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Abstract : Benzyl q-o- [ 2, q, 6-tr i -O-benzyl-3-O- ( q-methoxybenzyl } -/3- 
D-galactopyranosyl]-2-~3,6-tr i-O-b~zyl-/J-D-g~copyranoside (q) was 
synthesised from benzyl lact~'~ide (2) v ia regioselective protection 
of 3'-OH with q-methoxybenzyl group. Oxidative deprotection of q 
afforded the valuable acceptor 5. The tr isaccharide 7 was obtained 
through coupling of 5 and phenyl 2-deoxy-3,q,6- t r i -O-acety l -2-pht -  
hal imido- l - th io-#-D-glucopyranoside (6].  The desired tetrasaccha- 
r ide I was bu i l t  up through fucosylation of the benzylidene der i -  
vat ive 11 o b t a i n e d  f r o m  7.  Copyright © 1996 Published by Elsevier Science Ltd 

In recent years, attention has been directed towards developing a new class of 

sugar der ived anti inflammatory and antitumor drugs 1 based on the discovery of 

involvement 2 of Sialyl Lewis x 2 in the cell adhesion process through binding to the 

glycoprotein E-selectin. 3 Sulphofucooligosaccharides q have also been reported as 

ligands for E-selectin due to the i r  surprising binding ac t i v i t y .  

In order to synthesise glycosphingol ipids 5 and sulphated oligosaccharides q for 

evaluation of the i r  therapeutic ac t i v i t y  i t  is necessary to develop a practical and 

inexpensive synthesis of the common key tetrasaccharide ! .  Herein the construction 

of 1 is reported. 

The presence of a lactose unit at the reducing end is a common feature of 

glycosphingol ipids 5 (lacto, neolacto e tc . ] .  In order to synthesise i ,  the task was to 

prepare the lactose unit unprotected at 3'-OH. The key compound benzyl q-O-[3-O- 

(q-methoxybenzyl)-~-D-galactopyranosyl]-/3-D-glucopyranoside (3) was obtained from 

the well-known benzyl 2,3,6- t r i -O-acety l -q-O-(2,3,q,6- tet ra-O-acety l -#-D-galactopyra-  

nosyl)-#-D-g ucopyranoside 6 through de-acetylat ion and subsequent regioselective q- 

methoxy benzylation at 3'-OH via,  the stannylene complex of 2. The structure of 

compound 3 was established on the basis of spectral data. The 1H NMR analysis of 

the compound exhib i ted a singlet at ~3.8q indicating the presence of one methoxy and 

the mass spectrum showed m/z (M+Na) + 575. Perbenzylation and oxidat ion 7 of the 
n 
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compound with 2,3-dichloro-5,6-dicyanobenzoquinone afforded 5, the physical data of 

which are in agreement with the l i terature.  6 In an ear l ie r  preparation 6 of compound 

5, the a l l y l  group has been used for special protection of 3'-OH but this 

necessitates use of Rh(Ph3P)3CI for deprotection which is expensive. The 

thioglycoside 6 was prepared 8' from 1,3,4,6-tetra-O-acetyl-2-deoxy-2-phthalJmido-/9-D- 

glucopyranose with thiophenol using boron t r i f l uo r ide  d iethy l  etherate in 89t y ie ld .  

The tr isaccharide moiety 7 was prepared in 71~ y ie ld  by coupling of the acceptor 5 

with 6 using N-iodosuccinimideltrifluoromethanesulfonic acid. 9 The new glycosidic 

bond was established as /2 from the coupling constant of 8Hz of the characterist ic 

proton (H-1 c) due to the d -d i rec t ing  power of the phthal imido group. 

The tr isaccharide 7 was transformed into 10 through Zemplen de-acetylation 

followed by dephthal imidat ion using hydrazine hydrate and selective N-acetylation 

with acetic anhydride-methanol. Benzylidenation of compound 10 with benzaldehyde 

dimethyl acetal in the presence of q-toluene sulphonic acid in DMF afforded 11 in 

good y ie ld .  The presence of the three proton singlet at 61.47 and also a singlet at 

~5.59 confirmed the presence of N-acetyl and the benzylidene group in the 

glucosamine unit. The methyl thioglycoside 10 12 was coupled with 11 

stereoselectively in the presence of CuBr 2 and tetrabutylammonium bromide 11 in 

ethylene chlor ide and DMF (5:1) mixture. This resulted in an eff ic ient fucosylation 

at 3-OH c. Compound 1 was characterised from its NMR data. The presence of a 

doublet of H-1 d at 65.26 with J=3.3 Hz confirmed the presence of the L-fucosyl 
I 

moiety with o~-stereoselectivity. 

Compound 1 is the core unit of Sialyl Lewis X and Lewis X family of 

compounds and certainly would be of potential use in related glycosphingol ipid 

synthesis. 

EXPERIMENTAL 

Melting points were determined in open capi l lar ies and are uncorrected. IR 

spectra were recorded on a JASCO 700 spectromter. 1H NMR spectra were run on a 

JEOL FX-100 FT spectrometer using TMS as internal standard. High f ie ld  NMR 

spectra were recorded on a Brucker AM-300L and Bruker AC-200. FAB-MS spectra 

were recorded on a JEOL AX-500 spectrometer. TLC was performed on s i l ica gel, 

F254 Merck, Darmstadt, Germany. Petroleum ether of boi l ing range 60-80°C was 

used. Optical rotations were measured at 25°C on a JASCO, DIP-360 polarimeter. 

Benzyl q-O-[3-O-(4-methoxybenzyl-/3-D-gatactopyranosyl ]-fl-D-glucopyranoside (3) : 

A mixture of 2 (6.q g, 14 retool) and d ibuty l t in  oxide (4.3 g) in dry  methanol 
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(220 ml) was ref luxed with st i r r ing for 13h. After removal of the solvent the 

residue was dr ied in vacuum. To the residue in dry benzene (80 ml),  MS qA (6.4 

g), q-methoxybenzyl chlor ide (3.8q ml) and tetrabutylammonium bromide (2.27 g) 

were added and the mixture ref luxed for 6 h. After removal of the solvent the 

residual mass was column chromatographed on s i l ica gel. Successive elution with 

dichloromethane and dichloromethane-methanol (19:1, 18:2) mixture afforded 3 (4.2 g, 

54~) as amorphous material [O~]D-6.4° (c 0.73, methanol); Rf 0.6 (methanol- 

ch lo ro fo rm, l :9 ) ;  IR (Neat) : 720, 692 cm -1 ~aromatic); 1H NMR (100 MHz, CDCI 3) : 

~3.8q (s,3H,OMe), 6.92 (2H,d,J--8Hz, p-substituted aromatic), 7.2-7.5 (brd.7H, 

aromatic); FAB-MS : m/z (M+Na) + 575, (M-MeOH)* 520. Anal. Calcd, for C27H36012 : 

(552.5) C, 58.68 ; H, 6.56. Found C, 58.70 ; H, 6.58. 

Benzyi ~-O- [ 2, q, 6-tri-_O-benzyl-3-O- (4-methoxybenzyl)-/9-D-galactopyranosyl ] - 2 ,3 ,6 - t r i -  

O-benzyl-/~-D-glucopyranoside (~) : 

A mixture of sodium hydr ide (2.2 g), 3 (2.6 g, 4.7 mmol) and DMF (25 ml) 

was st i r red for hal f  an hour at 0°C followed by dropwise addit ion of benzyl 

chlor ide (6.46 ml, 46 retool). The st i r r ing was continued overnight at room 

temperature, and the reaction monitored by TLC. The reaction mixture was quenched 

with methanol and then extracted with dichloromethane. The organic layer was dr ied 

(Na2SO q) and then concentrated. Purif ication of the residue by column chromatography 

on s i l ica gel with successive elution using ethylacetate-petroleum ether (1:5;1:4) 

y ielded (7696) a syrup II (4.0 g). [~]D+25.92 ° (c 0.27 chloroform) ; Rf 0.65, 

ethylacetate-petroleum ether (1:1); IR (Neat) : 742, 688, 657 cm -1 (aromatic); 1H 

NMR (100 MHz, CDCI3) :83.82 (s,3H,OMe), 6.86 (d,2H, J--8Hz, p_-substituted 

aromatic), 7.00-7.64 (m,37H, aromatic). 

Benzyl 2,3,6-tr i -O-benzyl-q-O- (2, q, 6-tri-_O-benzyl-~-D-galactopyranosyl )-/~-D-gl uco- 

pyrasnoside ( 5 )  : 

To a solution of ~ (2.6 g, 2,3 mmol) in dichloromethane (q6.8 ml),  2,3- 

dichloro-5,6-dicyanobenzoquinone (738 rag, 3.25 mmol) and water (2.6 ml) were 

added. The mixture was st i r red for lh  at room temperature. It was then f i l te red ,  

and washed repeatedly with dichloromethane. The f i l t ra te  was washed with saturated 

NaHCO 3 solution, dr ied (Na2SO q) and then concentrated. Column chromatography using 

ethylacetate-petroleum ether (1:5.5) of the residue afforded a thick syrup 

characterised as 5 (1.6 g, 74~); [~]D-4.76° (c 2.17, chloroform) [ re f .6b[~]D-5.7°(c  

1.5, chloroform)];  IR (Neat): 72q, 688 cm -1 (aromatic); 1H NMR (200 MHz, CDCI3)'~ 

3.80-4.01 (m,12H), 4.26-5.01 (m,16H,7CH2,1-H,1'-H), 7.16-7.33 (m,35H). 
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Phenyl 2 -deoxy -3 ,q ,6 - t r i -O -ace t y l - 2 -ph tha l im ido - l - t h i o -# - I ) - g l ucopy ranos ide  (6) : 

To a s t i r r ed  solut ion of I ,  3, q, 6- te t ra-O-acety  I -2-deox y -2 -ph tha l  imido-/~- D- 

glycopyranose (q g, 8.3 mmol) in d ichloromethane (40 ml) at 0°C, th iophenol  (0.9q 

ml, 9.13 mmol) and then boron t r i f l u o r i d e  etherate (2.5 rnl) were added dropwise in 

succession. The reaction mix ture was al lowed to come to room temperature. At the 

end of the react ion (monitored by TLC),  the ice cooled water was added to the 

mix ture and i t  was washed w i th  saturated NaHCO 3 solut ion.  The organic layer  was 

then d r i ed  (Na2SO4) and concentrated. Column chromatography of  the residue y i e l ded  

a so l id  which was rec rys ta l l i sed  from dich lormethane-petro leum ether  to a f fo rd  6 as 

needles (3.5q g);  m.p.  152°C; [C¢}D+62.2° (c 1.8, ch loro form) ;  IR (KBr} : 1718 

(es ter ) ,  717 and 636 cm -1 (aromat ic) ;  1H NMR (100 MHz, CDCI 3) : 81.8% 2.02, 2.1 

(3s,gH,3Ac), 3.80-q.04 (H-5) ,  5.16 ( t ,J2,3=J3,q=9Hz,H-3),  5.7q (d,IH,J_=9Hz,H-1), 

5.82 ( t , I H ,  J3,q=J,.,5=10Hz,H-q),~ 7.20-7.60 (m,5H,Ph},  7.72-7.96 (m,4H,Phtha loy I -H) ;  
- -  4 -  

FAB-MS : m/z (M+Na) 550. 
m _ 

Benzyl O- ( 3, q, 6 - t r i  -O-acety I -2 -deoxy -2 -ph tha l  i m i do-/~-D-g I ucopyranosyl ) - ( !---3 ) -O- ( 2, q, 

6- t r i -O-benzy l - /~-D-ga lactopyranosy l  ) - (  1 ~ ) - 2 , 3 , 6 - t r i - O - b e n z y l - f l - D - g l u c o p y r a n o s i d e  

(7) : 

To a solut ion of S (876 rag, 0.9 mmol) in d ichloromethane (15 ml ) ,  compound 6 

(664 rag, 1.39 retool) and f resh ly  act ivated MS 3A (1.54 g) were added under 

ni trogen. The mix ture  was s t i r r ed  for  6h at room temperature and then cooled to 

-35°C. N-Iodosuccinimide (q38 rag) and a solut ion of t r i f luoromethanesulphonic  acid 

(23.7 i~l) in d ichloromethane were added dropwise to the reaction mix ture under 

s t i r r i ng .  Af ter  q5 minutes i t  was quenched w i th  t r i e t h y l  amine. The mix ture  was 

f i l t e r e d ,  and washed wi th  d ichloromethane.  The organic layer  was washed w i th  

saturated NaHCO 3 solut ion fo l lowed by 104 sodium th iosu lphate  solut ion.  It  was then 

d r i ed  (Na2SO4), concentrated and the residue was subjected to column chromatography 

using e thy laceta te-pet ro leum ether  (2:3) on s i l i ca  gel .  This gave an amorphous 

mater ial  7 (900 mg); Rf 0.52, e thy lacetate-pet ro leum ether  (4:1) ;  [0(]D-q.68° (c 
-1 

0.47, ch lo ro form) ;  IR (CHCI 3) : 1751, 1222 (ester) ,  1720 ( im ide) ,  743 cm 

(aromat ic) ;  1H NMR (200 MHz, CDCI 3) : ~1.83, 1.93, 2.01 (3s,gH,3Ac), 3.25-3.5q 

(m, lOH),  5.01 ( t ,  J2c,3c=J3c,qc=10Hz,H-3c), 5.62 (d , lH ,J l c ,2c=8Hz ,H- l c ) ,  5.86 (dd,  

1H,Jqc,Sc--8Hz,H-4c) and 6.87-7.q7 (m,39H,7Ph,ph tha lo ly I -H) ;  FAB-MS : m/z  (M+H) + 

1390. 

Benzyl O- (2-acetamido-2-deoxy-~-O-glucopyranosyi)- (1-~" 3)-O- (2, It, 6-tri-_O-benzyl-#-O- 
ga lac topy ranosy l ) - ( i - , -q ) -2 ,3 ,6 - t r i -O-benzy l -P -D ' -g lucopyranos ide  (10) : 

Sodium methox ide (26 rag) was added to a solut ion of 7 (700 rag, 0.5 retool) in 
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methanol (q ml) and the react ion mix ture a l lowed to stand for  2h at room 

temperature. It  was then treated wi th  Amber l i te  IR-120(H +) res in,  f i l t e r e d ,  washed 

and the f i l t r a t e  concentrated. The residue was re f luxed for  2h in a mix ture of 

alcohol (7 m l ) ,  water (0.5 ml) and hydraz ine hydrate  (127~1). The mixture was 

f i l t e red ,  washed w i th  a l i t t l e  alcohol and the f i l t r a t e  concentrated. The residue was 

treated wi th  a mix ture  of acet ic anhydr ide  (0.28 ml ) ,  methanol (3.7 ml) and 

py r i d i ne  (0.qq ml) and kept  at room temperature for  3h. Af ter  th is ,  the reagents 

were removed under reduced pressure and the residue was d isso lved in 

d ichloromethane. The organic layer  was thorough ly  washed wi th  water,  d r ied  

(Na2SO q) and concentrated. The th ick  residual mass was subjected to column 

chromatography using methanol-d ichloromethane (3:97) to a f fo rd  10 (510 rag, 86.6~) as 

amorphous powder;  [O~]D-18.75° (c 1.12, chloroform-methanol , 1:1); IR (CHCI3) : 

331q(OH), 1660 and 1560 (amide) ,  727 and .688 cm -1; 1H NMR (300 MHz, CDCI3)'~ 

1.85 (s,3H,NAc), 7.20-7.q0 (m,35H,7Ph). 

Benzyl O- ( 2-acetamido-q, 6-~__-benzyl idene-2-deoxy-/~- D-glucopyranosyl  ) -  ( I - , -  3)-O- (2, q, 6- 

t r i -~ -benz~- / J -D-ga~ac t~p~ran~s~) - (1 -~4 ) -2~3~6- t r~ -~ -benz~ /3 -~ -g~uc~ran~s~de  (11 ): 

To a solut ion of compound 10 (338 rag, 0.29 retool) in DMF (2 ml ) ,  

benzaldehyde d imethy l  acetal (87.q ~1, 0.57 mmol), q-toluene sulphonic acid 

monohydrate (ca ta ly t i c  amount) and anhydrous calcium sulfate (338 rag) were added. 

The mixture was s t i r red  for  q8h at room temperature and then neutral ised w i th  

t r ie thy lamine .  It was then f i l t e r e d  and washed wi th  d ichloromethane.  The organic 

layer  was washed wi th  water ,  d r i ed  (Na2SO q) and concentrated. The residue on 

column chromatography over  s i l i ca  gel using methanol-dichloromethane (1:19) af forded 

a syrup,  character isd as 11, [0~]D-16.6° (c 0.9, ch loro form) ;  IR (CHCI3) : 

3296(OH), 1658 and 1553 (amide) ,  698 and 867 cm -1., 1H NMR (200 MHz, CDCI3) : 

~1.q7 (s,3H,NAc), 5.36 ( d , b r , l H , N H ) ,  5.59 (s, IH,PhCH) and 7.10-7.50 (m,q0H,8Ph); 

13C NMR (CDCI 3) : 172.37 (-NHCO-), 125.9q-138.gq (Ar ) ,  102.35, 102.q5 ( C - l , a , b ) ,  

101.86, 82.73, 81.68, 81.5q, 81.42, 79.93-72.67, 68.53, 68.02, 66.q2, 59.02, (C-2,c) ,  

22.59 (-NCOCH3). 

Benzy I O- ( 2,3,  q - t r  i -O-benzyl  -~ -L - fucopy  ranosy I ) - ( 1 ~ 3 ) -O- ( 2-acetam ido-q,  G-O-ben zy I i - 

dene-2-deoxy-/9-D-g I ucopyranosy I ) -  ( 1 ~ 3  )-O-2, q, 6 - t r  i-_O-benzyI-D-D-gal actopyranosy I ) -  

(1---q)-2,3,6- t r i -_O-benzyl- /3-D-glucopyranoside (1) : 

A soluction of !1 (52 rag, 0.0/1 retool) and 12 (38 rag, 0.08 retool) in 1 ml of 

CICH2CH2CI-DMF (5:1) were added to s t i r r ed  mix ture  of CuBr 2 (22.95 rag, 0.1 retool) 

tetrabutylammonium bromide (0.33 rag, 0.1 retool) and f r esh l y  act ivated powdered MS 

q/~ (110 rag) under ni t rogen. The s t i r r i ng  was continued for  50h at room temperature.  

The reaction mix ture was f i l t e r e d  and washed w i th  d ichloromethane.  The combined 
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f i l t ra te  and washings were washed with saturated NaHCO 3 solution and then with 

water. It was then dr ied (Na2SO q) and concentrated. Column chromatography of the 

residue with ethyl  acetate-petroleum ether (3:7} y ielded the syrupy product 1 (50 

mg, 70~); Rf 0.52 in chloroform-methanol (q0 : l ) ;  [0~]D-39.06° (c 1.29, chloroform); 

IR (CHCI3) : 1673,1605 (amide), 695, 669 cm -1 (aromatic); 1H NMR (300 MHz, CDCI 3) 

: ~1.17 (d,3H,J5,6=7.8Hz, Fuc), 1.q2 (s,3H,NAc), 5.26 (d,IH,J=3.3Hz,H-1, Fuc), 5.57 

(s,IH,PhCH) and 7.10-7.q6 (m,55H,11Ph); FAB-MS : m/z (M+Na)+ 1702. 
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