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tilled methanolysis sirup (2.0 g.) was dissolved in 15 ml. of 
N sulfuric acid and heated for 10 hours on a boiling water- 
bath. The solution was then neutralized with barium car- 
bonate, filtered, evaporated under reduced pressure to  a 
sirup, and extracted with acetone. The components of the 
latter solution were separated by paper partition chromatog- 
raphy using the strip technique with ethyl acetate, acetic 
acid and water (9:2:2) as the developer. The appropriate 
sections cut from three separate chromatograms were com- 
bined, eluted, and the solution analyzed by the alkaline 
iodine method.17 The average values from five determina- 

(17) A. E. Flood, E. L. Hirst and J. K. N. Jones, J .  Chem. Soc., 
1679 (1948). 

tions, calculated on the basis of six molar parts, were as 
follows: 2,3,4-trimethyl-~xylose (1.06 parts), 3,4-dimethyl- 
Dxylose (1.07 parts), 2,3,4,6tetramethyl-~galactose (1.02 
parts), 2,3,6-trimethyl-~glucose (0.86 part) and 2,3-di- 
methyl+-glucose (1.96 parts). 
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Treatment of the known 1,3,4,5-tetrabenzoyl-p-~-fructose with hydrogen bromide in glacial acetic acid has led to the iso- 
lation of tetrabenzoyl-8-D-fructopyranosyl bromide in a crystalline form containing one quarter mole of acetic acid. The 
behavior of this substance in dioxane-methanol and in aqueous dioxane has been studied and supports the configuration as- 
signed. Reduction of the halide with lithium aluminum hydride afforded a very small yield of 1,5-anhydro-~-mannitol 
and demonstrated that the bromine was at least in part replaced without inversion of configuration a t  carbon 2. The major 
product of the reduction, however, was a new hexitan, 1,5-anhydro-L-gulitol, which was produced by Walden inversion at 
carbon 2 upon replacement of the bromine by hydrogen. This new anhydride was characterized through its 4,6-benzylidene 
and 2,3-dibenzoyl-4,6-benzylidene derivatives. Its identity was confirmed by the synthesis of authentic corresponding de- 
rivatives of the D-SerieS Vie the reduction of tetraacetyl-D-gulopyranosyl bromide with lithium aluminum hydride. 

The relative instability of tetraacetyl-P-D-fruc- 
topyranosyl bromide and chloride1 suggests that, 
as in the D-ribose s e r i e ~ , ~ , ~  a more stable benzoyl 
analog might offer advantages for synthetic and 
other purposes. For the preparation of such an 
analog, the crystalline 1,3,4,5-tetrabenzoyl-B-~- 
fructopyranose (I), which Brigl and Schinle' pre- 
pared through the direct benzoylation of D-fruc- 
tose, was employed. When this substance was 
treated with hydrogen bromide in glacial acetic acid 
there was obtained in 89% yield a crystalline tetra- 
benzoylhexosyl bromide containing one quarter 
mole of acetic acid of crystallization. Attempts to 
obtain the product in crystalline, solvent-free form 
were unsuccessful. By analogy with the known 
tetraacetyl-8-D-fructopyranosyl halides's6 the new 
bromide may be assigned structure 111, tetraben- 
zoyl-0-D-fructopyranosyl bromide. Evidence ad- 
duced below confirms this assignment. 

As with other benzoylated glycosyl halides pre- 
viously studied in this LaboratoryI6 it was of inter- 
est to examine the behavior of t h i s  new bromide 
with methanol in the absence of an acid acceptor. 
Polarimetric observations of a solution of the halide 
in 1:9 (v./v.) dioxane-methanol disclosed the re- 

( 1 )  D. H. Brauns, THIS JOURNAL, 46, 2381 (1923). 
(2) R. Jeanloz, H. G. Fletcher, Jr., and C. S. Hudson, ibid., 70, 

4055 (1948). 
(3) R. K. Ness, H. G. Fletcher, Jr., and C. S. Hudson, ibid., OS, 

959 (1951). 
(4) P. Brigl and R. Schinle, Be?.. 66, 325 (1933). These authors 

assigned the structure given (I) since the substance gave methyl &D- 
fructopyranoside tetrahenzoate (11) when methylated and showed a 
high negative rotation (-164.9') similar to that of the previously 
known 1,3,4,5-tetraacetyl-~-~-fructose ( -92.3"). 
(6) C. 5. Hudson, TEIS JOU~NAL,  46, 477 (1924). 
(6) See R. K. N w  and H. 0. Fletcher, Jr., ibid. ,  74,63344 (1952) and 

the referencca Cited therein. 

action to be of an approximately pseudo-unimolecu- 
lar nature and yielded an average rate constant 
(minutes, decadic logs) of 0.057. Comparison of 
this rate with values previously obtained in a simi- 
lar manner for other series may be made through 
examination of Table I where such constants are ar- 
ranged in the order of decreasing magnitude. Con- 
sider first the benzoylated aldopyranosyl bromides. 
Both of those which possess a benzoyloxy group on 
carbon 2 trans to the halogen (8-D-ribose and a-L- 
rhamnose) and may thus react by a neighboring 
group mechanism8 are more rapid than any of those 
halides which have a cis relationship on carbon 2 
and presumably react by simple inversion only. 
While there is not a sharply defined gap between the 
two groups, the 0-D-fructosyl halide clearly belongs 
in the more rapid one. Inspection of formula I11 
shows that while the benzoyloxy group attached to 
carbon 3 is cis to the bromine and therefore would 

TABLE I 

BROMIDES WITH 1:9 DIOXANE-METHANOL AT 20" IN THE 
ABSENCE OF AN ACID ACCEPTOR 

RATES OF REACTION OF BENZOYLATED GLYCOPYRANOSYL 

Seriea 

Benzoyloxy 
available 

k participation in 
(min., decadic logs) mechanism? 

B-D-Ribose 0.076" 
p-D-Fructose ,057 
a-L-Rhamnose .016* 
a-D-Xylose .013' 
B-D-kabinose .01 1' 
a-D-Ribose .004" 
a-D-Glucose .0003 Id 

.Ref. 3. 'Ref. 8. 'H.  G. Fletcher, 
Hudson, THIS JOURNAL, 72, 4173 (1950). 

Yes 
Yes 
Yes 
No 
No 
No 
No 

Jr., and C. S. 
dRef. 6. 
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VI 

H 
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OR H 
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H 

X XI, R = H 
1,5-Anhydro-~-gulitol XII, R = Bz 

not be expected to participate in methanolysis, 
the benzoyloxy group attached to carbon 1 is 
favorably situated with respect to the bromine and 
would be expected to participate in the mechanism 
of its removal. Such a postulated path through the 
ionic intermediate IV involves two inversions at 
carbon 2 and requires the formation of methyl @-D- 
fructopyranoside tetrabenzoate (11) as the final 
product. ActuaUy, w4en tetrabeazoyl-@-D-fructo- 
pyranosyl bromide reacted with unhydrous metha. 

no1 in the absence of an acid acceptor 
methyl 0-D-fructopyranoside tetra- 
benzoate was isolated in 63% yield.' 
Attempts to isolate a methyl 1,2- 
orthobenzoate by the use of an acid 
acceptor failed to give a crystalline 
product although the amorphous 
material obtained mutarotated when 
subjected to methanolic hydrogen 
chloride.8 

The rate of reaction of tetraben- 
zoyl-P-D-fructopyranosyl bromide 
with ca. 18:7 dioxane-water was 
also studied; the change of rotation 
with time is plotted in Fig. 1. The 
rapid initial dextromutarotation is 
typical of @+-halides under these 
circumstances; the subsequent levo- 
mutarotation may be interpreted 
as the conversion of an ortho-type 
intermediate to lj3,4,5-tetraben- 
zoyl-p-D-fructose or, more simply, 
the mutarotation of the a-form of 
that substance to an equilibrium 
mixture of the two anomers. That 
the equilibrium lies almost wholly 
on the side of the @-anomer appears 
from the fact that the end-point here 
(corresponding to [cx]~"D - 114') is 
very close to the specific rotation of 
1,3,4,5-tetrabenzoyl-p-~-fructose in 
18:7 dioxane-water ( [ ~ ] ' O D  -113') 
and is confirmed by the fact that 
mutarotation of 1,3,4,5-tetraben- 
zoyl-/?-D-fructose in 18 : 7 dioxane- 
water could not be detected even 
upon the addition of a"0nia.O 

The reduction of acylaldopyrano- 
syl halides with lithium aluminum 
hydride has been shownlO to afford 
a practicable means for the synthe- 
sis of 1,5-anhydroglycitols. Simi- 
larly an acylaldofuranosyl halide 
has been reduced to a 1,4-anhydro- 
glycitol.ll However, in none of 
these cases has the carbon to which 
the halogen was attached retained 
its asymmetry upon reduction and 
an anomeric pair of acylaldosyl hal- 
ides would be expected to give the 

(7) The final value in the determination of the 
rate of reaction of tetrabenzoyl-8-D-fructopy- 
ranosyl bromide with 1 :9 dioxane-methanol was 
somewhat more dextrorotatory ( -  135") than 
the rotation of methyl 0-D-fructopyranoside in 
that solvent (-168.7'). This fact may indicate 
that a part of the bromide reacts by direct inver- 
sion and that the anomer of the main product 

(which would be more dextrorotatory) is also formed. 
(8) R. K. Ness, H. G. Fletcher, Jr., and C. S. Hudson, THIS JOUR- 

NAL, 78, 296 (1961). 
(9) Brig1 and Schinle (ref. 4) observed that the substance did 

not appear to mutarotate in chloroform. 1,3,4,5-Tctraacetyl-fl-~- 
fructose was found by E. Pacsu and F. V. Rich [ i b i d . ,  66, 3018 (1933) I 
to mutarotate in pyridine only from [ c ~ ] ~ Q D  -101.6 to -99.9' in 
several days. 

(IO) R. K. Ness, H. G. Fletcher, Jr., and C .  S. Hudson, ibid. ,  12, 
4547 (18.50). 

(11) R. fc;. New, H. G. Flrtober, fr , ,  and C, 8. Hudson, ibid., 11, 
W4Zd(lQ611. 
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same anhydroglycitol. An acylketosyl halide, how- 
ever, would not lose asymmetry on reduction and 
could give two products according to whether in- 
version did or did not take place a t  carbon 2 when 
the halogen was replaced by hydrogen. Thus, re- 
duction of tetrabenzoyl-p-D-fructopyranosyl bro- 
mide (111) without inversion would lead to the 
formation of l,Et-anhydro-~-mannitol (V) (syno- 
nyms : styracitol, 2,6-anhydro-~-mannitol) while 
reduction with inversion would give 1,5-anhydro-~ 
gulitol (VI) (synonym : 2,6-anhydro-~-glucitol). 
While the former anhydride is a relatively well- 
known substance12 the latter has not hitherto been 
reported. 

Experimentally it was found that the reduction 
of tetrabenzoyl-P-D-fructopyranosyl bromide with 
lithium aluminum hydride gave a sirup from which 
1,5-anhydro-~-mannitol was isolated (as its tetra- 
benzoate) in 0.54% yield. Benzalation of the 
sirup gave crystalline material, the monobenzyli- 
dene derivative of a new anhydroglycitol, in 60% 
yield. This substance consumed one mole of perio- 
date and therefore possessed two adjacent hy- 
droxyl groups. Hydrolysis of the acetal con- 
verted it to an amorphous anhydroglycitol which 
consumed two moles of periodate and produced one 
mole of formic acid, the end rotation of the solution 
being equal in magnitude (within experimental er- 
ror) but opposite in sign to that obtained when 1,5- 
anhydro-D-mannitol is so oxidized. These facts 
indicated that the substances in hand were 1,5- 
anhydro-L-gulitol (VI) and its 4,6-benzylidene de- 
rivative (VIII). To confirm the configurationof the 
anhydride its enantiomorph was synthesized from 
methyl a-D-gulopyranoside tetraacetate (VII) . 
Acetolysis of this substance to D-gulopyranose tet- 
raacetateI3 was followed by conversion to tetra- 
acetyl-D-gulopyranosyl bromide which, without 
isolation, was reduced with lithium aluminum hy- 
dride to sirupy 1,5-anhydro-~-gulito1. This anhy- 
dride of the D-series was characterized through its 

TABLE I1 

DERIVATIVES 
THE ENANTIOMORPHIC 1,5-ANHYDROGULITOLS AND THEIR 

Gulitols M.p., OC. [a]*OD 

1,5-Anhydro-D Amorph. -7.9 ct 0 .2  (HtO) 
1,5-Anhydro-~ Amorph. +7.8  i 0.2" (HzO) 
1,5-Anhydro-4,6- 168-169; 

benzylidene-D 176-178 $5.8 f 0.4' (EtOH) 

benzylidene-L 173-176 -6.8 A 0.3" (EtOH) 
1,5-Anhydro-4,6- 164-167; 

1,5-Anhydro-4,6- 
benzylidene-D,L 136-141 f O.Oo(EtOH) 

1,5-Anhydro 2,3- 
dibenzoyl-4,6- 

l,&Anhydro-2,3- 
dibenzoyl-4,6- 

1,5-Anhydro-2,3- 
dibenzoyl-4,6- 

benzylidene-D 177-180 -3.1 f 0.2"  (CHClr) 

benzylidene-x. 177-180 +3.6 f 0 . 2  ' (CHCls) 

benzylidene-D,r. 164-165 f 0.0" (CHCl,) 

(12) €3. G. Fletcher, Jr., and H. W. Diehl, T H I ~  JOURNAL, 14, 3175 

(13) R. M. Hann and C. 9. Hudson, ibid., 66, 2466 (1984). 
(1962). 

50 100 I 5 0  
-L I 

0 
TIME (HOURS). 

Fig. 1 .-Reaction of tetrabenzoyl-8-D-fructopyranosyl bro- 
mide with 18:7 dioxane-water (v./v.) a t  20'. 

4,6-benzylidene derivative (XI) and 2,3-dibenzoyl- 
4,6benzylidene derivative (XII) , Comparison of 
the physical properties listed in Table I1 clearly 
shows the derivatives from the reduction of the 
bromide to be the enantiomorphs of the authentic 
derivatives of the D-series. 

Careful hydrolysis of a weighed sample of pure 
1,5 - anhydro - 4,6 - benzylidene-L - gulitol atrorded 
amorphous 1,5-anhydro-~-gditol'~ which showed a 
rotationin water of 4-7.8 =I= 0.2". From this 
rotational value and the known rotation of 1,5- 
anhydro-&mannitol in water we may calculate 
that the sirup obtained from the reduction of tetra- 
benzoyl-P-D-fructopyranosyl bromide is approxi- 
mately 14% 1,5-anhydro-~-mannitol and 80% 1,5- 
anhydro-L-gulitol if we assume that the sirup con- 
sists of these two substances only. In any case it is 
established that l15-anhydro-~-gulito1 is the chief 
product and that most of the bromide underwent 
Walden inversion at carbon 2 when reduced with 
lithium aluminum hydride. As far as the authors 
are aware, this is the first conclusive test of the 
stereochemistry of the reduction of a tertiary halide 
by lithium aluminum hydride. 

Experimental16 
1,3,4,5-Tetrabenzoyl-~-b-fructose (I) .-The direct ben- 

zoylation of n-fructose according to the procedure of Brigl 
and Schinle' gave a crude product melting a t  169-177'. 
Two recrystallizations from absolute ethanol raised the 
melting point to 179-182'. In chloroform the substance 
rotates -172.4' (c 4.2) and in 18:7 dioxane-water (v./v.) 
-113' (c 2.0). Mutarotation was not observed in either 
solvent nor did addition of two drops of concentrated aque- 
ous ammonia to the latter solvent mixture produce a detect- 
able change in the rotation of the substance. Brigl and 

(14) It may be noted here that the molecular rotation of 1,6- 
anhydro-L-gulitol (- 1300) lies not far from the mathematical mean 
( -3515) of the molecular rotations for methyl a-L-gulopyranoside 
(-23,210) and methyl 8-L-gulopyranoside (+ 16,180). This fact is 
expected on the basis of the generalization regarding such interrela- 
tions which was published several years ago [H. G. Fletcher, Jr., and 
C .  S. Hudson. THIS JOURNAL, 71, 3682 (1949)l. 
(15) Melting points are corrected. Rotations are specific rotations 

for the n-line of wdium at 20°, concentration being expressed in g, of 
substance per 100 ml. of solution. 
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Schinle' reported a melting point of 174-175' and a rotation 
of -164.9' (CHCI,) for l,3,4,5-tetrabenzoyl-~-~-fructose. 

Anal. Calcd. for Co4H~Olo: C, 68.45; i1,4.73. Found: 
C. 68.35: H. 4.72. ~. 
Tetrabenzoyl-8-D-fructopyranosyl Bromide (111) .-A solu- 

tion of 20 g. of 1,3,4,5-tetrabenzoy1-8-D-fructose in 50 ml. of 
glacial acetic acid was treated with 50 ml. of a 32% solution 
of hydrogen bromide in the same solvent. After a few 
minutes at room temperature the reaction mixture was 
seeded," left at room temperature for 8 hours and then 
cooled a t  +5' overnight. Washed successively with glacial 
acetic acid, glacial acetic acid-pentane and pentane, the 
product (20.06 g., 89%) melted a t  105-110'. The stout 
prisms were dissolved in ether, the solution concentrated in 
uacuo to  a sirup and dissolved in 2 parts of glacial acetic 
acid: under these conditions crystallization was spontaneous 
and rapid. One part of pentane was finally added and the 
product removed after storage overnight a t  +5'. A 
second recrystallization from glacial acetic acid-pentane 
yielded material melting at  106-110' and rotating in chloro- 
form -179.5' I C  4.57). 

Anal. Calcd. for 'CMH~OEBP'/~CZHIOZ: C, 61.43; H ,  
4.18; Br, 11.85; C ~ H ~ O Z ,  2.23. Found: C, 61.33; H, 
4.10; Br, 11.87. 

A sample recrystallized from ether-pentane and then from 
carbon tetra~hloride-pentane1~ melted at 101-104', rotated - 181' in chloroform (c 3.59) and gave the following analy- 
sis: C, 61.33; H, 4.17; loss of wt. in vacuo at 110' for 15 
min., 2.12. The amorphous residue remaining from the 
determination of weight loss gave the following. 

Anal. Calcd. for C14HnOpBr: C, 61.92; H, 4.13. 
Found: C, 61.81; H, 4.15. 

A powdered sample (0.5 9. )  of the crystalline product 
was heated in wcuo at 100-105' and the gases evolved con- 
densed in a Dry Ice-acetone trap. Acetic acid was isolated 
from the distillate as its p-bromophenacyl esterw which 
melted at 85-86' either alone or in admixture with authentic 
p-bromophenacyl acetate. 

Reaction of TetrabenzoylBD-fructopyranosyl Bromide 
(III) with Methanol in the Absence of an Acid Acceptor.- 
A solution of 239.5 mg. of crystalline tetrabenzoyl-&D- 
fructopyranosyl bromide (containing mole of acetic acid) 
in 2.5 ml. of pure dioxane was diluted with absolute meth- 
anol to  25.0 d. and the rotation of the resulting solution 
observed in a Zdm. tube at 20'. The following data and 
the first-order reaction constants calculated therefrom were 
obtained. 

Time, 
(min.) 

0 
1.5 
3.5 
5.3 
8.7 

15.1 
38.4 

12s 

Obsd. rotation, LID k, min., 
(2 dm., circular degrees) decadic logs. 

-3.19 ' (extrapolated) 9 . .  

-3.14 0.050 
-2.91 .063 
-2.75 .069 
-2.61 .063 
-2.50 .051 
-2.36 .044 
-2.34 ... 

The final rotation corresponds to  a specific rotation of 
-135' based on the assumption of complete conversion t o  
methyl fructopyranoside tetrabenzoate. In 1: 9 dioxane- 
methanol (v./v.) methyl 8-D-fructopyranoside tetrabenzo- 
ate shows -168.7" (c  0.65). 

Crystalline tetrabenzoyl+-D-fructopyranosyl bromide 
(5.26 g.) was added to  50 ml. of methanol and left overnight 
at room tem erahue. The reaction mixture was then 
warmed at 50 for 30 minutes to dissolve unreacted halide 
and finally left at +5' for 24 hours. The crystals which de- 
posited (3.04 g., 63%) melted at 78-81' either alone or in 
admixture with methyl &D-fructopyranoside tetrabenzoate 
(11) containing :/4 mole of methanol of crystallization (see 
below). After recrystallization from absolute ethanol 

g 

(16) Crystals were initially obtained when a dution of 1 g, of 
1,8,4,5-tetrabenzoyl-~-~fructose in 16 d. of 82% hydrogen bromide- 
glacial acetic acid was held at +So for 16 days. 

(17) CryltaIIization wan very slow in these lolvent mixtar-. 
(IS) F. schaelder, "Organic Qualltatfvc Microansly&+" John Wiley 

and Sons, Inc., New York, N. Y., 1948, p. 161. 

(seeding with anhydrous form) the product melted at 109- 
112'. 

Methyl 8-D-Fmctopyranoside Tetrabenzoate (11) from 
1,3,4,5-Tetrabenzoyl- 8-D-fructose (I) .-1,3,4,5-Tetraben- 
ZOy1-8-D-frUCtOSe was methylated with methyl iodide and 
silver oxide as was done by Brigl and S ~ h i n l e . ~  The prod- 
uct, recrystallized to constant melting point from methanol, 
melted a t  77-79' and showed in chloroform a rotation of 
-166.0' (C 4.17). 

Anal. Calcd. for Ca6H3oOloJ/L!HsOH: C, 68.44; H, 
5.05; CHaO, 6.27; CH30H, 1.29. Found: C, 68.47; H, 
5.06: CHaO. 7.50: wt. loss in VUCUO. 1.36. - _  

Rkrystallizatioh of the methanol-containing pioduct 
from absolute ethanol gave crystals melting at 67-69 . 

Anal. Calcd. for C&3@010J/zC&OH: C, 68.24; H, 
5.25. Found: C, 68.14: H, 5.04. 

After a period this latter form turned spontaneously into 
an anhydrous oLe which could, thereafter, be obtained by re- 
crystallization from absolute alcohol. It melted a t  109- 
112' and showed in chloroform a rotation of -171' (c  1.26). 
Brigl and Schinle4 reported a melting point of 113' and a 
rotation in chloroform of -171.3' for methyl D-fructopy- 
ranoside tetrabenzoate. 

Anal. Calcd. for Cs&f&o: C, 68.84; H, 4.95; 
5.08. Found: C, 68.73; H, 4.74; CHaO, 5.14. 

The Rate of Reaction of Tetrabenzoyl-8-D-fmctopyranosyl 
Bromide (111) with Aqueous Dioxane at  20°.-A solution of 
25U.9 mg. of crystalline tetrabenzoyl-&D-fructopyranusyl 
bromide (containing l / 4  mole of acetic acid) dissolved in 18 
ml. of dioxane was diluted to 25.0 ml. with water and the 
mutarotation of the resulting solution observed a t  20' in a 
1.5dm. tube. The data obtained are plotted in Fig. 1. 
The final observed rotation (36 days) was -1.52', corre- 
sponding to  a specific rotation of -114' for the theoretical 
yield of tetrabenzoylhexose. The rotation of pure 1,3,4,5; 
tetrabenzoyl-P-D-fructose in 18: 7 dioxane-water is - 113 
(G l .O) ,  a value unaltered by the addition of an equimolar 
amount of hydrogen bromide even after 32 days. 

A curve identical with that obtained above was found when 
a solution of 1.0018 g. of the crystalline bromide in 72 ml. 
of dioxane was diluted to 100.0 ml. with water and treated 
with 1 g. of dry Duolite A-4.1* 

Reduction of Tetrabenzoyl-&D-fructopyranosyl Bromide 
(111) with Lithium Aluminum Hydride.-A solution of 20.95 
g. of the crystalline bromide described above in 110 ml. of 
dry ether was added over the course of 35 min. to  100 ml. of 
ca. 1 M lithium aluminum hydride in ether. The reaction 
mixture was boiled under reflux for 25 min., cooled, and 
treated cautiously with 200 ml. of water. After filtration 
with the aid of Filter-Cel the aqueous layer was extracted 
with ether (to remove benzyl alcohol) and deionized by SUC- 
cessive passage through columns of Amberlite IR-120" and 
Duolite A-4.IE Water was removed in vacua and the sirup 
dried by the evaporation therefrom of 100 ml. of absolute 
alcohol in vacuo. The amorphous residue showed in water a 
rotation of -0.18' (c 1.96) corresponding to  a mixture of 
14% 1,5-anhpdro-~-mannitol ( [(Y]"D -50.9') and 86% I,!- 
anhydro-L-gulitol ( [ ( Y ] ~ D  +7.8'). Attempts to obtain 
crystalline material directly from it were, however, unsuc- 
cessful. Benzoylation of 0.95 g. of a similar amorphous 
reduction product followed by chromatography on alumina 
gave 0.018 g. (0.54% based on the amorphous mixture of 
anhydrides) of crude 1,5-anhydro-~-mannitol tetrabenzoate. 
After one recrystallization from alcohol the compound ro- 
tated -148.4" in chloroform (c 0.88) and melted at 145- 
146' either alone or in admixture with authentic 1.5-an- 
hydro-D-mannitol tetrabenzoate. Asahinazl reported a 
melting point of 142' and a specific rotation in chloroform 
of -150.4' for styracitol tetrabenzoate. 

1,5-Anhydro4,6-benzylidene-~-gulitol (VIII).-The en- 
tire reduction product above, dissolved in 20 ml. of abso- 
lute ethanol containing 1 % of hydrogen chloride, was treated 
with 3.5 ml. of freshly distilled benzaldehyde and left a t  
+5' for 2 days to give 4.67 g. (600j0, based on the original 
bromide) of crude product. After two recrystallizations 
from 5-10 parts of absolute alcohol the material melted a t  
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161-175' and rotated -0.5 f 0.5' in chloroform (c 1.00). 
Anal.  Calcd. for Cl,HlaOs: C, 61.89; H, 6.39. Found: 

C, 61.94; H, 6.39. 
Further recrystallization from 20-25 parts of water af- 

forded long, flat prisms melting a t  165-175' and rotating 
in chloroform f0.0' (c 0.76); recrystallization from 25 parts 
of chloroform gavem.p. 168-176'and [a]'% f0.0' (CHCb, 
c0.75). A sample prepared via the catalytic debenzoylation 
of the dibenzoate described below meltoed at 164-167', re- 
solidified and melted again at 173-176 . I t  showed rota- 
tions of $0.3 & 0.3' in chloroform ( c  0.85) and -6.8 f 
0.3' in absolute ethanol ( c  0.81). 

Following the technique developed by Jackson and Hud- 
son** the purified benzylidene derivative (100 mg.) was dis- 
solved in a few ml. of water, the solution treated with 5.0 
ml. of 0.48 M sodium metaperiodate and diluted to  25.0 ml. 
with water. After 27 hours titration of an aliquot showed 
the consumptian of 1.07 moles of oxidant per mole of com- 
pound. 

1 ,5-Anhydro-2 ,d-dibenzoyl-4,6-benzylidene-~-gulitol (IX) . 
-Crude 1,5-anhydro4,6-benzylidene-~-gulitol (4.1 9.) was 
benzoylated in the usual manner to  give, from 25 ml. of ab- 
solute alcohol, 4.49 g. (60%) of product melting at 177- 
180'. Recrystallizations from 2: 1 ether-pentane and from 
absolute ethanol €ailed to  change this value. The pure sub- 
stance rotated $3.6 f 0.2" in chloroform (c 1.26). 

Anal.  Calcd. for C~H2~07:  C, 70.42; H ,  5.25. Found: 
C, 70.66; H, 5.39. 

Amorphous 1,5-Anhydro-~-gulitol (VI) from 1,5-Anhydro- 
4,6-benzylidene-~-gulitol (VIII) .-I ,SAnhydr&,&benzyli- 
dene-i-gulitol(l.1826 9.) was added to 25 ml. of 0.2 N sul- 
furic acid and the solution steam distilled until the benzal- 
dehyde was removed. Diluted to  50.00 ml., the solution 
rotated +0.48' in a 4-dm. tube, corresponding to a specific 
rotation of $7.8 f 0.2' for 1,5-anhydro-~-gulitol in water 
( c  1.54). 

Acid was removed from the above solution with Duolite 
A 4 9  and solvent removed in vacuo. The residual sirup 
was dried by the repeated evaporation in vacuo of batches of 
absolute alcohol, the sirup finally being held in vacuo (ca. 1 
mm.) at 50' for 10 minutes. A sample (0.2541 9.) of this 
sirup was dissolved in water and the solution treated with 10 
ml. of 0.48 M sodium metaperiodate and diluted to a volume 
of 50.00 ml. After 18 days at 20' analysis showed the con- 
sumption of 1.98 molar equivalents of oxidant and the for- 
mation of 0.94 mole of formic acid. In a 4-dm. tube t h ~  
solution showed an observed rotation of +0.15 & 0.01 
corresponding to  a specific rotation for the dialdehyde of 
+9.2 f 0.6'. In a parallel experiment 0.2531 g. of 1,5- 
anhydro-Dmannitol consumed 2.11 moles of periodate, pro- 
duced 1.01 moles of formic acid and save an observed rota- 
tion in a 2dm.  tube of -0.07 * 0.01 . This observed rota- 
tion corresponds to a specific rotation of -8.6 i 1.2' for 
the dialdehyde formed. Richtmyer and Hudson** reported 
that the rotation of a stpacitol-sodium metaperiodate oxi- 
dation mixture became constant after 10 days at 20' and 
then corresponded to a specific rotation for the dialdehyde 
of -9.79. 

1 ,S-Anhydr0-4,6-benzylidene-~- lit01 (XI) from Methyl 
a-D-Gulopyranoside Tetraacetate R I )  .-Twenty grams of 
methyl a-D-gulopyranoside tetraacetate*' was added to a cold 
mixture of 70 ml. of acetic anhydride and 1.4 ml. of concen- 
trated sulfuric acid. After 30 minutes at 0', the reaction 
mixture was left at room temperature overnight and then 
poured on ice. The product was extracted with methylene 
chloride, the extract washed with cold, saturated sodium bi- 
carbonate and dried over sodium sulfate. After filtration 
through decolorizing carbon the solution was concentrated 
in vacuo (45') to  a sirup which was dissolved in 200 ml. of 
glacial acetic acid and the solution treated with 130 ml. of 
32% hydrogen bromide in glacial acetic acid. Polarimetric 
observations showed that mutarotation had substantially 

(22) E L. Jackson and C. S. Hudson, THIS JOURNAL, 69,994 (1937). 
(23) N. K. Richtmyer and C. S. Hudson, ibid., 61, 64 (1943). 
(24) H S Isbell. J .  Research Null. Bur Standards, 8 ,  1 (1932). 

ceased after 64 minutes a t  20' and the reaction mixture was 
then poured into a mixture of ice, water and methylene 
chloride. The organic layer, kept cold, was washed twice 
with sodium bicarbonate, dried over sodium sulfate and 
finally concentrated in vacuo at 40". The residual sirup 
thus obtained was dissolved in 100 ml. of absolute ether and 
the solution added over the course of 18 minutes to 100 ml. 
of ca. 1 M lithium aluminum hydride in ether. The reac- 
tion mixture was boiled under reflux for 55 minutes, left a t  
room temperature 16 hours, and then treated with 300 ml. of 
water. The precipitate thus formed was filtered off and 
washed thoroughly with hot water; the resulting aqueous 
solution, after deionization with Amberlite IR-120m and 
Duolite A-4." was concentrated in umuo (90' bath). Mois- 
ture was removed from the resulting sirup of crude 1,5-an- 
hydro-Dgulitol by repeated evaporation therefrom of abso- 
lute ethanol. The dry, nearly solvent-free sirup was then 
dissolved in 5 ml. of absolute ethanol and the solution treated 
with 4 ml. of 1% ethanolic hydrogen chloride and 4.0 ml; 
of freshly distilled benzaldehyde. 
the solution was concentrated slightly in vacuo and crystalli- 
zation induced by scratching: 0.99 g., m.p. 153-159'. A 
second crop of 0.42 g. (m.p. 16.5167') was obtained from 
the mother liquor by the addition of pentane (total yield 
from methyl a-D-gulopyranoside tetraacetate, 10%). The 
product was recrystallized successively from 5 parts of abso- 
lute ethanol, 25 parts of chloroform, 15 parts of water and, 
finally, twice from chloroform. The pure 1,5-anhydro-4,6- 
benzylidene-D-gulitol thus obtained showed, like its enantio; 
morph described above, a double melting point: 168-169 
and then 176-178'. In alcohol the substance showed a ro- 
tation of C5.8 f 0.4' (C 0.81). 

After 16 hours at +5 

Anal. Calcd. for C1aH,sO,: C, 61.89; H ,  6.39. Found: 
C ,  61.84; H ,  6.39. 

Hvdrolysis of 130.3 mg. of 1,5-anhydro-4,6-benzylidene- 
D-gulitol with 2.5 ml. of 0.2 Nsulfuric acid as was done earlier 
with the enantiomorph led to a rotation of -7.9 f 0.2' in 
water ( c  3.25) for I,Sanhydro-~-gulitol. 

1 ,S-Anhydro4,6-benzylidene-~, L-gulitol .-Equal quan- 
tities (32.5 mg.) of the two enantiomorphs were dissolved 
in 0.5 ml. of absolute ethanol. The addition of pentane 
gave 55.4 mg. of flat, elongated prisms which, recrystallized 
from absolute ethanol-pentane, melted at 136-141' and in 
ethanol showed no rotation in a 4-dm. tube at a concentra- 
tion of 0.68. 

Anal.  Calcd. for ClaHleOs: C, 61.89; H, 6.39. Found: 
C. 61.59: H. 6.37. 
. The ,5-~hydro-2,3-dibenzoyl-4,6-benzylidene-~-gulitol 

(XU).-The 1,5-anhydro-4,6-benzylidene-~-gulitol (320 
mg.) was benzoylated in the usual fashion to  yield from 10 
ml. of absolute alcohol 410 mg. (55%) of prismatic needles 
melting at 177-180'. Recrystallization from 12 ml. of ab- 
solute alcohol did not alter the melting point; the pure mate- 
rial showed a rotation of -3.1 & 0.2' in chloroform (c 1.29). 

Anal.  Calcd. for CnH&: C, 70.42; H, 5.25. Found: 
C, 70.12; H, 5.18. 

The infrared spectrum of this substance proved to  be 
identical with that of its enantiomorph prepared earlier. 

1,5-Anhydro-2,3-dibenzoyl-4,6-benzylidene-~, ~-gulitol.- 
Equal amounts (101.3 mg.) of the pure enantiomorphs were 
combined in methylene chloride solution and the solvent 
then removed in vacuo. From 5 ml. of ether the sirup thus 
obtained afforded 160.4 mg. of crystals melting a t  164-166'. 
Recrystallization from ca. 5 ml. of absolute ethanol yielded 
clear prisms melting a t  164-165'. 

Anal.  Calcd. for Cz7HzrO7: C, 70.42; H, 5.25. Found: 
C, 70.85; H ,  5.43. 
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