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binom (4.00 g-) wam dimolved in 15 ml. of methylene chlo- 
ride and the mlution trested with a solution of 1.9 g. of 
pnitrobauoyl chloride in a mixture of 10 mL of methylene 
chloride and 3 mL of dry pyridine. After h d i n g  overnight 
at, room temperatwe the methylene chloride mlution waa 
sashed with 1N hydrochloric acid, aqueous 
r" bicsibonate, and water. Moieture waa removed 
with d i u m  date and the mlution concentrated to give 
5.4 g. of sinrp which cryatsllised apontaneoudy. Recryetalli- 
zation from methanol sfforded 4.M g. (86%) of a mixture of 
the anomeric estera melting at 75-92" and showing [uI'D" 
+11.0' in methylene chloride (c, 6.8). 
Through fractionsl crystallisation from ether-pentaue 

the anomera were separated. The lees soluble anomer crystal- 
lized sa large platea, m.p. 77-78' and [a]? +43.9" (c, 5.4 
methylene chloride). The more soluble anomer cry&&d 
BB long needlq mtp. 96-97', [a]" -59' (G, 2.0 methylene 
chloride). In accord with the UBUal convention, the dextro- 
rotatory iaomer ie designated the &anomer (=) and the 
levorotatory b m e x  designated the e o m e r  (XIa). 
From the rotatiom of the two pure substances it ia apparent 
that the original mixture consisted of approximately 68% 
of the m o m e r .  
A d  Cdcd. for -NO* (569.59): C, 69.58; H, 5.49; 

N, 2.46. Found: (ganomer) C, 6986; H, 5.60; N, 2.42; 
( e o m e r )  C, 69.65; H, 5.59; N, 2.49. 

s,s- LGambinosyl bom& (XII). Two g " ~  of a 
mixture of the anomeric 2,3,&tI-X"yl-l+nitro- 
~ l - ~ i o f u r a n ~  diesolved in methylene chloride, 
was treated with 30 ml. of a 0.15N solution of hydrogen 
bromide in methylene chloride. After 5 min. the precipitated 
p-nitmbenmic acid wae filtered off and washed with methyl- 
ene chloride; yield 565 mg. (96%). The filtrate and waehing~ 
were concentrated to a reddiclh sirup which waa dieaolved in 
10 mL of tetrahydrofuran and treated with 5 ml. of a 2.0M 
mlution of lithium aluminum hydride in tetrahydrofuran. 
When the reaction mixture had cooled to room tempera- 
ture ethyl acetate wam added cautiously to destroy the 
exceea of reducing agent. It wam then acidified with 50 mL 
of 5N hydrochloric acid and extrscted twice with 50-ml. 
portions of methylme chloride. The combined extracts 
were waahed with saturated aqueow d u m  bicarbonate 
and with water. Moieaue wam removed with d u m  d a t e  
and the solvent removed to k v e  1.31 g. of a airup which 
showed only minor hydroxyl abeorption in the infrared. 
Ahrpt ion  of the whole aample on al- foliowed by 

I , & A n h W M  tri-p-4~- (XIV). (0) oicr 

elution with methylene chloride, afforded a colorlees airup 
(1.15 g.) showing neither hydroxyl nor carbonyl componenta 
in the infrared. It waa then dieaolved in abeolute ethanol and 
redud in the presence of palladium on charcod. Hydrogen 
absorption waa dow, a e v d  hours being required to reach 
the theoretical value. The catalyst waa removed and the 
filtrate concentrated to give a sirup which failed to crystal- 
lize. Chromatography, using Whatman No. 1 paper and 
n-butyl alcohol-water (86: 14), revealed only one component, 
having an Rf of 0.6. On the baa% of a molecular weight of 
134, the sirup coneumed 0.97 molar equivalent of d m  
metaperiodate. Acylation of 910 mg. of th ia 1,4-anhydro-~ 
arabitol (prepared in a similar run) with p - n i t r o h y l  
chloride in the usual manner afforded 3.49 g. (88%) of 
crystalline product which waa recrptalbd d v e l y  
from benzene, chlorofomwwbon tetrachloride and aqueous 
acetone: m.p. 80-82'; [a]y +85.1' in chloroform (c, 
0.5). 

A d  Cdcd. for C&HWN& (581.43): C, 53.71; H, 3.29; 
N, 7.23. Found: C, 53.75; H, 3.52; N, 7.00. 

(b) F m  dh~2 &O-hzuyZ-l4~mdd (W). 
Ethyl ~ y l - l - t h i ~ ~ - a r a b i i o ~ i d e ~  (587.1 mg.) WBB 
ampended in a. 20 ml. of absolute alcohol with two tea- 
qmonfula of freahly prepared W-2 Raney nickel17 and the 
mixture stirred for 13 hr. It WBB then boiled under re&x for 
5.5 hr. and liltered, the nickel being washed generowdy with 
hot alcohol. On concentration in oaeuo, there wam obtained 
a sirup (378.2 mg.) which wsa dissolved in absolute methanol 
and debexwylated with barium methoxide. The solution 
WBB deionized with a mixed-bed ion exchange resin, filtered 
and concentrsted in vacuo to give a sirup: 226.1 mg. Acyla- 
tion with p-nitrobenmyl chloride in the d manner 
gave 394.1 mg. (34%, baaed on the thioarabiide) of 
crystalline material. ReCryeteIlieed twice from aqueous 
acetone it melted at 81-82' and showed [a]: +SS.l' in 
chloroform (c, 087). Mixed with the ester obtained in 
(a) above it melted a t  80-82". 

A c h l e d @ m t .  Analyses were performed in 
the Anslytical SeMw Unit of this Laboratory 
under the direction of Mi. H. G. McCann. 

B " 3 ~ 4  MD. 

(17) B Mosinga, Org. SyUcscs, call. Vot m, 181 
(1955). 

Synthesis of Xylobiose ( ~ O - ~ - D - x g I ~ p ~ ~ ~ y l - D - ~ l ~ ) ~  

The eynth& of xylobiw (4-O-&~xylopyranoeyI+ayI-BDxylose) (IX) haa been achieved by condensing benzyl 2,344- 
bemyl-*xylopyranamide (V), with 2 ,3 ,4- t r i~yl+*xyImyl  bromide (VI )  to give benzyl 4-0- (2 ,3 ,4- t~acc tyI -~  
d w J - u - 2 , ~  wxyioeide (M). Saponiiication to remove acetyl group, followed by hydrogenation to remove the 
benryl group yielded rylobioee (IX). 

Chemical or biochemical hydrolysis of plysac- 
charidea leading to the formation of disaccharides 

providea a valuable approach to the determination 
of the general structure of polysaccharides.* Thus 

(2) F. Smith and R Montgomery, Plant Gum and 
Bfw.dqta~, €'kinhold Publishing Corp., New York, 1959, 
p. 133: a L. whistler and c. L. smart, P d m  
Chmdry, Academic Press, Inc, New YorL, N. Y., 1953. 
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for example, cellobiose, maltose, 6-o-P-~-ghco- 
pyranosyluronic acid-D-galactose,6 and 4-0-P-~- 
xylopyranosyl-D-xylose (xylobiose)s have been ob- 
tained from cellulose, starch, plant gums, and xyl- 
ans, respectively. The structures of these disac- 
charides have been established by the classical 
methylation method? and by degradation studies.* 
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In  certain instances evidence in support of the 
structure of beta-linked disaccharides has been 
forthcoming from synthetic experiments. Thus, 
the structure of cellobiose,g 6-O-P-~-glucopyrano- 

(3) H. Friese and K. Hess, Ann., 450, 40 (1926). 
(4) A. P. Dubrunfaut, Ann. chim. phys., (3), 21, 178 

(5) C. L. Butler and L. H. Cretcher, J .  Am. Chem. SOC., 

( 6 )  R. L. Whistler, J. Baclirach, and C. C. Tu, J .  Am. 

(7) W. N. Haworth, Thc Constitution of Sugars, Arnold 

( 8 )  W. W. Pigman, The Carbohydrates, Academic Press 

(1847). 

51,1519(1929). 

Chem. Soc., 74,3059 (1952). 

and Co., London (1929). 

Inc., New York (1957). 

syluronic acid-D-galactose, lo lactose, l1 sophorose, la  

and of genti~biose,'~ among others, have been 
confirmed by synthesis. 

This paper is concerned with the synthesis for 
the first time, as far as we are aware, of 4-0-8-D- 
xylopyranosyl-D-xylose (xylobiose) (IX), a disac- 
charide which may be obtained by acids or enzy- 
mic14* l6 hydrolysis of polysaccharides of the xylan 
type. This synthesis was achieved by condensing 
benzyl 2 , 3-di-O-benzyl-~-xylopyranoside (V) with 
2,3,4-tri-O-acetyl-a-~-xylosyl bromide (VI) in the 
presence of mercuric cyanidel16t17 a reaction im- 
proved by adding the glycosyl halide at intervals 
of two hours. 

The 2,3,4-tri-O-acetyl-cy-~-xylosyl bromide (VI) 
required for the condensation was prepared in the 
usual way1* whereas the benzyl 2,3-di-O-benzyl-n- 
xylopyranoside was obtained as follows: methyl 
CY- and P-~-xylofuranoside~~ (I) was treated with 
trityl chloride in pyridine to give methyl 5-0- 
trityl-cy- and -@-D-xyloside (11) which was converted 
into methyl 2,3-di-O-benzyl-5-O-trityl-a- and -P- 
D-xyloside (111). Simultaneous detritylation and 
hydrolysis of I11 yielded 2,3-di-O-benzyl-~-xylose 
CIV) which was transformed into the required 
benzyl 2,3-di-O-benzyl-~-xylopyranoside (V), the 
beta-form of which crystallized. 

Following the condensation of V and VI, the 
disaccharide derivative, benzyl 4-0-(2,3,4-tri-O- 
acety~-~-xy~osy~)-2,3-d~-~-benzy~-~-xy~os~de (VII) 
and unchanged benzyl 2,3-di-O-benzyl-~-xyloside 
(V) were separated from 2,3,4-tri-O-acetyl-~- 
xylosyl bromide (VI) by saponification, and extrac- 
tion of VI1 and V from aqueous solution with chloro- 
form, Hydrogenation20 of the disaccharide deriva- 
tive, benzyl PO-(P-~-xylopyranosyl)-2,3-di-O-ben- 
zyl-D-xyloside (VIII) afforded 4-O-P-~-xylopyrano- 
syl-D-xylose (IX). The specific rotation 
-15' of the product so formed differed from 
that of xylobiose due probably to the presence of 
some cy-1+4 linked xylobiose, and consequently 

(9) K. Freudenberg and W. Nagai, Ber., 66, 27 (1933); 
V. E. Gilbert, F. Smith, and M. Stacey, J .  Chem. SOC., 622 
(1946); W. T. Hmkins, R. M. Hann, and C. S. Hudson, J .  
Am. Chem. SOC., 64, 1289 (1942). 

(10) R. D. Hotchkiss and W. F. Goebel, J. Am. Chem. 
Soc., 58,858(1936). 

(11) W. T. Haskins. R. M. Ham. and C. S. Hudson, 
J.'Am. Chem. SOC., 64; 1852 (1942). ' 

(12) K. Freudenberg and K. Soff, Ber., 69B, 1245 (1936). 
(13) B. Helferich and W. Klein, Ann., 450, 219 (1926). 
(14) C. T. Bishop and D. R. Whitaker, Chemistry and 

Industry, 119 (1955). 
(15) R. L. Whistler and E. Masak, J .  Am. Chem. SOC., 

77,1241 (1955). 
(16) B. Helferich and K. F. Wedemeyer, Ann., 563, 139 

( 1949). 
(17) K. Matsuda, J. Agr. Chem. SOC. (Japan), 33, 714 

(1959) ; K. Matsuda and T. Sekiguchi, Ann., 33,309 (1959). 
(18) J. K. Dale, J .  Am. Chem. Soc., 37,2745 (1915). 
(19) I. Augestad and E. Berner, Acta Chem. Scand., 8,  

(20) N. K. Richtmyer, J .  Am. Chem. SOC., 56, 1633 
251 (1954). 

(1934). 
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the xylobiose failed to crystallize even when 
nucleated. After acetylation of the sirupy xylobiose, 
however, the crystalline 4-O-@-~-xylopyranosyl-~- 
xylose hexaacetates was readily isolated. This 
proved to be identical with a specimen prepared2* 
from pure xylobiose isolated from corn hull hemi- 
cellulose. Deacetylation of the hexaacetate then 
yielded the required crystalline xylobiose CIX). 

EXPERIMENTAL 

All evaporations were carried out at 40-50" (bath temp.) 
under reduced pressure. 

Methyl 6-0- t r i tyL-  and 6-8-D-Xy1OSide. D-Xylose (10 g.) 
was refluxed with 0.012% methanolic hydrogen chloride 
(630 ml.) for 4 hr. after which the optical rotation had 
changed to +30.5".19 The solution was neutralized with 
silver carbonate (0.5 g.), filtered and evaporated to a sirup 
(10.8 g.). No attempt was made to separate the methyl 
furanoside from the pyranoside and the unchanged xylose. 
The sirupy product was dissolved in pyridine (85 ml.), 
trityl chloride (10 6 . )  was added, and the mixture heated 
for 1 hr. at 90-loo", ingress of water from the atmosphere 
being prevented by a calcium chloride drying tube. After 
standing overnight a t  room temperature, the reaction mix- 
ture was treated with water until a turbidity was produced 
and then poured into ice water (600 ml.). The sirupy pre- 
cipitate consisting of methyl 5-0-trityl-a- and 8-P-D-xyloside 
did not crystallize. The aqueous suspension was extracted 
with chloroform (3 X 200 ml.) and the combined extracts 
were decolorized with charcoal (1  g.), dried (magnesium 
sulfate), and evaporated to a sirupy mixture of methyl 
5-0-trityl-a- and 6-8-D-xyloside. 

Methyl 5-O-trityl-2,S-di-O-acetyl-a-~-xyloside. In a separate 
experiment methyl a-D-xylofuranoside, m.p. 84', was iso- 
latedl9 from the mixture of glycosides (1.15 g.) prepared 
as described above by separation on a cellulose column 
using butanone-water azeotrope as the irrigating solvent.1s,22 

A solution of the methyl a-D-xylofuranoside (0.440 g.) 
in dry pyridine (15 ml.) was treated with trityl chloride 
(0.74 g.) for 18 hr. at room temperature. The reaction mix- 
ture was heated for 1 hr. at 90-100' and then cooled to 
room temperature. The reaction mixture was treated with 
water until it became turbid and then poured with stirring 
into ice water (300 ml.). After standing for 1 hr. the sirupy 
precipitate was extracted from the aqueous solution with 
three 100-ml. portions of chloroform and the combined 
chloroform extracts were dried (potassium carbonate). 
Evaporation of the solution provided methyl 5-0-trityl- 
a-D-xyloside as a sirup (1.063 g.) which had [a]: +71" 
(c, 5 in chloroform). 

A portion of the methyl 5-0-trityl-a-D-xyloside (0.543 
9.) was allowed to stand a t  room temperature for 24 hr. 
with acetic anhydride (4 ml.) and pyridine (10 ml.). The 
acetylation mixture was poured with stirring into ice water 
(200 ml.) and allowed to stand for about 6 hr. a t  0' until all 
the acetic anhydride had decomposed. The product was ex- 
tracted with chlofororm (3 X 75 ml.), and the combined 
chloroform extracts were dried (potassium carbonate). 
Evaporation of the chloroform solution gave a sirup which 
crystallized spontaneously upon the addition of a few drops 
of ethanol. After three recrystallizations from ethanol the 
methyl 2,3-di-O-acety1-5-0-trityl-a-~-xyloside had a m.p. 
of 131" and [ala. +81" (c, 1.2 in chloroform). 

Anal .  Calcd. for Cz~HioO7: C, 71.02; H, 6.12; OCH8, 
6.3; COCH3, 17.55: ( c ~ H & c ,  49.6. Found: C, 71.23; H, 
6.21; OCHs, 7.1; COCHJ, 18.0; (CBHB)IC, 50.9. 

(21) H. C. Srivastava and F. Smith, J .  Am. Chem. SOC., 

(22) J .  I). Geerdes, B. A. Lewis, R. Montgomery, and 
79,982 (1957). 

F. Smith, Anal. C h m . ,  26, 264 (1954). 

The method employed for the determination of the tri- 
phenyl methyl content corresponded to that of Helferich 
and Beckere8 with the exception that the trityl alcohol was 
isolated by extraction with chloroform rather than by filtra- 
tion. 

Methyl 6-0-trityl-2,S-di-0-benzyl-a- and 6 - 8- D -xylosicZe. 
Benzyl chloride (125 ml.) and powdered potassium hydroxide 
(20 g.) were added to the sirupy material consisting of methyl 
5-0-trityl-a- and &@-D-xyloside and the mixture was stirred 
at 90-100" for 6 hr. The reaction mixture WBB cooled, water 
(100 ml.) WBB added and the two layers were separated. 
Chloroform (100 ml.) was added to the upper organic layer 
and the mixture was washed with water (3 X 100 ml.). 
The chloroform and excess benzyl chloride were removed 
by distillation in vacuo and the residue was retreated with 
benzyl chloride and potassium hydroxide as described above 
to give methyl 2,3-di-O-benzyl-5-0-trityl-a- and S-O-D- 
xyloiide (27.4 g.). . 
8.S-Di-O-benzul-D-xulovuranose. The methvl 2.3-di-O- 

benzyl-5-0-trit& 6-8-D-xyloside was "dissolved in 
acetic acid (60 ml.) in the cold and 27% hydrobromic acid 
in acetic acid (15 ml.) was added. A precipitate of trityl 
bromide formed after a few seconds, and after 1 min. the 
solution was filtered into ice water (250 ml.) which was 
contained in the filter flask. The precipitate so formed was 
washed with cold glacial acetic acid (20 ml.). Chloroform 
(200 ml.) was added to the combined filtrate and washings 
and the chloroform solution was washed several times with 
a saturated aqueous solution of sodium bicarbonate until it 
was free of acid and twice with water. The chloroform solu- 
tion was dried (magnesium sulfate) and evaporated to give 
2,3-di-0-benzyl-~-xylopyranose which contained a small 
amount of trityl alcohol as an impurity. (Found: OCHI, 
none). 

Benzyl 2,s-di-0-benzyl-D-xylopyranoside. 2,3-Di-0-benzyl- 
D-xylopyranose (2.3 g.) was heated for 4 hr. at 95-100" 
with benzyl alcohol (15 ml.) and p-toluenesulfonic acid 
(0.5 g.) under reduced pressure (water aspirator). After 
cooling the reaction mixture to room temperature, chloro- 
form (70 ml.) was added and the mixture was washed with 
dilute ammonium hydroxide (40 ml.) and with water until 
neutral. The organic layer was dried (sodium carbonate), 
evaporated and the excess benzyl alcohol and a small amount 
of trityl alcohol were removed by distillation a t  150-170' 
(bath temp.) and about 0.005 mm. The benzyl 2,3-di-0- 
benzyl-a- and 6-8-D-xylopyranoside was distilled (2.1 9.) 
b.p. 225-235" (bath temp.) a t  0.001 mm., [a]: +15" 
(c ,  2 in chloroform). Part of the distillate crystallized spon- 
taneously .and after recrystallization from methanol, 
benzyl 2,3-di-0-benzyl-~-~-xylopyranoside was obtained, 
m.p. 122" and [ala. -71' (c ,  0.2 in chloroform). 

Anal. Calcd. for CZBH28O5: C, 74.29; €I, 6.66. Found: 
C, 74.08; H, 6.81. 

Reaction of benzyl 2,S-di-0-benz yh-xylopyranoside with 
2,S,4-tri-0-acetyl-at-~-xylosyl bromide. A mixture of benzyl 
2,3-di-O-benzyl-~-xylopyranoside (0.50 g.), 2,3,4-tri-O- 
acetyl-a-D-xylosyl bromide (0.2 g.),l* mercuric cyanide (1.8 
g.),16,1r calcium sulfate (1  g.), and benzene (15 ml.) was 
shaken a t  room temperature for 2 hr. At this time and a t  
subsequent 2-hr. intervals freshly prepared 2,3,4-tri-O- 
acetyl-a-D-xylosyl bromide (0.2-g. portions) in benzene 
(10 ml.) was added to the reaction mixture until a total 
of 1.6 g. of the bromo derivative had been added. The 
shaking was continued for a further 24 hr. after which time 
the inorganic salts were removed by filtration and washed 
with benzene. The combined benzene filtrate and washings 
were washed successively with water, 2iV sodium hydroxide 
(4 X 50 ml.) and with water (50-ml. portions) until the 
washings were neutral. The benzene layer was separated, 
dried (potassium carbonate), filtered and evaporated to a 

(23) B. Helferich and J. Becker, Ann., 440, 1 (1924); 
cf. Polarimetry, Saccharimetry and the Sugars, Circular C 
440, Nat. Bur. Stds. (1942), p. 512. 
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thick airup (1.13 9.) which was dissolved in ethanol (50 ml.) 
and 2N aqueous sodium hydroxide (20 ml.) waa added. 
The solution waa warmed to 5060" for 1 hr., evaporated 
to 25 mL, diluted with water (100 ml.), and chloroform (100 
mL) wna added. The chloroform layer was separated and 
washedwithwater until neutral, dried (potassium carbonate) 
and evaporated to give benzyl #-(@-wxylopyranosyl)- 
2 , 3 4 4 - b e ~ - n x y l o ~ i d e  as a airup (0.44 g.). 

H w b o i ~ W h  of benzyl ~ - O - ( B ~ W ~ V ~ > Z , M ~ -  
benqL~-z&side. The aforementioned sirup (0.44 9.) was 
dieaolved in ethanol (50 ml.), and paUadium-charcoal 
catalyst (1.4 g-) waa added. The catalyst waa prepared 
by diswlving palladium chloride (0.3 g.) in 2 N hydrochloric 
acid to which acid-washed charcoal (1.5 g.) was added and 
the mixture WBB shaken with hydrogen at atmospheric 
preesure until the supernatant solution was colorless (about 
2 hr.). The palladium-charwal catalyet was filtered, washed 
with water until the washings were free of chloride ion, then 
with ethanol (500 ml.), and the catalyst was used i"e- 
diately. The hydrogenation apparatus and reaction flssk 
were flushed with hydrogen and the reaction mixture was 
shaken for 24 hr. after which time no more hydrogen was 
taken up. The charcoal catalyst was removed by tiltration, 
washed with aqueous methanol, and the combmed tiltrate 
were evaporated to a sirup (0.22 g.). Chromatographic 
snalyeis with 1-butanol-ethanol-water (4:1:5) and p 
anisidine hydrochloride spray reagent indicated three com- 
ponents, xyloee, xylobiose and an unknown component which 
had an Rr value between the other two compounds. (Thia 
unknown compound was probably a 1 : 1'-linked xylose disac- 
charide.) 

Zsdation of 4 4 - & w z y ~ a m ~ & @ - n z y h  (zylobiose). 
The mixture of three components described above was 
applied to three pieces of Whatman No. 3 MM filter paper 
(8  X 22 in.) and the paper waa imgated with l-butanol- 
ethanol-water (4: 1 : 5) for 3 dap. Elution of the appropriate 
section of the paper with aqueous methanol and evaporation 
of the eluant provided xylobiose (67 mg.) which had [a]: 

-15' (e 2.2 in water) and migrated aa a single apot on a 
p a p  chromatogram and on electrophoreeis with borate 
buffer. However, even after nuclating this material with 
an authentic sample it did not c r p t a l l k  Since the optical 
rotation ([QIY -15' (E, 2.2 in water)) was more paitive 
than the Iiterature value ( [ Q ~ D  -25.6' (eqd. e)) 
it apptrrred that some of the Q 1 4  linked disscchan de 
WBB present. 

The xylobioee obtained above was heated at 95-100' for 
2 hr. with acetic anhydride (5 mL), d u m  acetate (0.15 
g.) and acetic acid (1 ml.) and evaporated to drynm under 
reduced preaaure. Water (W ml) and chloroform (25 mL) 
were added to the reaidue and after eeparation of the layera 
the aqueous layer was washed with chloroform (3 X 25 ml.). 
The combined chloroform extracta were dried (potssaium 
carbonate) and evaporated to give 120 mg. of a airup which 
crystalliaed when nucleated with an authentic sample of 
xylobiose hexawetate, m.p. and mixed mp. 155-lS6', 
[a]" -76' (e, 1 in chloroform) after ret-tion from 
ethanol. 

Anal. Calcd. for C a m  C, 49.44; H, 5.62; Found: C, 
49.57; H, 5.69. 

A solution of xylobiose hexsacetate (41 mg.) in me-thanol 
(10 ml.) waa treated with metallic d u m  (3 mg.). After 
keeping overnight the solution waa evaporated to dry" 
and the residue recry&dlkd from methanoL The 4-W- 
nxylopyranosyl+D-xyIow (xylobiose) thw obtained had 
a m.p. and mixed m.p. of 184", [a12 -23' (equil. value, 
e, 0.5 in water); lit.4*1 m.p. 185-186", [u]Y -32' to -25.5'. 

Acknm-t. The authors thank Professor 
J. K. N. Jones for a specimen of xylobioae and 
Professor R. L. Whistler for a specimen of xylobiose 
hexaacetate. 
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[&Wl'EXBlJTION FBOM TEE DEP~BTVENT OF cl€EMU3"EY, UNWEBSlTY OF UTAH] 

Synthesis of Quaternary Ammonium Salts by Displacement of 
Benzenesulfonate Esters with Trimethylamine 

JAMES M. SUGIHARA AND DONALD L. SCHMIDT' 

Receitrad April 94,1981 

Quaternary salts have been prepared directly by the reaction of trimethylamine with 1,6-di4)-~donyI-nmannitol ,  
l , ~ ~ b e n z e n e s u l f o n y l 3 , 4 - O - i s o p r o p y l i d ,  l , s - d i - e b e n ~ ~ o n y 1 - 2 , ~ ~ ~ ~ ~ ~ ~  and pentaerytb 
rib1 tetrabenzenesulfonate. 

The syntheses of certain bis- and other quater- 
nary ammonium salts were undertaken as a result 
of our interest in compounds with ganglionic 
blocking activity. Bisquaternary salts have been 
prepared by reaction of ditosylates with secondary 
amines followed by reaction with methyl iodide.z 
Diepoxides were converted into bistertiary amines 
by reaction with secondary aniinesa Qusterniza- 

(1) The portion of this paper by Donald L. Schmidt con- 
stitutes a part of a dissertation to be presented to the faculty 
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tion was effected with methyl iodide or dimethyl 
sulfate. In the work described herein, the direct 
formation of quaternary salts was realized by 
the nucleophilic displacement of benzenesulfonste 
esters with trimethylamine. 

Quaternary salts of pyridine have been obtained 
by refluxing sulfonic acid esters of primary alco- 
hols with anhydrous pyridine. 2,3-0-Tmpmpylidene- 
l-O-hSyl-D,L-&'Cenh1,* 2,3 : 4,5-di-o-kpIQpy~- 

(3) L. Vareha and E. Kamtreiner, Own. Be. ,  92, 2506 
I 

(1959). 

(1926). 
(4) P. Karrer and W. Wehrli, 2. angeco. Ch., 39, 1509 


