
2976 

HCOAc 

HURD AND MILES VOL. 29 

The Arylation of Glycosyl Halides by Phenyllithium 
CHARLES D. HURD AND H. TODD MILES 

Department of Chemistry, Xorthwestern Cniversity, Evanston, Illinois 

Received A p r i l  24, 1964 

1(3-C-Phenyl-1,6-D-anhydroglucitol and presumably the la-C-anomer are formed by reaction of phenyl- 
lithium with tetra-0-acetyl-a-n-glucopyranosyl chloride, together with a third isomer whose structure now is 
established as 2-C-phenyl-l,5-~-anhydroglucitol (VII).  A reasonable mechanism is presented to account for 
these three products. Evidence supports the conformation of VI1 having all equatorial hydroxyls. 

I n  the reaction of phenyllithiuni with tetra-0-acetyl- 
a-D-glucopyranosyl chloride (I) Hurd and Holysz 
reported three products: tetra-0-acetyl-1-6-C-phenyl- 
l,5-D-anhydroglucitolz (11) (after acetylation) in about 
10% yield (m.p. 155-156', [ a l Z o ~  -18.6"), an  unchar- 
acterized crystalline isomer (m.p. 142-143 O, [ a I z 4 ~  
-2.3') in about 30y0 yield, and about 40y0 yield of 

I 
H-C-C1 

H-C -0Ac 

H- -0- f H~OAC CH~OAC CH~OAC 
I 11 I11 

dextrorotatory sirup. Nearly a quantitative yield of 
1, I-diphenylethanol accompanied these products. 
This paper concerns itself with the structure of the 
above uncharacterized isomer, which will be referred t n  
as Y .  

Certain facts about Y were established in the original 
work: (a) its analysis, CzoFIz,09; (b) removal of acetyl 
groups by methanolic sodium methoxide to form a 
water-soluble sirup, [ a I z 4 ~  11 '; (c) reacetylation of the 
sirup from b to t,he original tet'raacetate only by use of 
forcing condit,ions (Ac20, AcONa, 140") ; mild condi- 
tions (AczO, AcOSa, 100'; or Ac,O, pyridine, 2.5') 
yielded only a triacetate, m.p. 161.5162 "; (d) periodate 
oxidatmion of the sirup from b, which consumed 2KI04  
and formed lHCOOH, thus demonst'rating the pres- 
ence of a six-membered ring with one oxygen atom in 
the ring. 
Y cannot be the a-anomer (111) of I1 since I11 is 

known to have different properties. It was obtained3 
by reaction of I with phenylmagnesiuiii bromide, sepa- 
ration of I1 by crystallization, deacet'ylation of the 
sirupy residue, and crystallization: m.p. 187 ', [aIz6D 
9O..i '. We deacetylated Y similarly. The product, 
initially a sirup, became crystalline: m.p. 134.5- 
13.i..io, [ a l Z 6 ~  13.9". Thus, Y cannot be 111. This 
same evidence tells also that Y cannot be l a -  or lp-C- 

(1) C.  n. Hurd and  R .  P. Holysz, J .  A m .  Chem. Soc.. 72, 1735 (1950). 
(2) See \T, A. Bonner a n d  C .  D. I lurd ,  ihid.. 73, 4290 (1951). for t h e  

stereochemical configuration around C-I. T h e  previously assigned name 
was tetra-0-acetyl-E-D-glllcopyranosylbenzene, T h e  t w o  names  differ i n  
the  choice of principal fbnction. anhydroglucitol  u s .  benzene; clearly, t h e  
former  por t rays  the  more impor tan t  func t ion .  Another po in t  of nomen- 
clature concerns t h e  position of "D" in  t h e  n a m e :  should i t  he -1,5-~- 
anhydroglucitol  or -1,5-anhydro-D-glucitol? Since anhydro  is a n  operational 
prefix (l ike cyclo or nor ) .  the  root name is anhydroglucitol ,  n o t  glucitol. 
Placing "D" in f ront  of the  root nanie emphasizes th i s  fact .  

(3) W .  A.  Bonner a n d  J. Craig, ibqd., 72, 3480 (1950). 

phenyl-l,5-~-anhydromannitol~ since both of these 
conipounds are known: the a-compound, m.p. 184- 
185', [ a I z 6 D  65.2', and the @-compound, m.p. 206-207", 
[ Q ] ~ ~ D  60.0 '. Thus, no simple epimeric transforma- 
tion a t  C-2 occurred under conditions of the reaction. 
Since it would be far less probable for epimeric changes 
to occur a t  C-3, -4, or -5 it seems established that the 
grouping -0-C (Ph) H-CHOH- cannot be considered 
for C-1 and-2. 

The deacetylated Y was not a reducing sugar since it 
reacted negatively with Benedict's solution and Tollens' 
reagent. This excludes -0-C(0H)H-CHPh-, a reduc- 
ing aldose, as a structural possibility. &o it gave no 
reaction with p-nitrophenylhydrazine in the presence of 
acetic acid, excluding -0-C(0H) Ph-CH2 which would be 
a nonreducing ketose. Both of these groupings are 
excluded also since Y (the tetraacetate) was found to 
be unreactive in chloroform solution toward titanium 
tetrachloride. An acylal function such as these would 
possess, if present, should have changed into a hemi- 
acetal chloride in the same way that titanium tetra- 
chloride5 converts glucose pentaacetate into I. 

The difficulty in preparing Y by reacetylating its 
deacetylated derivative is strong evidence that  the 
phenyl group is a t  2 ,  3 or 4, giving rise to a tertiary 
alcohol grouping. A phenyl group a t  C-5 should not 
interfere with acetylation, nor should one a t  C-6 since 
this would simply be a secondary alcohol. Absence of 
phenyl at these positions was demonstrated additionally 
by indirect elimination of the elements of acetic acid, 
causing formation of a double bond between C-5 and 
-6. For this to take place, a hydrogen atom, not a 
phenyl group, niust have been at C-.i. In  this synthe- 
sis, Y was deacetylated and then tosylated; thus, 
HOCH,- at C-6 became CH3C6H4SO20CHz-. After 
acetylation of two of the remaining three hydroxyls, 
the toluenesulfonate group was replaced by iodide. 
Treatment of the latter with silver fluoride caused 
elimination of H I  to form the double bond. Structures 
IV and V show this step. Phenyl is placed a t  C-2 in 
these structures for reasons to 

I h r  C H , i  1 
AcOCH AcOCH 

HCOAc HCOAc 

CH?=C-O 
I 

CH,I 
IV v 

follom. 

(4) C. D. H u r d  a n d  R. P. Holysz, ibid., 71, 1732 (1950) 
( 5 )  E. Pacsu, Ber. ,  61, 1508 (1928). 

VI 
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Conipound V is 3,4-di-O-acetyl-S-niethylene-2-C- 
phenyl-l,3-D-anhydroxylitol. It may be thought of 
as 1-deoxy-,i-glucoseen. It was a sirup. From an  
ozonolysis reaction run on the sirup we were unable to 
isolate the desired lactone but did obtain instead a 
sinal1 yield of pure V, remaining after inconiplete reac- 
tion. 

Since the phenyl group in Y niust be on C-2, -3 or -4, 
mechanistic considerations strongly indicate tha t  it is 
on c-2 with retention of D-gluco configuration, formed 
by way of D-1-glucoseen as an intermediate step. 
This is the only position a t  which E2 dehydrohalogena- 
tion could occur. The C-2 hydrogen in I is certainly 
more acidic than the hydrogens a t  C-3 or C-4 since it is 
next to the aldehydic carbon (C-1). A sufficiently 
strong base should be capable of abstracting this hydro- 
gen, and phenyllithiuni appears to be a base of requisite 
strength. I n  common with phenylmagnesiuni bro- 
mide (a weaker base), phenyllithiuni also abstracts 
chlorine from C-1 to yield I1 and presumably I11 in the 
dextrorotatory sirup (see ref. 3). These competing 
niechanistic steps seem reasonable. 

Production of 11.--X four-center transition state at 
C-1, results in replacement of C1 by Ph  with no change 
of configuration. I n  the conformational structure I a  
of qnipound I, the detail a t  C-1 is Ib. 

, CH,OAc 

C-C-H 
AcO I -*: CI Cl 

Ia Ib 

I1 

Production of 111.-Nucleophilic attack on C-1 re- 
sults in replacement of C1 by Ph,  with inversion. 

0 
/ 

H 
I11 

Ib  + PhLi or C-c/H -+ C-c/Ph + LiC] 

Production of Y.-Displacement of “acidic” hydro- 
gen on C-2 by the strong base, together with removal 
of acetyl group, results in D-1-glucoseen. 

1 -7 - 

-C-Ph 0 PhzyCHZ 
I / 

CHs CH3 ,C-CNH OH 
8 

I n  the anion form, C-1 of the double bond of l-gluco- 
seen obviously is more negative than C-2. Addition of 
PhLi to the glucoseen will, therefore, place phenyl a t  the 
more positive C-2. 

CHzOH CHZOH 

Li + Li + 

The gluco configuration for this product is VII, the 
manno configuration is VIII. If the reasonable as- 
suniption holds tha t  these conipounds have the same 

HOFH P h T z q  HOFF;] HOFH 
HFOH HFOH 
H y - 0  HC-0 

CHzOH CHsOH 
VI1 VI11 

I 

conformations6 as glucose and mannose, they are repre- 
sented by VIIa and VIIIa, respectively. From these 
structures, it is apparent that  the number 2 axial hy- 
droxyl of VIIIa is well suited for trans elimination with 

, CH?OH , CH,OH 

VIIa VIIIa 

the axial hydrogen at C-1 (BO”), whereas the equatorial 
hydroxyl of VIIIa is not trans coplanar with any neigh- 
boring C-H bond. The nondehydration under forcing 
conditions of acetylation supports VIIa as the struc- 
ture. 1-Phenylcyclohexanol, for example, is con- 
verted into 1-phenylcyclohexene on heating with acetic 
a n h ~ d r i d e . ~  

Although the manno conformation which is alter- 
nate to VIIIa would not be capable of elimination, the 
improbability of its presence is evident since it would 
have one CHZOH, one phenyl, and two OH groups in 
axial orientations. The unlikely gluco conforniation 
which is alternate to VIIa would possess one axial 
CH,OH and three axial OH groups. It would be ca- 
pable of elimination. The failure of eliniination thus 
demonstrates both the gluco configuration and its ring 
conformation as well. 

To test the idea of D-1-glucoseen as an intermediate, 
the compound was synthesized (as its tetraacetate) and 
treated with phenyllithium. The reaction product 
failed to crystallize but strong evidence that  VI1 was 
produced was the fact that from the reaction iiiixture 
a spot was found on paper chroniatography that moved 
with the same Ri as our previous product in two solvent 
systems. Acetylation of the new product under condi- 
tions yielding the tetraacetate gave some material 
having the sanie retention time on gas chroinatography 
as the original tetraacetate. The sun1 of all the evi- 
dence thus strongly supports 2-C-phenyl-l ,S-D-anhydro- 
glucitol (VII) as the structure in question 

The general glycosylation reaction, namely, the 
reaction of esterified glycosyl halides with organic 

( 6 )  C I)  Hurd and H T Miles 4nnl Chem 36, 1375 (1964) 
( 7 )  P Sabatier and 1 \Iailhe Compt rend 138, 1122 (1904) 
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magnesium reagents,* organic cadmium reagents,9 or 
organic lithium reagents' has recently been appliedlO 
(using a lithium reagent) to the synthesis in low yield of 
the interesting nucleoside pseudouridine (5-~-rihofuran- 
osyluracil), which occurs as a constituent of soluble 
ribonucleic acid. It appears likely that an  important 
factor contributing to the low yield is a competing dehy- 
drohalogenating reaction analogous to the one we have 
observed in the present study. If so, the use of a Grj- 
gnard reagent rather than the lithium reagent should lead 
to reduction of this competing reaction and possibly to 
a higher yield of nucleoside. 

Experimental 
2-C-Phenyl-l,5-~-anhydroglucitol Tetraacetate.-Erratic re- 

sults were encountered in several attempts to duplicate the 
original procedure.' Yields were generally 5-10y0, not 24%, 
and usually the triacetate was obtained instead of the tetra- 
acetate. Consistent yields of 16-2170 were realized with the 
procedure given below. 

Phenyllithium was prepared in the usual way in a flame-dried 
apparatus from 19.1 g. of lithium shot (low sodium grade, ob- 
tained from Metalloy Corporation, Minneapolis, Minn.), 146 ml. 
of bromobenzene, and 450 ml. of dry ether. Stirring was main- 
tained until amost no lithium remained undissolved. Then a 
solution of 40 g. of I, m.p. 67-70', in 450 ml. of absolute ether 
was added during 3 hr. The mixture was stirred under a slow 
stream of dry nitrogen overnight, then was refluxed for 4 hr. 
Hydrolysis was carried out a t  0-5" by dropwise addition of 400 
ml. of water. The mixture was neutralized with about 80 ml. 
of acetic acid. The ether layer was extracted once with 200 ml. of 
water and the water layer with 200 ml. of ether. The ether 
layer was set aside for later recovery of 1,l-diphenylethanol.' 

The water layer was concentrated under reduced pressure at  
100" to a thick sirup, then was dried to a solid cake by azeotropic 
distillation with benzene. To the solid was added 300 ml. of 
acetic anhydride and 10 g. of anhydrous sodium acetate. After 
2 hr. a t  100" another 150 ml. of acetic anhydride was added 
and the remaining solid was disintegrated. The mixture was 
stirred and heated for 1 hr. a t  100' and for 25 min. a t  130-135', 
then was held at  15-20' as water (700 ml.) was added dropwise 
with stirring. The mixture was repeatedly ether extracted (1200 
ml. total) and the ether solution was freed of acetic acid by ex- 
traction with water and sodium bicarbonate solution. Then the 
ether solution was shaken with both Norit and calcium chloride 
and was filtered through the following layers on a Buchner fun- 
nel: calcium chloride (top), Norit, anhydrous magnesium sul- 
fate, Celite. Drying of the resulting light yellow filtrate was 
completed with magnesium eulfate. Slow evaporation of the 
solution in 'an unstoppered flask yielded prismatic crystals. 
These were collected and washed with ether-pentane to give 8.04 
g. (16%) of white crystals of m.p.  140-142". The filtrate later 
deposited 1.7 g., m.p. 120-140", which probably contained more 
of the same substance. 
2-C-Phenyl-l,5-~-anhydroglucitol (VI) .-A solution of 0.43 

g. of the triacetate' of this compound, m.p. 162-163", in 10 ml. 
of absolute methanol containing 1% of dry hydrogen chloride 
was refluxed for 15 hr., then was shaken for 8 hr. with 6 g. of 
silver carbonate, filtered, treated with carbon, filtered through 
Celite, and evaporated. The crystalline residue was recrystal- 
lized from ethanol, yielding 79 mg., m.p. 134.5-135.5', [aIz6n 
13.9" (c 1.58, ethanol), 

Anal. Calcd. for ClzHleOs: C, 60.00; H, 6.67. Found: C, 
60.30; H, 7.08." 

Deacetylation of the acetyl derivative by the Zemplen method 
(CH,OH + trace CH,ONa) gave this substance as an oily prod- 
uct which usually crystallized, however, on standing overnight. 
2-C-Phenyl-1,5-n-anhydroglucitol 3,4-Diacetate 6-p-Toluene- 

sulfonate.-To a solution of 4.1 g. of VI (m.p. 133-136') in 45 
ml. of dry pyridine was added 3.5 g. of p-toluenesulfonyl chloride, 
the solution being kept a t  0' for 2 hr. and at  20" for 2 days. 

(8 )  C. D. Hurd  and W .  A.  Bonner, J. Am. Chem. Soc., 67, 1972 (1945). 
(9) C. D. Hurd  and R. P. Holysz, ibid., 71, 2005 (1950). 
(10) R. Shapiro and  R.  Chambers ,  ibid., 8S, 3920 (1961). 
(11) All analyses in this  paper were by Miss H. Beck. 

Acetylation wa8 then carried out by adding 35 ml. of acetic 
anhydride to the chilled solution and then keeping the flask 
again a t  0" for 2 hr. and a t  20" for 2 days. The solution was 
poured into 80 ml. of ice-water while shaking the flask in an ice 
bath to dissipate the heat of reaction. After standing for 1 hr. 
the mixture was extracted with chloroform (300 ml. total). 
The extract was washed in turn with dilute sulfuric acid, water, 
sodium bicarbonate solution, and water, then was dried (CaCl,), 
concentrated to a solid, and dissolved in boiling ethanol (200 ml.) . 
On cooling, the separated white crystals weighed 5.0 g. (SO%), 
m.p. 175-177" dec. Afterrecrystallization from ethanol the melt- 
ing point was 166-168" dec. A third crystallization from methanol 
changed the melting point to 164-165' dec.; [a] 3 0 ~  58.8' (c 7.24, 
chloroform). 

Anal. Calcd. for C Z ~ H Z ~ O ~ S :  C, 57.74; H, 5.23. Found: 
C, 57.74; H, 5.49. 

Acetic Esters of 6-Iodo-2-C-phenyl-6-~-deoxy-1,5-anhydro- 
glucitol. The 3,4-Diacetate.-A mixture of 0.7 g. of the above 
toluenesulfonate (m.p. 162-163' dec.), 7 ml of acetic anhydride, 
and 0.6 g. of sodium iodide was heated at  100" for 2 hr. and then 
cooled and poured into 12 ml. of ice-water. The oil which formed 
crystallized on standing overnight. The crystals were separated, 
washed with water, sodium bicarbonate solution, again with 
water. and dried, yielding 0.38 g. (58%), m.p. 177-178". Quali- 
tative tests for the presence of iodine were positive; [ o ~ ] Z ~ D  48.6" 
(c 3.64, chloroform). 

Anal. Calcd. for Cl6Hl8IO6: C, 44.37; H, 4.19. Found: C, 
44.34; H, 4.42. 

The 2,3,4-Triacetate .-The same relative amounts of reagents 
were taken as before but instead of holding the temperature a t  
100" it was held a t  reflux (140") for 75 min. Processing was 
the same as for the diacetate. From 1.8 g. of the toluenesul- 
fonate, 0.9 g. of crude crystalline triacetate was obtained. Two 
recrystallizations from ethanol gave 0.50 g. (28%) of pure tri- 
acetate, m.p. 175-176". A third crystallization brought the 
melting point to 176.5-177.5'; [a]"D 21.7" (c 3.96, chloroform). 
A mixture of the di- and triacetates sintered about 145' and 
melted between 150-167'. Iodine was present as tested by fu- 
sion with sodium. 

Anal. Calcd. for Cl8HZ0IO7: C, 45.50; H, 4.24. Found: 
C, 45.55; H, 4.40. 

In a comparable run that differed by being refluxed for 50 min. 
instead of 75, probably both the di- and triacetates were formed, 
but the diacetate was the only pure compound obtainable (24y0 
yield) on working up the reaction products. 

5-Methylene-2-C-phenyl-1 ,5-n-anhydroxylitolJ,4-Diacetate 
(V).-The above 6-iodo diacetate (1.0 g.) was mixed with 10 ml. 
of anhydrous pyridine and 1.2 g. of silver fluoride. The proce- 
dure was adapted from that of Helferich and Himmen'2for making 
methyl 2,3,4-0-triacetyl-a-~-5-glucoseenide. 

The stoppered flask was covered with aluminum foil to exclude 
light and was shaken for 35 hr. The mixture was extracted with 
nine 15-ml. portions of dry ether. Each portion was filtered 
through Celite on sintered glass. Concentration of the ether to 
50 ml., refiltration, and then evaporation of a steam bath left a 
sirupy residue and some silver. The sirup was dissolved in 
methanol and filtered. Evaporation left 0.63 g. including some 
sirup, but no crystals. The material gave a strong test for un- 
saturation with a 1% solution of bromine in carbon tetrachloride. 
It refused to crystallize. 

I t  was dissolved in 25 ml. of acetic acid, filtered through sin- 
tered glass to remove silver, and a stream of ozone was passed 
through it for 52 min. Then 60 ml. of dry ether and 24 g. of 
zinc powder were added. After several hours the mixture was 
filtered, extracted with water, sodium bicarbonate solution, and 
water, then was dried (MgS04). The solvent was evaporated, 
leaving a small quantity of needle-shaped cryetals and some sirup. 
The crystals were separated and crystallized twice from ethanol 
and twice more from 2-propanol: m.p. 118-120". Less than 10 
mg. remained, but analysis demonstrated that i t  was V. The 
lactone VI, expected by ozonolysis of V, was excluded by anal- 
ysis (Calcd. for ClbHl6O,: C,  58.44; H, 4.91.). I t  may have 
resisted extraction by ether from the aqueous acetic acid solu- 
tion. 

Anal. Calcd. for ClsHlsOe: C ,  62.74; H, 5.92. Found: 
Search for VI was not continued. 

~~ 

C, 62.93; H, 5.82. 
Reaction between Phenvllithium and D-l-GluCOSeeII Tetra- 

acetate.-A solution of 4.5 9. of n-1-glucoseen tetraacetate (0.014 

(12) B. Helferioh and E. Himmen,  Be?., 61, 1825 (1928). 
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mole, m.p. 61-63')13 in 100 ml. of ether was added dropwise 
with stirring to 0.15 mole of phenylithium in 130 ml. of ether 
during 0.5 hr., and was stirred for an additional 2.5 hr., then was 
refluxed for 3 hr. It was treated with 100 ml. of water, neu- 
tralized with acetic acid, and extracted with ether (discard ether 
layer). Most of the water was evaporated under aspirator 
vacuum with heating and the remainder a t  300 p a t  50". Final 
drying was over phosphorus pentoxide under vacuum. 

The reaction mixture was acetylated with acetic anhydride 
and sodium acetate a t  looo, poured into ice-water, and extracted 
with chloroform. The chloroform solution was extracted with 
sodium bicarbonate solution and then with water before being 
dried with magnesium sulfate and treated with charcoal. Filtra- 
tion and evaporation left a brown oil which could not be induced 
to crystallize. 

Part of the oil was deacetylated with potassium methoxide in 
absolute methanol and aliquots chromatographed on paper in 
two solvent systems (A, triethylamine-t-butyl alcohol-water, 
2 : 10: 3, and B, pyridine-n-butyl alcohol-water, 4: 6:  3). The 
Rf values of the principal component of the reaction mixture, 
of pure VII, and of glucose were 0.77, 0.77, and 0.31 in A and 
0.81, 0.83, and 0.44 in B, respectively. 

Part of the material which had been acetylated a t  100" was 
subjected Zo vigorous acetylation conditions (refluxing acetic 
anhydride in the presence of sodium acetate), producing another 
noncrystalline reaction mixture. Gas chromatography of this 
material showed a principal peak a t  10.1 min. (6-ft. column, QF-1 
on Gas-Chrom P,  20 p.s.i.), identical with that of the pure tetra- 
0-acetate of VI1 (m.p. 142-143"). Both materials showed sub- 
sidiary peaks, presumably the result of impurities in the first 
instance and of partial pyrolysis on both experimeqta. 

(13) K. Maurer, Ber., 61, 332 (1929). 

Spectra.-Infrared spectra were taken on several of the com- 
pounds, with results given below. Alcohol-free chloroform was 
taken as solvent and 7% solutions were used unless otherwise 
noted. The spectra for the tetra- 
acetates of VI and 11 followed each other closely, but significant 
differences appeared at  8.50, 9.4-9.8, and 10.4-10.9 p.  The tri- 
and tetraacetates of VI also were close, differing from each other 
primarily a t  2.8, 8.5, 8.7, 9.8, and 10.5-10.9 p.  These assign- 
ments are applicable: hydroxyl 2.8, phenyl 3.3 and 6.7, carbonyl 
(ester) 5.7, C-methyl (of acetyl) 7.3, acetic ester 8.C-8.1, sul- 
fonic ester 8.40 and 8.47, and cyclic ether 9.0-9.1 p.  

VI triacetate, m.p. 162-163": weak a t  2.8, 6.6, 6.8, 10.4, 
10.55, and 10.9; medium at  3.3, 7.3, 9.0, 9.36 and 9.53; strong 
a t  5.7 and 8.1 p .  

VI tetraacetate, m.p. 142-143': weak a t  3.3, 6.6, 6.8, 8.5, 
8.7, 10.4, and 10.7; medium a t  7.3, 9.0, 9.36, 9.53, and 9.8; 
strong at  5.7 and 8.1 p .  

I1 tetraacetate, m.p. 155-156": weak a t  3.3, 6.6, 6.8, and 
10.9; medium a t  7.3, 9.0, and 9.44-9.64; strong a t  5.7 and 8.1 p .  

lp-C-Phenyl- 1,5-~-anhydroxylitol triacetate, l4 m .p. 170°, 16% 
solution: weak a t  3.5, 6.69, 10.7, 11.0, and 11.4; medium a t  3.3, 
6.87,7.03, and 10.2; strongat5.71, 7.30,8.00-8.12,9.2,9.4,and 
9.7 p. 

2- C-Phen yl- 1,5-~-anhydroglucitol 3,4-diacetate 6-p-toluene- 
sulfonate, m.p. 164-165" dec.: weak a t  2.84,3.5, 6.25,6.70, and 
11.0; medium a t  3.35, 6.94, 8.40, 9.1, 9.4, 9.6, 10.2, and 10.6; 
strong a t  5.71, 7.30, 8.07, and 8.47 p .  The anomalous hydroxyl 
band at  2.85 p was weak, but definite. 

IV diacetate, m.p. 177-178": weak a t  2.82, 3.35, 6.70, 6.92, 
7.07, 8.84, 10.0, 10.4, 10.6, and 11.1; medium at  7.30, 8.34, 
9.03, 9.40, and 9.57; strong at  5.70 and 8.07 p .  

A 0.03-mm. cell was used. 

(14) C. D. Hurd and W. A. Bonner, J .  A m .  Chem. Soc., 67 ,  1759 (1945) 

Catalytic Isomerization of Polyhydric Alcohols.] 
11, The Isomerization of Isosorbide to Isomannide and Isoidide 

L. W. WRIGHT AND J. D. BRANDNER 
Chemical Research Department, Atlas Chemical Industries, Inc., Wilmington 99, Delaware 

Received March 9, 1964 

At  220-240O and 150 atm. of hydrogen pressure the reversible interconversion of the 1,4; 3,6 dianhydrohexitols 
of D-glucitol, D-mannitol, and >iditol reaches a steady state after 2-6 hr. in the presence of nickel-kieselguhr 
catalyst. At this time the approximate concentrations are 57%, 1,4 ; 3,6-dianhydro+iditol; 36%, 1,4 ;3,6- 
dianhydro-D-glucitol; and 7%, 1,4 ; 3,6-dianhydro-~-mannitol. These figures are shown to be consistent with 
probability considerations; Le., the relative amounts of the dianhydrohexitols are related to the probability of a 
given hydroxyl group being either ex0 or endo. Taking the steady-state mole fraction of 1,4 ;3,6-dianhydro-k 
iditol as 0.57, it is calculated that the probability of a hydroxyl being exo is three times the probability of its 
being endo. Calculation of the mole fraction of the other two anhydrohexitols on the basis of these relative 
probabilities yields values in close agreement with those found experimentally. The isomerization is strongly 
accelerated by increasing alkalinity of the catalyst-dianhydrohexitol slurry. 

Recently' we reported on the existence of isomeriza- 
tion equilibrium between the hexitols, D-glucitol, D- 
mannitol, and L-iditol, established a t  170" in the pres- 
ence of nickel-kieselguhr catalyst and 100 atm. of 
hydrogen. Our interest in polyhydric alcohols 
prompted us to reinvestigate the isomerization behavior 
of the dianhydrohexitols.2 The analytical problems 
were simplified by application of gas-liquid chro- 
matography to the analysis of the reaction products. 

Fletcher and Goepp2 had previously shown that 
1,4 ;3,6-dianhydro-~-iditol could be isolated from the 
reaction products obtained by treating the dianhydride 
of either D-glucitol or D-mannitol with Raney nickel a t  
200' and 250satm. of hydrogen. The present paper ex- 
tends this work and demonstrates that  isomerization 

(1) For the first paper of this series, see L. Wright and L. Hartmann, 

(2) H. G .  Fletcher, Jr., and R. M. Goepp, Jr.. J .  A m .  Chem. Soc.,  68, 
J .  Org. Chem., 16,  1588 (1961). 

938 (1946). 

equilibrium is established between the three dianhy- 
drohexitols of D-glucitol, D-mannitol, and L-iditol a t  
220-240 The isomerization reaction constitutes a 
good method for the preparation of 1,4 ; 3,6-dianhydro- 
L-iditol,a recoverable yields of 52% being achieved in 
this work. 

Results and Discussion 
I n  the Experimental part of this paper, a description 

is given of the isolation and identification by gas-liquid 
chromatography of isomannide and isoidide as the 
isomerization products of isosorbide. In  order to obtain 
information that  would lead to a better understanding 
of the isomerization reaction, a study was made of the 
effect of temperature on the isomerization of isosorbide. 
The results are given in Table I.  The data show that  

(3) L. W. Wright and J. D. Brandner, U. S. Patent 3,023,223 (Feb. 
27, 1962), assigned t o  Atlas Chemical Industries, Ino. 


