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ABSTRACT 

Quaternary ammomum and phosphomum salts were really obtamed by 
treatmg 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl bromide wrth tertrary ammes 
and phosphmes m various solvents under anhydrous condrtrons 0ptrca.l rotations 
and n m r. spectra of the hygroscoprc syrups m&cated that they exrst mamly m the 
B-D configuratron Several dmlkyl s&ides reacted very slowly wrth the galactosyl 
bromide and no conclusrve evrdence for sulfomum salt formatron was obtamed 
2,3,4,6-Tetra-U-benzyl-a-D-galactopyranosyl chlonde failed to react with any of the 
nucleophrles 

Methanolysrs reactrons of the phosphomum salts were too slow to be practrcal 
and were not studred extensrvely Methanolyses of several quaternary ammomum 
salts m varrous solvents were not completely stereospecrfic, but gave good yields of 
methyl 2,3,4,6-tetra-U-benzyl-a-D-galactopyranosrde Attempted reactions of benzyl 
2-O-benzoyl-4,6-O-benzyhdene-~-~-galactopyranoside wrth quatema,y ammonium 
salts denved from 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl bromrde farled to 
produce the correspondmg derivative of 3-0-(a-D-galactopyranosyl)-D-galactose 

INTRODUCTION 

Recent reports from this laboratory ’ ’ have described the use of various onmm 
salts derrved from 2,3,4,6-tetra-U-benzyl-a-D-glucopyranosyl bronude as mter- 
medrates m the syntheses of a-D-glucosrdes These salts were shown to exist m the 
P-D co&matron and to react wrth alcohols wrth predommant mversron at C-l to 
gve good yields of the a-D-glucosrdes The glycosrdatron reactrons were most 
stereoselective when carrred out m ethyl ether, or, m the case of the quaternary 
ammomum salts, in excess tertiary amme Since a-D-galactosldes are found in many 
natural products, such as blood-group substances3 and bactenal terchorc acrds4, a 
general method of synthesizmg them -would be very useful m serological and rmmuno- 
logxcal studies. Herem we descnbe the preparatron of several quaternary ammomum 
and phosphomum salts of 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl bronude and 
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their methanolysls reactlons m vanous solvents Methanolysls was chosen as a model 
reaction for galactoslde synthesis because the approximate reaction rates and relative 
amounts of anomers can be convemently determined by n m r. 

The preparation of 2,3,4,6-tetra-0-benzyl-cc-D-galactopyranosyl bromide has 
not been reported previously We attempted to synthesize it first from the l-p-mtro- 
benzoate Although the reactlon of 2,3,4,6-tetra-0-benzyl-D-galactose with p-mtro- 
benzoyl chlonde gave a nearly quantitative yield of 2,3,4,6-tetra-O-benzyl-l-O- 
p-nitrobenzoyl-D-galactopyranose, the product was a mixture of the IX and fl anomers 
that could not be crystalhzed An alternative mtermedlate, 2,3,4.6-tetra-O-benzyl- 
1-0-(N-phenylcarbamoyl)~B_D-galactopyranose, was readily obtained m crystalhne 
form and also proved to be a very useful mtermedlate for the preparation of the tetra- 
0-benzyl galactopyranosyl bromide and chloride The CL anomer of the I-(N-phenyl- 
carbamate) was also obtamed m crystallme form, although the yield was low Both 
2,3,4,6-tetra-0-benzyl-D-galactopyranosyl bronude and chloride’ were nearly 
colorless syrups Their n m r spectra and optlcal rotations suggested that they were 
the cr-D-galactopyranosyl hahdes The bromide turned dark and developed an odor 
of benzyl bromide after bemg stored zn vacua for more than one day The chlonde was 
much more stable and could be stored for several days m sealed containers without 
decomposition 

TABLE I 
~PPR0xihfA3~ RATES OF SALT FORMATION mono 2,3,4,6-IEIRA-O-BENZYL-LY-D- 
GALACTOPYRANOSYL BROMIDE-NUCLEOPHILE REACTIONS 

Nucleophrle NucJeopJttJe Bromide 
COnC cone 

(mole/J) boJelJ1 

Solvent HaJf trme Method 
(4 

Tnethylamme 44 025 

Tnethylamme 65 0 03 
Tnpropylamme 31 0 25 
Tns(2-methylbutyl)amme 2 0 0 09 
Tnbenzylamme 18 0 09 
Tnphenylphosphme 03 0 2.5 
Tnphenylphosphme 0 36 0 03 
Dlmethyl sulfide 26 0 25 
Dlmethyl sulfide 65 0 03 
Tetrahydrothlophene 22 0 25 

CDCIB 
CH2C12 
CDC13 
CH#& 
CH&12 
CHC13 
CH#& 
CDC13 
CHzClz 
CDClj 

1 
25 
I 
25 

>I20 
2 

27 
>8 
44 

>20 

Nmr 
Polanmetnc 
Nmr 
Polanmetnc 
Polanmetnc 
Nmr 
Polarunetrx 
N m r. 
Polanmetric 
Nmr 

Evidence for quaternary salt formation was obtained polanmetrrcally or by 
observmg changes m the n m r spectra of solutions of the galactopyranosyl brormde 
m the presence of various nucleopties. The n m r expenments were preferred m some 
cases, because the crude rate data that they provided were generally obtamed at 
concentrations useful for synthesis (Table I) In all cases where the anomenc proton 
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peaks could be located, the couphng constants (J,,*) were between 6.5 and 8 0 Hz, 
thus, the salts exist mamly as the ji anomers (cJ Table II) With the exceptron of 
trrbenzylamme, the ammes and phosphmes reacted readrly with 2,3,4,6-tetra-f% 
benzyl-a-D-galactopyranosyl bromrde The stides reacted much more slowly and the 
solutrons turned very dark The n m r. spectra of the sulfide solutions were very broad 
and complex, and there was no definite evidence for sulfomum salt formatron 

TABLE Ii 

N M R DATA FOR -i-HE QUATERNARY SALTS OF 2,3,4,6-TETRA-O-BENZYL-CL-D- 

GALACTOPYRANOSYL BROMIDE 

Nucleophz Itc reagent Chenucai shaft of the anomerxc proton CoupImg constant (Hz) 

bpm)” 

Tnethylamme 
Trlpropylamme 
Tnphenylphosphme 

S 80 J1280 
5 63 J1280 
S 85 J,-P~ 1 

=From the peak of tetramethylsdane used as standard 

Unlike the bromide, 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl chloride drd 
not react with tnphenylphosphme, tnethylamme, or drmethyl sulfide m various 
solvents, either at room temperature or at 50” 

Methanolysrs reactrons of the phosphonmm and ammomum salts were studied 
as model reactions m order to determine the best condrtions for a-D-galactopyranosrde 
formation Molar ratios of methanol to quatemary salt were kept low m order to 
srmulate general glycosrde-synthesis condrtrons as closely as possrble The yrelds of the 
galactopyranostdes and their anomer ratros were calculated from the areas of the 
methyl resonance-peaks, which appeared at 6 3 35 (a) and 3 52 @) The accuracy of the 
analyses was hmlted by the fact that the methyl peak for the p-D-galactopyranowde 
was supenmposed on a small, complex multrplet of a portron of the sugar-ring proton 
spectra An approximate baseline for the methyl proton peak was obtamed from the 
spectrum of the product obtamed by allowmg the triethylamme salt of 2,3,4,6-tetra- 
O-benzyl-a-D-galactopyranosyl bromrde to react with methanol-d, The analyses are 
probably accurate to about +5% 

In general, the methanolysis reactions were qmte slow at room temperature, 
especrally m such solvents as ethyl ether or toluene, m which the quaternary salts are 
msoluble, but the reactions appeared to be substantmlly complete after 24 h at 50” 
Attempts to carry out the reactrons at 70” gave a poorer yreld of the galactosides and 
the n m r signals of the products were qmte broad, mdrcatmg the occurence of side 
reactrons 

The trrphenyl- and trlbutyl-phosphonnrm salts were qmte unreacttve toward 
methanol, and their reactions were not studred further 

Unhke the omum salts prepared from 2,3,4,6-tetra-O-benzyl-a-D-gluco- 
pyranosyl bromrde, the D-galactopyranosylammonmm bromrde salts gave ratios of a- 
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to /Sgalactopyranoede that were nearly constant in all the solvents used (Table III) 
The proportion of cl-D_galactopyranosxde was shghtly better with bulkxer amines 
However, the most hmdered amme that was tested, tnbenzylamine, did not react w&h 
the D-galactopyranosyl bromide 

TABLE III 

M?XHANOLYSISOFSOME 2,3,4 ~~~-U-BEN~~~-D-GA~~OPYRANOS~BRO~~IDE 

QUATERNARYSALTS 

NucIeophlle ReactIon Temp Solvent Molar rat10 Ratlo a to Yield 
tmle (9 MeONJsaIt $anomer (%) 

(4 

Tnethylamme 
Tnethylamme 
Tnethylamme 
Tnethylamme 
Tnethylamme 
Tnpropylamme 
Tnpropylamme 
Tnbutylamine 
Tetramethylethylene- 

dlamme 
Tnphenylphosphrne 
Tnbutylphosphme 

19 25 Toluene 
24 25 Acetomtnle 

120 25 Ether 
24 25 Tnethylamme 
48 50 ChIoroform 
48 50 Chloroform 
24 70 Dxhloromethane 
24 50 Dxhloromethane 

20 
48 
48 

50 
50 
50 

Dlchloromethane 3 
Chloroform 3 
Chloroform 3 

5 
5 
5 
25 
3 
3 
3 
3 

74126 
77123 
77123 
75125 
82116 
ix/14 
85115 

80/20 

5 
80 
85 
20 
80 
80 
60 

100 

20 
0 
0 

Since the quatemary ammomum salts appeared to be useful mtermedlates m 
the synthesis of U-D-galactopyranoedes, attempts were made to synthesize 3-O-CZ-D- 
galactopyranosyl-D-galactose The synthesis of t.h~s IsaccharIde has not been 
reported, although it IS part of a trlsaccharlde end-group that provides B spec&c&y 
to human blood-group substances3 O-z-L-fucopyranosyl-(l +Z)-O-[cr-D-galacto- 

pyranosyl(l+3)]-D-galactose Benzyl 2-U-benzoyl-4,6- 0-benzyhdene-/3-D-galacto- 
pyranoslde was chosen as the monomenc umt for the attempted synthesis because it 
contains an easily removable blockmg group at C-2, a prerequlslte for subsequent 
synthesis of the aforementioned trrsacchande Unfortunately, attempts to condense 
benzyl 2-O-benzoyl-4,6-O-benzyhdene-/?-D-galactopyranoslde urltd several of the 
quaternary ammomum salts of 2,3,4,6-tetra-0-benzyl-a-D-galactopyranosyl bromide 
ylelded the unreacted alcohol along with 2,3,4,6-tetra-0-benzyl-D-galactose and other 
products, mcludmg 1,5-anhydro-2,3,4,6-tetra-O-benzyl-~-l’x~-l-emtol Even extended 
reactlon times at 50” were unsuccessful In some expenments, the reactions were 
quenched wxth methanol and interpretation of the n m r spectra of purfied product 
fractions suggested that appreciable yields of methyl CL- and P-2,3,4,6-tetra-0-benzyI-D- 
galactopyranosldes had been obtamed Thus, the major problem appeared to be the 
low reactivity of the quaternary salts, and further study of the synthesis of the 
lsacchande was not continued 
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DISCUS!XON 

The nucleoptic attack of mtrogen, phosphorus, and sulfur compounds on 
2,3,4,6-tetra-O-benzyl-E-D-galactopyranosyl bromide and the reactions of the 
resulting omum salts vvlth alcohols differ m several respects from the reactlons 
occurrmg with the lsomenc compounds m the D-glucose senes 

First, the galactopyranosyl bromide denvatitie reacted very slowly with dmllcyl 
sulfides If sulfomum salts were formed m the reactlons, they were apparently 
unstable because the solutions turned very dark and the peaks of the n m r spectra 
became very broad Hydrolysis could not occur m these expernnents, because the 
reactions were performed m sealed n m r tubes, which were prepared with high 
vacuum techmques Under the condlhons reported here, the comparatively low 
reactlvlty of the phosphonmm salts of 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl 
bromide IS, at least, m part due to the much lower concentrations of methanol used 
than those m the D-gluco senes ’ 2 We chose these particular condltlons for the model 
reactions m order to simulate the conditions that would be used m the synthesis of 
complex galactopyranosldes Presumably, the phosphomum salts would have under- 
gone solvolys~s much more readily If a large excess of methanol had been used 

The third maJor dserence, m comparmg the present reactions to smular 
reactlons performed m the D-glrtco series, was the nearly complete lack of solvent 
dependence m the stereoselectivity of the methanolysls reactions The observed 
pattern of behavior IS m hne with our experience that, with less reactive glycosyl 
derlvatlves, the stereochemlcal course of methanolyas generally appears to be 
relatively rndependent of the solvent 

The failure of the quaternary ammomum salts to react with benzyl2-O-benzoyl- 
4,6-O-benzyhdene-/3-D-galactopyranoslde 1s not unexpected m retrospect, smce both 
reactants are qmte hindered at their reaction sites Perhaps future work wfl lead to 
the synthesis of more reactive quaternary salts, which wfi be more generally useful in 
the synthesis of a-galactosldes 

EWERIMENTAL 

General - N m r spectra were obtamed mth a VaEan A-60-A spectrometer, 
chloroform-d contammg tetramethylsdane as an internal reference was used as the 
solvent Optical rotations were determmed mth a Perkm-Elmer model 141 polari- 
meter with Jacketed 1-dm cells kept at 25” by clrculatmg water from a constant- 
temperature bath 

lKet&l 2,3,4,6-tetra-O-benzyl-8_D-galactopyranoside - Methyl 2,3,4,6-tetra- 
CLbeml-B-D-galactopyranoslde was prepared by conventional procedures from 
methyl 2,3,4,6-tetra-O-ace@-B-D-galactopyranoslde (44 4 g) m toluene (150 ml), 
with powdered potassium hydroxide (200 g) and benzyl chlonde (70 ml and 140 ml) 
Addition of a small amount of ethanol to the isolated product induced crystalhzatlon 
(56 2 g, 74%), m.p 84-85”, [a]g5 f 17” (c 3 6, p-dxoxane), lit 5 m p 80-81”, [aID + 18” 
(G 3 6, p-dloxane) 
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2,3,4,6-Tetra-O-benzyl-l-O-(N-phenylcarbamoyl)-a- mtd /3-D-galactopyranose - 
Methyl 2,3,4,6-tetra-O-benzyl-/3-D-galactopyranosrde (45 g) was heated on a steam 
bath wrth a rmxture of 80% acetrc acid (720 ml) and M hydrochlorrc acrd (225 ml) for 
4 h The mrxture was cooled and extracted with chloroform After drying and 
distrllmg off the solvent, the remammg syrup was homogeneous on t 1 c with drchloro- 
methane as eluent and its n m r spectrum was consistent wrth the assigned structure 
of 2,3,4,6-tetra-O-benzyl-D-galactose No attempt was made to crystalhze the product, 
whrch appeared to be a mrxture of anomers 

2,3,4,6-Tetra-U-benzyl-D-galactose (18 3 g) was drssolved m dry pyndme 
(50 ml) Phenyl rsocyanate (5 0 ml) was added at 0” The solutton was stnred for 
3 days at room temperature and poured mto water The syrup was extracted wrth 
chloroform, and the orgamc layer was dried (sodmm sulfate) and evaporated to a 
syrup Crystalhzatron from benzene gave a small amount of drphenylurea After 
frltratron, crystalhzatron of the mother lrquor from ethanol gave 7 4 g (33 2%) of the 
/Lanomerrc N-phenylcarbamate, m p 133-134” (after recrystalhzatron from ethanol), 

[al its -22” (c 17, chloroform), n m r data (chloroform-d) doublet centered at 
6 5 70, JI,Z 7 7 Hz Crystallization of the mother liquor from ethanol gave 3 6 g 
(15 6%) of the 0: anomer, m p 145-147” (after recrystalhzatron from ethanol), 
[a];’ + 68” (c 1 7, chloroform), n m r spectrum doublet centered at 8 6 40, .I1 ,2 
38Hz 

Anal Calc for C41H41N07 C, 74 65, H, 6 27; N, 2 12 Found for a-D 
anomer C, 74 56, H, 6 32, N, 2 08 Found for /3-D-anomer C, 74 68, H, 6 33 ; 

N, 2 10 
Under smuIar condrtrons, 2,3,4,6-tetra-O-benzyl-a&l-O-p-mtrobenzoyl-D- 

galactopyranose was prepared from 2,3,4,6-tetra-0-benzyl-D-galactose (10 0 g), dry 
pyrrdme (30 ml), and p-mtrobenzoyl chloride (4 0 g) The product was homogeneous 
on t 1 c wrth 1 9 acetone-benzene as eluent and, accordmg to its n m r spectrum, 
was a rmxture of 60% of the /3 and 40% of the a anomer However, the product did 
not crystalhze from a number of solvents and was not fully characterrzed 

2,3,4,6-Tetra-0-benzyl-a-D-gaIactopyranosyZ bromtde - 2,3,4,6-Tetra-O-benzyl- 
1-O-(N-phenylcarbamoyl)~j&r+galactopyranose (650 mg, 0 986 mmole), was drssolved 
m dry drchloromethane (20 ml), and hydrogen bromide was bubbled through the 
solutron for 5 mm. A precrpltate of amlmmm hydrobromrde appeared after about 
0 5 mm The solvent was evaporated at room temperature and replaced by 5 ml of 
fresh drchloromethane The amhmum salt was titered off, dned, and weighed 
(169 mg, 0 97 mmole, 98 4%) The remammg solutron was decolorized by filtratron 
through s&a gel, the solvent was evaporated off, and the syrup was drred zn vacua 
overmght, [a]:* f 117” (c 1 7, chloroform), n m r spectrum (chloroform-d) broad, 
poorly resolved doublet centered at b 6 55 that was, however, too narrow to be 
typical of a fl anomenc proton, the ratro of aromatrc to ahphatrc proton peaks was 
consrstent wrth the assumed structure 

2,3,4,6-Tetra-O-benzyl-u-D-galactopyranosyl chlorrde - Hydrogen chlonde was 
bubbled through a solution of 2,3,4,6-tetra-O-benzyl-l-U-(ZV-phenylcarbamoyl)- 
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/3-D-galactopyranose (1 0 g) m 4 1 ether-drchloromethane (10 ml) for 60 mm A 
precrprtate of amhmum hydrochlonde began to form after about 5 mm The mixture 
was evaporated to dryness, treated wrth 5 ml of fresh drchloromethane, and filtered 
to give 194 0 mg (98 7%) of amhmum hydrochlonde The solution was passed 
through a layer of sihca gel and evaporated to a colorless syrup, [a]:’ + 151” (c 2 0, 
benzene), n m-r spectrum doublet centered at 6 6 18, J1,2 3 7 Hz, ht.’ [aID + 147” 
(c 2 0, benzene) 

Rate studies - A N m r. method An n m r tube fused to a hrgh vacuum 
apparatus was evacuated and filled ~t.h mtrogen The apparatus was opened up under 
a flow of mtrogen and 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl bromrde (130 mg) 
m dry ether (1 ml) was added The ether solution was frozen with hqmd au and the 
apparatus was sealed After evacuatron and degassmg of the frozen solutron, the ether 
was drstrlled off zn vaczzo and the remarmng syrup was dned zrr vacua for several h 
Chloroform-d (0 5 ml) and the nucleophrle (0 3 ml) were distilled mto the n m r tube 
from evacuated contamers containing calcmm hydnde The n m r tube was melted 
ofF and stored m hqmd an until the rate studies were mrtrated Spectra of the solutrons 

were obtained at regular intervals untrl the reactrons were complete The approxrmate 
half time of the reactron was taken as the time at which half of the galactopyranosyl 
bromide was consumed 

In cases where the nucleophrle was nonvolatrle, It was added drrectly to the 
n m r tube under a stream of mtrogen 

B Polarzmetrzc method The galactopyranosyl bromrde, solvent, and nucleo- 
phrle were mixed m a small volumetrlr flask, and the solution was transferred to 
a 1-dm tube The optical rotation was recorded as a function of time until the reaction 
was complete The approxrmate half time was taken to be the trme at whrch 
aO-a/a, -a, was equal to 0 5 Solvents and hqmd nucleophiles used m the polarr- 
metric studies were dned over calcmm hydnde 

Methanolysz.9 experzments (example) - 2,3,4,6-Tetra-O-benzyl-a-D-galacto- 
pyranosyl bromrde (245 mg) m ether (2 ml) was mtroduced into a hrgh-vacuum 
reaction tube under a stream of nitrogen The ether solutron was frozen with liquid 

au and the tube was sealed The tube was evacuated, the ether solution was frozen 
with hqurd au, and the tube was sealed The tube was evacuated, the ether was 
distilled off, and the syrup was dned for several h zn vacua Trrethylamme (5 0 ml) was 
distilled mto the tube, and the mrxture was strrred to dtssolve the bromrde The 
solution was allowed to stand overnight, the tnethylamme was distrlled off, and 
acetomtrrle (5 0 ml) and methanol (60 mg) were drstrlled m The solutron was stn-red 
to mrx the reactant compounds and allowed to stand for 24 h The tube was opened, 
the solutron poured mto water (50 ml), and the product extracted wrth drchloro- 
methane The organic solution was washed with water, dned (magnesium sulfate), 
and evaporated to dryness The remammg syrup was dried in vacua and dissolved m 

chloroform-d for n m r analysis A very similar procedure was used for studres with 
the other tertiary ammes m various solvents All solvents and nucleophrles for the 
methanolysis studies were dried over calcium hydride Methanol was drstrlled from a 
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solution of sodium methoxrde mto small, cahbrated Pyrex tubes and transferred into 
the reactron medmm by breakmg the tubes wrth a magnetrc hammer and drstrlhng 
in vacua 

Dzsaccharrde preparatron (example) - An ether solutron of 2,3,4,6-tetra- 
0-benzyl-a-D-galactopyranosyl bromrde (250 mg, 0 415 mmole) was evaporated to 
dryness in vacua in a high-vacuum reaction vessel, trrpropylamme (0 6 ml) was 
added, and the solutron was mrxed well and kept overmght Benzyl 2-U-benzoyl- 
4&i-O-benzyhdene-B-D-galactopyranoside, was prepared according to the method of 

Chtttenden and Buchanans, [a]$’ -23” (c 10, chloroform), all physrcal constants of 
thrs compound and Its precursors were m agreement with the pubhshed data6 except 
[a];’ +24” (c 10, chloroform) Thus compound (230 mg, 0 498 mmole) was added 
under a stream of mtrogen The mrxture was frozen m hqurd au, evacuated, degdssed, 
and the apparatus was melted off the vacuum rack The tube was heated in an or1 
bath (50”) and shaken occasronally for 4 days Methanol (N 5 ml) was added and the 
rmxture was allowed to stand for 4 h The solvent was drstrlled from the mrxture, and 
an excess of Qchloromethane was added The mrxture was washed twice wrth 1 5~ 

sulfirnc acid and once w&h saturated sodium hydrogen carbonate solutron, and dned 
(magnesium sulfate) After removal of the solvent, the residual gel was chromato- 
graphed on srhca gel A mixture of 2,3,4,6-tetra-O-benzyl-a- and /I-D-galactopyrano- 
side (138 mg, 60%) was eluted wrth benzene Elutron wrth chloroform gave a small, 
unpure fraction (2 spots on t 1 c) and a fractron of crystalhne benzyl 2-O-benzoyl- 
4,6-0-benzyhdene-/I-D-galactopyranosrde (220 mg, 95%) 

Very sumlar results were obtained when N-methylmorphohne and tetra- 
methylethylenedramie were used instead of trrpropylamme Reactions wrth these 
two arnmes were performed for 3 weeks at 50” The reactron mixture m tetramethyl- 
ethylenedramme gave, m 89% yreld, the startmg benzyhdene compound, an estrmated 
20% yield of 2,3,4,6-tetr,+O-benzyl-D-Zyxo-hex-I-enose, and an impure fractron 
wluch, from its n m r spectrum, appeared to contam both methyl 2,3,4,6-tetra- 
O-benzyl-cr- and ,f?-D-galac topyranosides, the startmg benzyhdene compound, and 
2,3,4,6-tetra-O-benzyl-D-galactose 
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