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ABSTRACT 

Jones oxidation of suitably protected allyl /3-D-galactopyranosides and subsequent esterification 
were reinvestigated. Partial deprotection of the resulting D-galacturonic acid derivatives afforded 
compounds suitable for transformation into glycosyl acceptors. The synthesis of 2-, 3-, and 4-trityl 
ethers, relying on efficient differential protecting-group strategies, is described. Trityl-cyanoethylidene 
condensation of these trityl ethers, leading to the protected disaccharide units fi-D-GalpA-(1 -* 2)-D- 
GalpA and /3 D GalpA-(1 ~ 3)-GalpA with high stereoselectivity, is demonstrated. A fi-D-GalpA-(1 

4)-D-GalpA disaccharide was also prepared. 

INTRODUCTION 

D-Galacturonic  ac id-conta in ing carbohydrate  residues have been  frequent ly  

isolated from such na tura l  sources as bacter ia  2 or p lants  3. Pectic polysaccharides 

conta in ing  ol igogalactosiduronic acids have been  found  to possess, as so called 

dietary fibres, human-physiological  significance 4. Addit ional ly ,  homoga lac tu ronan  

f ragments  of p lan t  cell-wall are known to induce,  via enzymic reactions,  the 

product ion  of defence  substances  against  invading pa thogens  5. However,  the 

molecular  mechanisms  of these biological processes are far f rom being clarified. 

The  synthesis of au thent ic  mater ia ls  as well as of s t ructural  analogues  is therefore 

required.  We have invest igated glyeosylation react ions using D-galacturonic acid 

derivatives by appl ica t ion of the t r i tyl-cyanoethyl idene condensa t ion  (TCC) 

method  6. This react ion has been  employed for the p repara t ion  of oligosaccharides 

as well as of polysaccharides bui l t  up from repea t ing  uni ts  or blocks. 

Correspondence to: Priv.-Doz. Ch. Vogel, Universitfit Rostock, Fachbereich Chemic, Buchbinderstrasse 
9, 0-2500 Rostock, Germany. 
* Presented at the VIth European Carbohydrate Symposium, Edinburgh, Scotland, September 1991; 

abstract B. 141, Part IV of the series Galacturonic Acid Derivatives. For Part III see ref. 1. 
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Recently, the reinvestigation and some new syntheses of D-galactose-derived 
galacturonic acid derivatives suitable as glycosyl donors and acceptors have been 
reported 7-1°. The glycosylation procedure using TCC requires a tritylated hydroxyl 
group in the acceptor molecule. This requires an additional synthetic step when 
compared with other glycosylation reactions. However, alternative glycosylation 
procedures, e.g., the Mukaiyama method, were hitherto not successful m. 

The previously reported methyl (allyl /~-D-galactopyranosid)uronate derivatives 
4 and 5 (ref. 9) have been used as starting materials in the synthesis of suitable 
glycosyl acceptors in TCC reactions. We investigated here the synthesis of 4 via the 
acyclic acetals 2 (ref. 11) and 3. It seems that this approach is the most convenient 
one despite the considerably smaller yield compared to our findings with the  
corresponding benzyl /3-D-galactopyranoside 9. Thus, allyl /3-D-galactopyranoside 1 
on reaction with 2,2-dimethoxypropane with rigorous exclusion of moisture led to 
allyl 3,4-O-isopropylidene-6-O-(1-methoxy- 1-methylethyl)-/3-D-galactopyranoside ~ 
(2). Sequential acetylation of non-isolated 2, Jones oxidation 12, and esterification 
afforded the desired key intermediate 4 in 14% overall yield (Scheme 1). 

Glycosyl acceptors at positions 2 (7) and 3 (10) were prepared in the following 
manner: treatment of triol 5 with 2,2-dimethoxypropane in acetone gave compound 
6 (92%). Tritylation of 6 with tritylium perchlorate-2,4,6-collidine led to the trityl 
ether 7 (90%, Scheme 1). The 3-O-trityl derivative 10 was synthesized starting from 
diol 8 obtained by O-deisopropylidenation of key compound 4 with trifluoroacetic 
acid in 90% aq acetic acid at room temperature. Direct tritylation of diol 8 led 
regioselectively to derivative 9 (86%). Acetylation (Ac20-pyridine) catalyzed by 
N,N-dimethyl-4-aminopyridine gave then the protected trityl ether 10 (95%, 
Scheme 2). 

Alternative routes to glycosyl acceptor 10 started from compound 5 or 8 via the 
cyclic ortho ester 12, which was opened by treatment with aq acetic acid to form, 
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as expected ~3, the diacetate 13 (75%). Tritylation of the remaining hydroxyl group 
gave acceptor 10 (96%, Scheme 2). 

Regioselective alkylation of the free 3,4-cis-diol of the D-galacturonic acid 
derivative 8 via a 4,6-di-O-butylstanuyl ether 14 was used in order to prepare an 
acceptor molecule (16) for glycosylation at C-4. Therefore,  compound 8 was 
treated with dibutyltin oxide in refluxing toluene, and subsequently with benzyl 
chloride in the presence of tetrabutylammonium iodide, yielding a mixture of the 
3-O-benzyl derivatives 14 (55%) and 15 (30%). Although, the benzylation reaction 
could be then carried out with total regioselectivity, a side reaction caused partial 
formation of a benzyl ester. Eventually, compound 14 was tritylated. In this case, 
complete tritylation was only achieved in the presence of N,N-dimethyl-4-amino- 
pyridine yielding 80% of the trityl ether 16 (Scheme 3). 

The synthesis of cyanoethylidene derivatives (CED) of uronic acid is known is 
and was recently improved v. Thus, methyl 3,4-di-O-acetyl-l,2-O-[1-(exo-cyano)eth- 
ylidene]-a-D-galactopyranuronate (17) was prepared from the 6-O-trityl-CED of 
the corresponding neutral sugar by oxidation and then esterification 7. We used 
uronic acid-CED 17 as the glycosyl donor in all glycosylation reactions, whereas 
trityl ethers 7, 10, and 16 were used as glycosyl acceptors. The structures of all 
monosaccharide derivatives were confirmed by their 1H and 13C NMR spectra. 

Bn = CH2CeH 5 

Scheme 3. 
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The synthesis of disaccharides was carried out in the presence of tritylium 
perchlorate in dichloromethane using the vacuum technique under the standard 
conditions 6 of the TCC. The mixture of resulting disaccharides was isolated by 
column chromatography, and the ratio of 1,2-trans- to 1,2-cis-linked disaccharides 
was estimated by comparing the integrated intensities of the signals for H-1 or H-5 
in the 1H NMR spectra. 

The coupling of 17 with 7 and 10 gave the expected /3-(1 --* 2)- and /3-(1 ~ 3)- 
linked disaccharides 18 (58%) and 19 (57%) containing no more than 1% of the c~ 
anomer (Scheme 4). The value of Jr,2' in the 1H NMR spectra (8.0 and 7.9 Hz) 
and the signal for C-I'  in the 13C NMR spectra (102.1 and 100.5 ppm) proved the 
1,2-trans-glycosidic linkage. The remaining N MR data also agreed with the de- 
picted structures of disaccharides 18 and 19. 

An experiment with 10 and a mixture of the exo/endo-isomers of the CED 
instead of pure exo-isomer 17 carried out under the same conditions showed a 
similar outcome. 

In the case of glycosylation at C-4 (TCC of 16 and 17, Scheme 5) two 
phenomena were observed. First, l',2'-trans (20, 21)- and l',2'-cis (22)-disacchar- 
ides were formed, demonstrating a low stereoselectivity as previously reported for 
some neutral sugar derivatives 6. Secondly, the partial anomerisation at the glyco- 
sidic centre of the 1,2-trans-allyl glycoside 16 led to the formation of 1,2-cis-allyl 
biosides 21 and 22. An analogous anomerisation of alkyl-/3-D-glucopyranosides 
under the action of a system containing 1,2-O-cyanoalkylidene sugar derivative- 
TrC104 was observed earlier 16. The structures of the disaccharides 20 (10%), 21 
(28%), and 22 (7%) are in accordance with the spectroscopic data. Thus, in the ~H 
NMR spectra, the small coupling constants J1,2 3.3 Hz (21), J~,2 3.5 Hz and J~',2' 
3.6 Hz (22) give evidence of the cis-glycosidic bonds. The values for 20 (J~,2 7.7 Hz, 
Jr,2' 7.5 Hz) and 21 (Jl',2' 7.7 Hz) indicate trans-glycosidic bonds. Key ~H-reso- 
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nanccs were assigned by NOE experiments. Signals of anomeric carbon atoms of 
cis-glycosidic bonds were observed in 13C NMR spectra at 95.9 (C-1 of 21), 95.7 
and 96.9 (C-1 and C-1' of 22) ppm. The downfield shift of the C-4 signals at 79.3 
(20), 76.1 (21), and 75.0 (22) ppm compared to that of the non-glycosylated 
compound 14 (67.4 ppm) and a slight upfield shift of the signals for C-3 (74.0, 74.5, 
and 75.6 ppm) and for C-5 (70.4, 70.5, and 70.0 ppm) of 20, 21, and 22, 
respectively, compared with C-3 (77.9 ppm) and C-5 (73.8 ppm) of 14 confirmed 
the glycosylation at C-4. 

(~02Me 

~cN 
23 

The glycosylation reactions at C-3 and C-4 should permit prediction of the 
result of a polycondensation based on the same principle (e.g., polycondensation ~7 
of monomer 23). Additionally, the disaccharides now prepared will be used as 
model compounds, especially for the interpretation of the NMR spectra of the 
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polycondensation products. The relevant data for all compounds is given in Tables 
I -V.  

EXPERIMENTAL 

General rnethods.--See ref. 9. All washing solutions were cooled to ~ 5°C. The 
NaHCO 3 solution was saturated. NMR data of the allyl group: IH NMR (CDC13): 

4.0-4.1 (m, 1 H), 4.3-4.4 (m, 1 H), 5.1 (m, 1 H), 5.3 (m, 1 H), 5.8 (m, 1 H); 13C 
N M R  (CDCI3): # 69.9 ( C H 2 C H = C H 2 ) ,  117.5 ( C H z C H = C H 2 ) ,  133.7 
(CHzCH=CH2).  The following solvent systems (v/v)  were used for chromatogra- 

phy: (A l) 2: 1, (M2) 4: 1, (~z~3) 7:2,  (A  4) 10: 1, (A s) 1 : 1, (z46) 1:2, and (~l 7) 30:1 
PhMe-EtOAc;  (B) 4 : 2: 2 :1  P h M e - E t O H - E t O A c - A c O H ;  (C) 1 : 2 : 0.1 P h M e -  
E tOAc - E tOH;  (D) 5 :1  PhMe-EtOAc,  2% pyridine; (El )  1:1, and (E  2) 10:1 
PhMe-Me2CO;  and (F )  5 : 1 : 1 P h M e - h e p t a n e - E t O H .  

Methyl (allyl 2-O-acetyl-3, 4-O-isopropylidene-f3-D-galactopyranosid )uronate (4) . --  
To an anhydrous solution of TsOH (157 mg, 0.82 mmol) in 2,2-dimethoxypropane 
(50 mL) allyl /3-D-galactopyranoside 9 1 (4.25 g, 19.3 mmol) was added, and the 
mixture was stirred under Ar for 20 h at room temperature with exclusion of 
moisture. Pyridine (0.67 mL, 8.2 mmol) was then added, the mixture was evapo- 
rated and the resulting residue dissolved in an ice-cold solution of dry pyridine (13 
mL) and Ac20  (7.5 mL). After 3 h at room temperature (TLC, solvent A 1, 1% 
pyridine), E tOH (3.7 mL) was added dropwise at 0°C, and, after 30 min, the 
mixture was diluted with CHC13 (40 mL), poured into ice-water  and extracted with 
CHC13 (3 × 20 mL). The combined organic layers were diluted with hexane (200 
mL), washed with aq NaHCO 3 (2 × 50 mL), water (2 × 50 mL), dried, and 
evaporated with repeated addition of PhMe. To a solution of the residue (crude 3) 
in Me2CO (33 mL) and CH2C12 (48 mL), a solution of CrO 3 (4.5 g, 45 retool) in 
H2SO 4 (3.5 M, 19.3 mL) was added dropwise during 30 min, at ~ 0°C. The 
mixture was stirred for 30 min at 0°C, then for 1.5 h at room temperature (TLC, 
solvent B). E tOH (38 mL) was then added at 0°C, and, after 30 min, the separated 
solid was filtered off, washed thoroughly with Me2CO, and the combined organic 
phases were neutralized by addition of aq NaHCO 3 (100 mL). The volume was 
reduced under diminished pressure to 100 mL (first at room temperature as long 
as gas evolvment occurred, then at ~ 40°C). 

For esterification of the carboxylic group, the residue was vigorously stirred in 
CH2C12 (100 mL), Bu4NBr (5 g, 15 mmol) and MeI (8 mL, 126 mmol) for 20 h at 
ambient temperature (TLC, solvent At). The phases were separated, and the 
aqueous phase was extracted with CHCI 3 (3 × 30 mL). The combined organic 
layers were washed with water (30 mL), dried, and evaporated. The syrupy residue 
was dissolved in a minimum of CH2C12 and E t 2 0  was added, whereupon the 
ammonium salts precipitated. The filtrate was evaporated and processed by 
column chromatography (solvent A 2) to yield 935 mg (14%) of 4; R F 0.4; mp 
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TABLE Ill 

Coupling constants [JH.H values (Hz)] for 2, 7-10, and 13-22 

123 

Compound Ji,2 J2,3 .13,4 J4,5 Jl',2' J2',3' .13',4' J4',s' JCH2Ph 
2 8.2 7.3 5.3 2.2 
7 2.2 7.6 3.6 2.1 
8 7.7 9.8 1.3 
9 7.5 9.5 3.4 1.4 

10 7.9 9.9 2.9 0.8 
13 8.0 10.1 3.6 1.3 
14 7.9 9.7 3.2 1.3 
15 7.7 9.9 3.3 1.6 
16 7.8 10.0 3.0 1.4 
18 7.7 6.7 5.9 2.3 8.0 
19 8.0 10.4 3.4 7.9 
20 7.7 9.5 2.9 0.5 7.5 
21 3.3 9.9 2.5 1.2 7.7 
22 3.5 10.4 2.9 3.6 

10.5 3.6 
10.4 3.4 
10.4 3.2 
10.1 3.4 
11.1 3.0 

12.3 
12.2 
12.3 

1.6 
1.0 
1.0 11.8 
0.8 11.5 
1.5 12.2 

98-100°C (from EtOAc-hexane) ,  [a] 2° -21 .3  ° (c 1.0, CHC13); lit. 9, mp 98-101°C 
(from EtOAc-hexane) ;  [a]2D ° --21.3 ° (C 1.0, Me2CO). 

Allyl 3, 4-O-isopropylidene-6-O-(1-methoxy-l-methylethyl)-¢3-D-galactopyranoside 
(6 ) . - -To  an anhydrous solution of T s O H  (163 mg, 0.86 mmol)  in 2,2-dimethoxy- 
propane (50 mL) allyl /3-D-galactopyranoside 9 1 (4.41 g, 20 mmol) was added, and 
the mixture was stirred under Ar  for 20 h at room tempera ture  with exclusion of 
moisture. The reaction was monitored by TLC (solvent El, 1% pyridine). After 
adding pyridine (0.7 mL, 8.6 mmol), the mixture was evaporated and the resulting 
residue purified by column chromatography (solvent A 1) to give syrupy 2 (3.9 g, 

58%); R F 0.7, [a]~) ° - 2 . 0  ° (c 2.0, CHCI3). 
Methyl (allyl 3,4-O-isopropylidene-[3-D-galactopyranosid)uronate (6 ) . - -To  a sus- 

pension of 5 (ref. 9) (1.92 g, 7.8 mmol) in dry M % C O  (62.4 mL) and 2,2-dimethoxy- 
propane (15.6 mL), T s O H  (312 mg, 1.6 mmol) was added, and the mixture was 
stirred for 24 h at ambient tempera ture  (TLC, 6 :1  CHC13-MeOH).  The mixture 
was then passed through a layer of alkaline alumina (2 × 3 cm), the eluate 
evaporated, and the residue was crystallized from E t O A c - h e x a n e  to give 6 (2.07 g, 

92%); R F 0.8; mp 97°C; [a]ff  - 33 .5  ° (c 1.0, CHCI3). Anal. Calcd for C13H2007: 
C, 54.16; H, 6.99. Found: C, 53.65; H, 6.82. 

Methyl (allyl 3, 4-O-isopropylidene-2-O-trityl-[3-D-galactopyranosid )uronate (7) . - -  

To a solution of 6 (500 mg, 1.73 retool) in CH2C12 (52 mL) were added TrC10 4 
(739 mg, 2.15 mmol)  and 2,4,6-collidine (0.37 mL, 2.8 mmol). The mixture was kept 
for 15 min at room tempera ture  (TLC, solvent D), diluted with a mixture of 
hexane (180 mL) and CHC13 (40 mL), and washed with water  (3 × 50 mL). The 
organic layer was dried and evaporated. The crude material  was purified by 
column chromatography (first with hexane, then with PhMe) to give syrupy 7 (823 

mg, 90%); R F 0.6; [ a ] ~  - 3 4 . 9  ° (c 2.7, CHC13). Anal. Calcd for C32H3407: C, 
72.43; H, 6.46. Found: C, 72.64; H, 6.72. 
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Methyl (allyl 2-O-acetyl-[3-D-galactopyranosid)uronate (8).--A solution of 4 (928 
rag, 2.81 retool) in aq AcOH (90% 56.2 mL) and aq CF3CO2H (90% 14.0 mL) was 
kept for 40 min at ambient temperature (TLC, solvent C), diluted with PhMe (100 
mL), evaporated in vacuo at 50°C, and evaporated with repeated addition of 
solvent F, whereupon the product crystallized (730 rag, 90%), Rv. 0.34, mp 
102-104°C (from EtOAc-hexane); [c~]~ -26.4 ° (c 0.92, CHCI3). Anal. Calcd for 
Cj2I-I1808: C, 49.65; H, 6.25. Found: C, 49.60; H, 6.59. 

Methyl (allyl 2-O-acetyl-3-O-trityl-~-D-galactopyranosid)uronate (9).--To a solu- 
tion of 8 (416 nag, 1.4 retool) in CH2C12 (10 mL), 2,4,6-collidine (0.45 mL, 3.4 
namol) and TrC104 (0.9 g, 2.6 retool) were added in portions, and the mixture was 
stirred for 15 rain (TLC, solvent A 3) at room temperature. Then, a mixture of 
hexane (60 mL) and CHCI 3 (20 mL) was added, and the solution was washed with 
water (3 × 30 mL), dried, and evaporated. The residue was processed by column 
chromatography (EtOAc gradient 15-35% in hexane) to afford 9 (644 nag, 86%), 
R F 0.26, nap 171-172°C (from EtOAc-hexane); [c~]~ ~ + 12.3 ° (c 1.0, CHCI3). Anal. 
Calcd for C31H3zOs: C, 69.91; H, 6.06. Found: C, 69.74; H, 6.40. 

Methyl (allyl 2, 4-di-O-acetyl-3-O-trityl-~3-D-galactopyranosid )uronate (l O).--( Via 
9): Compound 9 (533 rag, 1 retool) was dissolved in a mixture of Ac20 (6 mL), 
pyridine (18 mL) and N,N-dimethyl-4-aminopyridine (120 nag) and kept for 24 h at 
room temperature (TLC, 3 : 1 PhMe-Et20). EtOH (4 mL) was added at 0°C, and, 
after 20 rain at room temperature, the mixture was diluted with CHC13 (100 mL) 
and poured into ice-water. The phases were separated, and the aq phase was 
extracted with CHCI 3 (50 mL). The combined organic solutions were washed with 
aq NaHCO 3 (3 × 50 mL), water (2 × 50 mL), dried, and evaporated. Traces of 
pyridine were removed by evaporation with repeated addition of PhMe. The 
residue was purified by column chromatography (solvent E 2) to yield 564 nag 
(98%) of 10, R v 0.5, mp 174-175°C (from EtOAc-heptane), [o~] 2° +58.7 ° (c 0.88, 

CHCI 3). 
(Via 13): To a solution of 13 (665 rag, 2 retool) in CH2Cl z (15 mL) and 

2,4,6-collidine (0.4 mL, 3 nanaol) was added TrC104 (900 rag, 2.6 retool) with 
stirring at ambient temperature. After 20 rain, further amounts of 2,4,6-collidine 
(0.2 naL, 1.5 retool) and TrC104 (400 rag, 1.2 nanaol) were added. When the reaction 
was complete (TLC, solvent A3), the mixture was diluted with CHC13 (100 mL). 
The organic solution was washed with water (3 × 30 mL), dried, and evaporated. 
Column chromatography (solvent A4) was performed to give 1.1 g (96%) of 10, R v 
0.4, nap 174-175°C (from EtOAc-heptane); [c~]~ +58.3 ° (c 0.8, CHC13). Anal. 
Calcd for C33H3409: C, 68.98; H, 5.96. Found: C, 68.72; H, 6.20. 

Methyl (allyl 2, 4-di-O-acetyl-~-D-galactopyranosid )uronate (13).--(Via 8): Com- 
pound 8 (1.7 g, 6 mnaol) and TsOH (9 rag, 0.05 mnaol) were dried by a threefold 
distillation with PhMe. Ethyl orthoacetate (8 mL) was added, and the suspension 
was stirred for 8 h at room temperature (TLC, solvent C, R v 0.6). After adding 
Et3N (2.5 mL), the mixture was diluted with Et20 (100 mL), washed with water 
(4 × 30 mL), dried, and evaporated. The syrupy residue was dissolved in aq AcOH 
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(80%, 25 mL), kept for 10 min at room temperature (TLC, solvent C), diluted with 
PhMe (40 mL), and evaporated. Distillation of solvent F (4 × 60 mL) from the 
residue caused crystallization of 13 in a yield of 1.5 g (75%), R F 0.5, mp 130-132°C 
(from EtOAc-heptane); [o~]~ ~ -7.3 ° (c 1.0, CHC13). 

(Via 5): To a solution of 5 (1.27 g, 5.2 mmol) in CHzC12 (31 mL) were added in 
portions (EtO)3CMe (5 × 0.96 mL) and TsOH (2 X 32 rag, total 0.34 mmol) with 
stirring at room temperature. After overall 100 min (TLC, solvent C, R F 0.6), 
Et3N (16.1 mL) was added to the reaction mixture which was diluted with CHC13 
(150 mL), washed with water (2 x 50 mL), dried, and evaporated. Conventional 
acetylation (10:1 pyridine-Ac20, 11 mL) led to a residue which was codistilled 
with solvent F (3 x 20 mL) and dried in high vacuum (TLC, 2:1:0.02 PhMe- 
EtOAc-EtOH, R F 0.6). Column chromatography was performed with solvent D 
to yield 1.4 g (75% overall yield) of 12, which was immediately dissolved in aq 
AcOH (80%, 14.5 mL) and kept for 2 h at room temperature. Repeated evapora- 
tion of solvent F from the product caused crystallization of 1.25 g (72% overall 
yield) of 13, R F 0.4; mp 128-131°C (from EtOAc-hexane); [a]~ -7.0 ° (c 1.0, 
CHCl3). Anal. Calcd for C14H2009: C, 50.60; H, 6.07. Found: C, 50.91; H, 6.20. 

Methyl (14) and benzyl (allyl 2-O-acetyl-3-O-benzyl-~-I>galactopyranosid )uronate 
(15).--Compound 8 (244 mg, 0.84 mmol), Bu2SnO (246 rag, 1 retool), and PhMe 
(10 mL) were heated under reflux for 2 h, whereas the water formed during the 
reaction was removed by 4A molecular sieves (especially for small quantities, it is 
advantageous to place the molecular sieve in a Mini-Soxhlet extractor18). Then, the 
temperature was reduced to 50°C, BnC1 (0.69 mL, 6 mmol) and Bu4NI (370 mg, 1 
mmol) were added, and the mixture was kept for 3 h at 50-60°C and for an 
additional 1 h at 90°C (TLC, solvent C). After cooling to room temperature, 
MeOH (2 mL) was added, the mixture was evaporated and the residue was 
processed by column chromatography (Et20) to give pure 15 (115 rag, 30%; R v 
0.8) and 14 (175 rag, 55%; R F 0.6). 

Compound 15 had mp 100°C (from EtOAc-hexane); [a]~ +11.6 ° (c 3.4, 
CHC13). AnaL Calcd for C25H2808: C, 65.78; H, 6.18. Found: C, 65.29; H, 6.28. 

Compound 14 had mp 87-89°C (from Et~O-hexane); [a]~ +10.7 ° (c 1.4, 
CHC13). Anal Calcd for C19H2408: C, 59.99; H, 6.36. Found: C, 59.92; H, 6.15. 

Methyl (allyl 2-O-acetyl-3-O-benzyl-4-O-trityl-Cl-D-galactopyranosid)uronate (16). 
- - A  solution of 14 (367 rag, 0.96 retool), TrC104 (617 rag, 1.8 mmol) and 
N,N-dimethyl-4-aminopyridine (70.9 rag, 0.58 mmol) in CH2C12 (20 mL) and 
2,4,6-collidine (0.29 mL, 2.2 mmol) was kept for 5 h at ambient temperature (TLC, 
solvent D). The reaction was terminated by addition of aq pyridine (1% water, 
0.08 mL). The mixture was diluted with CHzC12, washed with 5% aq KHSO 4 (20 
mL) and water (3 X 20 mL). The organic layer was dried and evaporated. The 
residue was dissolved in a minimum of PhMe. Precipitated crystals contained no 
carbohydrates and were separated by filtration. The filtrate was evaporated and 
processed by column chromatography (solvent AT) to yield 479 mg (80%) of 16 as 
a syrup; R v 0.6; [a]~ ~ -27.3 ° (c 1.0, CHC13). Anal. Calcd for C38H3sOs: C, 73.29; 
H, 6.15. Found: C, 73.55; H, 6.02. 
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Synthesis of disaccharides.--General procedure. Solutions of the reagents (CED 
and 10 tool% excess of trityl ether) in CHzC12 (1 mL/mmol)  and TrC10 4 (10 
tool% of the amount of CED) in MeNO 2 (1 mL/0.1 retool) were placed in 
separate limbs of a tuning-fork-shaped tube. The reaction components were dried 
by a twofold lyophilization (0.4 Pa) with dry Phi l  and kept for 2 h at 50°C in high 
vacuum. Then the components were dissolved in CHzCI 2 (~  2 mL) under reduced 
pressure, mixed, and kept overnight at ambient temperature in the dark. When the 
reaction was complete (TLC, solvent As), aq pyridine (2% water, 0.05 mL/mmol )  
was added. The mixture was filtered, diluted with CHCI 3 (50 mL), and washed 
with water (3 × 20 mL). The organic phase was dried and evaporated. The residue 
was purified by column chromatography (PhMe-solvent A6). 

Methyl {allyl 3, 4-O-isopropylidene-2-O-[methyl (2,3, 4-tri-O-acetyl-13-I>galac- 
topyranosyl)uronate]-CI-D-galactopyranosid}uronate (18).--Reagents: 7 (424.5 rag, 
0.8 retool), CED 17 (247 rag, 0.72 mmol); initiator: TrC10 4 (24.7 rag, 0.072 mmol); 
product: 18 (254 mg, 58% with respect to 17) containing not more than 1% of the 
ol anomer; R,F 0.4; mp 152°C (from Et20)  , [c~] 21 +5.2 ° (c 1.0, CHCI3). Anal. Calcd 
for C26H3(,O16: C, 51.65; H, 6.00. Found: C, 51.52; H, 5.93. 

Methyl {allyl 2, 4-di-O-acelyl-3-O-[methyl (2,3, 4-tri-O-acetyl-~-D-galactopyrano- 
syl)uronate]-~-D-galactopyranosid}uronate (19).--Reagents: 10 (575 mg, 1 mmol), 
CED (309 rag, 0.9 mmol), (a): 17, (b): mixture of exo(17)/endo-isomer; initiator: 
TrC10 4 (30.8 rag, 0.09 mmol); product: (a): 19 (293 rag, 49% with regard to CED); 
(b): 19 (339 mg, 57% with respect to CED) containing not more than 1% of the oe 
anomer, R v 0.3, syrup, [c~]~ +35.3 ° (c 1.0, CHCI3). Anal. Calcd for C27836018: 
C, 50.00; H, 5.59. Found: C, 50.25; H, 5.82. 

Methyl {allyl 2-O-acetyl-3-O-benzyl-4-O-[methyl (2,3, 4-tri-O-acetyl-13-D-galac- 
topyranosyOuronate]-tg-D-galactopyranosM}uronate (20).--Reagents: 16 (315 mg, 
0.5 mmol), CED 17 (155 mg, 0.45 mmol); initiator: TrC10 4 (15.5 mg, 0.045 mmol); 
product: syrupy 20 (33 mg, 10% with respect to 17); R v 0.4; [a] 22 +50.6 ° (c 2.4, 
CHC13). Anal Calcd for C32H40017: C, 55.17; H, 5.79. Found: C, 55.45; H, 6.02. 

Methyl {allyl 2-O-acetyl-3-O-benzyl-4-O-[rnethyl (2,3,4-tri-O-acetyl-~-D-galac- 
topyranosyl)uronate]-ee-D-galactopyranosid}uronate (21).--Yield of syrupy 21 (88 
nag, 28% with respect to 17); R v 0.45; [c~]~ +77.3 ° (c 2,6, CHC13). Anal Calcd for 
C32H40017: C, 55.17; H, 5.79. Found: C, 54.85; H, 5.60. 

Methyl {allyl 2-O-acetyl-3-O-benzyl-4-O-[methyl (2,3,4-tri-O-acetyl-ce-D-galac- 
topyranosyl)uronate]-ol-D-galactopyranosid}uronate (22).--Yield of syrupy 22 (22 
rag, 7% with respect to 17); R v 0.50; [c~] 21 + 108.5 ° (c 1.9, CHC13). Anal. Calcd for 
C32H40017: C, 55.17; H, 5.79. Found: C, 55.00; H, 5.51. 
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