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Abstract

Reaction of the methyl ester of 2-chkrro-3-.S-phenyl-3-thiosial ic acid (0 with sodium
thiomethoxide in acetonitr i le at 0 'C affords the rnethyl ester of 2-S-methyl-3-S-phenyl-2,3-di-
thio-a-sial ic acid (6a) in quanti tat ive yield. Sialvlat ion of tetrahydropyran-2-methanol (7) and
2-(tr imethylsi lyl)ethyl 2,2'.3.6.6'-penta-O-benzvl-a-lactoside (8) with 6a rn the presence of
phenylsult-enyl tr i f- late (PST) as promotor in CH ,CN at -.10 nC givcs rv-sialosides 9 and l0
in good y ie ld and excel lent  s tereoselect iv i t l , .  No B-sra los ic lcs i l rc  tornred in  e i ther  case.
Acety lat ion of  product  10.  ancl  the subseqLlent  redLrct i \c  rcnro\u l  o l  thc '3- th iophenyl  group
usins Ph,SnH. af f i r rds l2  -  protectcd GI \ l i  t r is r ieehar i r lc  in  l l l ( r i  v ic ld  af ter  two steps.
Sia l r la t ion ot 'acccpt( ) r  t l  u i th  ehlonclc  - l  us inr  : i l rcr  t r i l ' l i r tc  us pr 'onrotor  at forded 10 in  487c

l ie ld  a t ' t e r  tuo  d l r s  u t  -  l 5  C ' in  THF.  , \  poss rb lc  n rcchan ism o l ' s ia l y la t ion  w i th  6a  tha t
inro l rcs in tennediate ry-  and /3-n i t r i l iurn ions is  d iscussed.  O 1997 Elsevier  Science Ltd.

Kclr lorr l . r . '  Stereoselect i rc r r -s ia lv latron:  Thiogl i tcosic le:  Plreny' lsul f 'eny ' l  t r i l la te:  Sia ly l  -u lycoside

1. Introduction

This paper describes an effective preparation of
a-sialyl  glycosides using 2-S-methyl-3-S-phenyl-2.3-
dithiosial ic acid as the ult imate donor of the sialyl
group and phenylsulf-enyl triflate (PST) as promotor.
Practical and stereocontrol led chemical syntheses of
sialyl glycosides are of particular interest fbr the
preparation of analogs of sialosides. Donors based on
the 2-halogeno sial ic acid group give poor yield and
stereoselectivi ty t l  ] .  Stereoselectivi ty can be in-
creased with thioglycosides and xanthates of sial ic
acid, when these compounds are activated with
equimolar amounts of thiophi l ic reagents in nitr i le

" Corresponding author.
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solvents at  low temperature l2 l .  Dimethy l -
(methylthio)sultoniurn tr i f late (DMTST) [3].  methyl-
sulf-enyl triflate (MST) [,1]. and phenylsulfenyl trif-late
(PST) t5] the rea-eent that we have introduced
recently as a convenient substi tute for MST
the most eff-ect ir  e lrct ivators.

H :C. *  ?  ?
Tfo 

, ,  ̂ , t - t "n ,  cF3-s-oscH3 cF3-s-osPh
r-r3u O O

DMTST MST PST

Although the cv-sialoside is the major stereoisomer

fbrrned in nitri le solvents. as much as 307a of the
undesired B-product has been reported in some cases

[6] .  As we have shown previously [5] ,  the amount of

Ltd.  Al l  r ights reserved.
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the B-product increases with more reactive acceptors
such as primary or al lyl ic alcohols. The 2-halogent-r
and 2-thio sial ic acid-derived donors (without a sub-
st i tuent  in  the 3-posi t ion)  undergo substant ia l  e l i rn i -
nation to sialyl  glycal:  an excess of these donors
(they are expensive and relatrvely dit f icult  to prepare)
is required in order to obtain reasonable yields.

Sia ly l  donors 1 and 2 that  have an auxi l iary  3-SPh
group have recently been introduced by Ogawa [7]
and Magnusson [U]. Donor lb was used by Nicolaou

[9] in the total chemical synthesis of sialyl  Lewis X.

fnrm s ia l -v . ' l  g lycal  3 .  and when act i r  u tcd wi th PST.
they g ive ry-s ia los ides in  good v ic ld .  A possib le
rnechanism ol ' the react ion is  a lso d iscusscd.

2. Results and discussion

Pt ' t '1t t t t ' r t t i r t r t  of '  .s iu lv l  t lonrtr .s urtd .studi t . t  t , t r  r t r t / t  -

l u t i o r r . - S i a l r I  g l v c a l  3 .  o n  r e a c t i o n  u i t h  p h c n r l -

su l l ' enr  I  e  h lo r ide  in  d ich lo romethane a t  a t lb icn l  t cnr -

penl turc.  s l lvc r . t  c l i i ts tereomeric mixture t t t 'chlor i t icr  - l

r u n c l  5  i n  n r o l u r  r u t i o  2 . 3 : l  a s  d e s c r i b e d  b y  K o n t l t ,  I t l l ]
(Schenrc  l ) .  Th is  mix tu re  was separa ted  b 'n '  co l t t t t t t t

chron'urtogrupht.  The rat io of  d iastereomers c l i r l  r tot

ch l rngc  uhcn thc  reac t ion  was car r ied  ou t  a t  0  ( ' .

Thc  rnos t  succcss fu l  p rocedure  fo r  the  syn thcs is  o l '

s i l r l r  I  donor  invo lved the  reac t ion  o f  ch lo r ide  . l  u  i th

soc l iu rn  th ionre thox ic le  in  ace ton i t r i le  a t  0  "C.  Thro-
g l r  cos idc  6a  was ob ta ined in  quant i ta t i ve  y ie ld .  In

eontnr : t .  thc  rcac t ion  o f  4  w i th  O-e thy l  S-po tass iLu t t

t l i th iocarhonate  rcqu i red  3  days  in  E IOH a t  50  oC:  the

r r rn thu tc  6b  u 'as  i so la ted  in  on ly  487c  y ie ld .  and i t

u u:  cor.r turninated by a number of  r - rn ident i f ied br ' -

n ror luc ts .  When aceton i t r i le  was  used as  a  so lvent  in

thi :  r 'eact ion.  l r  contpler tn ixtLlrc of  prodr-rcts \ \ ' i ls

l i r r rncr l .
\ \ 'e stucl iccl  s ia lv latron of  acceptors 7 and [ l  u i th

clonor 6a in CH ,CN at -  40 "C using PST as prot t to-

tor  und cl i - tcrr-butvlpyr id ine (DTBP) as proton sci . l \ ' -

cngcr '  (Scherne 2) .  We used racemic  a lcoho l  7  as  a

rnode I  t i r r  preparat ion of  the NeuAc-2,6-Gal l inkaee.

i - l  eonrponcnt that  of ten occurs in gangl iosides. Corn-

1'round 9 was obtained as a l :  I  d iastereomeric mixture

BnQ OBn
q x

\ |
bnu,,,L_..-.-  ^ !\J /  .e 

ozMe
AcHN--d_S '

B n O  p n

AcQ OAc
I  co^Me
\  "  " 1

ACLr, ' , \ - -  , -1 .\ n / ,  _  ^

A c H N  A / . s r t
AcO ph

2
1 a :  X = C l
1 b .  X = B r

Donors I and 2 give in mc-rst cases a-sialosides and
do not undergo undesired el imination to sialyl  glycal.
The syntheses of donors of type 1, however. require
approximately six steps start ing from sialyl  -r lycal:
when activated with mercury or si lver salts. these
donors give a-sialosides in only moderate yield l l .9l
Donor 2 was prepared in three steps from sialyl
glycal and gave sialosides in a good yield when
activated with MST in acetonitr i le t8].  The major
drawback of this method is that MST and the reagents
used for its preparation are unstable and toxic. MST
also gives by-products that are O-alkylated.

In this paper we show that a-sialyl  donors of type
2 can be convenient ly  prepared in  two steps star t ins

AcQ oAcq
AcO,,,L_--'-n

/  " \ t -CO2Me
AcHNJ,-f</

OAc

AcO,,,!-_-_-.'..tO ---, 
CO2Me

AcHN- ' -4 - /_c : "
U

AcO ph

AcO OAc

^ " ^ (  c l

: :"":= "+co2Me+ AcHN=.t/-------7

AcO I
" 'Ph

5 , 2 5 %

PhSCI  CH2C|2  r t
-.........---__-_____

o"l 
,oo' C I

4 , 5 8 o / o

M e S N a ,  M e C N
1oo:-''''

AcQ oAc
L{ co2Me

AcO,,,L--r__ n_)_
4.1-111-./4,.14 SMe

AcO 'ph

- - \  KSC(S)OEI,  EIOH
48%---\

AcQ OAc
I  I  co2Me

AcO,,, l- . ,--_A

AcHN- ;1  
'SC(S)OEI

ACL/ Ph

6a

S c h e m e  l .

6 b
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R 1 = S P h .  R z = H

Rr  =  SPh ;  R2  =  Ac

R r = H ;  R z = A c

9

Ac2O. Py DMAP
940k

Ph3SnH,  A IBN,  to luene
87%1 2

in 80q( 1' ' ield. Sialylat ion of acceptor t t  occLrrrcd
selectivelv at the equatorial 3'-OH. rather than the
axiarl  4'-OH. and generated the rr-product l0 in 83c/r
yield. No p-sialosides were detected in either case.
' l 'he 

only compounds in thc product mixture were the
Llnrcacted acceptor (used in excess) and a small
arnount ol ' the unreacted donor 6a. Acetylat ion of 10.
and the subsequent reductive removal of the 3-S-
phenyl group using Ph,SnH. alforded 12 pro-
tected GM, trisaccharide - in 82% yield after two
steps.

We also examined several less-successful alterna-
t ive condit ions for sialylat ion cl l-  acceptor 8 with
chloride 4 using si lver tr i f late as promotor. Product
l0 was obtained in 18c/c vield al ' ter two davs at - l5

S c h c r n c  l .

PhSCI + AgOTf
I+

MeOzC
PhSOTf  Nn- \n--1^

M e C N  A c H N -  
* "

AcO

ncHr.r-7

1 9

Schen ie  3 .

C in THF as a solvent.  No react ion occurred at  -  30
-(1.  lne rcasrng ther temperatLlre to -5 "C resul ted in
Iowcr r  ic ld ol '  l0 i rnd more by-products.  TFIF was the
b e s t  i t r n o n c  t h c  s o l r c n t s  t r i e d  ( C H . , C l , ,  C C l a .  a n d

cH rcN ) .
We ident i f ied  the  s i te  o l ' s ia ly la t ion  in  thc  p roduc t

10 based on obscrvat ion ol '  a downf ie ld shi f t  of  the

C-1'  proton of  i ts  acetylat ion product 11. We deter-
mined the stereochemistry of  the glycosidic l inkase
in products 6a and l0 to be rr by the measurement of

t h e  l o n g - r a n g e  
' t C - ' H  

c o u p l i n g  c o n s t a n t s
( - / , , , . , , .  r ) r r . r . r . a r i a r )  7 . 4  H z ,  i ' o r  6 a :

- / r , ( . ( ( .  r r  , H ( r _ r . a x i , , r  ,  6 . 2  H z  f b r  l 0 )  o f  t h e  s i a l i c  a c i d
residue. This assignment was based on the observa-
t i o n  b y  H o r i  I t  l ]  t h a t  a - s i a l o s i d e s  s h o w

MeOzC

R--:--...-..'-?.-^
AcHN_ 

/X SMe
/ 4 ,

AcO Ph

6a

P h -\ TfO
slot t  M*rQ . , ,ph

( n---=-A-)-^r-.
SMe
'ph AcO i r f ,  I

1 3  - S  . M e
P h '  

- s -

1 4

P h
+ CO2Me

n---..-..t^-. -,1-.. +
-CO2Me *  

AcHN_ _ / ' " '  ,  'N=C-Me :

I  n ^ n  \
\  n u v  D h. - : N = C _ M

1 7

n * -.CO2Men7-o1
AcHN=-,2-f-l_g

Aco b1

1 5

Me
I

a
l l l

7 N +
L

R-7==62--
n"Hru-/---Jl 

'co2Me -- >
'  Y 

Y'r '-nAcO i r t ,  l ,

1g 
r'r

C02Me

R-==-O-7 
OR 

+ MeCN + H
A c H N -  T "  

/  s '
AcO br,

P h
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J ' ,q - , . -  r )  r r ( r r - r .a r i : r r ,  i n  the  range  5 .8 -7 .5  Hz .  whereas
t h e  c o r r e s p o n d i n g  F - c o l x p o u n d s  h a v e
. / , , . , . _ r r ._ r l J ( ,  . r .ax ia '  i n  the  range  1 .0 - l  . l  Hz .

Meclrunism o.f'the reut'tion.-We speculate that in
the first step, donor 6a reacts with PST to give the
oxonium ion 15 via the formation of the intermediate
l3 and methyl phenyl disulf ide (14) (Scheme 3). The
presence of 14 in the reaction was identified by rnass
spectrometry. The oxonium ion 15 would be in equi-
l ibr ium with the episulfoniurn ion 16. According to
our semiempir ical MO calculat ions (PM3 | method

[12]),  ions 15 and 16 have approximately the same
thermodynamic stabi l i ty. In the second stage of the
reaction. the reaction of ions 15 or 16 with aceto-
nitr i le cor-r ld give the nitr i l ium ion 17, which, accord-
in-e to PM3 calculat ions of enthalpies of model i t tns
20 and 21. is 2.50 kcal /mol more stable than 18.

dur ing  s ia ly la t i t ln :  good y ie lds  t l f '  t r - . i r t l t t : l t l c :  i t rc

ob ta ined us ing  less  than equ imolecu la r  i t l t i ( )L l l l t \  ( ) l

the donor.  [n comparison with other prol t totor. .  [ ) \ - l '

is  non-toxic and does not give by-products thr t t  . r r i

O-alkvlated. l t  is  prepared l rom the stable pl icrrr i -

sul f 'cnvi  chlor ic le.  Sialosides prepared using thir

r lethods contain the 3-thiophenvl  srol lp.  which rs

r c r n o r e d  i n  h i g h  y i e l d  u s i n g  P h . S n H .

.1. Irrperimental

( t t 'nt ' tu1.-Anhydrous reagents and solvents were

prepru'ct l  lccorcl ing to l i terature procedures [13].  ,V-

Aect r  incura t l in ic  ac id  u ' t t s  ob ta incd  1 ' ro rn  ex t rac t ion

o l '  t h c  c t l i l r l c  C ' h i n e s e  s w i l ' t l c t ' s  t t c s t  I l + ] .  S i a l i e  u e  i d

glr  e rr l  3 u rr .  prcpared as descr ibed b.v Magtt t tsson [8] .
Phcn-r  l \Lr l lcnr I  e hlor ide was prepared by the re act i t ) l l

o f  p i rcnr  I  t i r ro . rec t r r tc  w i th  SO- , ,C12 [15 ] .  I t  was  s tab le

; . r r  J  ( '  unr lc r  \  r r r l  r l i  l eas t  I  year .  2 - (Tr imethy l -

: r l i  l ) c t h r  i  l . ( r - t i r - (  / - i r c t t z r  i - i J - t . r - r : l t l a c t o p \ ' l ' a l l o s r  l - (  I
- ,  - l ) -2 .3 .6 - t r i - ( l - t rcnz , r  I - /3 - t r -g i t te  opr  t ' l t t tos tdc  ( t l )  u  i l s

prepared in total 26c/c yield l l"onl lactose (six steps

[16]) .  O-Ethyl  S-potassium di th iocarbonate was re-

crystall ized befirre use trom EIOH. The proton chem-

ica l  sh i f i s  t i r r  u l l  co t t t l - ro r t t t c ls  \ \e rc  ass igned us iug  
' l l

honror t rc le  l r r '  , . l ce  oLrP l inS c \ l )c l ' l l l t c l l t \ .  -

.\l c t l t t I .f - t t t t' t L t t t t i t l,,'1. 7,,\,9 - t t' t n t-O<t t a t.t' l -2 -t' h l r t rt r

-'. .i. .i - /, / t /r o. \..r --i - S -7 r ir r' r r l i - -J - t l t i r t -tt - e r t' t l t r t > p-t- g l u t' r > 2'

r  r  t ,  r  t  t  t  I  t  t  l t . t '  t ' ( t t  t  (  ) . \  (  )  t  t ( t  t  e (  1)  unt l  nte t l tv  I  5 -ac '  e tant  ido-1,7,

,\. 9 - | t, t t' t r - O - u c e t,t' I - 2 - r' h I r t r r t - 2, 3, 5 - t r i deo,rl'-3 - S -1 t lrc n v I -

2 - t I r i r t-o- e rt' t h rr r B-L-ttt u n n o-2 -rt on u I rt pt ran o s o tl u t e ( 5) .
-Cornpounds 1  (20% o f  ace tone in  CHCl r ,  R  I
0 .30)  and 5  Q0% of  ace tone in  CHCI ' , .  R /  0 .28)

were prcpared as descr ibed [10].  The 
'H 

NMR data

were in asrccntcnt wrth thosc reported.

M e t |tt '  I | 5 - trt '  r '  t urn it l  tt -4, 7. 8, 9 - t et ra-O - ac ett ' I -2, 3. 5 -

t r i tl e r n t' - 2 -S - n t e t I u' /-3 - S -yr /t e r t t' I - 2, 3 - tl i t h i o -o - ery t h rtl- cr -

t - -g luco-2 -nrnulopt ' runosidl  orrute (6a).-To a st i r rcd

suspens ion  o l '  MeSNa (ap  mg,  0 .66  mmol )  in  d r ied-

over  mo lecu la r  s ieves  4  A  MeCN (5  mL)  c t lo led  to  0
oC was added chlor ide 4 (272 mg, 0. '14 mtnol) .  Thc

mixture was st i r red at  0 'C for 3 h.  af ter  which thc

TLC Q\V, ot '  acetone in CHCI. , ,  R |  0.21) i r rd icated

the reactron was con-rplete.  The react ion tn ixt t t rc-  r l  as

d i ld  w i th  a  suspens ion  o f  s i l i ca  ge l  ( l  -u )  in  E tOAc ( -5

mL),  f i l tered through a short  s i l ica gel  colunrn ( l  x 5

r Copies o1'  NMR
scr ibed in th is report
authors.

Me
I^

N+

i -  o '1 co"Me/7s -
Aco n\

l l l
\.'),--1

20

C02Me

,-o-7 fi=c-l,rre'7-s,
Aco 

f=)
\_/

2 1

We suggest that the nitr i l iut-t ' t  iot-t  l7 is t i rrntcd l ' rrst.
Attack of the acceptor ROH on the ion l7 i :  hindercd
by protons at  C-4,  C-6,  and the CO.\ lc  l roup.  \ \c
assume that  the ion 17 is  in  the equi l ibr iunt  r i  i th  thc
more reactive 18. In the final step the acccptor ROH
reacts with the ion 18 to give the a-product 19.

3. Conclusions

The reaction of 2-S-methyl-3-S-phenyl-2.3-dithio-
a-sialic acid donor 6a with primary ar"rd secclndary
glycosyl acceptors in the presence of PST in CH.CN
at low temperature attords a-sialosides in good yield.
excel lent stereoselectivi ty, and high purity. No unde-
sired B-sialosides are formed during this reaction.
The donor 6a is prepared in two steps frotlt sialic
acid glycal;  this fact makes this method of prepara-
t ion of 3-S-phenyl-2,3-dithiosial ic acid donors more
convenient than clthers currcntly avai lable. Unlike the
commonly used 2-halogeno and 2-thio donors, donor
6a does not undergo the el irnination to sialyl  glycal

'  
PM3 was used from within

spectra o1' all
are avai lublc

r.rc\\ '  compounds de-
on request lrorn the

MOPAC 6.0 [QCPE 4-5-5]



cm). eluted with EtOAc. and concd in vacuo to give
compound 6a Q16 mg. 1007c) as a foam: t" ]i l
+  91 .8 '  ( c  L  16 ,  CHCI  .  ) :  

'  H  NMR (500  MHz.
C D C I . ) :  6  1 . 8 3  ( s ,  3  H .  S C H r ) .  1 . 9 2  ( s .  3  H ) ,  2  0 0
( s . 3  H ) , 2 . 0 9  ( s . 3  H ) . 2 1 2  ( s . 3  H ) , 2 . 1 8  ( s , 3  H ) ,
3 . 3 9  ( d .  J  l l . l 8  H z .  I  H .  H - 3 ) . 3 . 7 9  ( d d ,  J  2 . 0 5 ,
1 1 . 2 0  H z .  I  H ,  H - O . 3 . 8 6  ( s .  3  H .  C O , C  H ) . 4 . 0 7
(dd ,  . l  5 .1J ,  12 .56  H t .  I  H .  H-9 i l . 4 . l0  (q ,  /  10 .09
Hz, I  H, H-5). 4.19 (dd. J 2.54. 12.19 Hz. I  H.
H-gb) ,5.20 ( t .  J  10.60 Hz.  I  H.  H-4) ,  5 .21(dd.  J
2 . 1 6 . 7 . 6 6  H z .  I  H .  H - 7 ) . 5 . 3 0  ( d d d ,  J  2 . 6 0 ,  5 . 3 8 .
7.9J Hz.  I  H.  H- t i ) .5 .45 (0.  " r  10.08 Hz.  l ._H.  NH).
7 .20-1  .31  ( rn .  2  H) .  7 .50 -7 .54  (m,  3  H) :  ' 'C  NMR
( 100 MHz.  CDCI. ) :  6  12.10,  20.60,  20.68,  20.73.
2 t  .07  .23 .08 .  50 .36 .  52 .91  ,58 .85 ,  62 .01 ,  67  .35 ,69 .08 ,
73 .63 .  11 .29 .  86 .78 .  t21 .51 .  129 .04 .  131 .69 ,  t36 .94 .
1 6 1  . 2 1  ( C - 1 .  / ' ' . , , . , r ) - , H ( H - r . a . a r  , 7 . 4 0  H i l ,  1 6 9 . 9 3 ,
170 .05 .  170 .1 '1 .  110 .51 .  170 .82 :  HRMS (n 'ne )  ca lcd
for C ,- H .5 NO 1, S. Na [M + Na]: 652.1498, found:
652.  r .197.

M e t I tt' I [ 5 - ac e tam ido - 4, 7, 8, 9 - t et ra -O - ac e tt' I - 2, 3, 5 -

t ritleo.rv- 2 - S - ethvlcarbonodithictl ' l- J - S - phent'l - 2, 3 -

tl i t h i o -D - erythro - a - t- - gl uc o - 2 - n o n u I o pt' ru no s i d I o nat e
(6b).-A mixture of chloride 4 (50 mg, 0.08 mmol)
and O-ethyl S-potassium dithiocarbonate (20 mg,
0.16 mmol) in absolute EIOH (3 mL) was st irred at
50 'C for 3 days. The reaction mixture was dild with
CHCI.  (20 mL),  washed wi th H,O (2 X 5 mL).  satd
NaHCO. (5 mL), and brine (S mL). Afier drying
(l\4gSO_,) and concn in vacuo the residue was chro-
matosraphed(207o of acetone in CHCI,. R, 0.25) to
afford 6b Ql mg, 487c) as a yel low foam. 'H NMR
(500  MHz. .  CDCI , , ) :  6  1 .37  ( t ,  J  7  .12 ,  3  H .
o c H . c H . ) .  1 . 8 6  ( s ,  3  H ) ,  1 . 9 8  ( s .  3  H ) ,  2 . 0 1  ( s .  3
H) .  2 .06  (s .  3  H) .  2 .07  (s ,  3  H) .  3 .86  (s ,  3  H ,
c o , c H . ) .  3 . 9 0  ( d .  /  1 0 . 7 0 .  I  H .  H - 3 ) , 4 . 1 0  ( d d ,  /
6 .15 .  11 .39  Hz .  I  H .  H-9 i l .  4 .25  (q ,  J  10 .50  Hz .  I
H. H-5). -1.18 (dd. /  2.11. 12.39 Hz. I  H. H-9b).
4 .38  (dd .  J  1 .80 .  10 .98  Hz ,  H-6 ) ,4 .42  (dd ,  " /  7 .11 .
10.63 Hz.  I  H.  OC H, ,CH,) ,  5 .23 (dt ,  J  2.40,  6.22
Hz .  I  H .  H-8 ) .  5 .26  (dd .  /  2 .00 ,6 .37  Hz .  H-7 ) ,5 .35
( t ,  J  10.38 Hz.  H-1) .  5 .38 (0.  J  9.63 Hz,  NH).
1 .20- l  .56  (m.  5  H) :  ' 'C  NMR ( tOO MHz,  CDCI : ) :  6
1 3.5 3. 20.62. 20.1 0. 20.7 2. 20.7 5 . 20.1 9 . 23 . | 2. 28. 3 3.
4 9 . 1 2 . 5 3 . , 1 5 .  5 6 . 1 U .  6 2 . 0 1  . 6 1  . 7 2 . 7 0 . 0 8 .  7 0 . 1 3 ,  1 3 . 3 9 ,
11 .91  .  77  .20 .  93 .06 .  129 .18 .  t32 .51 ,  135 .25  ,  166 .92 ,
169.87.  169.98.  t10.04,  170.50.  170.82,  201 .26;
HRMS (FAB) ca lcd f i r r  C,rH,rNOr3S. ,Na [M *  Na] :
126.1325:  found:  126.1301 .

2 -( Trime rhv I s i ly D e t hy I 2, 3, 6 - t ri -O - b e nz,t'l -1 -O - { 2, 6 -

d i -O-b enz,v l- 3 -O- [ me thy I [ 5 -a c e tam ido-4,7, 8,9 -t e t ra -O -

ac e tt' I - 3 - S - p h e n r- I - 3 - t h i o - 3, 5 - d i d e o x1' - n - erythr o - q - L -

1 2 1

gluco - 2 - no nu I o p t' ru n o,s I I I r ntat e l - B - o - g alac t opt- ra no-
.svl/-B-o-glur:opt 'runosicle (10).-Toluene (2 x 5 mL)
was evaporated from the mixture of 6a 09 mg, 0.13
mmol)  and 8 (  150 mg,  0.17 mmol) .  The mixture was

dissolved in  CH.CN (3 mt , ) .  DTBP (52 p 'L.  0 .20
mmol) and dried and crushed molecular sieves 4 A
(0.5 g) were added. The mixture was stirred at rt for
0.5 h. then AgOTf (51 mg, 0.20 mmol) was added
and stirring was continued in the dark tor an addi-
t ional I  h. Afier cool ing to - 40 "C, PhSCI Q3 pL.
0.19 mmol) was added and the mixture was st irred at
- 40 oC for I  h. Di isopropylamine (50 pL. 0.35
mmol) was added. the mixture was stirred for 0.5 h.
and a suspension of  s i l ica gel  (1 .0 g)  in  EtOAc (10

mL) was added to the cold reaction mixture. Afier
f i l t rat ion and concn in vacuo. the reaction mixture
was chromatographed eluting with l07c of acetone in
CHCI: + l 5Vo acetone in CHCI, to -eive compound
l 0  ( 1 5 8  m g .  8 3 7 a ) :  t " l i l  +  1 8 . 8 "  ( c  0 . 6 0 ,  C H C I . , ) :
'H  NMR (5oo  MHz,  c .D . ) :  6  -0 .26  [ s .  9  H .
c H , s i ( c H . ) . 1 .  o . q g  [ m .  2  H .  c H , S i ( C H r ) r ] ,  1 . 5 4
( s . 3  H ) .  1 . 6 4  ( s , 3  H ) ,  l . 7 l  ( s . 3  H ) .  1 . 8 6  ( s , 3  H ) .
1 . 9 0  ( s .  3  H ) .  2 . 8 5  ( b s ,  I  H , 4 - O H ) , 3 . 4 3  ( m .  I  H .
H--5) .  3 .41 (s .  3  H.  CO,CHT).  3.58 ( t ,  J  892 Hz.  1
H.  H-2 ) .3 .61  (d .  J  11 .29  Hz ,  I  H .  H-3"  ) .  3 .61  (m.  I
H .  OC H,CHrS i (CH, ) , ) .  3 .69  (dd .  " /  5 .55 .  9 .55  Hz .
I  H .  H-6a  ) "  3 .75  ( t .  " r  9 .10  Hz .2  H .  H-3 ) .3 .71  ( t .  " r
9 .53 Hz.  I  H.  H-2 ' ) ,  3 .88 (m,  l  H.  H-5 '  ) .  3 .89 (bs,  I
H.  H-1 ' ) .  3 .95 (dd,  J  4.33,  10.95 Hz.  I  H.  H-6a) .
3.99 (dd.  J  I  .20.  9.55 Hz.  I  H.  H-6b ' ) ,  4 .10 (dt .  J
7 . 0 0 . 9 . 5 0  H z .  I  H .  O C  H - , C H , S i ( C H , ) i ) . 4 . 1 6  ( d d ,  /
6 .31.  12.52 Hz.  I  H,  H-g?i ' ) .  4 .22 (dd.  /  2 ,31.  10.85
Hz.  I  H.  H-6") .4.22-L 34 (m.  4 H,  H-6b.  H-4,  NH
CHrPh).  4 .43 (d.  J  1.55 Hz. .  I  H.  H-1) .  4 .4 '4  (d,  J
I  1 .98  Hz .  I  H) .  4 .56  (d .  /  I  I  . 89  Hz .  I  H) .  4 .63  (d ,  /
11.25 Hz.  I  H) .  4 .65 (m.  2 H.  H-5" .  H-9"  ) ,  4 .69 (d,

J  12 .55  Hz .  I  H) .  4 .73  (dd .  J  3 .24 .9 .44  Hz .  I  H ,
H-3 ' ) .  4 .86 (d.  J  l l .5 l  Hz.  I  H) ,  4 .90 (d,  J  12.58
Hz.  I  H) .4.92 (c t .  . l  1 .89 Hz.  I  H,  H- l ' ) ,4 .96 (d.  " l
1 0 . 9 5  H z .  I  H ) . 5 . 0 7  ( d .  J  l l . 4 l  H z .  I  H ) , 5 . 3 0  ( d ,  /
10.94 Hz.  I  H) .  5 . .12 (dd,  /  2 .30,  7.69 Hz.  I  H.
H-J"  ) .  5 .116 ( t .  J  10,71 Hz.  I  H,  H-4") ,5.12 (dt .  J
2 . 5 0 . 7 . 8 0  H t , .  I  H .  H - 8 " ) . 6 . 8 6 - 6 . 9 3  ( m .  3  H ) .
1 . 0 5 - 7 . 3 0  ( r n .  l 5  H ) ,  7 . 3 8  ( m ,  4  H ) , 7 . 1 3  @ .  J  7 . 5 9
Hz .  2  H) .  7 . -15  (d .  /  J .53  Hz .  2  H) .1 .54  (d ,  J  7 .11
Hz.  2 H) .  7 .66 (d.  J  1.12 Hz,  2 H) ;  ' tC NMR (  100
MHz.  CDCI, ) :  5  -  1 .42.  18.16.  20.58,  20.68,  20.92,
23.15.  49.94.  52.90.  57.68,  62.01.  61 .14,  6 l  .26.  68.50.
68.69.  68.90.  1 2.39 .  I  2 .14,  I  2 .82,  I  2 .9 5,  I  3 .23,  7 4.10.
74.88.  I  5 . t9 .  1  5.23.  I  6 .23.  17 .20.  78.09,  82.03,  82.1 5.
100 .08 .  t02 .47 .  103 .01 .  121  .15 .  l 2 l  .30 ,  l 2 l  .31 .
t2 l  .41 .  t27 .59.  I  28.01 .  128.  I  I  ,  128.19,  128.23.
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128 .26 ,  t29 .05 ,  131 .98 .  135 .36 ,  138 .55 ,  138 .80 .
1 3 9 . 0 4 ,  1 3 9 . 1 5 , 1 6 1  . 8 4  ( C - 1 ,  / ' ' . , , , , r ) - ' H ( H  r . a x i , r r  \ 6 . 2 0
Hz),  169.56,  169.89,  l l0 .2 l .  110.14.  170.85:  MS
(FAB) calcd tor  Cr*Hu*NO,rSSiNa [M *  Na] :  1496.
found: 1196.

Methyl [  5 - acetamit lo-4,7, 8,9 -tetra-O - acett ' l  -  3, 5 -

d i d e o x,- - 2 -O -( m e t h y I - I - t e t r a h v d r o p t r an v I ) - 3 -S - p h e n y I -

3 - t h io -o - e 11: 7l1 ro - a-t- g I uc o - 2 - no n ul o p, ran o s id I o n a t e
(9).-Compound 9 (16.1 mg. 807c yield) was pre-
pared from 6a (20 mg. 0.030 mmol). 7 (6 pL,0.045
mmol), AgOTf (12 mg. 0.045 mmol). and PhSCI (5
pL,  0.045 mmol)  in  MeCN (1.5 mL) as descr ibed
above for preparation of compound 10. 'H NMR
( 5 0 0  M H z .  C D C I . ) :  6  1 . 2 4  ( m ,  I  H ) ,  1 . 3 8 - 1 . 5 2  ( m .
4  H ) ,  l . l 3 -  1 . 8 2  ( m ,  I  H ) .  1 . 8 6  ( s ,  3  H ) .  1 . 9 9  ( s ,  3
H ) , 2 . 0 0 ( s , 3  H ) , 2 . 0 1  ( s , 3  H ) , 2 . 0 4 ( s , 3  H ) , 2 . 0 8  ( s .
3  H) .  2 .09  (s ,  3  H) ,  3 .32  (d .  J  I  l . l 8  Hz ,  I  H .  H-3 ) ,
3 . 3 2  ( d ,  J  l l . l 8  H z .  I  H ,  H - 3 ) , 3 . 3 4 - 3 . 4 1  ( m .  2  H ) .
3 .34-3 .11  (m,  2  H) ,3 .60  and  3 .63  ( two  dd ,  /  2 .08 .
l l . l  I  H z .  I  H .  H - 6 ) . 3 . 7 1  ( d d ,  J  5 . 2 3 .  1 2 . 4 6  H z .  I
H,  H-9a) ,  3 .83 (s .  3  H.  CO,CH,) ,  3 .95 (m,  I  H) ,
4.01 and 4.04 (two dd, -/  2.39, 12.46 Hz, I  H. l1-9b),
4 . 1 5 - 1 . 2 7  ( m ,  3  H .  H - 5 .  O C  H . , ) , 5 . 2 2 - 5 . 3 4  ( m . 4  H ,
H-1 .  H-1 .  H-8 .  NH) :  ' 'C  NMR (100  MHz,  CDCI , ) :
6  20 .68 .  20 .12 .  20 .11  .  20 .87 .  23 . t6 .25 .100 .  26 .01 .
28 . t4 ,28 .42 ,49 .82 .  52 .3 -+ .  57 . -18 .  57  .63 ,  62 .33 .61  .25 .
67  .84 ,  61  .91 ,  68 .29 .  68 . .17 .  68 .79 .  68 .86 .  72 .13 ,  72 .18 ,
7 2 . 8 8 .  1 6 . 5 0 . 7 6 . 6 9 . 7 1  . 0 0 .  1 1  . 3 2 .  r 0 0 . 9 6 .  r 0 1 . i l ,
t 2 l  . 5 1  ,  1 2 8 . 8 1 ,  1 3 2 . 5 8 .  1 3 2 . 6 7  .  I  3 5 . 3 5 .  1 6 8 . 3 5 .
t 6 9 . 4 5 ,  t 1 0 . 0 4 .  r 7 0 . r 3 .  r 7 0 . 5 1 .  1 7 1 0 3 .  r 7 3 . 6 5 .
l l5 .23;  HRMS ( f 'ne)  ca lcd f  or  f  . :  H +.  NO ,_,  SNa
[v + Na]: 720.2302, found: 120.2276.

2 -(Trimethl ' ls i l t ' l )erht ' l  4-O- { 4-O-r,r 'er1 l  2,(t  -  t t i  -O -

benzt ' l  -  3 -O - [metht ' l  [5 - acetantido -4,7,8,9 - tetrt t  -O -

ac: ett' I - 3, 5 - did e oxt'- J - S - ph env I - 3 - thi o -o - erythro - ru- t -

gluco -2 - r nnulopt, rano sy I I onate I - F - o - g a I act o pv rut r ( )-
st'l l-2,3,6-tri-O-ben:,t'l-B-o-glucopt'ranoside ( I 1 ). -To

a  s o l n  o f  1 0  ( l 5 l  m g , 0 . l 0  m m o l )  i n  C H , C I  , ( 2  m L )
cooled to 0 oC was added DMAP (one crystal),
pyridine (2 mL), and Ac.O (l  mL). The result ing
mixture was stirred overnight at rt, concd in vacuo,
and chromatographed (20c/o of acetone in CHCI. , R,
0.41)  to  g ive 11 (146 mg,  947o) .  A s ignal  H-1 '  rn 'H
NMR (500 MHz, CoDo) was detected at 6 5.84 (d. /
1.06 Hz). MS (pnet calcd tor C*uH.,rNO.*SSiNa
[Ha + Xa] :  1538;  found:  1538.

2 - ( Trime rhy ls ilyl ) ethy I 4 - O - { I -O - ac et 1-l - 2, 6 - d i -O -

benz,yl- 3 -O - [ metht'l [ 5 - acetamido -4, 7, B, 9 - tetra -O -

acetyl - 3, 5 - dideoxl'- D - erythro - a - L - gluco - 2 -

n o n u I o p .v r an o s r- I I o n a t e l - B -o - g al a c t o p t' r a n o s t' | ] - 2, 3, 6 -

tri-O-benzyl- B-o- glucopyranos ide (l2).-To a stirred
soln of 11 (140 me, 0.092 mmol) and azoisobutvroni-

tr i le (+ mg. 0.024 mmol) in toluene (6 mL) was
added a soln ot '  tr iphenylt in hydride ( 150 mg, 0.121
mmol) in toluene ( I  mL) under nitrogen. After ref lux-
ing for l0 h. the rnixture was cooled to rt  and applied
direct ly on lr  si l ica gel column. Elut ion (207c aceto-
nitr i le in toluenc - 337c acetonitr i le in toluene, gra-
dient) sa\c the recovered start ing material l l  (15 mg.
l l c / c )  anc l  thc  p roduc t  12  ( l l 3  mg.  87%) :  Io ] , l r '
-J .2"  ( t '  0 .1{-5.  CHCI . ) ;  R ,  0 .25 in  337c acetoni t r i le
in  to l r . ren. ,  '  [ l  NMR (500 MHz,  C, ,D, ,  ) :  6  -  0 .29 (s ,

9  H .  S i l \ l c , ) .  0 . 9 8  ( m . 2  H .  C H . S i M c . ) .  1 . 5 9  ( s .  3
H ) .  1 . 6 0  ( : . . r  H ) .  1 . 7 1 ( s . 3  H ) .  1 . 7 6 ( s . 3  H ) .  l . t l l  ( s .

3 H) .  l . (x)  ( t .  . l  12.70 Hz.  I  H.  H-3ax"  ) .  1 .09 (s .  3
H).  2 .8-+ (dd.  J  4.68,  12.71 Hz.  I  H.  H-3eq") .
3 .38-3 . -17  (n r .  I  H .  H-5 .  H-5 ' .  H-6 ' l  ) .  3 .57 -3 .6 .1  ( r l .

3  H .  H : .  H-6" .  OCH .CH.S iMe, ) .  3 .7 - l  ( t .  J  9 .0+ .
I  H ,  H - i ) .  1 . 7 9  ( s . 3  H ,  C O . C H 3 ) , 3 . 8 3  ( d d .  /  7 . 8 8 .
9 .16  Hz .  I  H .  H t ' ) .3 .92  (d .  " r  10 .45 .  I  H) .  3 .96  (dd .

J  1 .60 .  l 0  e l  Hr .  I  H .  H-6 i l . 4 .00  (dd .  J  4 .24 ,  10 .94
H z .  I  H .  H  6 b ) .  1 . 0 6 - 4 . 1 2  ( m .  2  H .
OCH ,C H,  S i  \ lc  . .  H-6b '  ) .  -1 .28 (dd.  J  5.30.  I  2 .5.s
Hz,  I  H.  H-9, t "  ) .  -+.36-4.43 (m,  4 H.  CH, Ph.  H-5"  .
H - 1 ,  H - 1 ) .  1 . 6 0  ( b d .  J  1 1 . 7 0  H z . 2  H .  C H . P h .
H - g b " ) . 4 . 7 1  ( c l .  . l  1 2 . 0 3  H z .  1 H ) . 4 . 8 3  ( d ,  " /  l l . 6 l
Hz ,  I  H) .  -+  S7  (d .  . /  12 .51  Hz .  I  H) .4 .90  (d t .  y  4 .53 .
11 .86  H t^  l  H .  H-1"1 .  1 .9 - l - : l . 9 t i  (m.2  H .  H-3 ' ) .
5 . 0 6  ( b d .  /  1 1 . 0 0  H z .  l  H .  t i i o  C H . P h ) . 5 . 1 7  ( d .  J
1.60 Hz.  I  H.  H-  l ' ) .  5 .33 (d.  J  l0 . t t l3  Ht .  I  H) .  -5 . ;13
(dd .  J  2 .61 .  t t .68  Hz .  I  H ,  H-1" ) .5 .48  (d .  /  3 .28  Hz .
I  H ,  H-4 ' ) ,5 .96  (ddd .  /  2 .63 .  5 .20 .  8 .25  Hz ,  I  H ,
H-9") .  1 .00-7.65 (m.  25 H);  ' 'C NMR ( tOO MHz.
C D C I  , ) :  5  -  1 . 4 5 .  1 8 . 4 3 . 2 0 . 3 1  . 2 0 . 6 9 , 2 0 . 7 5 , 2 1 . 2 1 ,
l3  I3  .3 l  .52 . ;1e  10 .  53 .02 .  62 .02 .66 .99 .61  .24 .67 .53 ,
6 8  + 5 .  6 8 . 6 0 .  6 8 . 9 0 .  6 9  - 1 8 .  7 1 . 3 l  . 7 2 . 1 3 . 7 2 . 1 5 . 1 3 . 0 9 ,
7 . r  s0 .  7J  s t .  7J .92 .7 -1  95 .16 .62 .76 .69 .7 l  .00 .7 l  .32 .
1e 12.  8 l  eE.  Sl  s l .  e ]  :6 .  l0 l  0 '1 .  102.92.  126.95.
[ 7 . 0 - + .  r  ] 7  r 5 .  t ) ]  : 1 .  l l 7 . 3 U .  1 2 1  . 4 3 .  1 2 1  . 5 8 .
t21 lo .  l  tT r )0.  1  17.99.  1 28.06.  128.14.  128.  18.
l 3 t t . l - 1 .  1 . r 8 6 - 5 .  l 3 n . 7 l  .  1 3 9 . 2 6 .  1 3 9 . 3 6 .  1 6 1  . 8 2 .
169 .U-1 .  l 6c ) .e1 .  l l 0 .2 l  .  170 .49 .  170 .15 ;  MS (FAB)

calcd f i r r  Cr . ,Hu,NO,*SiNa [V + Na] :  1430:  found:
1 430.
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