
ORTHOESTERS OF SUGARS 

COMMUNICATION 13. SYNTHESIS OF 1,2-ORTHOESTERS OF 

4,6 -(3 -BENZYLIDENE -c~-D-GALAC TOPYRANO SE * 

A. F. Bochkov, V. M. Dashunin, 
and N. K. Kochetkov 

UDC 542.91:547.455 

According to [2, 3 ], 1 ,2-methylor thoaeetyl -4 ,6-O-benzyl idene-o~-D-glucopyranose  (I) is easi ly cycl ized 
to the t r i m e r i e  mac rocye l i c  o r thoes t e r ,  the polymer iza t ion  of which under the conditions of the o r thoes te r  
method of glycosylat ion leads to the regu la r  /3-1 ~ 3-D-gluean.  To study the possibi l i ty  of synthesizing the 
/3-1 ~ 3-D-galae tan  we undertook the below desc r ibed  synthesis  of the 1 ,2 -o r thoes te r s  of 4 ,6-O-bensyl idene-  
a -D-ga lae topyranose  using a sequence of reac t ions  s imi l a r  to those that lead to o r thoes te r  (I). 

O--CH~ CH.qOR . .,O'--CHt 

Pl OH �9 ~ ~ 

R= H (11); R=H (IV); 
Me OMe Ac _(111) Ac (V); 

Bz (Vl) 

The s ta r t ing  thiogalactoside (lI) was obtained by the modified method given in [4] and was c h a r a c t e r -  
ized as  the known t e t r aace ta t e  (III). I ts condensation with benzaldehyde in the p resence  of ZnC12 at e l e -  
vated t e mpe ra tu r e  leads to 4 ,6-O-benzyl idene- /3-e thyl th io-D-galac topyranoside  (IV), f rom which were  ob-  
tained diaceta te  (V) and dibenzoate (VI). 

To synthesize the des i r ed  o r thoes t e r s  (X), (:KID, and (XIV) f rom thiogalactosides (V) and (VI) we 
obtained the cor responding  galactopyranosyl  halides (VII)-(IX). Here  the chlorinat ion under the conditions 
that were  used previous ly  for the gluco ep imer  [3] led to the 1 ,2- t rans  chlor ides  (VII) and (VIII). Without 
isolat ion,  these chlor ides  were  used to synthesize  o r thoes t e r s  (X) and (XIV) under conditions s imi la r  to 
those used to synthesize  o r t hoes t e r  (I) f rom the cor responding  t rans  chlor ide [3]. The brominat ion of 
thiogalactoside (V) in CC14 leads to the 1 ,2-c is  bromide  (IX), which, also without isolation, was used to 
synthes ize  o r thoes t e r  (XII) by the Hel fe r ich  method [5] as modified in [6]. Then af te r  deacetylat ion the 
f ree  o r thoes t e r s  (X), (X-I_I), and (XIV) were  isolated f rom the mix tures .  The aceta tes  of o r thoes t e r s  (XI} 
and (XIII) were  obtained by acetyla t ion with Ac20 in pyridine.  

o 

'~ =Ac (VIi) (tx) (X)-(XV) 
Bz (VIII) RZ 

* See [1] for  Communicat ion 12. 
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The NMR spectra  of th ioga lactos ides  (III), (V), and (VI) (Table I) 
conf i rm their  s tructure  (presence  of benzyl idene groupings for (V) and (VI), 
acetate  groups for (III) and (V), and the C2H s group for (III), (V), and (VI))�9 
The s p i n - s p i n  splitt ing constants  of  the r ing protons of these  compounds 
tes t i fy  to the C l - eonformat ion  of their  pyranose  ring.  

The NMR spectra  of  o r t h o e s t e r s  (X)- (XV)  (Table 2) conf irm the 
p r e s e n c e  of  the benzyl idene  group in them,  and of  the acetate  groups for 
o r t h o e s t e r s  (XI) and (XIII). The spectra  of or thoes t er s  (X)-(XIII) c o n -  
tain the charac ter i s t i c  s ignals  of  the C - C H  3 groups of the or thoes t er  
m o i e t y ,  in which connect ion in each c a s e  these  s ignals  appear as  a pair 
of  s inglets  that belong to the e n d o - C - C H  3 and exo-C - C H  3 i s o m e r s  (cf. 
[7]); a s imi lar  pairing of the s ignals  is  observed  for the OCH 3 groups of  
o r t h o e s t e r s  (X) and (XI). In the c a s e  of  der ivat ives  (X) and 0(]I) the pure 
e n d o - C - C H  s i s o m e r s  (respect ive ly  (Xa) and (XIIa)) w e r e  i so la ted  f rom 
the obtained mix tures  of  e p i m e r s  by reerys ta l l i za t ton .  Orthoes t er s  (X) 
- (XIV)  had J1,2 ~ 4.5 Hz,  which is charac ter i s t i c  for the 1 , 2 - o r t h o e s t e r s  
of  the pyranose  forms  of  sugars  with an axial or ientat ion  of the oxygen at 
C t and an equatorial  or ientat ion at C 2 (of. [7]). The IR spectra l  data for 
compounds gII ) - (VI)  and (X)-(XIV) a l so  conf irm the p r e s e n c e  of c h a r -  
a c t e r i s t i c  groupings ( O H , ~ C  = O, monosubst i tuted  aromat i c  ring) in these  
compounds .  F inal ly ,  the p r e s e n c e  of the or thoes ter  grouping in compounds 
(X)- (XIV)  was  a l so  conf irmed by the hydrolyt ic  tes t  for the o r t h o e s t e r s  of  
sugars [6]. 

The pos i t ion  of  the free  hydroxyl  in the o r t h o e s t e r s ,  and consequent ly  
the pos i t ion  of  the benzyl idene  and or thoes t er  groupings,  was  es tabl i shed 
by methylat ion  on the example  of  or thoes ter  (X). When or thoes ter  (X) 
was  treated with dimethyl  sulfate  and alkal i ,  under condit ions s i m i l a r  to 
those  used  prev ious ly  for the methylat ion  of  the o r t h o e s t e r s  of  sugars  [8], 
we  obtained its methyl  ether (XV), the s tructure  of  which was  a l so  c o n -  
f i rmed  by the data of  the NMR spectrum and the hydrolyt ic  test .  

Then via acid hydro lys i s  we  c leaved the or thoes t er  function and 
benzyl idene  protect ive  group of  or thoes t er  (XV), fol lowed by reduct ion 
with NaBH 4, us ing NaBD 4 in a paral le l  exper iment ,  and finally acetylatton.  
The thus obtained two 3 - O - m e t h y l - D - d u l c i t o l  pentaacetate  s a m p l e s  (XVI) 
and (XVII) gave a m a s s  spec trum that is  charac ter i s t i c  for the ace ta te s  
of  3 -O-methy lhex i to l s  [9], in which connect ion  in the second  e a s e  (XVID 
the peak of  the charac ter i s t i c  fragment ,  containing C i ( m / e  189), w a s  
shifted by one m a s s  unit ( m / e  190). 

f i H R O A c  C N  

0 A c  + O A c  

MeO T MeO--~-  

A c O - - ~ -  A c O - - ~  

TOAc - - ~ - O A c  

CH20 Ac CH2OAc 

R = H (XVl) (XVm) 
O (xvn) 

The absence  of  the i s o m e r  with a free  hydroxyl  group at C e as  con-  
taminant  in or thoes t er  (X) was  proved by the absence  of  the 6 4:)-methyl  
der ivat ives  as  contaminants  both in the dulcitol  acetate  (XVI) and in the 
3 -O-methy lgu lac ton i tr i l e  acetate  (XVIII), which w e r e  obtained f rom the 
crude o r t h o e s t e r  (XV). 

Next we  undertook the synthes i s  of  the fl-1 ~ 3-ga2actan f rom 
o r t h o e s t e r s  (X), (XII), and (XIV) by two routes :  p o l y m e r i z a t i o ~  and po ly -  
condensation�9 For  the p o l y m e r i z a t i o n  we  f i r s t  had to synthes i ze  the 
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TABLE 2. NMR Spectra l  Data for  O r t h o e s t e r s  (X)-(XV) 

Com- 

pound 

(x) 
(xD 

(xII) 
(xIii) 
(xIv) 
(xv) 

Chemical shifts 

Solvent 

CDCh 
C6H8 
CDCh 
CHCla 
C~H6 
CDCla 

CCH3 

exo endo 

t,55 1,65 
1,53 t,83 
t,53 1,63 
t,58 1,70 

,;o 1;2 

OCH3 

exo lendo 

3,30 3,37 
3,il 3,45 

354 
3,20 3,30 

H*(J,,,) 

6,10(4,5 
5,t9(4,5 
5,97(4,5 
6,t2(4,5 
6,t4(4,2 
5,88(3,5 

I Ph 'O 

H)C( O 

5,55 
5,32 
5,46 
5,47 
5,t4 
5',48 

OfiOCHs 

132 

*Established from th~ ratio of the OMe signals. 

Ratio of exo 
endo CCH a 

t : 5  
i : 3  
t : 5  
t : 3  
i : t , 5 "  
t : 2,6 

galacto e p i m e r  of the co r respond ing  m a c r o c y c l i c  glucose o r t h o e s t e r  [3]. However ,  i t  p roved  that o r t h o -  
e s t e r  (X) under  the conditions for  the synthes is  of this m a c r o c y e l i c  o r t hoes t e r  (refluxing in dichloroethane 
with p- to luenesul fonic  acid  and dis t i l l ing off the c leaved  methanol) ,  in con t ras t  to o r t h o e s t e r  (1), f o r m s  a 
m ix tu r e  of compounds that  have a low chromatograph ic  mobi l i ty  and a r e  s table  under  the conditions of the 
hydroly t ic  t e s t  for  o r t h o e s t e r s .  Th is  caused  us  to run  fu r the r  expe r imen t s  using a h igh-vacuum technique,  
which made  it  poss ib le  to exclude the en t rance  of a tmosphe r i c  m o i s t u r e  into the reac t ion  mix tu re  and thus 
e l imina te  the compl ica t ions  a r i s i ng  f r o m  the poss ib le  hydro lys i s  of the o r thoes t e r  during reac t ion .  Mole-  
cu la r  s i eves  4A [1] w e r e  used  to r e m o v e  the methanol .  The r eac t i on  was  run  in dichloroethane and ch lo ro -  
benzene a t  90-120 ~ Judging by the ch romatograph ic  behavior ,  the reac t ion  products  r e p r e s e n t e d  a m i x -  
ture  of o l igosaccha r ides .  T h e i r  s tudy v ia  NMR spec t roscopy  r evea l ed  that  in all  ca ses  the s p e c t r a  con-  
tained the s ignals  of ace ty l  groups (the in tegra l  r a t io  to the signal  of the benzyl  proton = 3 : 1) and did not 
contain the s ignals  of  the o r t h o e s t e r  C -CH3 groups.  A s  a r e su l t ,  the ga lae topyranose  moie t i e s  in the r e a c -  
t ion produc t  a r e  a t tached by glycoside r a t h e r  than by o r t h o e s t e r  l inkages .  The smal l  OCH 3 signal (ratio 
of  in tensi ty  to ace ta te  signal = 1 : 2.6) made  it poss ib l e  to conclude that the r e d u c ~ l e  end of the o l igosac -  
char ide  is  the methy lga lac tos ide  moie ty ,  and to e s t ima te  the ave r age  degree  of po lymer iza t ion  as  equal to 

2-3.  

As a r e su l t ,  o r t h o e s t e r  (X) does not t r a n s e s t e r i f y  under  conditions where  this r eac t ion  is c h a r a c t e r -  
i s t ic  for  many  o ther  suga r  o r t h o e s t e r s ,  and unexpectedly  p r o v e s  to be capable  of glycosylat ion under con-  
dit ions where  this  r eac t i on  fai ls  to occu r  for  o ther  suga r  o r t h o e s t e r s  (cf. [6, 7]). In view of this  the ques -  
t ion of whether  the galacto e p i m e r  of the m a c r o c y c l i c  g lucopyranose  o r t h o e s t e r  [3] can be fo rmed  and used 

to synthes ize  the galac tan  sti l l  r e m a i n s  unanswered .  

Next  we a t t empted  to syn thes ize  the fl-1 --~ 3 -D-ga l ac t an  f rom o r thoes t e r  (X) and its analogs  by  po ly -  
condensat ion under  the usual  conditions for  the g lycosyla t ion  of o r t h o e s t e r s .  The p r e l i m i n a r y  data obtained 
he re  indicate that  the polycondensat ion  of o r t h o e s t e r s  (X) and (XII), e i ther  in n i t romethane  in the p r e sen ce  
of HgBr  2 , o r  in chlorobenzene  in the p r e s e n c e  of 2,6-1utidinium pe rch lo ra t e ,  gives only a smal l  amount  of 
the po lysacehar ide  (2-5% yield).  A study of the r eac t ion  p roduc t s  a f t e r  r emov ing  the pro tec t ive  groups r e -  
vea led  that  the fo rm ed  po ly saccha r ide s  a r e  not r e g u l a r ,  while the speci f ic  ro ta t ion  (+ 60- + 80 ~ indicates 
the p r e s e n c e  of a ce r t a in  amount  of  a - l i n k a g e s ;  the methy la t ion  data sugges t  that ,  together  with the 1 ~ 3 
l inkages ,  ~20% of 1 --~ 6 l inkages  is p resen t~  The per ioda te  oxidation data a lso  tes t i fy  to the nonregular i ty  
of the polycondensat ion  product .  Apparen t ly ,  this r e s u l t  is a s soc i a t ed  with a mig ra t ion  of the bensyl idene 
p ro tec t ion  dur ing polycondensat ion.  The a t t empted  polycondensat ion of o r t h o e s t e r  (XIV) in n i t romethane  
in the p r e s e n c e  of HgBr  2, us ing the h igh -vacuum technique,  led only to l ow-molecu la r  subs tances  that  

w e r e  not inves t iga ted  in g r e a t e r  detai l .  

E X P E R I M E N T A L  M E T H O D  

The solvents  and adsorben t s  w e r e  p r e p a r e d  as  desc r ibed  in [3, 6]. The TLC on A120 3 was  run  in the 
s y s t e m s :  98 : 2 CHC13-MeCOEt  (A) and 5 . 1  CHC13-acetone (B). The NMR spec t r a  we re  taken on a Var ian  
DA-60- IL  s p e c t r o m e t e r ,  the IR s p e c t r a  w e r e  taken  on a UR-20 s p e c t r o m e t e r ,  while the GLC was run on 
an LKhM-8MD, Model 5, i n s t rumen t  us ing  a f l ame- ion iza t ion  de tec to r ,  a 1 -m column,  3% PNPGS de -  
pos i ted  on Chromatone ,  and n i t rogen as  the c a r r i e r  gas.  The m a s s  spec t r a  we re  taken on a Var ian  CH-6 
MAT ins t rument .  All of  the obtained o r t h o e s t e r s  we re  ch romatograph ica l ly  homogeneous  in s y s t e m s  A 
o r  B, and a r e  c leaved  comple te ly  under  the conditions of the hydroly t ic  t e s t  [6]. The solutions were  eva -  

po ra t ed  in vacuo.  The mel t ing  points  w e r e  de te rmined  on a Kof le r  stand. 
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f l -E thy l th io -D-ga lac topyranos ide  (II). To 400 ml  of absolute MeOH was quickly added 175 g (0.43 
mole)  of 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D - g a l a c t o p y r a n o s y l  b romide  and then, employing cold wa te r  cooling, 
a solution of 0.45 mole  of po tass ium mereap t ide  in absolute  MeOH (from 23 ml  of ethyl m e r c a p t a n ,  17.5 g 
of  K,  and 60 ml  of absolute  MeOH) was added immedia te ly .  With per iodic  shaking, the mix tu re  was kept 
at  5-10~ for  2 h, the KBr  prec ip i ta te  was f i l t e red ,  washed with absolute MeOH, and the f i l t ra te  was kept 
at  200 for  2 h, occas iona l ly  checking the alkal ini ty  of the solution (if neutra l  the reac t ion  was made alkal ine 
with methy la te  solution). The mix tu re  was evapora ted  to d ryness  and the res idue  was dr ied in vacuo. The 
obtained crude  th iogalactes ide  (absence of carbonyl  absorp t ion  in the IR spec t rum)  (85 g) was used in the 
next s tep.  A sample  of the s i rupy  (II) was  dissolved in alcohol and allowed to stand for  s eve ra l  weeks.  
The obtained c r y s t a l s  were  r e c r y s t a l l i z e d  f rom a 3 : 1 a l c o h o l - b e n z e n e  mix tu re ,  mp 120-121 ~ [ a i D - 2 2 . 5  ~ 
(C 1.0, wate r ) ;  cf. [4]. The ace ty la t ion  of (II) with a mix tu re  of Ac20 and CH3COONa gave t e t r aace t a t e  (III), 
mp 73 ~ (from alcohol) ,  [ a i D - 8  ~ (C 4.4, CHCI~); cf.  [4]. 

_4~w (IV). To 85 g of  crude (iI) were  added 60 g of 
ground anhydrous ZnC12 and 160 ml  of benzaldehyde.  The mix tu re  was heated rapidly  up to 60-80 ~ and 
shaken v igorous ly  until a homogeneous solution was fo rmed  (20-40 min),  a f te r  which it was le t  stand a t  
~ 20 ~ for  1 h. The mix tu re  was ex t rac ted  s e v e r a l  t imes  with pe t ro leum e ther  to r emove  the be]~aldehyde,  
poured into 800 ml  of cold wa te r ,  and shaken v igorous ly  for  s eve ra l  minutes .  Immed ia t e ly  a f t e r  a bulky 
c rys ta l l ine  p rec ip i t a te  appeared  it was s epa ra t ed  by centrifuging,  washed with 500 ml  of wa te r ,  and dr ied 
in vacuo.  The obtained crude product  (IV) (41 g, 35%), mp 134-141 ~ was used as such in the next s tep.  
A sample  of (IV) was r e c r y s t a l l i z e d  f rom 150 ml  of benzene and 220 ml  of hexane (5~ We obtained (IV) 
as  fine needles ,  mp 154-156 ~ [~]D-55  ~ (C 3.0, CHC13). Found: C 57.32; H 6.58; S 10.37%. C15H2005S. 
Calculated:  C 57.68; H 6.46; S 10.25%. 

2 ,3 -Di -O-ace ty l -4 ,6 -O-benzy l idene - f l - e thy l th io -D-ga l ac topy ranos ide  (V). A solution of 14.1 g of (IV) 
in 40 ml  of pyr id ine  was ace ty la ted  with 25 ml of Ac20. Af ter  12 h the mix tu re  was worked  up ~.n the usual 
m a n n e r  and the produc t  r e c r y s t a l l i z e d  f rom alcohol to give 14.0 g (78%) of (V) with mp 111 ~ which was 
used  as such in the next s tep.  A sample  was  r e c r y s t a l l i z e d  3 t imes  f rom alcohol to give a c h r o m a t o -  
graphica l ly  homogeneous spec imen ,  mp 118-119 ~ [ a ]D-25 .2  ~ (C 3, CHC13). Found: C 57.77; H 6.09; 
S 9.07%. C19H2407S. Calculated:  C 57.57; H 6.10; S 8.88%. 

2 ,3 -Di -O-benzoy l -4 ,6 -O-benzy l idene - f l  - e thy l th io -D-ga lac topyranos ide  (VI). A solution of 18.0 g of 
thioglycoside (IV) in 60 ml  of pyr idine was benzoyla ted  with 40 ml  of CGHsCOC1 (20 ~ 24 h). Af te r  the usual 
workup and r ec rys t a l l i z a t i on  f rom alcohol we obtained 23.0 g (95%) of dibenzoate (VI), mp  148-150 ~ Ia]D 
+ 99.5 ~ (C 4.0, CHC13). Found: C 66.91; H 5.31; S 6.10%. C29H2807S. Calculated:  C 66.91; H 5.42; S 6.16%. 

1 , 2 - M e t h y l o r t h o a e e t y l - 4 , 6 - O - b e n z y l i d e n e - a - D - g a l a c t o p y r a n o s e  (X). To a solution of 10.0 g (25 
m mole s )  of d iaceta te  (V) in 100 ml  of CC14 was  added a solution of 2.5 g (35 mmoles )  of C12 in 30 ml  of 
CHC13, a f t e r  which the mix tu re  was kept in the da rk  for 30 rain and then evapora ted  below 35 ~ The r e -  
sidue was dr ied  in vaeuo,  a solution of 15 ml  of 2,6-1utidine in 15 ml  of absolute MeOH was added, and the 
mix tu re  was  le t  s tand overnight .  Then the mix tu re  was poured into 150 ml  of wa te r ,  18 ml  of  2 M aque -  
ous AgNO 3 solution was  added, the p rec ip i t a te  was s epa ra t ed  and washed with benzene ,  the aqueous l aye r  
of the f i l t ra te  was ex t rac ted  with benzene (5 x 30 ml) ,  and the combined benzene solutions were  washed  
with wa te r  (5 • 50 ml) and evapora ted .  The res idue  was dr ied  in vaeuo,  covered  with 80 ml  of absolute  
MeOH, and 0.1 ml  of 1 N MeONa solut ion 'was  added. Af te r  2 h the mix tu re  was diluted with 250 ml  of 
w a t e r ,  ex t rac ted  with CHC13 (3 • 50 ml) ,  and the ex t rac t  was  washed with wa te r  (2 x 20 ml) and evapora ted .  
The res idue  (3.5 g) was ch roma tog raphed  on A1203 (S = 3.5 cm 2, h = 20 cm,  with gradient  elution f rom 
CC14 to CHC13, and then to a 97 :3  CHC13-acetone mixture)  to give 2.00 g (24%) of s i rupy  o r thoes t e r  (:g), 
[~]D + 27-3~ (C 4.0, CHC1s). The NMR spec t rum is given in Table  2. The compound c rys t a l l i ze s  on 
standing.  Found: C 59.45; H 6.38%. C16H2007. Calculated:  C 59.25; H 6.25%. The r ec rys t a l l i z a t i on  of 
2.0 g of o r t h o e s t e r  (X) f rom 40 ml  of absolute  benzene and 120 ml  of pe t ro leum ether  (5 ~ gave 1.3 g of 
o r t h o e s t e r  (Xa), mp 125-127 ~ [aiD + 35.8 ~ (C 2.7, CHC13). 

1 ,2 -E thy lo r thoace ty l - -4 ,6 -O-benzy l idene -a -D-ga lac topyranose  (XII), To a suspens ion  of 10.0 g (25 
m mole s )  of d iaee ta te  (V) in 60 ml  of CC14, cooled to 0 ~ was added 3.2 ml  (62 mmoles )  of b romine  and the 
m ix tu r e ,  with per iodic  shaking, was  le t  s tand in the da rk  at  0-5 ~ for  1 h. The obtained homogeneous so lu -  
t ion was evapora ted  below 35 ~ the res idue  was repea ted ly  evapora ted  with 30 ml  of CC14, and the pale 
.yellow c rys t a l l i ne  r e s idue  (NMR s pec t rum  in CC14:6.71 H i , J1,2 = 4 Hz;  a - b r o m i d e )  was d isso lved  in a 
mix tu re  of 2.5 ml  (43 m m ol e s )  of absolute  alcohol ,  10 ml  (86 mmoles )  of 2,6-1utidine, and 20 ml  of MeNO 2 
and le t  s tand a t  ~20  ~ for  4 days .  Then 80 ml  of benzene,  12.5 ml  of 2 M aqueous AgNO 3 solution, and 150 
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ml of wa t e r  we re  added. The m i x t u r e  was  f i l te red ,  the p rec ip i ta te  was washed with benzene,  and the ben-  
zene l aye r  of the combined f i l t ra te  was  sepa ra t ed ,  washed  with wa te r  (5 • 20 ml) ,  and evapora ted .  The 
p rec ip i t a t e  was  evapora t ed  in vacuo and then deace ty la ted  and ch romatographed  as  descr ibed  in the p r e -  
ceding exper imen t .  In this way we obtained 1.2 g (14.5%) of o r t h o e s t e r  (XII), which, based on the TLC 
( sys tem B) was homogeneous ,  [a]D + 30.5~ (C 2.0, CHC13). The  NMR spec t rum is given in Table  2. R e -  
c rys t a l l i za t ion  of the obtained o r t h o e s t e r  f rom 25 ml  of  absolute  benzene and 75 ml  of  pe t ro leum ether  
gave 0.35 g of the pure  endo-CCH 3 i s o m e r  (XIIa), mp 113-115 ~ [Ot]D + 34.5* (C 3.0, CHCI~). Found: C 
59.95; H 6.67%. C17H220 7. Calculated:  C 60.34; H 6.55%. 

1 ,2-Methylor thobenzoyl -4 ,  6 - O - b e n z y l i d e n e - ~ - D - g a l a c t o p y r a n o s e  (X'IV). To asuspens ion  of 10.0 g (19 
m m o l e s )  of dibenzoate (VI) in 100 ml  of CC14 was  added a solut ion of 1.65 g (23 mmoles )  of C12 in 20 ml  of 
absolu te  CHClz, and then the mix tu re  was worked  up as de sc r ibed  in the synthes is  of o r thoes t e r  (X). Af ter  
eh romatograph ing  on A1203 and r e c r y s t a l l i z a t i o n  f r o m  a 1 : 3 b e n z e n e - p e t r o l e u m  e ther  mix tu re  the yield 
of  o r t h o e s t e r  (X-IV) was 0.90 g (12%), mp  150-152 ~ [a]D + 61.4~ (C 4.0, CHC13). Found: C 65.10; H 5.74%. 
C21H220 7. Calculated:  C 65.25; H 5.74%. 

1 ,2 -Me thy lo r thoace ty l -3 -O-aee ty l -4 ,6  - :O-benzyl idene-o t -D-galac topyranose  (XI). A solution of 0.20 
g of  o r t h o e s t e r  (X) in 5 m l  of pyr idine was  aee ty la ted  with 2 ml  of Ae20 (20 ~ 12 h), the reac t ion  solution 
was  poured into 50 ml  of w a t e r ,  ex t r ac t ed  with CHC13, and the ex t r ac t  was  washed  in success ion  with wa te r  
and aqueous IqaHCOz solut ion,  and evapora t ed  to d rynes s .  We obtained o r t h o e s t e r  (XI) in 92% yield,  [aiD 
+ 114.4 ~ (C 3.0, CHC13). Found: C 59.50; H 6.25%. C18H220 8. Calculated:  C 59.01; H 6.05%. 

1,2 -E thylor  thoacety1-3 -O -aeety1-4,6-43 -benzyl idene -ce-D -ga lac topyranose  (XIII). Obtained in the 
s a m e  manne r  as  the p reced ing  f rom o r t h o e s t e r  (XII), [a]D + 103. 3~ (C 4.0, CHC13). Found: C 59.80; H 

6.59%. C19H240 8. Calculated:  C 59.99; H 6.36%. 

1 ,2 -Me thy lo r t hoace t y l -3 -O-m e t hy l -4 ,6 -O-benzy l i dene -o t -D-ga l ac topy ranose  (XV). To 0.90 g (2.80 
mmole s )  of o r t h o e s t e r  (X) in 14 ml  of absolute  THF w e r e  added 2.80 g (70 mmoles )  of NaOH and 1.3 ml  
(16 mmole s )  of d imethyl  sulfate .  The mix tu re  was  s t i r r e d  a t  30* for  1 h and then at  ~20 ~ for  3 h, a f te r  
which 10 ml  of benzene and 4 ml  of t r i e thy lamine  were  added, and then 3 ml  of wa te r  in drops .  The m i x -  
tu re  was  kept at  60 ~ for  30 rain,  cooled,  15 ml  of wa t e r  was  added, and the whole was ex t rac ted  with ben -  
zene (3 • 30 ml ) .  The ex t r ac t  was  evapora ted ,  and the res idue ,  which contained subs tances  with Rf 0.65 
(main compound) and 0.0 (TLC in s y s t e m  A), was  s epa ra t ed  by chromatograph ing  on A1203 (S = 0.5 cm 2, 
h = 15 cm,  with gradient  elution f rom CC14 to CHCI~). We obtained 0.62 g (65%) of c rys ta l l ine  o r t h o e s t e r  
(XV), m p  108-112 ~ Af te r  r e e r y s t a l l i z a t i o n  f rom a 1 : 5  t o l u e n e - p e t r o l e u m  ether  mix tu re ,  mp 122-126", 
[~]D + 27.2~ (C 1.0, CHC13). Found: C 59.71; H 6.52%. C17H220 7. Calculated:  C 60.34; H 6.55%. 

Ana lys i s  of Methyla ted  O r t h o e s t e r  (XV). A solution of 0.24 g of o r t h o e s t e r  (XV) (before r e c r y s t a l l i -  
zation) in a mix tu re  of 40 ml  of acetone  and 4 ml  of 0.1 N H2SO 4 solution was  kept at  20* for 30 min ,  a f te r  
which 0.25 ml  of pyr id ine  was added, and the mix tu re  was  poured into 20 ml  of wa t e r  and ex t rac ted  with 
CHC1 s (5 • 20 ml) .  The ex t r ac t  was  evapo ra t ed  to d rynes s  to give a c rys ta l l ine  res idue  (mp 184-188"). 
The  l a t t e r  (0.12 g) was  d i sso lved  in 3 ml  of AcOH, 1.8 ml  of wa t e r  was added, the whole was heated at  
85-90 ~ for  25 min ,  evapora t ed  to d r y n e s s  with heptane,  and the res idue  was dissolved in 6 ml  of wa te r  and 
s e p a r a t e d  into two equal por t ions .  The f i r s t  por t ion  was reduced  with NaBH 4 and ace ty la ted  in the usual  
manne r  to give 3-O-methyldu le i to l  pen taace ta te  (XVI). T r e a t m e n t  of the second por t ion in the s ame  manner  
but us ing NaBD~ gave 1--deutero-3--O-methyl-D-dule i to l  pentaace ta te  (XVII). The m a s s  spec t r a  of the ob-  
ta ined de r iva t ives  contain,  among  other  c h a r a c t e r i s t i c  peaks ,  peaks  with the following m / e  values :  ace ta te  
(XVI) 189 and 261; ace ta te  (XVII) 190 and 261. Based  on the GLC data (210~ both of the ace ta tes  a r e  p r a c -  
t ica l ly  homogeneous .  A sample  of the crude  methyla t ion  product  of o r t h o e s t e r  (X) was subjected to acid 
t r e a t m e n t ,  as  desc r ibed  above ,  and then s e p a r a t e d  into two equal por t ions .  T r e a t m e n t  of one por t ion  as 
desc r ibed  in [10] gave n i t r f le  (X'VIII), which,  ba sed  on the GLC data (190"), was  homogeneous and was not 
contaminated  with the 6 - O - m e t h y l  i s o m e r .  The second por t ion  was t r ea t ed  as  desc r ibed  above to give 
3-O-methyldule i to l  pen taace ta t e ,  which,  based  on the GLC data (210~ was a lso  f r ee  of the 6 -O-me thy l  

i s o m e r .  
Reac t ions  of O r t h o e s t e r  (X), Ca ta lyzed  by p-Toluenesul fonic  Acid. a) A solution of 0.38 g (1.15 

m m o l e s )  of o r t h o e s t e r  (X) in 14 ml  of dichloroethane was ref luxed in the p r e s e n c e  of 1.7 m g  (0.01 mmole)  
of p- te luenesul fonic  acid  for  2 h, with r e m o v a l  of the solvent  by dis t i l la t ion (see [3]). The reac t ion  p r o -  
duct gives a n u m b e r  of  spots  with di f ferent  mobi l i t i e s  (Rf ranging f rom 0.0 to 0.7 in the sy s t em:  3 : 1 CHC13 
- a c e t o n e ) .  Af te r  the. hydrolyt ic  t e s t  for  o r t h o e s t e r s  the mobi l i ty  of the products  r e m a i n s  constant .  
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Acetylation of the mixture in the usual manner gave a mixture of substances with Rf ranging from 0 to 
0.90, which also remain unchanged under the conditions of the hydrolytic test for orthoesters. 

! 

b) The reaction was run in a ~ -shaped ampul. In one leg was placed 0.0023 mmole of TsOH, 0.05 

mmole of orthoester (X) was placed in the other leg, while molecular sieves 4A were placed in the verti- 
cal portion. The contents were carefully dried in a high vacuum, then 1 ml of the solvent, distilled in a 
vacuum system over Call2, was distilled into the ampul under vacuum, the ampul was sealed in vaeuo (see 
[ii] for the experimental techniqtle), and the contents of the lower branches of the ampul were mixed and 
heated in a bath, while the upper portion was cooled by a water jacket, which served as a reflux condenser. 
The reaction was run for 2.5 h in ehlorobenzene at 90, i00, ii0, and 120 ~ and also in dich[oroethane at 
60 and 90 ~ The ampuls were opened, a drop of pyridine was added, and the mixture was evaporated and 
studied as in the case of a). Based on the TLC and their behavior in the hydrolytic test, all of the reaction 
mixtures behave the same and correspond to the mixture obtained in the case of a). Orthoester (1) under 
the same conditions is converted to the macrocyclic trimeric orthoester in 65-70% yield [I]. The NMR 
spectra of the reaction products of orthoester (X) (in CDCI3) lacked signals in the 1.5-1.8 ppm region 
(CCH3), and contained complex signals at 2.0-2.2 (OAt) and at 3.4-3.6 ppm (OMe), the ratio of whose in- 
tensities was on the average 2.6; they also contained a singlet signal at 5.5 ppm (benzyl proton) and a com- 
plex signal at 7.2-7.7 ppm (C6H5), the ratio of whose intensities was on the average 1:6. 

Polyeondensation of orthoesters (X), (XII), and (XIV). a) The polycondensation of 1.8 g (5.5 mmoles) 
of orthoester (XII) in the presence of 6 mg (0.028 mmole) of lutidinium perehlorate in 35 ml of chlorobenzene 
(refluxing for 3 h with removal of the solvent by distillation) was run as described in [12]. After treatment 
with 25 ml of 70% AcOH solution (85 ~ 20 min), distilling off the solvent, and deacetylation by the Zemplen 
method,, the product was reduced with NaBH 4 and the borate was removed. Precipitation with alcohol from 
aqueous solution gave 27.5 mg of polysaccharide with [C~]D + 44.8 ~ (C 2, water). 

b) The polycondensation of 2.2 g (6.6 mmoles) of orthoester (X) in the presence of 120 mg (0.33 
mmole) of HgBr 2 in i0 ml of nitromethane (refluxing for 5 h with removal of the solvent by distillation) 
was run as described in [6]. After removal of the protective groups, as described above, a sample of 
the product was methylated by the Hakomori method, followed by methanolysis (2 N HCI in MeOH, 5 h, 
I00~ hydrolysis (I N HCI solution, 3.5 h, i00~ reduction with NaBH 4, and acetylation. Employing GLC 
(i 70 ~ and authentic specimens, the full acetates of the 2,3,4,6-tetra-O-methyl-, 2,4,6-tri-O-methyl-, 
2,3,6-tri-O-methyl-, and 2,3,4-tri-O-methyldulcitels were identified in the mixture. 

c) The polycondensation of 0.45 g (1.17 mmoles) of orthoester (XIV) was run in the presence of 4.2 
mg (0.017 mmole) of HgBr 2 and with molecular sieves 4A using the high vacuum technique; cf. [i, Ii]. 
After removal of the protective groups as described above, and employing gel chromatography on Biogel 
P-4, we failed to detect any high-molecular product. 

The authors thank E. P. Prokof'ev and V. A. Korenevskii for taking the NMR spectra, and L. i. 
Miroshnikov for supplying samples of the acetates of the methylated dulcitols. 

CONCLUSIONS 

I. A number of 1,2-orthoesters of 4,6-O-benzylidene-~-D-galactopyranose were synthesized. 

2. These orthoesters form a mixture of glyeosylation products under the conditions of acid-catalyzed 
transesterifieation, and a noD_regular polysaecharide in low yield under the conditions of the orthoester 

method of glycosylation. 
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