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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." 
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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, s r ibu-  
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 
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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 a t  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 



4616 RAMMU22 AND DEKKEB VOL. 28 

trioxide in bensene-acetic acid a0hti0n7 to give 
c r y s a h e  l ,w~y l -3 , -bprQpyl ideI l eD-  
XyMOse 0 in 50% yield. The infrared spectrum 
of III ahowed a carbonyl band at 1720 cm.-l, aro- 
matic abaorption in the region of 1600 an.-' and a 
methyl doublet at 1375 cm.-' No hydroxyl absorp 
tion was found in the region from 4OOO an.-' to 
3ooo cm.-l Final proof of the structure was achieved 
by reduction of the ca.rbony1 group and identifh- 
tion of the pentitoh, obtained after removal of 
blocking groups, as xylitol and warabitol 

ExpEBIyENTbl.8 

U-m-- . (I). This compound was 
prepand using a modiktion of the method deecribed by 
Hseldoe st d.' A solution of 39 ml. (0.334 mole) of 

pyridine waa added with rapid stirring to a solution of 25 g. 
(0.164 mole) of D-arabitol in 350 mL of anhydrous pyridine. 
The time for the total addition was 10 min. and the rate of 
addition waa such that the reaction temperature never 
d e d  35O. After atanding at room temperature for 18 hr. 
the reacton mixture waa poured into 500 mL of rapidly 
stirred ice water. The gummy precipitate which formed waa 
"wed, washed with water, and then dissolved in 300 mL 
of hot abeolute ethanol. Upon cooling, this aolution deponited 
41 g. (69%) of the dihmate wbkh melted at 139440". 
Afterrecrystallui ation from ethanol, it melted at  140-141O; 
[a]: +7.4' (c, 0.81 in pyridine). Previody reported 
d u d :  m.p. 131-132" and [ Q I ~  4-8.4" (C, 0.81 in pyridine).' 

A d  Calcd. for GrHroI (360.35): C, 63.32; H, 5.59; 
cI&co, 583. Found: C, 63.17; H, 5.26; W C O ,  57.1. 

G-2,- lidme- . (II). A 
mixture of 10 g. (0.028 mole) of l,fi-di-o-benso yl-warabitol, 
60 g. of anhydrous copper d a t e ,  1 L of dry aceton6 and 1 
mL of concd. sulfuric acid was shaken for 18 hr. at room 
tempera- After remod of copper d a t e  by filtration 
the dfuric  acid waa neutralired with ammonia gas. The 
precipitated am" sulfate waa removed by filtration 
and the filtrate waa concentrated in WGUO yielding 11.4 g. 
of a light oiL A solution in 10 ml. of hot methanol, upon 
coaling, deposited 7 g. of eryetalline 1,5di4I-boyl-2,3- 
O-impropylidene-muabitoL A Becond crop of cryetala (2 g.) 
waa obtai~d from the mother liquora giving a total yield 

methanol). 
A d  caod. for C&I& (400.41): C, 65.99; H, 6.04. 

Found: C, 65.61; H, 6.05. 

To a dution of 2.0 g. (0.00s mole) of 1,5di-o-benSoy1-2,3- 
O-iaopropylidene-wuabitol in 20 mL of anhydrous benzene 
waa added a hot solution of 0.51 g. (0.00s mole) of chromium 
trioxide in 45 mL of glacial acetic acid aud 0.5 mL of water. 
The reaction mixture waa warmed on asteam bath for 5 min. 

(7) 11 Heyna and W. Stein, Ann., 558, 194 (1947). 
(8) All melting points were taken with toM i"eraion 

thermomeka The anal- reported here were performed 
by the M i d e r n i d  Laboratory, Department of Ch& 

tion waa determined by a spectrophotometric method 
(G. V. Marbetti and G. Rouser, J.  Am. Ckm. Soc., 77, 
53.95 (1955)) and opticsl  rotation^ were tsken using a 
Rudolph recording polarimeter Model 202, SSO. 

(9) A sample of the dibenmate prepared by Hsskins 
d al.' waa obtained aa a gift fmm the Hudson Ql- 
lection, N a t i d  Inatitutea of Health, Betbda, for com- 
pariaon with our esmple. They were identical with rwpect to 
melting point and infrared apectnun. It thua sppears that 
the previously reported melting point was in error by 10". 

freahly didled benzoyl chloride in 100 mL of anhydrow 

Of 9 g. (83.5%), mp. 79-80", [Q]: +20.8" (e, 1.36 dry 

ZidaraDzylvloSc (III). 

try, univernity of California, B&e.ley. Periodate Qulaump 

and then concenkated in BOGU) at 50". The colored simp 
which remained was diseolved in 50 mL of chloroform and 
extractedwithcold 1Npo~umcarbonateuntilnofurther 
calor could be removed from the chloroform layer. It was 
then washed with water and dried over cod" d a t e  
Removal of chloroform in weuo left 1.9 g. of airup. Thin waa 
d i m o l d  in methanol and upon slow evaporath of the 
aolvent, 1.1 g. (56%) of a crystalline materiel aepordted 
from solution, mp. 76-77O. Upon reayatallus - tion from 
bemencsheptane solution, the ketoee derivative gave an 
df ld . l~  pure eample, mp. 77-8-78"; [a]: -21.9O 
(c, 1.02 in chloroform). The i d m d  speca~m of this 
compound indicated the presence of aromatic, carbonyl and 
methyl groupe, but no hydroxy4 absorption could be de- 
tected. 

A d .  Calcd for CSHaOr (398.40): C, 66.32; H, 5.57. 
Found: C, 66.67; H, 5.84. 

prod@- @ I -  w w  lidars- 
D-qldme. A eample (0.2 g.) of l , w h y l - 3 , *  
propylidem+*xyluhe was dkolved in 50 mL of d i m e  
and to tbie waa added 0.2 g. of mdium borohydride diseolved 
in 1 mL of water. After 3 hr. at room temperature, the 
solution waa concentrated a t  reduced pre", the residue 
extracted with chloroform, and the chloroform removed 
in a". The resulting &up waa saponified wi th  a 4 
amount of potsrsium hydroxide, following which the 
solution was made acidic with glacial acetic acid and hydro- 
l y d  for 2 hr. on the Btesm bath. The hydrolyeate waa 
then pasaed thou& a column containing Dowex-1 (OH- 
form) and Dowexa (H+ form). The effluent was concen- 
trated to drynm in WCIU), and the residue, dieaolved in a 
mall amount of water, waa subjected to paper ionophorerb 
in a water moIed apparatuam The m n p 4  together with 
authentic pentitola and a caffeine mark, was run on 
Whatman 3 MM paper in sakvated aqueaus boric acid 
previoualy adjusted to pH 5.9 with hydroxide d u -  
tion. Ionophoresis waa continued for 2 hr. at 2400 vvlta and 
a current of 36 m a  As m d  from the caffeine marker, 
authentic xylitol, d i t o l ,  and ribitol moved 17.2, 15.3, 
and 9.0 cm., mqectively, while the componenta from the 
ketoee derivative m o d  17.4 and 15.3 cm. The polyola 
were detected using the periodate bensidine 8prsy.u 

1 M T -  $9- idcnawmbitd. To a 

2,3-O-hopropylidene-~-arabitol in 15 mL of anhydrow~ 
pyridine waa added 1.5 ml. (0.103 mole) of f d d y  dietilled 
benzoyl chloride and a drop of 60% perchloric acid. After 
18 hr. at room teu~perataue, the ~IOCBB] h y l  chloride wam 
dedroyed with a 4 amount of ice and the reaction mix- 
ture waa dissolved in 50 mL of chloroform. The chloroform 
solution waa washed mcces3ively with cold 1N eulfuric 
acid, cold 1N potassium carbonate, and W y  wi th  water. 
After drying over d u m  sulfate, chloroform waa remnoved 
in (MCUO, yielding 2 g. of an oil which c r p t d h d  . frometh- 

2,3+iaopropylidene-~bitol 80 obtained melted at 

A d  Csled for C&& (504.51): C, 69-04; H, 6.58. 
Found: C, 69.36; H, 533. 

pound waa prepared aceording to the published method-' 
The nap., 107.8-108", and [Q] v, +11.1" (e, 0.86), are in 
agreement with the values (108-loSo and +12.6") recorded. 

A d .  Calc& for C&& (488.45): C, 69.63; H, 5.39. 
Found: C, 69.82; H, 5.55. 

1M-T- ---- 
tion according to Haskina ~l d.' with a aingle m0dific.a- 
tion, namely, the addition of a drop of So% perchloric acid 

cold solution of 1.5 g. (3.7 "oles)  of 1,- Yr- 

heptane solution (1.6 g, 86%). The 1,4,5trLOhmo Yl- 

77-78"; [Q]y +15.7O (e, 1.2 h chloroform). 

1,&- & Z , ~ Z i d m e ~  This corn 

(10) A. M. Crdield and F. W. Allen, A d .  Chm., 27, 

(11) E Vkcontini, D. Hoeh, and P. Earrer, E&. chim. 
422 (1955). 

Ada, 38,642 (1955). 
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to the benzoylation mixture, af€orded the fully blocked 
compound in 96% yield. The compound melted at 101-103' 

I J 4 , 6 - T ~ e n ~ & ~ r a b 6 ! d .  A solution of 1 g. of 1,4,5- 
tri-&benzoyl-2,3-O-~propylidene-x+arabitol in 80% acetic 
acid waa heated on the steam bath until a constant optical 
rotation waa obtained. Acetic acid and water were removed 
in "J yielding 0.6 g. (65%) of a crystalline material which 
could be recrystsllized from ether-heptane; m.p. 93-94'; 
[a]: -7.6' (c, 0.88 in dry methanol). 

A d .  Calcd. for C&H& (464.45): C, 67.23; H, 5.21; 
C,EI&O, 67.5. Found: C, 67.58; H, 5.68; CBCO, 66.3. 

1,.4,6-T~enwyZ-rmrab&tcrbitol (&&form). A solution 
of 1 g. of 1,4,5tri-&be~y1-2,3-0-ben9iylidene-~-arabito1 
in !XI% acetic acid was heated on the steam bath until a 
constant optical rotation waa obtained. The acetic acid and 
water were removed in vacllo yielding 0.62 g. of a cryetslline 
material which melted at 104' after recry8tahation from 
ether-petroleum ether (b.p. 60-70'); [a]: -7.3' (c, 
0.96 in dry methanol). If an etheqAro1eum ether solution 
of this compound waa seeded with the t r i b e m t e  melting 
at 93" the crystalline material obtained melted at 93-94'. 
If the conditions were reversed, the compound which cryrrtsl- 
hed  melted at 104'. The infrared spectra of the two com- 

a8 reported.* 

pun& differ when taken in potmium bromide, but are 
identical in chloroform solution. 

A d .  Calcd. for C&H& (464.45): C, 67.23; H, 5.21. 
Found: C, 67.58; H, 5.28. 

8 , 3 4 Z s q m p y Z i t - k n e ~ .  To a ample (1 g.) of 
1 , ~ ~ b e n w y l - 2 , 3 d e n ~ x + ~ b i t o l  diesolved in 
50 mL of dry metheno1 waa added 0.5 ml. of 0.W barium 
methoxide. After 18 hr. at room temperature the methanol 
waa removed in vwxo and the amorphous residue WBB dit+ 
solved in water and chmmatographed, Sscendingly, on 
large sheets of Wbatman 3MM paper. The upper phsse of a 
4: 1 : 5 (v./v.) mixture of n-butyl alcohol, ethanol, and water 
waa the developing solvent. The sugar, which waa chromato- 
graphed a8 a single component, waa eluted with water and 
concentrated to drynm in "o. After 3 days of drying 
under high vacuum, a crystslline eubetance waa obtained 
which consumed 0.94 mole of periodate per mole of sugar 
when oxidised in ammonium acetate buffer pH 5.8. The 
cryatdine material melted near mom temperature and waa 
very hygroscopic. 

Found: C, 48.8; H, 8.5. 
Anal. Calcd. for GHuO' (192.21): C, 49.99; H, 8.39. 

very hygroscopic. 

Found: C, 48.8; H, 8.5. 
Anal. Calcd. for GHuO' (192.21): C, 49.99; H, 8.39. 

BI" 4, Caur. 
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The di- and trisaccharide portions of the thermal polymers of 1 , 6 a n h y ~ ~ - g l u c o p y r s n o s e  were isolated BS acetate 
by carbon and silicate chromatogrsphy and the peracetates of PO-a-~-g lucopyrano~y l - l , 6dy~~ lucopyran0~e  (1,6 
anhydromaltose), ~@-x+g lucopyranosy l - lJ6 -anhy~~g lucopyran~  ( 1,6-anhydrocellobioee), Z-O-a-D-glucop~oeyl- 
1,6anhydr~/3-~glucopyoee ( 1,6anhydmkojibiose), 2 0 - & x + g l u c o p y n m o e y E l J 6 ~ y ~ ~ ~ u c o p ~ ~  (l,&anhy- 
dmsophorose), and three peracetylatd anhydrotrissccharides were identified therein. All save the maltose and cellobioee 
derivatives are hitherto undescribed. 

The thermal polymerization of l,&anhydro-&w 
glucopyranose was studied4 by Pictet, Pringsheim 
and Schmalz, Irvine, and Oldham, and more re- 
cently by da Silva Carvalho, Prins, and Schuerch.6 
Wolfrom, Thompson, and Wardl studied the 
thermal polymerization of lJ6-anhydro-,9-wgluco- 
pyranose and its possible relation to reactions 
taking place during the roasting of starch to pro- 
duce pyrodextrins. They isolated gentiobiose, iso- 
maltose, maltose, cellobiose, sophorose, and 1,6- 
anhydro-@+glucopyranose m their acetates from 
the fragments present in the partial hydrolyzate of 

(I) Previous communication in this series: M. L. Wol- 
from, A. Thompson, and R. B. Ward, J .  Am. Chem. Soc., 
81, 4623 (1959). Preliminary communication: Ab&& 
Papers Am. Chem. Soc., 138,5D (1960). 

(2) Postdoctoral Fellows of the Corn Industries Reeesrch 
Foundation (0. S. U. Proj. 11168-5241). 

(3) R. H. Moore gratefully acknowledges a travel grant 
from The Wellcome Trust, 52 Queen Anne St., London W 1. 

(4) A. Pictet, Helv. Chim. A&, 1, 226 (1918); H. Pring- 
sheim and K. Schmsla, Ber., 55, 3001 (1922); J. C. Imine 
and J. W. H. Oldham, J .  Cirenr. Soc., 127,2903 (1926). 

(5) J. da Silva Carvalho, W. E", and C. Schuerch, 
J.  Am. C h a .  Soc., 81,4054 (1959). 

the ethanol-insoluble portion of the thermal 
polymer. The isolation of these hydrolytic frag- 
ments indicates the presence of W-cr-(and &D-, 
4-0-e(and &D-, 2-0-/3-D-linkages, and l,&an- 
hydro-p-D-glucopyranose end group in the poly- 
mer. 

We wish to describe herein a study of the ethanol- 
soluble portion of the thermal polymer of 1,6- 
anhydro-&wglucopyranose , which contains low 
molecular weight carbohydrates with l,6-an- 
hydro-&mglucopyranose end groups. These sub- 
stances were isolated by carbon column elution 
chromatography and further refractionation of the 
acetylated fractions by silicate column chromatog- 
raphy to give the individual sugar acetates. 
Four anhydrodisrtccharides, 4-0-a-D- and ~-O-&D-, 
~-O-U-D-, and 2-0-8-D-glucopyrSno~l-1,~~ro-  
&D-glucopyranose were isolated aa their h e m  
tates, the latter pair of substances for the first time. 
4 - 0 - (2,3,4,6 - Tetra - 0 - acetyl - B - D - gluco- 
pyranosyl) - 2,3  - di - 0 - acetyl - 1,6 - a n h y b  
&wglucopyranose (1,6anhydrocellobiose hexaace- 
tate) waa obtained in two crystalline forms: m.p. 


