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solved, and then allowed to  come gradually t o  room tem- 
perature. After 18 hours, the alcohol was removed in a 
current of air. The  residue was dissolved in water and the 
solution passed through a column containing 5 ml. of cation 
exchange resin. The column was washed with water, and 
the combined effluent was evaporated under reduced pres- 
sure to  a sirup. Tlie boric acid was removed by the method 
previously described, and the glycitol crystallized frnm a 
suitable solvent. 

I n  a preparation of n-mannitol-l-C14 from 235 pc. of D- 
mannono-y-la~tone-l-C1~, 192 pc. of ~-mannitol-l-C14 was 
obtained without carrier, and an  additional 10 pc. by use of 
200 mg. of non-radioactive D-mannitol as carrier. The 
radiochemical yield was thus 85%. 

In  a similar reduction of one millimole of methyl D-gahC- 
tonate, the unreduced ester was determined by saponifying 
with dilute alkali and titrating the excess. The result 
showed a reduction of 87.6%. 

Reduction of n-glucono-y-lactone in methanol wds carried 
out similarly, except tha t  granulated aluminum was added 
to the reaction mixture. The  reduction, as  determined b y  
titration of residual acid or lactone, was 92.6y0. 

Two reductions in absolute ethanol were performed b -  
adding one millimole of lactone t o  10 ml. of absolute ethanol 
containing 3 millimoles of sodium borohydride and a small 
quantity of granulated aluminum. The mixture was stirred 
overnight a t  room temperature, and treated as previously 
described. By titrating the residual acid i t  was found tha t  
D-glucono-y-lactone, D-arabono-?-lactone and ~-g lycero-~-  
gluo-heptono-y-lactone were reduced t o  the extent of 87.8, 
89.2 and 95.4%, respectively. 

Preparation of ~-Mannitol-Z-Cl~ by Reduction of D- 
Mannono-r-la~tone-Z-C1~ in the Presence of Sodium Acid 
Oxalate.-To two millimoles (356 mg.) of D-mannono-y- 
lactone-2-CL4 having an  activity of 892 pc., and 4 millinioles 
of sodium acid oxalate (520 mg.), in a n  ice-bath, was added 
10 ml. of ice-water. With continuous stirring of the lactone 
solution, 8 millimoles (320 mg.) of sodium borohydride in 
20 ml. of water was added dropwise during a period of 1 Iir. 
The ice-bath was removed, and the flask was allowed t o  
stand a t  room temperature for 3 hr. The solution was then 
passed through a column containing 20 ml. of cation ex- 
change resin, the effluent was mixed with 0.5 g. of calcium 
carbonate, and the precipitated calcium oxalate was removed 
hp filtration. The filtrate was passed through a column con- 
taining 10 ml. of cation exchange resin, and the effluent 
and washings were concentrated under reduced pressure t o  
a thick sirup. Boric acid was removed, and the mannitol- 
2-C14 brought t o  crystallization by the methods previously 
described. After recrystallization, 348 mg. (851 pc.) of D- 
mannitol-2-CI4 was obtained, and a n  additional 26 pc. by 
use of 200 mg. of non-radioactive carrier. The total radio- 
chemical yield, 877 pc., corresponds t o  98.3% of the ac- 
tivity of the lactone originally used. 

Radioactivity Measurements.-Known concentrations of 
the materials in formamide solution were counted with a 
windowless proportional counter.16 The count was con- 
verted to  microcuries by means of a factor based on the NBS 
carbon-14 standard. Samples mere counted to  a probable 
error of about 1% (10,000 counts). 

(16) A. Schwebel, H. S. Isbell and  J. D. Moyer, J. Research N a l l .  
Bur. S t a d ~ d s ,  63, 221 (1954). 
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The reaction of 1,2-O-~sopropyl~dene-3-~-benz~-l-5,6-3nhydro-~-gluco~e and 1,2-O-isopropylidene-3-U-benzyl-5,6-anhydro- 
L-idose with methyllithium is described 

As a part of a program directed toward the syn- 
thesis of compounds containing carbon-to-carbon 
bonds between sugars and other  molecule^,^ 1,2-0- 
isopropylidene-3-0-benzyl- 5,B- anhydro - D-glucose4 
(I) was treated with excess methyllithium in ether 
solution. -In exothermic reaction occurred and 
there was obtained by high vacuum distillation a 
colorless levorotatory sirup I1 having the analysis 
corresponding to the formula CI6H20O4. This mas 
treated with hydrogen and Raney nickel (and palla- 
dium-on-charcoal) under conditions known to 
cleave benzyl ethers of this t y ~ e . ~ . ~  A mixture was 
obtained containing crystalline material I11 that 
could be purified by crystallization and sublimation 
in D ~ C U O .  On the basis of the following evidence the 
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structure 1,2-0-isopropylidene-5,G-dideoxy-~-glu- 
cose has been assigned to 111. Fehling solution is 
not reduced by I11 until after hydrolpis in acid; 
a steam distillate from such an hydrolysate yields 
iodoform, indicating the presence of the 1,2-O-iso- 
propylidene group. Although the free sugar has 
not yet been obtained in crystalline form, a perio- 
date titration of a solution obtained from hydrolysis 
of a weighed pure sample of I11 showed an uptake of 
3 moles of periodate per mole of 111. This, together 
with the isolation of propionaldehyde (as its dime- 
don derivative) from the periodate reaction, estab- 
lishes the presence of a G-carbon chain with four atl- 
jacent hydroxyl groups and a terminal ethyl group. 
Carbon-hydrogen analysis, active hydrogen and 
molecular weight determinations are in good agree- 
ment with the proposed structure. 

1lcSweeny and IYiggins' have reported the 
preparation of 1,2-O-isopropylidene-5,6-dideoxy-~- 
glucose by reaction of the corresponding 5,G-anhy- 
dro sugar with carbon disulfide followed by treat- 
ment with Raney nickel. Their product melted a t  
7So, [ a ] " ~  -31.4'; I11 melts a t  79.0-79.Go, 
[ a I z 1 ~  -21.9' and shows a depression in melting 
point on mixing with AicSweeny and Wiggins com- 

( i)  r r  P XIcSneeny and 1. I; R'Iggin?,  N n l z i i r ,  168, 874 ( l ' J j 1 )  
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pound.8 As the English investigators offer no evi- 
dence other than the method of synthesis for the 
structure of their compound, it is difficult to interpret 
the observed difference in properties; the possibil- 
ity exists that  the two are isomers and that some 
rearrangement occurred in the reaction of carbon di- 
sulfide and alkali with 5,6-anhydro-1,2-isopropyli- 
dene-D-glucose. 

Acting on the hypothesis that  the sirup I1 is 1,2- 
0-isopropylidene-3-0- benzyl - 5 - deoxy - 5,6 - D - glu- 
coseen, C16H2a04, a synthesis of this substance was 
carried out by standard  method^.^ The known 5,6- 
di-O-tosyl-3-O-benzy1-1,2 - 0-isopropylidene-~-glu- 
cose6 was treated with sodium iodide and the prod- 
uct purified by distillation. The sirup IV so ob- 
tained showed an infrared spectrum identical in all 
respects to I1 and on paper chromatography in 
three different solvent systems exhibited the same 
RF values. After mild acid hydrolysis both I1 
and the synthetic glucoseen again exhibited identi- 
cal chromatographic behavior. When IV was hy- 
drogenated with a palladium-on-charcoal catalyst, 
there was obtained a mixture from which, as before, 
by sublimation and recrystallization 1,2-O-isopro- 
pylidene-5,6-dideoxy-~-glucose (111) was obtained. 
This had the same melting point as the sample ob- 
tained from the methyllithium reaction and showed 
no depression in a mixed melting point determina- 
tion. 

In an exactly parallel experiment the known6 
1,2-O-isopropylidene - 3 - 0- benzyl - 5,6 - anhydro - L- 
idose was treated with methyllithium and again 
crystalline I11 was obtained from the crude reaction 
mixture after hydrogenation. 

This abnormal reaction product may be limited 
to the methyllithium reaction in this series; 6-de- 
oxy-B-C-pheny~-~-g~ucose, as its crystalline acetate, 
was the only pure product isolated from the reac- 
tion of phenyllithium with 5,6-anhydro-3-O-ben- 
zy~-~,2-O-isopropy~idene-~-g~ucose. Attempts to 
isolate I11 from the reaction of the same anhydro 
sugar with ethyllithium have failed. The sirupy 
product initially obtained (corresponding to 11) 

(8) We are indebted to  McSweeney and  Wiggins for a small sample 

(9) A.  B. Foster and W. G. Overend, J. Chem. SOL., 680 (1951). 
of their preparation. 

showed no signs of unsaturation and no crystalline 
product could be isolated on hydrogenation. At- 
tempted distillation (0.01 mm.) of the hydrogenated 
product of this reaction led to decomposition. 

Present information does not seem to justify pro- 
posal of a mechanism for the observed loss of oxygen 
from the epoxides studied in this work. Two other 
examples of analogous reactions produced by the 
action of Grignard reagents on epoxides have been 
found in the literature.lo,ll Also, Bordwell, A4nder- 
son and Pitt12 have described reactions of organo- 
lithium compounds with thio-epoxides in which the 
formation of olefins was observed; these reactions, 
and possibly the proposed mechanisms, closely re- 
semble those described in the present work. 

Experimental 
1,2-O-Isopropylidene-3-0-benzyl-5,6-anhydro-~-glucose 

(I)  was prepared according t o  Meyer and Reichstein6 from 
the corresponding 6-0-tosyl derivative. It was obtained as 
a colorless sirup, b.p. 153-160° a t  0.4 mm., n Z 5 ~  1.5010, 
[ a I z 6 D  -48.0' (c 4.84, in chloroform). In this and all other 
preparations involving 1,2- 0-isopropylidene-3-0-benzyl- 
glucose, this starting material \vas always purified through 
its crystalline acetate, m.p. 120.0-120.8O, [ a ] z S ~  -53.2" 
(c 2.48 in c h l o r ~ f o r m ) . ~ . ~ ~  

1,2-0-Isopropylidene-3-0-benzyl-5,6-anhydro-~-idos e was 
also prepared as described by Rleyer and Reichstein.6 Thz product was distilled in a short path apparatus at 160-165 
bath temperature at 0.4 mm., to  yield a colorless sirup, 
[ a l 3 I D  -77.1' (c  6.50, in chloroform). 

1,3-O-Isopropylidene-3-0-benzyl-5-deoxy-5,6-D-g~UCOSee~ 
(II).-A solution of n ie thyl l i th i~m'~  in 45 ml. of ether was 
prepared from 11.8 g. of methyl iodide. T o  this was added 
gradually an  ether solution (15 ml.) of 12.0 g of the anhy- 
droglucose derivative I and the mixture refluxed for 1.5 hr. 
Benzene, 100 ml., Tvas then added and the mixture distilled 
until the  vapor temperature reached 77" at which time an- 
other equal portion of methyllithium solution xras added 
and the mixture refluxed an additional 1.R hr. At  the end 
of this time a test for methyllithium was still positive.16 
The mixture was decomposed with water and extracted with 
ether; the ether layer was washed x i t h  dilute acid and then 
with bicarbonate and evaporated. The residue was dis- 
tilled with a small fractionating column to yield 5.19 g. of a 
fraction 11, b.p. 124-129 a t  0.2 xnm., [CY!~*D -56.4' (c 3 22, 
in chloroform). 

Anal. Calcd. for C16H?004: C, 69.54; H, 7.30. Found: 
C, 69.36; H ,  7.63. 

A similar reaction mas carried out at ether reflux tem- 
perature without the addition of benzene or a second batch 
of methyllithium. From 6 g. of I there was obtained 3.66 
g. of I1 in this way. 

1,2-0-Isopropylidene-5,6-dideoxy-~-glucose (III).-The 
hydrogenolysis of the benzyl group of I1 was carried out in 
two ways: (a )  Raney nickel catalyst and hydrogen under 
1500 p.s.i. a t  100' in methanol for 16 hr. These are the 
conditions used b y  Meyer and Reichstein' for similar de- 
benzylations. ( b )  Palladium-on-charcoal in ethanol and 
hydrogen a t  atmospheric pressure as described by Ballou 
and F i ~ c h e r . ~  Under these conditions about 2 hr. was re- 
quired for the uptake of hydrogen to  stop; about 1.6 moles 
of hydrogen was taken up. 
In both cases solvent was removed in w " o  to leave a par- 

tially crystalline material; sublimation at 0.4 mm. pressure 
a t  a bath temperature of 50' yielded sticky crystals which 
were recrystallized from petroleum ether. The pure product 
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111 melted a t  79.0-79.6", [ a I z 6 ~  -21.96' (c 1.344, in chloro- 
form). The  yield of crude crystals was 65%. 

Anal. Calcd. for CQH~~O,:  C,  57.43; H, 8.57; active 
H, 1.0; mol. wt.  (Ras t ) ,  188. Found: C, 57.45; €I, 8.88; 
active H, 0.9; mol. wt.  (Ras t ) ,  195. 

The product I11 did not reduce Fehling solution although 
boiling with dilute hydrochloric acid and neutralization of 
the solution yielded a strongly reducing product. 

Samples of about 25 mg. of I11 were dissolved in 2 ml. of 
0.1 ;V hydrochloric acid and heated in the steam-bath for 2 
hr.  To  the cooled hydrolysate was added 2 nil. of sodium 
metaperiodate (0.3 Af) and the reaction allowed to  proceed 
for 2 hr., by  which time periodate uptake had stopped. 
The periodate consumed in three runs a t  varying times from 
1 to  2 lir. was 2.94, 3.09, 2.99 moles per mole of C9HleOa 
(111). In one case about 3 ml. of the titrated solution was 
distilled into dimedon solution previously adjusted to  pH 6; 
after acidification, the dimedon derivative16 of propionalde- 
hyde, m.p. 154-156', was obtained in 66% yield. This 
showed no depression of melting point when mixed x i th  au- 
thentic propionaldehyde dimedon derivative. 

1,2-0-Isopropylidene-5,6-dideoxy-~-glucose (111) was also 
prepared by  reaction in ether solution of 4.5 g .  of 1,2-0- 
isopropylidene-3-0-benzyl-~5,6-anhydro-~-idose with four 
equivalents of methyllithimi. After refluxing for 3 hr. the 
mixture was decomposed by water and worked up as  before. 
Distillation a t  100-105' bath temperature and 0.2 mm. 
pressure gave 2.76 g. of sirup, [,Iz% -60.0' ( c  5.16, in 
chloroform). From .2.30 g. of this sirup, by  hydrogenation 
in methanol with a Raney nickel catalyst a t  100' and I500 
p.s.i. as before, there was obtained 0.45 g. crude crystals of 
111. Further sublimation and recrystallization from petro- 
leum ether gave 0.09 g. of pure l ,2-0-isopropylidene-5,6- 
dideoxy-D-glucose, m.p. 78.7-79.5", [ a I z 5 D  -21.6 (c 1.730, 
in chloroform). This preparation showed no depression of 
melting point (78.6-79.6') on mixing with I11 prepared from 
the gluco derivative as described above. 

1,2-0-Isopropylidene-3-0-benzyl-5-deoxy-5,6--~-glucoseen 
was also prepared from 1,2-0-isopropyIidene-3-0-benzyl- 
5,6-ditosy~-~-glucose. This starting material was prepared 
according to  bleyer and Reichstein,6 except tha t  about twice 
as much p-toluenesulfonyl chloride, pyridine and chloroform 
were used. The colorless sirupy product, 3.50 g. ,  evidently 
not quite pure (S, 9.61%, calcd. 10.36%), was mixed with 
2.90 g. of sodium iodide in 23 ml. of acetone in a sealed tube. 
The tube was heated a t  12.5' for 4 hr. ,  cooled, opened and 
the contents diluted with 25 mi. of chloroform and filtered. 
There was obtained 2.6 g. of air-dried sodium p-toluenesul- 
fonate (108%). The filtrate was diluted with a further 
50 ml. of chloroform, washed m-ith thiosulfate arid dried and 
evaporated. By short path distillation a t  0.14 mm.  and a 
76" bath temperature there vias obtained 1.25 g. of 1,2-0- 
isopropylidene-3-0-benzyl-5-deox~--3,6-~-g~ucosc~n (IT') as 
an almostcolorlesssirup, [ a I z 6 D  -03.2(c3.33, in chloroform). 

Ident i t -  of the tu-o sirupy preparations of this glucoseen, 
I1 and IV, was established by comparison of infrared curves, 
which were superimposable, and b>- paper chromatography. 
Both I1 and IT7 were hydrolyzed by refluxing for 1 hr.  with 
1Oyo acetic acid. Then both preparations, before and after 
the hydrolysis (presumed t o  have removed the isopropylidine 
group), were chromatographed on paper in b u t a n ~ l - w a t e r , ~ ~  
butanol-ethanol-water18 and butanol-acetic acid-water.lQ 

(16) D. Vorlander, A z a l .  Chem..  77, 231 (1929). 
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The RF values were nearly identical for the two preparations 
on all three systems 0.89, 0.80, 0.86, respectively, for the 
unhydrolyzed group and 0.84, 0.76,0.93 for the hydrolysate. 

Hydrogenation of 1,2-0-isopropylidene-3-0-benzyl-5-de- 
oxy-S,6-~-glucoseen (IV) was carried out essentially accord- 
ing to  Ballou and Fischers with palladium-on-charcoal in 
methmol a t  atmospheric pressure. The reaction of 0.5 g. 
of I V  consumed SS% of the  theoretical 2 moles of hydrogen 
per mole of glucoseen in 67 minutes. Filtration of the cata- 
lyst and evaporation of t h e  methanoI yielded a partially 
crystalline product. This was purified by sublimation and 
recrystallization to  yield 0.06 g.  of 1,2-0-isopropylideiie-5,A- 
dideoxy-D-glucose, m.p .  78.5-79.1, [ a ] Z 6 ~  -21.2' ( c  2.68, 
in chloroform). 

6-Deoxy-6-C-phenyl-~-glucose Pentaacetate .--A solution 
of 0.035 mole of phenyllithiumM in 30 ml. of ether was treated 
with a solution of 5.13 g. of 1,2-0-isoprop~-lidene-3-0-benzyl- 
5,6-anhydro-D-glucose in 15 nil. of ether. After refluxing 
for 2 hr.  the mixture was decomposed in water a t  0.2 mm. a t  
a bath temperature of 131-143' (3.0 g.) .  

This product was submitted to  acetolysis rather than hy- 
drogenation to  avoid any possible reduction of the phenyl 
group. The procedure of Alberton and Fletcher*l was 
follomed except for an increase in the sulfuric acid concen- 
tration t o  5%. Model experiments n i t h  1,2-O-isopropyli- 
dene-3-benzyl-~-glucose-5,6-diacetate indicated tha t  a t  2% 
concentration, after constant rotation had been reached (93 
hr . ) ,  there could still be isolated the  phenj-losazone of 3-0- 
benzylglucose. Using 5% acid only free glucosephenylosa- 
zone could be isolated a t  this point. 

Accordingly, the acetolysis of 4 g. of the aboie  sirup was 
carried out a t  room temperature for 12 days; the mixture 
was then poured into water and extracted with chloroform. 
The sirupy acetolysis product, 3.67 g., was treated with 200 
nil. of water, 23 ml. of ethanol and 3.6 g. of Amberlite IR- 
112 utider reflux. Evaporation gave an amorphous reduc- 
ing compound, presumably 6-deoxy-6-phenpiglucose, which 
we were unable to crystallize satisfactorily. Accordingly, it  
was acetylated with acetic anhydride and pyridine at room 
temperature. The crude tetraacetate, obtained on pouring 
the reaction mixture into mater, was taken up in petroleum 
ether and decolorized with norite; on standing in the cold the 
solution deposited crystals which were filtered and recrys- 
tallized from carbon tetrachloride. 6-Deoxy-6-phenyl-D- 
glucose pentaacetate melts a t  158.0-159.1", [ c i ] " ~  +98.2" 
( c  1.936, in chloroform). 

Anal. Calcd. for C?oH2009. C, 58.82; H, 5.92. Found: 
C, 58.55: If, 5.55 .  

.A weighed sample (0.04 g.) was allowed to stand in 2.5 ml. 
of 0.2595 sodium methylate in methanol, neutralized to  
phenolphthalein and treated with 2 ml. of 0.3 m sodium 
metaperiodate for 1 hr.  The  excess periodate was then ti- 
trated by standard methods. Under these conditions con- 
trol samples of glucose pentaacetate consumed 4.64 and 4.78 
moles of periodate per mole (5.0 calcd.). 

The  periodate consumed by 6-deoxy-6-C-phenyl-~-glucose 
pentaacetate \vas 4.06 and 3.95 moles per mole of sugar de- 
rivative after l and 3 hr.,  respectivelq. After titration the 
reaction mixtures were combined and distilled into a solution 
of 2,4-dinitrophenylhydrazine; the 2,4-dinitrophen4-lhydra- 
zone of phenyl acetaldehyde, m.p. 120-121 .go, identical with 
an authentic sample, was isolated . z 2  
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