N-g2
/\?ULH ///// ) ‘ d N
NQN/N\RZ ///
:
| | [L,Cu]
Rl— (iuLn !
NI N
l:l R‘\\\\ . R-—— H
b \\\\*3:\\
- Rl——cuL,
Ns _N.
\N _ R2
+
a

Cycloaddition between different azido esters and alkyne derivatives 102, 107 and 116 afforded the
desired compounds 104, 105, 108, 112, 117 and 119 in good yield. These compounds have been

further desilylated or saponificated to obtain glycosyl azido acids 104, 111, 118 and 120

COOEL N
SN N
0/\&“" O/\&'\f‘
Na L-ascorbate  BnO 0 ~COOEt LIOH  BnO 0 COOH
BnO 5 <
BnO nO g2  BnO
Cuso4 CH,Cly/H,0 OBn o -

OBn 79 % OMe OMe

OH OH
104

103

NWIq

/\// COOMe
o : o/\&
BnO e} . N3 Na L-ascorbate Bno o \ N .COOMe
BnO
BnO

oo BnO CuSO0y4, CH,Clp/H,0
OMe 84 % OMe

102 96



108 R = OH, R'= Et, 50 %

— 1—
94R‘OH'R‘Et 112R = H, R'= Me, 63 %

96 R = H, R'=Me

1 N \N
CO2R OTBDMS
OTBDMS 1 o
Na L-ascorbate COQR
TBDMSO CuSO4, CH,Cly/H,0 f N\/LJ TBDMSO oMme

AcCl, CH30H
C02R1
COzH N
N< N "
<N \/rﬂ
N
/ OH
\/Iﬁ o L|OH
con © = ew foR
/N\\ o o /N\\ OH
NN HO OMme \y oe
R _
110 R = OH, R'= Et, 67 %
! 111 R =0OH 113 R =H, R'=Me, 88 %

o ~F : O/\<\\\N
o)

N3 /7
BnO 0 + Na L-ascorbate Bné) o N
BnO v —> n 5 117 R=OH,R'= Et, 52 %

OMe CuS0y, CH,Cl,/H,0 OMe 119 R = H, R'= Me, 57 %
= R ] N\
116 94 R = OH,R'= Et N/N R
96 R =H, R'=Me
R'0,C
HO,C
O/\& N
LiOH BnO N
- > BnO 118 R = OH, R'= Et, 86 %

O oMe 120 R=H, R'=Me, 81 %
5

We have also tried the Click reaction on the C-aryl galactoside 121 to lead to compounds 122
and 123. Unfortunately, we have not time to oxidize the dimethoxylnaphthyl group to

naphthoquinone derivative.
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OH O o
OH Acetone o) B X >< 0 TEA
Q — > 0 » —_—
@)

HO OH FeCls

OH o CH3;COONa OAc OJE

IR OCH,
Q Ac,O C g
HO OH 2 AcO OAc  AgOTfa SnCl,

OH OAc

OMe
OAc O/\/
vee
AcO
OAc OMe
121

1 1 I,
OMe QozR R'O,C
OAc O/\/ N3 \
0] OO + Na L-ascorbate //
AcO N

CUSO4 CH20|2/H20 Me
OAc OMe
R
121 94 R = OH, R'= Et
96 R = H, R'=Me

122 R=0OH, R'=Et, 61 %
123 R =H, R'= Me, 52 %

4.2.5 Inhibition test for PTP1B

Recombinant human PTPI1B catalytic domain was expressed and purified according to
procedures described previously.24 The enzymatic activities of PTP1B catalytic domain were
determined at 30°C by monitoring the hydrolysis of pNPP. Dephosphorylation of pNPP
generates product pNP, which can be monitored at 405 nm. In a typical 100 pL assay mixture
containing 50 mM MOPS, pH 6.5, 2 mM pNPP and recombinant enzymes, PTP1B activities
were continuously monitored on a SpectraMax 340 microplate reader at 405 nm for 2 min at
30 °C and the initial rate of the hydrolysis was determined using the early linear region of the
enzymatic reaction kinetic curve. For calculating IC50, inhibition assays were performed with
30 nM recombinant enzyme, 2 mM pNPP in 50 mM MOPS at pH 6.5, and the inhibitors
diluted around the estimated IC50 values. IC50 was calculated from the nonlinear curve
fitting of percent inhibition (inhibition (%)) vs inhibitor concentration [I] by using the
following equation inhibition (%) = 100/{1 +(IC50/[I])k}, where k is the Hill coefficient.
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The inhibition for PTP-1B of some compounds

inhibition%o

20 pg/mL S pg/mL

99.2 83.4

N+
N N
113

11.8

inhibition% (20 pg/mL)

ICs0 (M)

68.3

8.068+0.152

98.9

3.329+0.680
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BnO BnG

45.2

83.6

4.550£0.075

45.3

98.4

0.889+0.038
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EtOOC!.
\NLN on
N oM
e
OAc_o 11.7
0
AcO OO
OAc
OMe
122
MeOZC//
N\N
(& N oM
e
OAc_o -11.0
O
AcO
OAc
OMe
123

With a concentration of 20 pg/mL, compound 111 (99.2% inhibition) showed the best inhibition
against PTP1B inhibition, followed by compound 104 (98.9%), compound 119 (98.4%) and
compound 103 (68.3%). These compounds inhibited PTPIB with ICsp in micromolar range.
Comparaison of compound 103 (ICsp = 8.068 uM) and 104 (ICso = 3.329 uM) showed that presence
of -COOH group improved the inhibition. However, the bis-substituted ester 117 (83.6 % inhibition
at 20 pg/mL, ICsy = 4.550 uM) displayed a better inhibition that the free acid derivative 118 (45.3 %
inhibition at 20 pg/mL). Because the number of samples is too small, we couldn’t obtain a clear

conclusion for the moment.
4.3 Conclusion

PTP-1B is a new target which aimed to treat type 2 diabetes. Based on the structure of PTP1B, we
have designed and synthesized a series of glycosyl amino acids derivatives via click chemistry, so as
to find a novel class inhibitor of PTP1B. Amino esters have been transformed into azido esters with
imidazole-sulfonyl azide hydrochloride as azide transfer reagent. Mono- and di-propargyl

functionnalized glucopyranosides have been prepared from mono- and bi-silylated methyl
a-D-glucopyranoside. Click reaction led successfully to the glycosyl amino acid derivatives with one

or two amino acid moiety on 6-, 2,6- or 3,4-position of sugars. Some of these conjugated molecules
showed obvious inhibition of PTP1B.
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4.4 Experimental

4.4.1 Synthesis of compound 94

\—o NH, - HCI \—o N,
e
o) OH o) OH
92 94

a) preparation of compound 94 with TfN;

Tf,0
NaN;, ——————> TfN;

toluene/H,0

To a 0°'C solution of NaN3 (546 mg, 8.4 mmol) in H,O (1.38 mL) was added 1.38 mL of toluene and
T£,0 (898 pL). The solution was stirred at same temperature for 30 min and then stirred at r.t for

another 2 h. The solution was neutralised with NaHCO; and extracted with toluene (2x1.37 mL).

\—o NH, HCI TN \—O N3
0 OH O%OH
92 94

To a solution of compound 92 (56.5 mg) and NaHCO; (78 mg) in H,O (0.3 mL) was added CuSO4
5SH,0 (4 mg), followed by the toluene solution of TfN3 (0.51 mL) obtained above, and MeOH (1.98
mL). After addition, the solution was stirred at r.t overnight. The solution was evaporated to afford a

crude product which will be used for next step without further purification.

b) preparation of the reagent 93

i) SO,Cl,, MeCN P HCl Q
i) imidazole 93

To a 0 °C solution of NaNj3 (6.5 g, 100 mmol) in CH3CN (100 mL) was added SO,Cl, (8 mL, 100
mmol) dropwise. The solution was stirred for 8 h at room temperature, then cooled to 0 °C again,
imidazole (13 g, 190 mmol) was aded in portions. After addition, the solution was stirred for another
3 h, diluted with EtOAc (200 mL), washed with water (2x200 mL) and sat NaHCOs3 (2x200 mL),
dried over MgSO,. The organic layer was added a freshly prepared solution of HCI in EtOH [AcCl
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(11.5 mL, 150 mmol) in EtOH (38 mL)] at 0°C. Filtration afforded compound 93 as a white solid.
m.p. 101-104°C (lit. 100—102°C); IR Vmax. (KBr) 2173, 1384 and 1161 cm™.

¢) synthesis of compound 94 with 93

o)
\—o NH, HCI Ns;}—N/ﬁ \—o N

\=N HCI

92 94

To a solution of compound 92 (245 mg, 1 mmol) in 5 mL of MeOH, was added compound 93 (250
mg, 1.2 mmol), followed by K,CO;3; (276 mg, 2mmol) and CuSO45H,0 (2.5 mg, 0.01 mmol). After
addition, the solution was stirred for 8 h, then diluted with CH,Cl, (10 mL), washed with brine, dried
over MgSQO,, evaporated, and purified with column chromatography (EtOAc:Pet=1:4) to afford
compound 94 (199.75 mg, 85%) as a syrup. TLC: R¢ = 0.69 (EtOAc:cyclohexane = 1:1); '"H NMR
(300 MHz, CDCls): 6 7.12 (d, 2H, J = 8.5 Hz, H-3', H-5"), 6.77 (d, 2H, J = 8.5 Hz, H-2', H-6"), 5.46
(s, 1H, OH), 4.22 (dd, 2H, J= 7.0, 14.4 Hz, CH,CH3), 4.02 (dd, 1H, J = 8.5, 14.0 Hz, N;CH), 3.11 (d,
1H, J=13.9 Hz, CHPH), 3.00 (d, 1H, J = 13.9 Hz, CHPH), 1.29 (m, 3H, CH,CH5).

4.4.2 Synthesis of compound 96

—Q  NH,HCI —0  Nj
—
IASE SO
95 96

Compound 95 (215 mg, 1 mmol) was treated with compound 93 (250 mg, 1.2 mmol), K,CO; (276
mg, 2mmol) and CuSO45H,0 (2.5 mg, 0.01 mmol) as described for compound 92 to afford
compound 96 (168 mg, 82%) as a syrup. TLC: Ry= 0.81 (EtOAc : cyclohexane = 1:4); '"H NMR (400
MHz, CDCl3): 6 7.24-7.36 (m, 5H, PhH), 4.09 (dd, 1H, J = 5.2 Hz and 8.4 Hz, NsCH), 3.79 (s, 3H,
CO,Me), 3.20 (d, 1H, J = 14.0 Hz, CHPh), 3.02 (d, 1H, J = 14.0 Hz, CHPh).

4.4.3 Synthesis of compound 98

-||NH2 » -IIN3
@) HCI O
/ / \io

O

97 98
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Compound 97 (167 mg, 1 mmol) was treated with compound 93 (250 mg, 1.2 mmol), K,COs (276
mg, 2mmol) and CuSO45H,O (2.5 mg, 0.01 mmol) as described for compound 92 to afford
compound 98 (168 mg, 82%) as yellow syrup. 'H NMR (500 MHz, CDCls): § 5.58 (s, 3H, OMe),
2.72 (d, 1H, J=5.17 Hz, NsCH), 2.16 (m, 1H, CH3CH), 1.12 (d, 3H, J = 6.8 Hz, CH3), 0.90 (d, 3H, J
= 6.8 Hz, CH5).

4.4.4 Synthesis of compound 99

A

Si
NG
OH TBDMSCI ©
HO o) HO Q
HO DMAP Pyridine HO oH
OH Sue OMe

66 99

To a 0°C solution of compound 66 (1.94 g, 10 mmol) in 10 mL of pyridine, was added TDSMSCI
(2.27 g, 15 mmol) and DMAP (242 mg, 2 mmol). After stirred for 16 h. the solution was evaporated,
and the residue was partitioned with CH,Cl, and H,O , dried over MgSQy, evaporated, purified with
column chromatography (EtOAc:Pet=1:1) to afford compound 99 (245 mg, 85%) as yellow syrup.
TLC: Ry = 0.27 (EtOAc:cyclohexane = 1:1). '"H NMR (400 MHz, DMSO-ds): 6 0.02(s, 6H, Si(CHs),),
0.86 (s, 9H, C(CH3)3), 3.00 (m, 1H, H-4), 3.16 (m, 1H, H-2), 3.25 (s, 3H, CH3),3.34 (m, 2H, H-3,
H-5),3.60 (dd, 1H, J= 7.2, 11.2 Hz, H-6a), 3.82 (d, 1H, J = 11.2 Hz, H-6b), 4.50 (d, 1H, J= 3.6 Hz,
H-1),4.65 (d, IH, J= 7.2 Hz, OH-2), 4.72 (d, 1H, J= 5.2 Hz, OH-3), 4.83 (d, 1H, J= 6.0 Hz, OH-4);
BC NMR (100 MHz, DMSO-de): 6 -5.3, 17.9, 25.7, 54.0, 62.9, 70.1, 71.9, 72.5, 73.4, 99.6.

4.4.5 Synthesis of compound 100

X W5

O/Si\ O/SI\
HO Q NaH BnO Q
HO OH BnBr BnO BnO
OMe OMe
99 100

To a 0°C solution of compound 99 (308 mg, 1 mmol) in 5 mL of DMF, was added NaH(60%) (200
mg, 5 mmol). After stirring for 45 min, BnBr (598 pL, 5 mmol) was added. After addition, the
solution was stirred for 16 h, then quenched MeOH, and evaporated. The residue was partitioned

with CH,Cl, and H,O, dried over MgSQO,, evaporated, purified with column chromatography
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(EtOAc:Pet=1:4) to afford compound 100 (497 mg, 86%) as yellow syrup. TLC: Ry = 0.42
(EtOAc:Pet = 1:3). '"H NMR (400 MHz, CDClL): § 7.27-7.35 (m, 15H, PhH), 4.63-5.00 (m, 6H,
3XPhCHy»), 4.59 (d, 1H, J=3.3 Hz, H-1), 4.17 (dd, 2H, J = 2.2 and 10.6 Hz, OCH,), 3.97 (t, 1H, J =
9.2 Hz, H-3), 3.84 (dd, 1H, J = 3.3 and 10.2 Hz, H-2), 3.76(m, 1H, H-4), 3.54(m, 1H, H-5), 3.38 (s,
1H, OMe), 0.08 (s, 9H, 3xCH3), -.0.09 (2s, 6H, 2xSiCH3).

4.4.6 Synthesis of compound 101

e

Si
o ™~ OH
Bno/% AcCl Bnoﬁ
BnO BnO
CH3OH BnO
BnO OMe n OMe
100 101

To a solution of compound 100 (578 mg, 1 mmol) in 10 mL of CH30H, was added AcCl (40 uL, 0.15
mmol). After 18 h, the mixture was concentrated, and the residue was partitioned with CH,Cl, and
H,0O, dried over MgSQO,, evaporated, purified with column chromatography (EtOAc:Pet=1:5) to
afford compound 101 (399 mg, 86%) as a white solid. TLC: R¢= 0.27 (EtOAc : cyclohexane = 1:5);
m. p.: 64-66C.

4.4.7 Synthesis of compound 102

OH o/\/
BnO Q Br— = NaH pp0o o)
BnO THE BnO
BnO
OMe BnO  OMe

101 102

To a solution of compound 101 (374 mg, 1 mmol) in 10 mL of THF was added NaH(60%) (80 mg, 2
mmol). After addition, the solution was stirred for 45 min, followed by addition of
3-bromoprop-1-yne (215 pL, 2 mmol). After stirred for 18 h, the reaction was quenched with MeOH
(10 mL), and concentrated. The residue was partitioned with CH,Cl, and H»O, dried over MgSOs,
evaporated, and purified with column chromatography (EtOAc:Pet=1:5) to afford compound 102
(417 mg, 83%) as yellow syrup. TLC: R¢ = 0.72 (EtOAc:cyclohexane = 1:3); 'H NMR (300 MHz,
CDCl): 0 2.37 (s, 1H, C=CH), 3.38 (s, 3H, OMe), 3.52-3.69 (m, 3H, H-5, H-6a,6b), 3.76 (m, 1H,
H-4),3.84 (dd, 1H, J=3.3 Hz and 7.0 Hz, H-2), 3.97 (t, IH, J= 9.2 Hz, H-3), 4.15 (m, 2H, OCH-C
=), 4.59 (d, 1H, J = 3.3 Hz, H-1), 4.63-5.00 (m, 6H, 3xCH,Ph), 7.26-7.35 (m, 15H, PhH); °C NMR
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(75 MHz, CDCl3): 0 55.1, 58.4, 67.9, 69.7, 73.3, 74.8, 74.8, 74.9, 75.6, 79.3, 79.6, 81.9, 98.2,
127.4-128.3(15C), 138.0, 138.3, 138.7.

4.4.8 Synthesis of compound 103

/\/ COOEt Ny
r 4
0 N3 %\ N_ .COOEt
o) BnO '
BnO + .
BnO
BnO
% BnO oM
OMe ©
OH OH
102 94 103

To a solution of compound 102 (50 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 94 (24 mg, 0.1 mmol), followed by Na L-ascorbate (79 mg, 0.4 mmol) and CuSO4-5H,0
(50 mg, 0.2 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl,, washed with
brine, dried over MgSQy, evaporated, and purified with column chromatography (EtOAc:Pet=1:1)
to afford compound 103 (58 mg, 79%) as yellow syrup. TLC: Ry = 0.22 (EtOAc:cyclohexane =1:1),
'H NMR (300 MHz, CDCl3): 6 1.28 (t, 3H, J = 7.2 Hz, OCH,CHj3), 3.37 (m, 2H, pHO-PhCH>),
3.38 (s, 3H, OMe), 3.57-3.78 (m, 5H, H-2, H-4, H-5, OCH,CH3), 4.04 (t, 1H, J = 9.6 Hz, H-3), 4.26
(m, 2H, OCH,C=), 4.54-5.04 (m, 9H, 3xCH,Ph, H-1, H-6a,6b), 5.56 (t, 1H, J = 6.2 Hz, COCH),
6.69 (d, 2H, J = 7.4 Hz, 2x pHO-PhH), 6.81 (d, 2H, J = 7.4 Hz, 2x pHO-PhH), 7.27-7.48 (m, 15H,
3xPhH), 7.56 (s, 1H, NC=CH); °C NMR (75 MHz, CDCl;): § 13.9, 37.9, 55.1, 62.2, 64.0, 64.9,
68.8, 69.9, 73.3, 74.8, 76.0, 77.3, 79.7, 82.1, 98.0, 115.6, 122.8, 125.69, 127.6, 127.86, 128.1,
128.3-128.4, 130.1, 138.0, 138.1, 138.2, 144.6, 155.6, 168.0; HRESIMS: calcd for
[C42H47N309+Na]": 760.3210 found 760.3229.

4.4.9 Synthesis of compound 104

Ney N
o’ A o' L
N
80 o \COOEt - o \COOH
BnO ’ BnO
B B
O Sue O SMe
OH OH

103 104

Z~z

To a solution of compound 103 (113 mg, 0.15 mmol) in a mixture of THF:MeOH: H,O= 2 mL:2 mL.:
2 mL, was added LiOH-H,O (9 mg, 0.23 mmol). After 8 h, IR 120+ cation exchange resin was added.
After filtration, the filtrate was concentrated to afford compound 104 (87 mg, 82%) as yellow syrup.
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TLC: Ry=0.32 (EtOAc:MeOH = 8:1); 'H NMR (400 MHz, CD;0OD): d 3.25 (s, 3H, OMe), 3.45-3.67
(m, 8H, H-6a,6b, H-5, H-4, H-2, pHO-PhCH,, CHCO,H), 3,86 (t, 1H, J = 9.3 Hz, H-3), 4.60-4.96 (m,
9H, 3xCH,Ph, H-1, OCH,C=), 5.55 (s, 1H, PhOH), 6.61 (d, 2H, 2x pHO-PhH ), 6.83 (d, 2H, 2x
pHO-PhH), 7.23-7.36 (m, 15H, PhH), 7.87 (s, 1H, NC=CH); °C NMR (100 MHz, CDCl;): 6 30.8,
55.2,62.2, 64.1,64.7, 68.8, 69.9, 75.7, 76.0, 77.3, 79.7, 82.1, 98.0, 115.6, 127.7-239.8, 130.1, 138.0,
138.1, 138.2, 144.6, 155.4, 166.2; HRESIMS: caled for [C4H4N3Oo+H]": 710.3078 found:
710.3062.

4.4.10 Synthesis of compound 105

COOMe

O N .COOMe
Bno BnO

Bno BnO
BnO

\Z

102 96 105

Compound 102 (50 mg, 0.1 mmol) was treated with compound 96 (21 mg, 0.1 mmol), Na
L-ascorbate (79.2 mg, 0.4 mmol) and CuSO4-5H,0 (50 mg, 0.2 mmol) as for the synthesis of 103.
Purified with column chromatography (EtOAc:Pet=1:1) afforded compound 105 (59 mg, 84%) as
yellow syrup. TLC: R¢= 0.53 (EtOAc : cyclohexane = 1:1); 'H NMR (400 MHz, CDCls): 6 3.31 (m,
2H, H-5, H-6a), 3.37 (s, 3H, OMe), 3.44 (m, 1H, H-6b), 3.56 (m, 1H, H-2), 3.62 (m, 1H, H-4), 3.67
(s, 3H, CO,Me), 3.73-3.78 (m, 2H, CH,Ph), 4.00 (t, 1H, J = 9.2 Hz, H-3), 4.52-5.00 (m, 9H,
3xOCH,Ph, H-1, OCH,C=), 5.50 (m, 1H, COCH), 6.98-7.15 (m, 5H, PhH) 7.27-7.37 (m, 15H,
3xPhH), 7.58 (s, |H, NC=CH); >*C NMR (100 MHz, CDCls): J 38.64, 38.7, 52.9, 60.3, 63.9, 64.8,
68.8, 69.9, 73.3, 75.0, 75.7, 79.8, 82. 98.1, 122.71, 127.5-128.8, 134.7, 138.1, 138.3, 138.7, 144.8,
168.5; HRESIMS: calcd for [C41H45N308+Na]+: 730.3104 found: 730.3128.

4.4.11 Synthesis of compound 106

D

SI\
OH
"o o TBDMSCI . HOHO o)
HO DMAP Pyr 0 C 5
OH ome —g{~ OMe
66 7< ' 106

To a 0°C solution of compound 66 (970 g, 5 mmol) in 10 mL of pyridine, was added TDSMSCI
(2.1 g, 14 mmol) and DMAP (120 mg, 1 mmol). After stirred for 16 h, the solution was evaporated,
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and the residue was partitioned with CH,Cl, and H,O, dried over MgSQ., evaporated, purified with
column chromatography (EtOAc:Pet=1:1) to afford compound 106 (1.16 g, 55%) as yellow syrup.
TLC: Ry = 0.57 (EtOAc:cyclohexane = 1:5); 'H NMR (300 MHz, CDCls): § 0.08 (2s, 12H,
2xSi(CHs),), 0.88 (2s, 18H, 2xC(CHs)3), 2.71 (s, 1H, OH), 3.01 (s, 1H, OH), 3.36 (s, 3H, OMe),
3.43-3.60 (m, 3H, H-5, H-6a,6b), 3.75-3.83 (m, 3H, H-2, H-3, H-4), 4.59 (d, 1H, J = 3.3 Hz, H-1);
BC NMR (75 MHz, CDCls): 6 -5.5, -5.4, -5.2, -4.5, 18.0, 18.2, 25.3, 25.4, 25.5, 25.6, 25.7, 25.8, 55.0
63.8,70.7,71.5,73.3, 73.8, 99.8.

b

4.4.12 Synthesis of compound 107

\>< \><

/Sl\ /S|\
o) SO o)
HO g 0
THF
—5° OMe 7 —/° OMe
| |
rd rd
106 107

To a solution of compound 106 (422 mg, 1 mmol) in 10 mL of THF, was added TBAI (20 mg),
NaH(60%) (200 mg, 5 mmol) and 3-bromoprop-1-yne (50 pL, 5 mmol) in 5 portions over 30 min.
After stirred for 20 h, the reaction was quenched with MeOH (10 mL), then concentrated. The
residue was partitioned with CH,Cl, and H,O, dried over MgSOs, evaporated, purified with column
chromatography (EtOAc:Pet=1:10) to afford compound 107 (368 mg, 74%) as yellow syrup. TLC: Ry
= 0.71 (EtOAc:cyclohexane =1:10); [a]p=+64.93 (¢ 3.5 CH,Cl); 'H NMR (300 MHz, CDCl3): &
0.06 (m, 12H, 2xSi(CH3),), 0.85 (m, 18H, 2xC(CHs3)3), 2.44 (m, 2H, 2xC=H), 3.22 (t, 1H, J=9.3 Hz,
H-3), 3.36 (s, 3H, OMe), 3.38 (m, 1H, H-6a), 3.52 (m, 2H, H-5, H-6b), 3.79-3.95 (m, 2H, H-2, H-4),
4.16-4.42 (m, 4H, 2xOCH,), 4.91 (d, 1H, J = 3.7 Hz, H-1); *C NMR (75 MHz, CDCLy): §-5.2, -5.14,
-5.20 4.9, 17.9, 18.2, 25.7, 25.7, 25.8, 25.8, 25.9, 25.9, 54.5, 58.3, 59.9, 62.4, 70.8, 73.5, 74.0, 74.5,
78.6,79.8, 79.9, 80.1, 97.4.
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4.4.13 Synthesis of compound 108

COOEt
COOEt MNey
N\?R OTBDMS
OTBDMS o o
Na L-ascorbate COOEt
R Ney ©
N TBDMSO
TBDMSO CuSOy4, CHCIH0 || I OMe
108
OH

To a solution of compound 107 (50 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 94 (48 mg, 0.2 mmol), followed by Na L-ascorbate (160 mg, 0.8 mmol) and CuSO4-5H,0
(100 mg, 0.4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl,, washed with
brine, dried over MgSQy, evaporated, and purified with column chromatography (EtOAc:Pet=1:1) to
afford compound 108 (48 mg, 50%) as yellow syrup. TLC: Rf = 0.77 (EtOAc:cyclohexane = 1:2);
[a]p=-21.08 (¢ 0.19 CH,Cl,); '"H NMR (300 MHz, CDCls): § 0.10 (m, 12H, 2xSi(CHs),), 0.95 (m,
18H, 2xC(CHs)3), 1.25 (m, 6H, 2xCH,CHs), 3.03-3.09 (m, 2H, H-2, H-4), 3.18 (s, 3H, OMe),
3.29-3.49 (m, 10H, H-6a,6b, 2xCO,CH,, 2xOCH,C=), 3.81 (m, 2H, H-1, H-5),3.92 (t, I1H, J=9.2
Hz, H-3), 4.08-4.28 (m, 4H, 2xPhCH,), 5.41 (m, 2H, 2xCH=), 6.65-6.87 (m, 8H, 2xp-OHPhH), 7.37
(s, 1H, NC=CH ), 7.52 (s, IH, NC=CH); °C NMR (75 MHz, CDCl;): d -5.4, -5.2, -4.3, -3.9, 13.8,
13.9, 14.1, 17.9, 18.3, 25.8, 37.5, 38.1, 54.5, 60.3, 62.3, 62.4, 63.2, 64.1, 64.3, 64.7, 65.1, 71.1, 73.8,
77.9, 79.0, 97.4, 115.7, 116.4, 123.1, 123.7, 125,6, 125.8, 129.6, 129.9, 144.1, 144.5, 155.7, 156.0,
155.7, 156.0, 167.8, 167.9,168.1, 170.1, 171.2; HRESIMS: calcd for [C47H7,Ns01,Si,+H]": 969.4825
found: 969.4835.

4.4.14 Synthesis of compound 110

COOEt

Go0E:
OTBDMS OHO
COOE! % COOEt
N TBDMSO OMe Cheon V\"Q O ome
oy 10

To a solution of compound 108 (97 mg, 0.1 mmol) in 5 mL of CH3;0OH, was added AcClI (1 pL, 0.015
mmol). After stirred for 24 h, the mixture was concentrated, and the residue was partitioned with
CH,Cl, and H,O, dried over MgSO,, evaporated, purified with column chromatography (EtOAc) to
afford compound 110 (49 mg, 67%) as yellow syrup. TLC: R¢ = 0.25 (EtOAc); [a]p=-1.72 (c 0.29
EtOAc); 'H NMR (300 MHz, CDCl3): 6 1.32 (m, 6H, 2xOCH,CHs), 2.82 (t, 1H, J = 9.9 Hz, H-3),
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3.07 (dd, 1H, J = 3.7 and 9.2 Hz, H-2), 3.32 (m, 2H, H-6a, 6b ), 3.37 (s, 3H, OMe), 3.47-3.79 (m,
10H, H-5, H-4, 2xOCH,, 2xCH>CHs ), 4.30-5.06(m, 4H, 2xCH>Ph), 4.79 (d, 1H, J = 3.3 Hz, H-1),
5.48, 5.69 (2dd, 2H, J = 4.8 and 4.0 Hz, 2xCOCH), 6.56-6.68 (m, 8H, PhH), 7.66 (s, 1H, NC=CH),
7.80(s, 1H, NC=CH); '*C NMR (75 MHz, CDCls): 6 13.96.13.98, 30.81.30.82, 37.05, 38.13, 55.07,
60.38, 61.50, 62.58, 62.6, 63.1, 63.3, 64.4, 69.7, 72.1, 73.1, 96.4, 115.6, 115.9, 124.0, 124.3, 124.7,
129.33-129.36, 144.0, 144.3, 156.2, 156.2, 168.0, 168.1.

4.4.15 Synthesis of compound 111
COOEt CO,H

Nx N
N B OH NN
=l _ OH
=l 5
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N\/IJ HO OMe
OH 111

To a solution of compound 110 (74 mg, 0.1 mmol) in a mixture of THF:MeOH: H,O=2 mL:2 mL: 2
mL, was added LiOH-H,O (7 mg, 0.15 mmol). After 8 h, IR 120+ cation exchange resin was added.
After filtration, the filtrate was concentrated to afford compound 111 (54 mg, 79%) as yellow syrup.
TLC: Rr = 0.41 (EtOAc : MeOH =6:1); HRESIMS: calcd for [C31H36N6012+H]+: 685.2469 found:
685.2471.

4.4.16 Synthesis of compound 112

COzMe
Cco,M
e OTBDMS
OTBDMS N3
VO% Na L-ascorbate COzMe %
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OMe
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To a solution of compound 107 (50 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 96 (48 mg, 0.2 mmol), followed by Na L-ascorbate (160 mg, 0.8 mmol) and CuSO4-5H,0
(100 mg, 0.4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl,, washed with
brine, dried over MgSQy, evaporated, and purified with column chromatography (EtOAc:Pet=1:5) to
afford compound 112 (58 mg, 63%) as yellow syrup. TLC: Ry = 0.44 (EtOAc:cyclohexane = 1:2), '

NMR (400 MHz, CDCls): 6 0.01-0.08 (m, 12H, 2xSi(CHs3)2), 0.95 (m, 18H, 2xC(CHj3)3), 3.25 (s, 3H,
OMe), 3.36-3.57 (m, 7H, H-5, H-6a,6b, 2xOCH,C=), 3.74, 3.76 (2s, 6H, 2xCO,Me), 3.80 (m, 2H,
H-2, H-4), 3.94 (t, 1H, J=9.2 Hz, H-3), 4.51 (d, 1H, J = 3.6 Hz, H-1), 4.86-4.91 (m, 4H, 2xCH,Ph),
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5.55 (m, 2H, 2xCOCH), 7.05-7.29 (m, 10H, 2xPhH), 7.55, 7.67 (2s, 2H, 2xNC=CH), *C NMR (100
MHz, CDCl;): ¢ 0,01-0,08, 14.19-18.3, 25.9-26.0, 38.71, 38.8, 52.9, 53.0, 54.6, 60.3, 62.27, 63.9,
64.0, 64.5, 66.3, 71.2, 73.6, 79.1, 80.5, 97.5, 121.9, 122.8, 127.5-128.8, 134.7, 134.8, 145.3, 1454,
168.5, 168.6; HRESIMS: calcd for [C45H68N60108i2+Na]+: 931.4433 found: 931.4434.

4.4.17 Synthesis of compound 113

COzMe

CO,Me
/NQN N-
N\/R o
OTBDMS N
= _ OH
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N\/V

113

To a solution of compound 112 (92 mg, 0.1 mmol) in 5 mL of CH30H, was added AcClI (1 pL, 0.015
mmol). After stirred for 24 h, the mixture was concentrated. the residue was partitioned with EtOAc
and H,0O, dried over MgSQy,, evaporated, and purified with column chromatography (EtOAc) to
afford compound 113 (60 mg, 88%) as yellow syrup. TLC: Ry = 0.52(EtOAc), '"H NMR (400 MHz,
CDCls): 0 3.34 (s, 3H, OMe), 3.43-3.62 (m, 9H, H-5, H-6a,6b, H-2, H-4, 2xOCH,C=), 3.75, 3.76 (2s,
6H, 2xCO,Me), 4.09 (t, 1H, J = 9.2 Hz, H-3), 4.76-4.95 (m, 5H, H-1, 2xPhCH,), 5.57 (m, 2H,
2xCOCH), 7.04-7.27 (m, 10H, PhH), 7.60, 7.67 (2s, 2H, 2xNC=CH); *C NMR (100 MHz, CDCl;):
o 38.7, 53.1, 55.1, 61.4, 64.0, 64.2, 65.2, 70.2, 73.5, 79.1, 80.1, 97.5, 122.3, 122.7, 127.6,
128.7-128.9, 134.6, 145.0, 145.4, 168.6, 168.6; HRESIMS: calcd for [C33H4NOo+Na]": 703.2704
found: 703.2717.

4.4.18 Synthesis of compound 114

O/SI\ O/SI\
HO (0] BnBr NaH BnO (0]
HO v DMF BnO v
—si  OMe ~si OMe
A A
106 114

To a 0°C solution of compound 106 (422 mg, 1 mmol) in 5 mL of DMF, was added NaH(60%) (200
mg, 5 mmol) and BnBr (120 pL, 5 mmol) in portions over 30 min. After addition, the solution was

stirred for 16 h. The reaction was quenched 10 mL of MeOH, then evaporated. The residue was
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partitioned with CH,Cl, and H,O, dried over MgSQ,, evaporated, and purified with column
chromatography (EtOAc:Pet=1:6) to afford compound 114 (600 mg, 86%) as yellow syrup. TLC: Ry
= 0.41 (EtOAc:cyclohexane = 1:5); [a]p=145.36 (¢ 0.28 CH,CL,); '"H NMR (300 MHz, CDCls): §
0.39 (m, 12H, 2xSi(CHs),), 0.89 (m, 18H, 2xC(CHs)3), 3.25 (s, 3H, OMe), 3.26-3.30 (m, 2H,
H-6a,6b), 3.55 (m, 1H, H-5), 3.69-3.74 (m, 2H, H-2, H-4), 4.01 (t, 1H, /= 9.2 Hz, H-3), 4.42 (d, 1H,
J = 3.3 Hz, H-1), 4.50-4.87 (m, 4H, 2xCHPh ), 7.25-7.33 (m, 10H, PhH); °*C NMR (75 MHz,
CDCl): 0 -5.5,-5.2, -4.4, -3.9, 18.0, 18.0, 18.1, 18.2, 25.8, 25.8, 25.9, 25.9, 26.0, 26.0, 54.6, 62.3,
71.3,73.4,73.9, 74.6, 79.2, 80.4, 97.8, 127.3, 127.3, 127.4, 127.7, 127.7, 127.8, 127.9, 128.1, 128.1,
128.2, 138.4, 138.5.

4.4.19 Synthesis of compound 115
DA
Si
o~

1 OH
BnO (0] AcCl BnO (0]
BnO CH50H BnO
O OH

\SI/ OMe OMe

114 115

To a solution of compound 114 (602 mg, 1 mmol) in 10 mL of CH30H, was added AcCl (10 pL, 0.15
mmol). After stirred for 24 h, the mixture was concentrated, and the residue partitioned with EtOAc
and H,O, dried over MgSQOy, evaporated, purified with column chromatography (EtOAc:cyclohexane
= 1:4) to afford compound 115 (236 mg, 63%) as yellow syrup. TLC: Rr= 0.21 (EtOAc:cyclohexane
= 1:3); [a]o=+61.95(c 0.20 CH,Cl,); "H NMR (300 MHz, CDCl5): ¢ 3.32 (s, 3H, OMe), 3.33-3.37 (m,
2H, H-6a,6b), 3.61-3.77 (m, 3H, H-2, H-4, H-5), 4.10 (t, 1H, J = 9.2 Hz, H-3), 4.59 (d, IH, J=3.3
Hz, H-1), 4.68-4.93 (m, 4H, 2xPhCH,), 7.25-7.38 (m, 10H, PhH); >C NMR (75 MHz, CDCl;): 6
55.1, 61.9, 70.1, 73.0, 73.3, 74.4, 77.1, 79.5, 97.4, 127.8, 127.8, 127.9, 127.9, 128.0, 128.1, 128.2,
128.3, 128.4, 128.5, 137.8, 138.2.

4.4.20 Synthesis of compound 116

OH
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115 116

To a solution of compound 115 (374 mg, 1 mmol) in 10 mL of THF, was added NaH(60%) (120 mg,
3 mmol), stirred for 45 min, followed by addition of 3-bromoprop-1-yne (215 pL, 2 mmol). After
stirred for 18 h, the reaction was quenched with MeOH (10 mL), then concentrated. The residue was
partitioned with CH,Cl, and H,O, dried over MgSQ,, evaporated, and purified with column
chromatography (EtOAc:Pet=1:5) to afford compound 116 (423 mg, 94%) as yellow syrup. TLC: R¢
= 0.81 (EtOAc:cyclohexane = 1:3); [a]p=+44.08 (¢ 3.5 CH,Cl,); "H NMR (300 MHz, CDCl3): § 2.37
2.38 (2t, 2H, J = 2.6 Hz, 2xC=CH), 3.34 (s, 3H, OMe), 3.47-3.59 (m, 2H, H-6a,6b), 3.63-3.74 (m,
2H, H-5, H-4), 3.81-3.91 (m, 2H, H-2, H-3), 4.14-4.18 (m, 2H, OCH,), 4.44-4.97 (m, 7TH, OCH,,
2xPhCH,, H-1), 7.28-7.37 (m, 10H, PhH); >C NMR (75 MHz, CDCls): J 30.82, 55.0, 58.4, 60.3,
67.8, 69.6, 73.2, 74.0, 74.8, 75.0, 79.3, 79.4, 80.2, 81.6, 98.0, 127.6, 127.7, 128.0, 128.0, 128.1,
128.1, 128.2, 128.3, 128.4, 128.5, 137.9, 138.2.

2

4.4.21 Synthesis of compound 117
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To a solution of compound 116 (450 mg, 1 mmol) in 2 mL of CH,Cl, and 2 of mL H,0O, was added
compound 94 (470 mg, 2 mmol), followed by addition of Na L-ascorbate (1.6 g, 8 mmol) and
CuSO45H,0 (1 g, 4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl, (3x10 mL),
washed with brine, dried over MgSQO,, evaporated, and purified with column chromatography
(EtOAc:Pet=1:1) to afford compound 117 (478 mg, 52%) as yellow syrup. TLC: Ry = 0.44
(EtOAc:cyclohexane = 2:1); [a]p=+1.82 (¢ 0.17 CH,Cl); "H NMR (400 MHz, CDCls): ¢ 1.23 (m,
6H, 2xOCH,CH3), 3.11-3.21 (m, 1H, H-6a), 3.32 (s, 3H, OMe), 3.38-3.50 (m, 2H, H-5, H-6b),
3.63-3.80 (m, 4H, 2xOCH,C=), 3.94 (t, 1H, J =9.2 Hz, H-3), 4.10-4.18 (m, 4H, 2xOCH,CHs),
4.22-5.13 (m, 11H, 2xPhCH,, 2xp-OHPhCH,, H-1, H-2, H-4), 5.52-5.54 (m, 2H, 2xCOCH),
6.56-6.70 (m, 8H, p-OHPhH), 7.24-7.36 (m, 10H, PhH), 7.51, 7.69 (2s, 2H, 2xNC=CH); °C NMR
(100 MHz, CDCls): 6 13.9, 13.9, 38.0, 38.1, 55.1, 60.3, 62.3, 62.4, 63.7, 64.1, 64.7, 65.4, 68.9, 69.7,
73.1, 74.6, 79.7, 81.7, 98.1, 115.5, 115.8, 122.7, 122.9, 124.7, 125.2, 127.5, 127.5, 127.6, 127.7,
127.8, 127.9, 128.0, 128.3, 128.3, 128.5, 128.6, 128.8, 128.9, 129.0, 129.1, 129.3, 129.6, 129.8,
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138.0, 144.0, 155.8, 156.3, 168.0, 168.3; HRESIMS: calcd for [C49HssNsO1+Na]": 943.3854 found:
943.3861.

4.4.22 Synthesis of compound 118

EtO,C HO,C

N
N

N
N

E0,C ., HOC 148

To a solution of compound 117 (92 mg, 0.1 mmol) in a mixture of THF:MeOH: H,O=2 mL:2 mL: 2
mL, was added LiOH-H,O (7 mg, 0.15 mmol). After 8 h, IR 120+ cation exchange resin was added.
After filtration, the filtrate was concentrated to afford compound 118 (74 mg, 86%) as yellow syrup.
TLC: Ry = 0.34 (EtOAc:MeOH = 6:1); 'H NMR (400 MHz, CDCls): ¢ 3.11-3.21 (m, 1H, H-6a), 3.27
(s, 3H, OMe), 3.31-3.48 (m, 2H, H-5, H-6b), 3.58-3.77 (m, 4H, 2xOCH,C=), 3.90 (t, 1H, J =9.2 Hz,
H-3), 4.12-5.07 (m, 11H, 2xPhCH,, 2xp-OHPhCH,, H-1, H-2, H-4), 5.44-5.51 (m, 2H, 2xCOCH),
6.51-6.69 (m, 8H, 2xp-OHPhH), 7.20-7.27 (m, 10H, PhH), 7.44, 7.57 (2s, 2H, 2xXNC=CH);
HRESIMS: calcd for [C45H48N6012+H]+:865.3408 found: 865.3420.

4.4.23 Synthesis of compound 119

(0)
o/v// CO,Me BnO N
Bnoﬁ N : Na L-ascorbate ~ BnO

BnO
5 CuSO4, CHoCly/H,0 OMe
OMe N
\
&\ / /N
= N
116 96

MeO,C' .o

To a solution of compound 116 (45 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 96 (41 mg, 0.2 mmol), followed by Na L-ascorbate (160 mg, 0.8 mmol) and CuSO4 5H,0
(100 mg, 0.4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl, (3x10 mL),
washed with brine, dried over MgSQO4, evaporated, and purified with column chromatography
(EtOAc:Pet=1:1) to afford compound 119 (49 mg, 57%) as yellow syrup. TLC: Ry = 0.22 (EtOAc :
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cyclohexane =1:1), 'H NMR (400 MHz, CDCls): 6 3.21-3.28 (m, 1H, H-6a), 3.34 (s, 3H, OMe),
3.41-3.59 (m, 4H, H-2, H-4, H-5, H-6b), 3.61-3.65 (m, 4H, 2xOCH,C=), 3.68, 3.69 (2s, 6H,
2xCO,Me), 3.94 (t, 1H, J=9.2 Hz, H-3), 4.67-5.09 (m, 9H, 4xPhCH,, H-1), 5.47 (m, 2H, 2xCOCH),
7.00-7.38 (m, 20H, PhH), 7.52 (s, 1H, NC=CH), 7.57 (s, 1H, NC=CH); "“C NMR (100 MHz,
CDCly): 38.6, 38.7, 52.9, 53.0, 53.5, 55.2, 63.9, 63.9, 64.9, 66.7, 68.7, 69.8, 73.2, 74.9, 79.6, 81.9,
98.0, 122.4, 122.6 127.5, 127.6, 127.7, 127.8, 127.9, 127.9, 128.0, 128.1, 128.2, 128.2, 128.4, 128.5,
128.5, 128.6, 128.7, 128.8, 128.9, 134.6, 134.8, 138.2, 138.2, 138.3, 138.3, 138.5, 144.8, 145.5,
168.5, 168.5; HRESIMS: calcd for [C47Hs5:NgO;o+Na] :883.3643 found: 883.3655.

4.4.24 Synthesis of compound 120

MeO,C HOOG
N N,
o O e O
BnO O “-N BnO O "N
BnO LiOH BnO
o) —_— o)

OMe OMe
N N
% N % N
N>_/© N
MeO,C 1o HOOC o0

To a solution of compound 119 (86 mg, 0.1 mmol) in a mixture of THF:MeOH: H,O=2 mL:2 mL: 2
mL, was added LiOH-H,O (7 mg, 0.15 mmol). After 8 h, IR 120+ cation exchange resin was added.
After filtration, the filtrate was concentrated to afford compound 120 (67 mg, 81%) as yellow syrup.
TLC: R¢= 0.22 (EtOAc:cyclohexane =1:1). I will ask prof. CHEN.

4.4.25 Synthesis of compound 122

N, OH

N

COOEt
OMe : 9
OAc_ o ~F N3 oA OMe
0 OO + Na L-ascorbate co
- >
AcO o
OAc CUSO4, CHzcllezo AcO
OMe
121

OAc
OH OMe

94 122

To a solution of compound 121 (52 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 94 (41 mg, 0.2 mmol), followed by Na L-ascorbate (160 mg, 0.8 mmol) and CuSO4-5H,0
(100 mg, 0.4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl, (3x10 mL),
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washed with brine, dried over MgSQ,, evaporated, and purified with column chromatography
(EtOAc:Pet=1:1) to afford compound 122 (46 mg, 61%) as yellow syrup. TLC: Ry = 0.27
(EtOAc:cyclohexane 1:1); '"H NMR (400 MHz, CDCl3): ¢ 1.29 (m, 3H, OCH,CHs), 1.74, 2.05, 2.27
(3s, 9H, 3x0OAc), 3.44 (m, 4H, OCH,, H-6a,6b), 3.96, 4.02 (2s, 6H, 2xArOMe), 4.26 (m, 2H,
OCH,CH3), 4.54 (m, 2H, H-5, H-4), 5.08 (d, 1H, J = 10.0 Hz, H-1), 5.24 (d, 1H, J = 9.6 Hz, H-3),
5.47 (m, 2H, CH,Ph), 5.59 (s, 1H, COCH), 5.74 (t, 1H, J = 10.0 Hz, H-2), 6.68-6.82 (m, 5H,
naphthylH), 7.36 (1H, m, NC=CH), 7.54 (m, 2H, benzylH), 8.05 (d, 1H, J = 8.0 Hz, benzylH), 8.23
(d, 1H, J = 8.0 Hz, benzylH); >’C NMR (100 MHz, CDCls): § 14.0, 20.5, 20.8, 20.9, 29.0, 29.7, 30.9,
30.9, 30.9, 38.0, 55.7, 56.5, 62.4, 63.4, 64.3, 64.6, 66.2, 67.6, 68.1, 68.3, 72.0, 73.4, 76.0, 115.6,
122.1, 122.5, 123.8, 125.8, 126.2, 128.0, 130.2, 148.5, 152.3, 155.8, 167.9, 169.1, 170.6, 171.2;
HRESIMS: calcd for [C33H43N30,3+Na]™: 772.2694 found: 772.2698.

4.4.26 Synthesis of compound 123

CO,Me \ N
OMe - N
OAc_ o ~F N oA OMe
0 OO . Na L-ascorbate e
- >
AcO 0
OA CUSO4, CH2C|2/H20 AcO
c
OMe OAC

OMe
121 96 123

To a solution of compound 120 (52 mg, 0.1 mmol) in 2 mL of CH,Cl, and 2 mL of H,O, was added
compound 96 (41 mg, 0.2 mmol), followed by Na L-ascorbate (160 mg, 0.8 mmol) and CuSO4 5H,O
(100 mg, 0.4 mmol). The reaction was stirred for 36 h, then extracted with CH,Cl, (3x10 mL),
washed with brine, dried over MgSO,, evaporated, and purified with column chromatography
(EtOAc:Pet=1:1) to afford compound 123 (37 mg, 52%) as yellow syrup. TLC: Ry = 0.33
(EtOAc:cyclohexane = 1:1); '"H NMR (400 MHz, CDCls): § 1.72, 2.01, 2.21 (3s, 9H, 3xOAc), 3.34
(m, 1H, H-5), 3.47 (m, 1H, H-6a), 3.60 (m, 3H, OCH,, H-6b), 3.71 (s, 3H, CO,CHj3), 3.93 (s, 3H,
ArOMe), 3.97 (s, 3H, ArOMe), 4.58 (m, 2H, H-7a,7b), 5.08 (d, 1H, J=10.0 Hz, H-1), 5.28 (d, IH, J
=9.6 Hz, H-3), 5.48 (m, 1H, COCH), 5.61 (s, 1H, H-4), 5.72 (t, 1H, J=10.0 Hz, H-2), 6.81-8.23 (m,
11H, ArH, NC=CH); >C NMR (100 MHz, CDCl;): 6 14.2, 20.5, 20.7, 20.9, 21.0, 29.6, 38.6, 53.0,
55.6, 60.4, 63.4, 64.0, 64.8, 68.3, 68.4, 68.5, 74.7, 76.3, 101.9, 122.2, 122.5, 122.7, 123.8, 126.1,
126.7, 127.0, 127.5, 128.1, 128.7, 128.8, 134.7, 144.7, 148.8, 152.1, 168.5, 169.0, 170.3, HRESIMS:
calced for [C37H41N3012+Na]+: 742.2588 found 742.2607.
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4.4.27 Synthesis of compound 124

OH Ng— N
8O o  DIAD PPh, DPPA> BnO e,
BnO THF BnO
OH

OMe OMe

115 124

To a 0°C solution of PPh; (452 mg, 1.73 mmol) in 6 mL of THF, was added DIAD (340 uL, 1.72
mmol). After 30 min, a solution of compound 115 (129 mg, 0.35 mmol) in 4 mL of THF was added,
followed by DPPA (375uL, 1.73 mmol). The reaction was stirred for 36 h, then extracted with
CH,Cl, (3%10 mL), washed with brine, dried over MgSQO,, evaporated, and purified with column
chromatography (EtOAc:Pet=1:1) to afford compound 124 (101 mg, 68%) as yellow syrup.. TLC: Ry
= 0.63 (EtOAc:cyclohexane = 1:6); "H NMR (300 MHz, CDCl3): 0 3.35 (s, 3H, OMe), 3.37-3.49 (m,
4H, H-3, H-5, H-6a,6b), 3.75 (m, 1H, H-2), 4.07 (t, 1H, J = 9.2 Hz, H-4), 4.62-4.93 (m, 5H,
2xPhCH,, H-1), 7.29-7.38 (m, 10H, PhH); *C NMR (75 MHz, CDCls): 6 51.3, 55.2, 69.4, 73.0, 73.3,
74.5,77.9,79.5,97.25(C1), 127.8-128.5, 138.04, 137.71.
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