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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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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 
of the University of Utah in candidacy for the degree of 
Doctor of Philosophy. 
(2) A. C. Cope and E. E. Schweizer, J. Am. Chem. Soc., 

81,4577 (1959). 

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 
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dene-l,6di4tosylgalactitol~ and 1 , 2 , 3 , 4 t e t d -  
acetylSO-mesyl-&Dglucopyraaose6 have yielded 
the corresponding pyridinium dts, but the d o -  
nate ester groups of secondary alcohols in 2 , M -  
O-tosyl-1,3 :4,W-O-benzylidenegalactitol did not 
react under the same conditions.6 

Esters of beneenesulfonic acid were selected in- 
stead of the more thoroughly investigated deriva- 
tives of ptoluenesulfonic acid first because of their 
ease of preparation and secondly because of their 
higher reactivity toward nucleophilic reagents. In an 
investigation' on the reaction of polyvinyl sulfonates 
with tertiary amines, the apparent ratea of quater- 
nization by pyridine decreased in the order: poly- 
vinyl beneenesulfonate, polyvinyl ptoluenesulfon- 
ate. Tertiary amines with one or more alkyl groups 
were found to be less reactive than pyridine and 
its homologs. 

The selective esterification of the primary hy- 
droxyl groups of wmannitol with bemnesulfonyl 
chloride in pyridine has been described! Acetona- 
tion of the resulting 1,W-O-benzenesulfonyl-w 
mannitol gave the 3,M-kpropylidene derivative. 
The structure of the latter was demonstrated by 
an independent synthesis in which authentic 
3,M-kpropylidene-~mannitol~ gave the same 
di-O-benzendonate by reaction with benzene- 
sulfonyl chloride and pyridine at a temperature 
near 0". 

2,5-Anhyb~-glucitol, hitherto reported's1' as 
a colorless semisolid, was obtained in crystalline 
form. Reaction with beneendonyl  chloride, 
under conditions providing for reaction at  primary 
hydroxyl groups only as in the above two examplea, 
gave a di4-benzenesulfonate presumed to be 1,6- 
di~beneenesulfonyl-2,5-anhydro-~-glucitol. 

compounds having analyses corresponding to 
the di-o-benzenedfonates of 1,4 : 3,6-dia,nhydru-~ 
mannitol and 1,4 : 3,6-dianhydro-~-glucitol were 
obtained by effecting sulfonation under the w e  
conditions as previously described but at a higher 
temperature. 

Reaction of the several benzendonate  esters 
with trimethylamine gave quatemary salts, demon- 
strating that the amine was an effective nucleo- 
philic reagent. 1,6Di-O-bensenesulfonyl-wmanni- 
tol, 1,6-di-0-benzenesulfonyl-2,5-anhydro-~gluci- 
tol, and 1,6-di-O-benzenemlfony1-3,44-isopropyli 
dene-Dmsnnitol were found to react with anhy- 

(5) W. T. Haakins, R. M. Hann, and C. S. Hudson, J 

(6) B. M. Iselin and J. C. Sowden, J.  Am. Chem. Soc, 

(7) D. D. Reynolds and W. 0. Kenyon, J. Am. C". 

(8) G. S. Skinner, L. A. Henderson, and C. C. Gustafson, 

(9) P. Brigl and H. Griiner, Ber., 67, 1969 (1934). 
(10) R. C. Hockett, M. Zief, and R. M. Goepp, Jr., 

J .  Am. Chem. SOG., 68,935 (1946). 
(11) P. Brigl and H. Griiner, Ber., 66, 1945 (1933); 67, 

1582 (1934). 

Am. Chem. Soc., 64,132 (1942). 

73,4984 (1951). 

Soe., 72, 1587 (1950). 

Jr., J .  Am. Chem. Soc., 80,3788 (1958). 

drous trimethylamine at room temperature to give 
the bisquaternary dts. The reactions were carried 
out conveniently in carbonated beverage bottles. 
Cyclic ethers, formed by internal displacement, if 
obtained were not deteded. The reactivity of 
pentaerythritol t e t r a b n d o n a t e  toward tri- 
methyltunhe was appreciably depressed as would 
be expected as a consequence of the neopentyl 
type of structural grouping. Indeed the demon- 
stration of displacement of all four functions by 
trimethylamine with good yield of product was 
not expected. In all of these examples the d o n i c  
ester group is that formed from primary alcohols. 
Benzenesulfonate ester groups derived from second- 
ary alcohols were also reactive toward trimethyl- 
amine but required a somewhat higher reaction 
temperature. 1,4 : 3 , t % D h h y b ~ m a n n i t o l  diben- 
zenesulfonate and 1,4:3,6-dianhydro-~-glucitol di- 
benzenesulfonate reacted with trimethylamine to 
give crystalline products. Analytical samples of the 
bisquatemary salts were difEcult to obtain and, as 
synthees of very closely related compounds were 
reported in the literature," additional work on these 
compounds was abandoned. 

Purification of the quaternary ammonium d t s  
was found to be difEcult to &ect by the usual recrys- 
talliiation procedure. Ion-exchange chromatog- 
raphy proved to be a much more efficient method. 
Fractions containing organic material were readily 
located by testing aliquots with alkaline perman- 
ganate. The method slso served to exchange anions 
associated with the quaternary salts. 

-N7--':.'4 
1.6- fon$-S&O&opropglidtm-mnannitol. 

3,4-0-hpropyliden+~-"itoP (12 g.) waa diseolved in 
80 g. of anhydrous pyridine and the resulting eolution cooled 
to 0'. Redistiid benzenesulfonyl chloride (12 g.) w a ~  added 
slowly and the reaction mixture waa maintained at 0" for 
12 hr. .Water wa8 then added in amall portions while 
stirring and keeping the temperature from rking. The reault- 
ing solution waa poured into ice and water. 14-Di-O-bn- 
eeneeullonyM,4-O-isopropylideneDmsnnitol (10 g., 59yo) 
crystallized, m.p. 114415". An analytical sample, m.p. 
115-115.5", [u]: +47" (e, 3.5 chloroform), WBB obtained 
after five recrystalhatione from ethanol-water. Aa the com- 
pound was found to be unstable at elevated temperatures, 
drying was effected a t  room temperature for 14 hr. at 2 mm. 

Anal. Calcd. for CnH&&: C, 50.20; H, 5:19. Found: C, 
50.21; H, 5.48. 

Anhydrous hydrogen Chloride (14 g.) waa disml~ed in 500 
ml. of anhydrous acetone. 1,6-Di-O-bemendonyh- 
mannitols (40 g.) waa added and the resulting eolution waa 
allowed to stand overnight. Basic lead carbonate (200 g.) 
waa added and the suspension was mechanically &red for 
24 hr. The solid was Gltered and more (100 g.) basic lead 
carbonate added. The resulting suspension w a ~  mechanically 
stirred for 3 days. The d i d  waa filtered and the filtrate 
evaporated to a sirup. The latter was dissolved in ethanol and 

(12) A. C. Cope and T. Y. Shen, J. Am. Chem. Soc., 78, 

(13) Melting points are uncorrected. 
(14) Elemental analysis by K. W. Zmmermann, Aus- 

tralian Microanalytical Service, University of Melbourne. 

3177 (1956). 
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water added to the clouding point. After refrigeration of the 
resulting mixture for 24 hr., 24 g. (55%) of l16-di-0-benzene- 
su~ony~-3,4-0-isopropylidene-~-mannito~, map. 113-114', 
was obtained. A mixture of the product synthesized by this 
route and the compound formed by reaction of benzenesul- 
fonyl chloride with 3,40-isopropylidene-~-mannitol melted 
at 113-115'. The infrared spectra of the compounds pre- 
pared by the two routes were identical. 

/6-Anhydro-~-glucitol. 2,5-Anhydro-1,6-di-O-benzoyl-~- 
glucitol (16 g.), prepared by the procedure of Brigl and 
Gruner,11 was dissolved in 350 ml. of absolute methanol and 
the resulting solution cooled to 0'. To this, 35 ml. of 0.5M 
barium methoxide was added and the mixture was allowed 
to react a t  4' for 15 hr. The barium methoxide was neutral- 
ized with aqueous sulfuric acid, and the barium sulfate re- 
moved by filtration. The filtrate was evaporated to a sirup 
under reduced pressure and dissolved in chloroform. Upon 
adding a few drops of petroleum ether (b.p. 30-60') to this 
solution, crystallization was initiated. 2,5-Anhydr&~- 
glucitol was obtained in an amount of 2 g. (34Oj,), m.p. 130- 
131'. An analytical sample, m.p. 130-131', [a]? -53' (c, 
4.1 water), was obtained by recrystallization from ethanol- 
chloroform. The compound was previously obtained as a 
colorless semisolid.10 

Anal.  Calcd. for CBHI205: C, 43.90; HI 7.37. Found: C, 
43.26; HI 7.31. 

1,6-Di-0-benzenesu~~yl- .$ ,6~nh2/dro-~-gl~ ' lo~.  2,&An- 
hydro-D-glucitol(2 g.) was dissolved in 30 ml. of anhydrous 
pyridine and the resulting solution was cooled to 0". Redis- 
tilled benzenesulfonyl chloride (10 ml.) was added in por- 
tions, and the reaction mixture was allowed to stand a t  4' for 
24 hr. It was then poured into 150 g. of ice containing 9 ml. of 
sulfuric acid. The resulting mixture was extracted with 75 ml. 
of chloroform. The organic phase was washed three times 
with cold water and then dried over anhydrous sodium sul- 
fate. Addition of petroleum ether (b.p. 30-60') to the chloro- 
form solution yielded 3.4 g. (57.5%) of crystalline 1,6-di-0- 
benzenesulfonyl-2,5-anhydro-~-glucitol, m.p. 108-110'. An 
analytical sample, m.p. 109-109.5' and [a]? f 21' (c,  1.8 
chloroform), was obtained by repeated recrystallization 
from chloroform-petroleum ether. 

Anal. Calcd. for ClaHZ009Sz: C, 48.64; HI 4.54. Found: C, 
49.15; H, 4.82. 

8,5-Di-O-benzenesulfm yL1 , 4:SI6-dianh ydro-D-mannitol. 
lI4:3,6-Dianhydro-~-mannitol16 (6.5 g.) was converted into 
the 2,5-di-O-benzenesulfonyl derivative, 10.5 g. (55%), m.p. 
106-107', [a]y  + 196' (e,  11.3 chloroform), by the same 
procedure as used in the synthesis of 1,6-di-O-benzenesul- 
fonyl-2,5-anhydro-n-g~ucitol except for an increase in reac- 
tion temperature to 30' and recrystallized from ethanol. 

Anal.  Calcd. for C18H1808S2: C, 50.69; H, 4.25. Found: C, 
51.22; H, 4.33. 

.$,5-Di-O-benzenesulfonyl-l ,4:S16-dianh ydro-~-glun'tol. 
The compound was prepared by the same method as de- 
scribed above from l, 4 : 3,6-dianhydro-~-glucitol, Ib m .p . 
59-60', 53'%, [a]:: + 113" (c,  10.0chloroform). 

Anal. Calcd. for ClsH180&: C, 50.69; HI 4.25. Found: C, 
51.04; H, 4.38. 

1,6-Dideoxy-l ,6-bis(dimeth ylamino)-~-mannitot dimetho- 
benezenesulfonate. ll6-Di-O-benzenesulfony1-pmannitol* (50 
g.) was placed in a 16 ounce carbonated beverage bottle. 
A calcium chloride drying tube was inserted in the top, and 
the bottle was thoroughly cooled by immersion in a mass of 
chopped Dry Ice. Anhydrous trimethylamine (100 g.) pre- 
viously cooled in a bath of acetone-Dry Ice was added to the 
bottle. The bottle was closed using a commercial cap which 
was crimped on the top in the usual fashion. The bottle was 
removed from the cooling bath and allowed to warm to room 
temperature and retained at that temperature for 10 hr. 
The bottle was then i,mmersed in an ice-salt bath and opened. 
- _ _ _ ~  

(15) P. Brigl and H. Griiner, Ber., 65, 641 (1932). 
(16) R. C. Hockett, H. G. Fletcher, Jr., E. L. Sheffield, 

and R. M. Goepp, Jr., J. Am. Chem. SOC., 68,927 (1946). 

A tubeleading into an aqueous hydrochloric acid solution was 
attached, and the excess trimethylamine was allowed to 
escape a t  room temperature. After all visible liquid was lost, 
the bottle was immersed in a boiling water bath and residual 
trimethylamine removed under decreased pressure (aspira- 
tor). Ethyl acetate was added to the bottle, and the white 
solid was broken with a glass rod and collected on a filter. 
The product was dissolved in a minimum of hot absolute 
ethanol and a sufficient amount of ethyl acetate added to 
initiate crystallization. An amount of 60 g. (96%) of 1,6- 
dideoxy- 1,6- bis(dimethy1amino)- D - mannitol dimethoben- 
zenesulfonate, m.p. 190-195', was obtained. An analytical 
sample, m.p. 196-196.3', was prepared by recryskallizing 
eight times from absolute ethanol-ethyl acetate and then 
drying the sample a t  136' for 3 days a t  0.5 mm. 

Anal. Calcd. for CUH4OOlONpS2: C, 49.64; H, 6.94; N, 4.82. 
Found: C, 49.98; H, 7.05; N, 4.54. 

l,6-Dideoxy-1,6-bis(dimethylamino)-~-mannitol di- 
methiodide, m.p. 257-259', was previously reported.* 

1,6-Dideozy-l,6-bis(dimethylamino)-~mannitoE dimetho- 
chlon'de. 1 ,6-Dideoxy-lI6-bis( dimethylamino)-D-mannitol di- 
methobenzenesulfonate (30 g.) was dissolved in a solution of 
250 ml. of methanol and 100 ml. of chloroform. The resulting 
solution was cooled in an ice bath and saturated with an- 
hydrous hydrogen chloride. The yield of white crystals, m.p. 
300' dec., was 15 g. (86%). The dimethochloride was re- 
crystallized by dissolving in a minimum of hot water, addi- 
tion of ethanol to the saturation point, and then dropwise 
incorporation of ethyl acetate to induce crystallization. An 
analytical sample was prepared by recrystallizing eleven 
times and drying a t  136' a t  0.5 mm. for 3 days. 

Anal. Calcd. for C12HaoOfi&12: C, 42.73; HI 8.97; C1, 
21.02. Found: C, 42.69; HI 8.91; C1, 21.06. 

Zon-exchange chromatography of 1,6-dideoxy-l ,b-bis( di-  
methylamino)-S,4- 0- isoprop ylidene- D- mannitol dimethoben- 
zenesulfonate. 1,6-Dideoxy-lJ6-bis( dimethylamino)-3,4-0-iso- 
propylidene-&mannitol dimethobenzenesulfonate was pre- 
pared from 1,6-di-O-benzenesulfonyl-3,4-O-isopropylidene- 
D-mannitol (5 g.) in the same manner as described for 1,6- 
dideoxy- 1,6- bis( dimethylamino)- D - mannitol dimethoben- 
zenesulfonate. The sirup obtained was chromatographed on a 
Dowex (50-150)17 column using the general procedure of 
Calmon and Kressman,18 applying 1M sodium sulfate as the 
developer and locating organic material by spot testing with 
a solution of 1% potassium permanganate in 2.5N sodium 
hydroxide. 1,6-Dideoxy-1,6- bis(dimethy1amino)- 3,4- 0- iso- 
propybdene-D-mannitol diniethobisulfate (1.1 g., 23%; m.p. 
21&214' dec.) was isolated from appropriate fractions by 
evaporation of solvent. The disulfate salt was passed through 
an anion resin (Dowex 1-X8)17 charged with iodide. The 
solution from the column gave a white crystalline solid in 
essentially quantitative yield after evaporation of solvent. 
1,6-Dideoxy- 1,6- bis( dimethylamino)- 3 , 4  0- isopropylidene- 
D-mannitol dimethiodide, m.p. 285-290' dec. (reported3 
m.p., 272' dec.), was recrystallized from ethanol-water. 

Anal. Calcd. for C15H3,04N2I2: C, 32.16; H, 6.12. Found: 
C, 32.22; H, 6.03. 

1,6-Dideoxy-l ,d-bis( dimethylamino)-2,5-anhz~dro-~-glucitol 
dimethobenzenesulfonate. The compound was synthesized 
from 1,6-di-O-benzenesulfonyl-2,5-anhydro-~-glucitol by the 
same method as described for 1,6-dideoxy-1,6-bis( dimethyl- 
amino)-D-mannitol dimethobenzenesulfonate. The sirup 
originally obtained crystallized, m.p. 194.5-196", from a 
chloroform solution after standing for 6 months. 

Anal. Calcd. for C24H3800N2S2: C, 51.23; H, 6.81. Found: 
C, 51.39; H, 6.75. 

Tetrakis(dimethylaminomethy1)methane tetramethobenzene- 

(17) A product of the Dow Chemical Co., Midland, Mich. 
(18) C. Calmon and T. R. E. Kressman, Ion  Ezchangem 

in Organic and Biochemistry, Interscience, New York, 1957, 
pp. 157-175. 
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sulfonate. Pentaerythritol tetraben~enesulfonate~~ (1.5 g.), 
16 ml. of anhydrous tetrahydrofuran, and 35 ml. of anhy- 
drous trimethylamine were sealed in a Carius bomb tube. 
The reaction container was immersed in an oil bath and 
maintained at  a temperature of 115" for 5 days during which 
time the product precipitated. The tube was opened and 
volatile compounds removed to yield tetrakis( dimethyl- 
aminomethy1)methane tetramethobenzenesulfonate. Re- 
crystallization from ethanol-ethyl acetate gave 0.40 g. 
(20%); m.p. 300" dec. An analytical sample was prepared 
by repeated recrystallizations from the same solvent. 

Anal. Calcd. for C41H&L01zN4SI: C, 52.77; H, 6.91. Found: 
C, 52.40; H, 7.12. 

Other quaternary salts of tetrakis( dimethylaminomethy1)- 
methane have been reported." 

Acknowledgment. We are very grateful to the 
Strasenburgh Laboratories for financial support 
and for their interest, encouragement, and advice. 
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(19) E. R. Buchman, U. S. Patent 2,703,808 (March 8, (20) Evelyn Berlow, R. H. Barth, and J. E. Snow, The 
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The Synthesis of 1,5-Di-O-benzoyl-3,4-O-isopropylidene-D-xylulose from 
D-Arabitol't2 

D. H. RAMMLERa AND C. A. DEKKER 

Received May 8, 1961 

The pentitol derivative, 1,5-di-0-benaoy~-2,3-0-~opropylidene-~-arab~tol, has been prepared and the position of the acetone 
group established. Oxidation with chromium trioxide gave 1,5-di-0-benzoyl-3,40-isopropylidene-~-xy1~1ose. This confirms 
the general applicability of this oxidative route to the synthesis of derivatives of the rare ketopentoses. 

Although ~-xylulose-5-phosphate was shown in 
1956 to be an intermediate in the carbohydrate 
metabolism of both plants and ani mal^,^ there ex- 
ists as yet no chemical method for its synthesis. In 
exploratory studies directed toward this end, we 
have prepared 1,5-di-0-benzoyl-3,4-O-isopropyli- 
dene-D-xylulose (111) by a route which may be ap- 
plicable to other xylulose esters. This general 
methods was previously employed in the synthesis 
of a derivative of another rare ketopentose, sribu- 
lose. 

In the work herein described, D-arabitol, a readily 
available starting material, was benzoylated using a 
modification of the published method.6 The 1,5-di- 
0-benzoyl-D-arabitol (I) so obtained was acetonated 
giving 1,5-di-0-benzoyl-2,3-O-isopropylidene-~-ara- 
bitol (11). The position of the acetone group in I1 
was established as C-2-C-3 by comparing the tri- 
benzoate, prepared by benzoylation and subsequent 
deacetonation, with the tribenzoate prepared by 
debenzalation of the known 1,4,5-tri-O-benzoyl- 
2,3-0-benzylidene-~-arabitol.~ The two tribenzoates 

HC-OH HC-OH 

I : :  
CH20-C-CsHs 

I : :  
CH20-C-CeHS 

I I1 

/ 
0 

111 

(1) This report is based on a portion of the thesis sub- 
mitted by David H. Rammler to the Graduate School of 
the University of California, Berkeley, in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 

( 2 )  This work was supported in part by a grant from the 
American Cancer Society. 
(3) Present address: Institute for Enzyme Research, 

University of Wisconsin, Madison, Wis. 
(4) P. K. Stumpf and B. L. Horecker, J. Biol. Chem., 

218, 753 (1956). 
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were identical with respect to optical rotation and 
infrared spectra. Int,erestingly, the t,ribenzoate de- 
rived from the benzylidene tribenzoate melted a t  
104" while that derived from the isopropylidene 
tribenzoate melted at  93-94'. However, infrared 
spectra and cross-seeding established that the two 
tribenzoates were dimorphic. The structure assigned 
to the isopropylidene tribenzoate is consistent with 
the finding that one mole of periodate was consumed 
by the acetone compound produced on saponifica- 
tion. Compound I1 was oxidized using chromium 


