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ABSTRACT 

The 4-0-benzoyl (1%) and CO-p-nitrobenzoyl (15b) derivatives of 2,3,6-t&U- 

benzyl-l -thio-D-gslactopyranose were synthesized from ally1 2,6-di-O-benql-cc-D- 

galactopyranoside (1). In the first stage oi the synthesis, the 3-position of P was 

benzylated by an indirect route, and also by the direct reaction (preferred) of benzgl 

bromide Hith the 3,j_U_dibut4lstannylene intermediate 7. The product 6 was 

sequentially- isomcrized (ally1 --c I-propenyl), acylnted at the Cposidon. and 

hydrolyzed. The free sugars lia and lib were conlerted into the thio suprs bj a 

standard sequence involving formation of the glycosyl halides 133 and 13b and the 

reaction of these with appropriate suliur nucleophiles. A third derivative (29) of 
2,3,6-t&O-benzyl-I-thio-D-galactopyranose, hnvins a 4-O-ally1 protecting group. 

was similarly made from the corresponding normal sugar 25. The key intermediate 22, 

precursor to 25, was prepared by two routes from methyl 2,3,6-tri-0-benzoyl-r-D- 

galsctopyraooside (17). 

INTRODUCTION 

In a previous paper’. and in a note’ in this issue, syntheses of 2,3.4- and 2.4.6- 
tri-0-benzyl-I-thio-8-D-galactopyraoose have been reported. These benzy!atsd I-thio 

sugars have free hydroxyl groups at positions 6 and 3, respeciikely. and are designed 
for use as the first sugar in oligosscchsride syntheses by the thioglqcoside scheme3*’ 
on solid supports. 

To complete the series, we wished to prepare benzylated I-thw-o-gslncto- 
pyranose derivatives having position 4 available for COUpiiflg. These compounds pose 

a special problem in that, if the usual synrhetic routes are employed, there are two 
points at which isomerization to unwanted furanose forms can occur. This may 
happen at the stage of the Frez (I-0I-Q sugar’ 9 if it is an intermedial;, and again at 
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the stage of the free I-thio sugar. To avoid this complication, it is necessary to keep 

OH-4 blocked with a temporary protecting group at all times until the thioglycosidic 
link to the support is established. The preseot paper describes the preparation, by 
unequivocal pathways, of three derivatives of 2,3,6-tri-O-benzyl-1-thio-D-galacto- 
pqranose having temporary blocking groups at position 4. 

~:ESlJLTS AND DISCUSSION 

In our previous work, we found that ally1 2,6-di-O-benzyl-cr-o-galacto- 
pyranoside (1) could be selectively benzoylated at position 3, and we used tbc 
resulting monohenzoate 2 as the precursor of 2.4,6-tri-O-ben~l-D-galactopyranosel. 
The transformation of the 3-benzoate 2 into the known6 2,3,6-lri-O-benzyl-D- 
galactose 9 \vas accomplished by blocking position 4 with a tetrahydropyranyl group, 

rxchangiog the benzoyl group at position 3 for beozyl, then removing the tetra- 
hqdropyranyi and ally1 groups (Scheme I). These operations procxxded smoothly and 
the intermediates 3, 4, and 5 kvere obtained as pure syrups by chromatography on 
silica gel columns. As mentioned previously’, compound 2 prepared by the low- 
temperature benzoylation of 1 in pyridine is coctaminafed with several percent of the 
Z+I-dibenroate. Nsverthelrss it proved feasible to convert 1 into the key intermediaic, 

15a.b 14a.A’ a csttit I3O.b 16 
14 b. R’ 1 C (NH2 j: Cl- 

0 series, R n Bz b series, R= Nbz n pNO,C,H, CO 

Ail l ally1 Thp = ?etrohydro-2- pyranyl Pre n I-propenyl Xm CI QI BP 

Scheme I 
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ally1 2,3,6-tri-O-bcnzyl-or-Dgalactopyranoside (6). without purifying 2, 3, 4, and 5. 

The crude 6 was readily puri6ed by chromatography on silica gel. 

In search of an improved synthesis of 6, we investigated the reactions of the 

3,4-O-dibutylstannyiene dxivative (7) of 1. The monoacylntion and monoalkylalion 

of the 2’,3’-O-dibutylsrannyleneribonucleosides had earlier been demonstrated by 

Wagner, Verheyden, and Moffatt’. Our work’ with 7 and some related stannylene 

derivatives of axial-equatorial, vicioal dials in the carbohydrate series showed tbar, 

on treatment with benzoyl chloride or reactive alkyl balidrs, these compounds give 

essentially cxclusivzly monosubstitution products, with very high selectikiry for 

reaction at the equatorial oxygen. This conclusion has adumbrated independently by 

Au&, David, and Veyri5resg from experiments on an analog of 7. Thus, a “clean” 

preparation of 2, for conversion into 6 via the tetrahydropyranyl route, could be 

obtained by the benzoylation’*’ of 7. This reaction was not further exploited, 

however, as the benzylation’ of 7 \+ith benzyl bromide furnished a direct, high- 

yielding pathway to 6. The crude product was suitable for use in the nest synthetic 

step after passage through a short column of silica gel to remove tin compounds. 

For the protection of the 4position our attention turned first to the benzoyl 

and p-nitrobenzoyl groups. The p-nitrobenzoyl group has some advantage in that It is 

more easily removed, and the amount removed can be quantitated by spectrophoto- 

metry lo. In this way the “degree of loadins” of a solid support wirh the nitro- 

benzoylated thio sugar may be determined. In order to be able to set the anomeric 

position free after the benzoylation of O-4, it was necessary first to isomerizc’ ’ the 

ally1 glycoside 6 to the I-propenyl glycoside 8. After the acylation of 8, the products 

10a and 10b were hydrolyzed with mild acid’ ’ to give the free sugars Ila and 11 b. 

These were cooLerted into the glycosyl halides (chlorides and bromides) 13a and 13b 
via the l-acetates 12n and l2b. 

In the case of the 4-O-benzoyl glycosyl bromide 13a, further transformation to 
the 4O-benzoyl thio sugar 15a was accomplished via the I-ethylxanthate (lda), as in 

our previous syntheses of U-beczglated-I-thio sugars’s’“*“. Care was required to 

effect the selective saponification of the ethylvanthate group in 141, but conditions 

were found that gave the final product 1Sa in 7244 yield. In the saponification of the 

ethylxanthate 16, the p-nitrobenzoyl group was removed preferentially. tind hence 16 

could not be used to make the 4-O-p-nitrobcnzoyl thio sugar 15b. This product was 

successfully obtained, however, via the pseudothouronium salt 14b. 

We also considered the ally1 group as a possible protecting group for position 4, 

as it appeared that the route to the requisite tbio sugar, 10-aliyl-2,3,6-tri-O-ben~i- 

I-thio-/I-D-galactopyranosc (29), would be shorter than the route (0 the acyl protected 

compounds 1% and 15b. (The complete synthesis of 153 and 15b is not sho\\n in 

Scheme I; Eve additiona! steps are required to convert D-galactose into the starting 

compound 1.) After the attachment of 29 to the support, the isomerizaGon of Lhe ally1 

ether group to the readily bydrolyzsble I-propenyl ether could be accomplished with 

potassium rei-r-butouide in the usual way if the support is alkali-stable. If it is not 
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(porous glass), isomerization with tris(triphenylpho?;phine)rhodium(I) chloride’&,’ ’ 
should be feasible. 

The synthesis of 29 is shown in Scheme II. As the starting material we chose 
methyl 2,3.6-tri-O-benzoyl-r-D-gaiactopyranosid~ (17), readily available by the 

partial benzoylation of methyl a-D-gaiactopyranoside’ ‘. Proteclion of the Cposition 
L>j a Ietrabydropyranyl group, and then replacement of the benzoyl groups by bet@, 
removal of the ietrahydropyranyl group, and al!ylation at position 3 gave the key 
intermediate, methyl ~-0-allyl-2,3,6-iri-Q-bell-a-D-galactopyranoside (22). This 
sequence parallels the conversion 2- 10 in Scheme I, but is one step shorter, since 
isomerization of the anomeric substituent is not required. Xltemstively, 17 was 
directly sllylared with ally1 bromide under Purdie conditions, and the benzoyi groups 
were replaced by bewl to gite 22. The identiry of the producrs obtained by fhe two 
routes showed that the Purdie allylstion proceeded without benzoyl migration. 

25,RnH 27 26 29 

26. R=Ac 

Scheme II 

In the final stage, the methyl plycoside 22 was hydrolyzed to the free sugar 25, 
which could also be prepared by a third pathway starting with compound 1. In this 
latrer synthesis, the propenyl ga!actoside 8 teas allylated at position 4 and then 
subjected to mild acid hydrolysis. Compound 25 was converted into the thio sugar 29 
via the isthylxanthare 28. 

Thz stereochemistry of the last two steps of the thio sugar synthesis is of inkrest. 
In accord vt11h our prebious resulc~‘.“” 3, lhe reactions of the O-benzylated a- 
gl>cosyl bromides i3a (X = Br) 2nd 13b (X = Br) with potassium ethylxanthak gave 
p-glycosyl ethyluanthaies. The 4-O-benzoyl cthylxanthate (13a), when saponified in 
the nomlal way, yielded a I-Go-/3 sugar. However, when tiourea was used as the 
sulfur mclsophk HI reacrions with the 4-O-p-niirobenzoylglycosyl halides (13b, 



l-HI0 SUGAil.5 FOR OLIGOSACCHAIUDE SYNTHESIS 329 

X = Br, and the corresponding chloride) the resulting pseudotbiouronium salts were 

z&mixfures, with the z anomer as the major component. Aitbou_gh the anomeric 

con6,wation of the glycosyl chloride (preferred for the preparation of ihe pseudo- 

thiouronium salt) was not determined, it appears from our experrence with the 

bromide that the displacement of halide ion by thiourea proceeds in these cases with 

preponderant retention of configuration. Tine hydrolysis of the 1x$-pseudoihio- 

uronium salt 14b gave, of course, a I-thio-z,P sugar (I!%). The 60-allyl-l-thio- 

sugar 29 was also obtained as an ,x$-mixture when the conditions for its production 

from 2S were more vigorous than usual. Evidently, I-thio sugars are subject to 

anomerizatioc under basic conditions. in spite of an earlier suggestion” io the 

contrary. 

EXPERMENTAL 

General methods. - Instrumental and chromaiographic procedures nere as 

described in earlier papers of this series 3.’ 1*’ 3 Tbe following solvent combinations . 

(v/v) irere utilized for thin-laqer and column chromatography: A, 19:l chloroform- 
acetone; B, 97:3 chloroform-ethyl acetate: C, l9:l chloroform+zthyl acemte; D. 9:i 

chloroform-ethyl acetate: E, 4:l benzene-ethyl acetate; F. 49:l chloroform- 

methanol; G, l7:3 chloroform-methanol. P.m.r. spectra at 270 MHz (specificall) 

noted) were recorded with a Brukcr N’H-270 instrument. 

AIi~lS-O-be~=o~~(-2,6-di-O-herr=)~l-l-O-(ter.~al~~~dro-‘-pJ~ralgld)-a-D -galaclo- 

pyranoside (3). - Pure s’llyl 3-O-benzoyl -2,6-di-U-benql-a-o-palactopyranosids’ 

(2, 2.9 n 5.75 mmol) was dissolved in chloroform (25 ml). 2.3-Dihydro-4H-pyran 

(2.1 ml)Cind p-toluenesulfonic acid ( -30 mg) \\ere added to the solution. T.1.c. in 

solvent A indicated that the reaction was complete in ItSI5 min. After 30 min the 

solution was washed succesGvely with 5 Sb sodium hydrogencarbonate and water, 
dried over anhydrous magnesium sulfate, and evaporated to dryness under diminished 

pressure. Chromatography of the residue on silica gel (solkent A) ,on\e 3.SS g (7696) 

of syrupy 3, [a];’ +63” (c 0.5, chloroform): p.m.r. (CDCI,) similar to that’ oft. with 

the addition of an envelope at 6 2.0-1.0, due to the protons at C-3.4, and 5 of the 

tetrahydropyranyl group. Found: C, 71.76; H. 6.86. CXSHa,,Oe (588.67) requires 

C. 71.41: H, 6.85. 

Ai/~*l ~,6-di-O-hen~~~1-4-O-(tetruh~dro-~-p~~ran~~l)-lx-D-gafact~~p~ranosrdt~ (-4). - 

Pure 3 (2.64 g, 4.5 mmol) was dissolved in methanol (70 ml), ~20 mg of sodium 

metal was added, and the solution \vaj boiled under reflux. The debenzoylation was 

monitored by t.1.c. (solvent E), which indicated disappearance of the starting material 

after 1 h. Water was added to the cooled solution, and the product was isolated by 
conventional chloroform cxtnctiox Chromatography on silica gel (solvent. E) 

afforded I .7 g (78%) of the syrupy title compound, [cl];’ tJ7.1” (c 0.7, chloroform). 

In the p.m.r. spectrum, the signal at 6 8.3-7.9 (2 H of PhCO) was now absent, 

6 7.63-7.13 (Ph-H) now IO H, 2.73-2.23 (bs, :, DzO exchangeable, OH). Found: 

C, 69.09, ii, 7.59. C28K3607 (484.57) require-j C, 69.10; H, 7.49. 
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A//J*/ ~.3,6-fri-O-be~I~~rl~-O-(fet~a~~dr~~-p~1r~r~~)-u-D-g~ac~op~r~oside (5). - 
Pure 4 (I.1 g, 2.3 mmol) was stirred with benzyl chloride (10 ml) and powdered 

potassium hydroxide (I 5 g) for 5 h at 100”. After the mixture bad cooled to room 

rempernturc, 25 mi of ice wa!er \vas added, and stirring was continued until the salts 

dissolved. The product was recovered by conventional chloroform exyaction. 

ChromatoFsphy on silica gel (solvent A) afforded 0.9 g (70?6) of syrupy 5. [ac]A5 

-! 62”, [e]izcj + 120” (c 1, chloroform): p.m.r. (CDCI,): 5 7.68-7.05 (Ph-H) now 

IS H. Found: C, 73.67: H, 7.06. C,,H,,O, (574.69) requires C, 73.13; H, 7.37. 

.4lf~./ .!,3,6-rri-O-betl~~,I-1-D-galaciop~,rano~ide (6). - A. From 5. A stirred 

solution of 3 (IO.3 g. 17.7 mmol) in methanol (40 ml), and 60% acetic acid (100 ml) 
was kept for I h at 95-100’. AC this time. t.1.c. (solvent A) sboHed disappearance of 

tbe starting material. Water was added to the cooled solution, and the product was 

isolated by conventional chloroform extraction. Chromatography on silica gel 

(solvent A) alforded 5.42 g (63%) of tbe syrupy title compound 6. [r]:’ -t-52.5’, 

[~~jf~~ +99.7; (c I, chloroform). In rhe p.m.r. spectrum, the envelope at b 2.0-1.0 

(protons at C-2,3. and 4 of the tctrahjdropyranyl group) uas now absent; 3 2.57-2.05 

(bj, I, DZO exchangeable, OH-?). Found: C, 73.7-I; H, 7.19. C30H3406 (390.57) 

requires C’, 73.44; H. 6.S9. 

B. From ai/~~i -7,6-di-O-ben=1lf-a-o-galacrop~ranoside (1) uia Ihe slannyfene 
deriLatiw. iI suspension of ally1 2,6-di-O-benzyl-a-D-galactopyranoside’ ‘.‘* (I) 

(0 E g. 2 mmol) and dibutyltin oxide (0.5 F. 2 mmol) in methanol (100 ml) was 

bested for - I h under reflux to give a clear solution, then the solvent was removed 

under diminished pressure. The resulring a&l ~.6-di-O-ben~~~f-3,-I-O-dibur~~isrann~Iene- 
a-o-ga/aclop~,raeos~de (7) ~\as dried under oil-pump vacuum, taken up in N.iV- 

drrnerhylformamide (5 ml), and treated with benzyl bromide (0.7 ml, 6 mmol). The 

mixture was heated for - 1.5 h at IOO’, at which point t.1.c. (sol\eot A) showed a 

major spot corresponding to 6, along kvirh a few percent of 1 (unreacted 7 decomposes 

on s111ca gel). Follon iog evaporsrlon of tbe solvent, the material was chromatographed 

on a column of silica gel (solvent A) to afford 0.5 g(72O%) of the syrupy title compound 

indistinguishshle in chromatoFaphic mobility, p.m.r. spectrum, and specific rotation 

from a sample prepared by method A. 

_‘,3.6-Tri-O-bt~n=~./-D-gal~~o~~ (9). - Ally1 2,3,6-tri-0-benzyl-s-D-galacto- 

pg;nooside (6, 7.0 ,g. 14.3 mmol) and potassium tcrt-butoxide (2.7 g. 24 mmol) in dry 

meihyl sulfotide (50 ml) were heated for -30 min at loo”. At this time t.1.c. (solvent 

C) shohed complete conversion of the starting material into a product having 

slightly higher mobilicy. The solution was cooled and extracted with ether, and the 

ether extract dried over sodium sulfate. The syrupy i-propenyl z.3.6-rri-O-ben=_~ll- 
a-u-gafactop~sanosidr (8) obtained by evaporation of the ether was dissolved in 

acetone (180 ml) and M hydrochloric acid (20 ml), and the solution was refluscd for 

I5 min. Neutralization of Ihe cooled mixture with 5% sodium hydrogencarbonate 

csused LIX product to zil out. It was isolated by conventional chloroform extraction. 

Chromatography on silica gel (solvent D) afforded 3.8 g (59%) of the syrupy title 

compound (9), [a];’ + I I .9 to i- 13.Z1 in chloroform (varied from batch to batch), 
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iit.6 [ixz] + 13.5”; p.m.r. (CDCI,): 6 5.57-5.18 (m, 0.9, H-l of a-pyrar?ose and 

furanoses) and 2.83 (bs, D,O exchangeable, OH-l), nc -CH--CH, sigt?ais. 

~O-Ben=o~f-2,3,6-iri-O-ben~~1~-~x,~-o-galacrop~ratrose (11 n). - The 1 -propenyl 

gaiactoside (8) from 3.0 g (6.1 mmol) of 6 was treated with benzoyl chloride (4 ml, 

35 mmol) in pyridine (20 ml) for -5 b at room temperature. The reaction mixture 

was stirred into 100 ml of cold waler and the product, I-propetlF1 I-O-bettzo_vI-2,3,6- 

fri-0-beuzyl-a-D-galacfopyratloside (EOa). was recovered by conventional chloroform 

extraction. The hydrolysis of 10a was conducted as for the con\ersicn of 8 into 9. 

Chromatogaphy of the crude hydrolysis product on a siika-gel column (35Og. 

2.7-cm diameter, solvent A) afforded 2.12 g (63.59G) of syrupy 113, [,cz]i” +59.3 

(inil.iai)-+ i-55.9” (34 h), [a]$:, + I I8 --) + 114” (c 0.6, chloroform); p.m.r. (CDCI,): 

6 8.32-7.82 (m, -2, PhCO), 7.63-6.93 (Ph-H) now - I8 H, 5.82 (m, i, H--l), 5.42 

(d, -0.9, J 3.5 Hz, H-la), and 5.1s (bs. I. D,O exchangeable. OH-I), no signals for 

vinyl-H. Found: C. 73.46: H, 6.18. CJ1HJJ07 (554.61) requires C, 73.63; H. 6.18. 

2,3,6-Tri-O-ben~~~i-f-O-p-nirrob~n=o~f-a,~-D-ga/act~~p~~rattose (11 b). - The I - 

propenyl galactosidz (8) from I .3 g (2.6 mmol) of 6 was acylstcd with p-•itrobenzogl 

chloride (1.6 p, 8.6 mmoi) in pyridir,e (IO ml) for h IO h at room temperature. 

Further treatment as described for the preparation of Ila ga\e first /-propetty 

2,3,6-tri-O-ben~~f~-O-p-ttifrobrn~o~~~-~r-D-galacIop~ratroside (lob). and then crude 

Ilb. Chromatography on a column of silica gel (IOOg, solvent A) afforded I.21 g 

(769k) of pure syrupy lib, [ct]:’ +53.8’. [ir]j:6 + 117.6” (24 h, slight downward 

mutarotation) (c I. chloroform); p.m.r. (CDCI,): S 8.35-5.05 (m, -4, 0,TWhCO) 

and 5.35 (d after D,O exchange, -0.5, H-l%). Found: C, 68.16; H, 5.55: N. 2.33. 

C3,HJ,N0, (599.61) requires C, 68.10: H, 5.55; N, 2.34. 

I-O-rIct~r_~~l~-O-bt~n~o~~-2.3.6-rri-O-ben~~~-~~.~-~-galac~op~~rat~o~e (12a). - A 
solution of Ila (2.12g, 3.8 mmol) in dry pyridine (IOml) was treated with acetic 

anhydride (I .5 ml) for -8 h at room temperature. and the mixture !vas then poured 

into 100 ml of cold water. Recovery of the product by convcnrional chloroform 

extraction gave 2.15 B (94’%) of 1Za as a colorless syrup. For analysis, a portion was 

chromatogaphed on silica gel (solvent B). The sample had [,z]i5 +49.0”. [z]::~ 

+ 105.2” (c 1.15, chloroform): p.m.r. (CDCI>) similar to that of lla, but showing 

signals at S 6.50 and 5.40 (H-IX, H-i j?), and singlets at 2.13 (COCH,-Y)‘~ and 7.07 

(COCiV,-fi)“. Found: C. 72.29: H. 6.00. CJ6HJ608 (596.65) requires C, 72.36; 

H, 6.08. 

/-0-.4ce~~~/-,7,3.6-~ri-O-bt~t~~~Jd3-0-p-tti~robet~~o~I-a.~-D-galacrop~~ranose ( 12b). 
- Compound llb (1 g, I .7 mmol) was acetylated as described for 1 la. The yield of 

colorless, syrupy 12b was 0.91 g (85%). A portion chromatograpbed on silica gel 
(solvent B) had [c@ +58.6’. [a]:56 + 131.3” (c 0.53, chloroform): p.m.r. (CDCI,) 

similar to that of Ilb, but showi? L g signals at 5 6.43 and 5.68 (H-la. H-18). and 

singlets at 2.13 (COCH,-z)‘~ and 2.10 (COCH,+)“. Found: C, 67.57; H, 5.33; 

N. 2.22. C,,H;,NO,, (641.65) requires C, 67.38: H, 5.50; N, 2.18. 

4-0-Bt~n=o~i-2,3,6-Iri-O-betz~~ I-B-o-galacrop_l.ranos~l e~fzyi.ranthate (143). - 

Compound l2a (I g, I .67 mmol) was dissolved in 15 ml of dry dichioromethane 



3: _ “3 hf. -4. NASHED, L. ANDERSON 

saturated with hydrogen bromide, and the solution was kept for -3 h at room 
temperature. The solvent was evaporated under diminished pressure, and residual 
lq.drogen bromide \\as removed by the addition and evaporation of several portions 

of dry dichloromethane. Further dryin, n of the residue under oil-pump vacuum gave 
crude ~-O-b~n=oJ,I-~,3,6-Iri-O-ben~~.l-,x-D-galaclop~‘ranos3,f bromide (132, X = Br), 
p.m.r. (CDCI,): 3 6.5 (d, --I, J,,? 3.5 Hz, H-la). no signals for COCH3. 

l-k dried glycosyl bromide ~‘33 dissolbcd in 25 ml of dry benzene, and 

potassium ethylxantbste (0.35 g, 2.3. mmol) in 25 ml of abs. ethanol was added. The 

solution was stirred for 5 h at room temperature and then washed with water. 
Evaporation of the dried benzene iayer left a yel1oq.v syrup, which was crystallized 

from methanol and recrystalhzed from chloroform-methanol. The yield was 0.53 g 

(7536 based on 123) OF needles, m.p. 1X5-123’, [,x1;’ +34.9”, [a];:, + 106.4” 

(c I, chloroform): p.m.r. (CDCI,) at 770 MHz: 5 5.-!3 (d, I, J,,? 9.6 Hz, H-l) and 
1.39 (t, 3. J 70 Hz. CHICH,). Found: C, 67.83: H, 5.88; S, 9.89. C3,H3807SL 
(653.81) requires C, 67.45: H, 5.81 : S, 9.73. 

2,3,6-Tri-O-bm~~~I-I-O-p-t~ifraben~o~~l-~-D-galactop~~raJ~o~.~I eti~vbranlhate (16). 
- The treatment of 12b (0.S g. I .2 mmo!) with hydrogen bromide in dicWoromethane 
as described for 12a gave crude 2,3,6-rri-O-ben:yI-l-O-p-nilrobenzoyl-ix-D-galacto- 
p_branosJ./ bromide (13b, X = Br), p.m.r. (CDCI,): 5 6.57 (d, - I, J,,, 3.5 Hz, H-la), 
co signals for COCH,. The conversion of this bromide into the ethylxanthate ~3s 

accomplished as described for 13~1. Crystallization of the product from ether- 
Skcllysol~e B and recrystallization from ethanol yielded 0.53 g (600,; based on L2b) 
of needles, m.p. IO?-IO:‘-, [r]i5 f33.8”. [sL]$ + 109.7” (c 0.8. chloroform); p.m.r. 
(CDCI;): 3 5.43 (d. -I, J,,, 10.0 Hz. H-l) and I.38 (t, 3. J 7.0 Hz, CH,CH,) 
Found: C, 62.75; l-i. 5.30; N. 1.93; S, 9.05. C3,H37N03S2 (703.81) requires C, 63.14: 
H. 5.30: N, 1.39; S, 9.1 I. 

d-0-6enro_~~/--7.3,6-~ri-O-~e~~~~~~-l-rlrio-~-D-galactop~ra~~osc (15a). - Compound 
142 (I .2 g, I .8 mmol) was pjssolved in I SO ml of abs. methanol by heating. then rhe 
solution 1~35 brought to -35” and I5 ml of hl methanolic sodium metho.xide was 

added. Thz mixture ~3s gently stirred until t.1.c. (solvent F) showed the reaction to be 
complete (-10 min). Conventional extraction with chloroform and chromatography of 
th: crude product on silica gel (100 g, column diameter 1.7 cm, solvent F) afforded 
0.75 g (71?b) of the syrupy title compound, [u];’ +-l&O”, [CL]& f88.l” (c 0.5, 
chloroform); p.m.r. (CDCI,) at 270 MHz: 6 4.59 (dd, I. H-l, collapses to d. J, ,’ 

9.2 Hz on irradiation of SH) and 2.39 (d, I. J,,,, 8.0 Hz, D,O exchangeable, SH), 
no signal for CH2CH3. Found: C, 71.31; H, 5.83; S. 5.66. C1,HJJO,S (570.68) 
requires C, 71.55; H, 6.01 ; S, 5.62. 

~,3,6-Tri-O-ben~~~-I-O-p-~zitrobm~o~~-~-~hio-r,~-D-gaiacrop~~ranose (JSb). - 
Compound 12b (0.31 g. 0.18 mmol) was dissolved in 7 ml of dry dichloromethane 
saturated with hydrogen chloride, and the solution was kept for 4 h at room tempet- 
at-tire. T.1.c. in solvent A showed that the 12b had been converted into a product of 
slightly higher mobility. Isolation as described for the bromide 133 gave crude 
~,3,6-rri-O-ben=~(-O-p-rrirroben~o~~f-D-gafacfop~ra~os~i chloride (13b, X = Cl). 
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after chromatography on silica gel (solvent C) was 3.55 g (93%), [ali +3-V (E 1.4, 

chloroform); p.m.r. (CDCI,): d 7.62-7.12 (m. 15, Ph-K). Found: C, 72.43; H, 7.27. 

C3JH,00, (543.65) requires C. 72.34: H. 7.35. 

Melf~~i ,7,3.6-tri-O-henz~,l~~-D-ga~ucfo~~ranos~de (21). - The depyranylation of 

0.70 g (1.28 mmol) of 20 by the procedure used for compound 5 gave. after chromato- 

graphy of the product on silica gel (solvent A), 0.15 g (76%) of syrupy 21, [a];’ 

-i-39.3” (c IS, chloroform), lit.” [CL];’ +39.5”; p.m.r. (CDCI,): loss of S 2.05-1.07 

(tetrahydropyrsnyl-H), aod appearance of 5 I!. 65 (bs. 1. D,O exchangeable, OH+. 

Xlerl~_vi 4-0-a11~i-~.3,6-tri-O-~e~~~l-r-D-galacfo~~ra~~oside (22). - A. From 21. 

Compound (21) (3 ,o. 6.5 mmol), ally1 bromide (I ml, I I.5 mmol), and sodium hydride 

(0.6 p) in dry benzene (25 ml) were refluxed I8 for 3 h. T.1.c. (solvem C) showed the 

nilylarion to be complete. After the mixture was cooled, the excess of sodium hydride 

was decomposed by the cautions addition of methanol, and water was added. The 

organk iayer was separated, washed with water, dried, and evaporated. Chromaro- 

graph} of the crude product on silica gel (solbent C) gave 2.86 g (88%) of pure 22, 

[ xg -k 60.5”, [;l]f ;, + I17.6’, (c 1.14, chloroform); p.m.r. (CDCI,): similar to that of 
21 but sho\\ing 3 6.20-5.63 (m, I, -CH=) and 5.55A.88 (m, 2. =CH,), 4.55-3.98 now 

I5 H (addition of OCH,CH=). Found: C, 73.88: H, 7.03. C,,H,,O, (504.60) requires 
C, 73.78; H, 7.19. 

B. From meth_tml l-0-all~,I-Jc-D-galaL’cap~,ranoside (24). Compound 2-3 (SO mg. 

0.3 mmoll, 10 ml of dry benzene, 1 n-d of benzyl chloride, and 2 g of powdered 

potassium hqdrotide were stirred for 5 h under re8u.x”. T.1.c. in solvent C showed 

the benzyration IO be complete. The solution was cooled, water was added, and the 

organic layer \\as separated, Hasbed, dried, and evaporated under diminished 

pressure. The residual yellow syrup was purified on srlica gel (5 g. solvent C) to 

affbrd 80 mg (74%) of pure 22, indistinguishable in chromatographic mobility, p.m.r. 

spectrum, and specific rotation from a sample prepared by method A. 

:\ferhJ? 4-O-af~~~~-~.3,6-rri-O-bt~~~o.~~-~z-D-ga~acfop~~ranoside (23). - blethyl 
?,3,6-tri-O-benzoyl-r-D-galactopyrsnoside (17, 0.8 g, 1.6 mmol), freshly prepared, 
Fobdzrzd, silver ovidc (0.9 g, \vajhcd extensively and then dried with acetone and 

ether), and ground Drierite (0.7 g) were stirred in dry benzene (5 ml) for 30 min in the 

dark at room temperature tvith exclusion of moisture”. The mixture wa then cooled 

tp1 -_ 15”. ally1 bromide (0.3 ml. 3.5 mmol) was added. and stirring was continued for 
-- I8 h at room temperature. TLC. (sol\enr ‘4) indicated that the reaction was almost 

complete. The mkture was filtered, the salts l\ere washed with benzene, and the 

filtrate and ksashings combined and evaporated. Chromatography of the residue on 

silica gel (solLent A) gave 0.55 g (640,/o) of syrupy 23, [lr]A’ +93.7’, [z]$ + 189.7’ 

(c 0.71, chloroTorm); p.m.r. (CDCI,): similar to that of 17, but nith loss of OH, the 

addition of signals at b 6.17-5.50 (-CN=) and 5.404.57 (=(X2), and the addition of 

3 H (OCH:CH=) to 6 4.714.32. Found: C. 68.22: H, 5.63. C,,Hz009 (546.55) 

requires C, 68.12: H, 5.53. 

Aferl~yl 4-O-al/),/-r-D-gafactop~,ral?osirir (23). - Compound 23 (0.226 g, 

0.41 mmol) was debenzoylated by refluxing it for 30 mio in 5.5 ml of 0. I ni methanolic 
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Found: C, 66-a: H, 6.35: S, 10.37. C,,H,,O,S, (594.77) requires C. 66.64: H, 6.44; 
S 1078 1 - - 

4-0-rlii~i-1,3,6-~ri-0-ben~~~l-i-fhio-~-~-gafac~op~ranose (29) was prepared b} 
the s3ponification’ of 3.23 E (0.4 mmol) of 28. The compound crystallized from 
methanol once seed crystals bad been obtained from a potion purified on a small 

column of silica gel (solvent B). The yield of material melting at 78.5-79” was 0.158 g 

(8 I 9’0). [a];” + 13.5”, [Y];:~ L29.5’ (c 0 8, chloroform); p.m.r. (CDCi3) at 270 hlHz: 
ci 4.4-l (dd, I, collapses io d, J, ,? 9.2 Hz on irradiation of S/Y, H-l) and 2.30 (d, !, 
J ,,SH 8.1 Hz, SH), no signal for CH,CH,. Found: C, 70.73; H, 6.69; S, 6.19. 
C30H3A0SS (506.6-l) requires C. 71.12: H, 6.76; S, 6.33. 
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