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The fate of the original alcohol component of the
ether has not been defined in these examples.

Experimental

Materials.—Tlie polyhydric alcohols were all commer-
cially available products. The reaction solvent, N,N-di-
methylformamide, and the triethylamine were fractionally
distilled commercial samples (b.p. 149-150° and 89.0°,
respectively). The 2,4-dinitrofluorobenzene was used witl-
out purification as obtained from the Pierce Chemical Co.,
Rockford, IlIl. The 2,4,6-trinitrofluorobenzene was pre-
pared by the method of Vogel and Henne .8

Preparation and Properties of 2,4-Dinitropheny! Ethers.
—Examples are given of the various techniques employed
in the derivatization of the polyhydric alcohols. Complete
data on yields, melting points, analyses and X-ray powder
diffraction patterns® are given in Table I; a representative
infrared absorption spectrum is given in Fig. 1. The 2,4-
dinitrophenyl ethers of the polyhydric alcohols were in-
soluble in water, diethyl ether, ethanol, benzene, chloro-
form, carbon tetrachloride, pyridine, ethyl acetate and
acetic acid. These ethers were soluble (with wide varia-
tions in degree) in acetone, N,N-dimethylformamide, ni-
trobenzene and dimethyl sulfoxide. Their solutions showed
a slight yellow color. On pouring solutions of the ethers in
concd. sulfuric or nitric acids into water the ethers were re-
covered unchanged. Although the ethers were stable under
most conditions, low order detonations resulted on heating
in a direct flame or on striking them with a hammer on steel.

Tetrakis-O-(2,4-dinitrophenyl)-erythritol.—Erythritol (11
unnoles) was added to a stirred suspension of 10 g. of potas-
sium carbonate powder in 50 ml. of N, N-dimethylformamide
containing 75 mmoles of 2,4-dinitroflucrobenzene.  After
stirring for 40 hr., the insoluble salts were removed by fil-
tration and washed with added solvent. The blood-red
filtrate and washings were diluted with 1 liter of benzene.
The yellow-orange precipitate was collected and washed with

(8) G. Vogel and A. Henne, unpublished work.

(9) A complete tabulation of these data i{s presented in the M. Sc.
Thesis of B. O. Juliano, The Ohio State University, 1958
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cthanol and hot water. The powder was dried (110°) and
dissolved in & minimum of warm acetone. After treatinent
with activated carbon, the solution was conceutrated and
benzene added. Cooling afforded crystals which were re-
crystallized in tlie same manner to give a white product;
vield 4.1 g.

If the 2,4-dinitrofluorobenzene was replaced by equimolar
amounts of either 2,4,6-trinitrofluorobenzene or its chloro
analog, the only product isolated was potassimin 2,4,6-tri-
nitroplienoxide in high yield. Potassium 2,4-dinitro-
phienoxide could also be isolated in low vield from the water
washings of the 2 4-dinitrofluorobenzene crude reaction
product.

Hexakis-0-(2,4-dinitropheny!)-p-mannitol.—p-Maunitol,
15 g., was added to a mixture of 75 ml. of triethylamine, 75
ml. of 2,4-dinitrofluorobenzene and 180 ml. of N,N-di-
methyiformamide. After stirring for 24 hr. at room tan-
perature, the reaction mixture (a deep red solution) was
acidified with dilute hyvdrochloric acid, diluted to 1 liter
with water and cooled. The hard mass of precipitate was
separated by decantation and washed with water before
drying. The dry solid was extracted twice with small
volumes of cold acetone, once each with hot ethanol and
hot water. After drying again, the solid was dissolved in
liot N, N-dimethylformamide, treated with activated car-
bon, and benzene added (hot) until crystallization ensued.
Cooling, followed by the further addition of benzene, af-
forded 79 g. of slightly yellow crystals, hexakis-0-(2,4-di-
nitrophenyl)-p-mannitol. The analytical saniple was crys-
tallized once more from acetone—benzene.

If 2,4,6-trinitrofluorobenzene was substituted for the
dinitro analog in the above process, an intensely black niix-
ture resulted whicl did not afford any solid material when
processed as above or by various alternate methods. 1f no
Dhase was added to the reaction mixture, no reaction oc-
curred (72 lir.) aud the p-mannitol could be recovered in
85% wvields by filtration. The filtrate failed to produce
turbidity on addition to water. Substitution of 2,4-dinitro-
chlorobenzene for the fluoro anulog resulted in extremely
low vields of the desired fully etherified derivatives. No re-
action was observed with 4-nitrofluorohenzene.
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The Acid-catalyzed Anomerization of Acetylated Aldopyranoses*

By WiLLiam A. BONNER
RECEIVED SEPTEMBER 23, 1958

Three acetylated aldohexopyranoses, an acetylated 6-deoxyaldohexopyraposq aqd three acgtyla;ed ald'opentopyxjanoses
have been studied from the viewpoint of their sulfuric acid-catalyzed anomerization in 1:1 acetic acid—acetic anhydride sol-

vent.
and first order in acetylated aldopyranose concentration.

In each case the rate of anomerization has been found to be approximately first order in sulfuric acid concentrati.on
Acetylated aldopentopyranoses have been found to anomerize

8-25 times as rapidly as acetylated aldohexopyranoses, a feature which can be rationalized by steric shielding of the anomeric

center by the C5 acetoxymethy! groups in the latter series.

chemical configuration on the anomerization rates of acetylated aldohexoses and aldopentoses are pointed out.

Several tentative generalizations regarding the effect of stereo-

The equi-

librium constant for each acetylated aldopyranose anomerization has been estimated, and it has been found that the pre-
dominant anomer at equilibrium may be qualitatively predicted by application of the Hassel-Ottar effect.

Introduction

Although the action of Lewis acids in mixtures
of acetic acid and acetic anhydride on acetylated
B-D-aldopyranoses has been widely used? as a syn-
thetic tool for the general preparation of poly-O-ace-
tyl-a-D-glycopyranoses, relatively little attention
has been paid to the fundamental mechanism of
this anomerization reaction. In 1951, we pub-
lished? the results of a rather detailed kinetic study
of the sulfuric acid-catalyzed anomerization of

(1) We are indebted to the Quaker Oats Co. for their generous sup-
port of a portion of this research.

(2) Cf. ref. 3 for a number of specific examples.

(3) W. A. Bonner, THis Jour~ar, 73, 26538 (1951).

the penta-O-acetyl-D-glucopyranoses, (a) pointing
out the approximately linear relationship between
anomerization rate and acid concentration, (b) in-
dicating the absence of a salt effect in the anomeri-
zation, (¢) studying the effect of solvent composi-
tion, particularly with respect to acetic anhydride
concentration, on the rate of anomerization, (d)
demonstrating the specificity of the anomerization
process for the anomeric center and (e) suggesting
a mechanism for anomerization consisting essen-
tially of an SN2 attack by the conjugate acid of ace-
tic anhydride on the anomeric carbon. In 1953,
Painter disclosed* the results of a similar study
(1) E. P. Painter, ibid., 76, 1137 (1933).
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employing both sulfuric and perchloric acids as
anomerizing catalysts. Confirming and extending
our earlier observations, he arrived, primarily on
the basis of the inhibiting effect of acetic acid on the
anomerization rate, at the conclusion that the C-1
carbonium ion hybrid (I), formed by a rate-deter-

H OAc H OAc
AcO ® AcO
OAc H OAc
H Y H ®
CH,0Ac CH;0Ac

mining first-order dissociation of the penta-O-ace-
tyl-D-glucopyranose, was the important anomeriza-
tion intermediate. Later Lemieux, Brice and Hu-
ber, in an elegant study comparing polarimetrically
determined anomerization rates with radiochemi-
cally determined C-1 acetoxy exchange rates, found®
that the inversion rate for the o — 8 process and the
exchange rate for labeled C-1 acetoxy in penta-O-
acetyl-a-p-glucopyranose were identical in a 1:1
mixture of acetic acid and acetic anhydride 0.5 M
in sulfuric acid, while the exchange rate for penta-
QO-acetyl-3-D-glucopyranose was about 17 times as
rapid as was the inversion rate for § = «. While
the first of these observations supported our origi-
nal suggestion of an SN2 mechanism for anomeri-
zation, the authors argued that an ionic mechanism
was not rigorously excluded, and suggested that an
ionic intermediate (II) involving participation by

H 0_/C/CH3

AcO (-BO
OAc H
H

H On
CH,0Ac

1I

the acetoxy group at C-2 was likewise important
in the anomerization—exchange picture.

Since our original study?® we have undertaken fur-
ther investigation of the anomerization reaction,
and report our recent observations in this and fol-
lowing papers. At the outset it seemed desirable
to extend anomerization studies to acetylated su-
gars other than the penta-O-acetyl-p-glucopy-
ranoses. These studies are the subject of the pres-
ent paper.

Experimental

Poly-O-acetylaldopyranoses.—The acetylated «- and 8-
anomers of p-glucopyranose, the acetylated B-anomers of
D-mannopyranose, D-galactopyranose, 6-deoxy-D-glucopy-
ranose, D-xylopyranose, D-ribopyranose and the acetylated
a-anomer of L-arabinopyranose were employed in the polari-
metric studies described below. These samples, except as
noted below, were prepared by acetylation of the free al-
doses by methods adequately described in the literature, and
were purified by recrystallization until their melting points
and specific rotations were in agreement with the correspond-
ing values found in the literature. The purified samples
were dried in a vacuum desiccator prior to their use in ano-
merization experiments.

Tetra-O-acetyl-L-arabinopyranose.—Tri-O-acetyl-3-L-
arabinopyranosy! chloride was prepared by the action of
acetyl chloride containing anhydrous zine chloride on L-

(5) R. U. Lemieux, C. Brice and G. Huber, Can. J. Chem.. 88, 134
(1953).
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arabinose, after the procedure of Brauns.! The crude prod-
uct had m.p. 146-147° in agreement with the literature®
and was used below after a single recrystallization from an
ether-ligroin solvent. The product was dissolved in anhy-
drous ether, treated with an excess of silver acetate, and
the mixture was stirred under reflux in the presence of glass
beads for 4 hours. The solids were filtered and the solvents
evaporated from the filtrate. Lacking seed crystals, the
sirupy product, [«]?p +43.2° (¢ 4.3, CHCl), could not
be crystallized from the usual solvents. Since its rotation,
however, was close to that described? in the literature, [a] %D
42.5° (CHCY), for tetra-O-acetyl-a-L-arabinopyranose, the
desiccated sirupy product above was employed as such in
anomerization reactions as described below. The combined
product from three such anomerization reactions was
1solated as described below for anomeric equilibrium com-
position determination (Table III). On standing, the
crude product partially crystallized. Recrystallized twice
from dilute ethanol the resulting sturdy prisms melted con-
stantly at 97° and had [«]%Dp +146.5° (¢ 1.5, CHCl,).
This is the correct specific rotation ([«]®Dp +147.2° (CH
CL)7), but a newly reported melting point (lit.? 86°) for
tetra-O-acetyl--L-arabinopyranose.

Anal. Caled. for Ci3HOy: C, 49.06; H, 5.70. Found:
C, 48.79, 48.77; H, 5.76, 5.76.
Tetra-O-acetyl-6-deoxy-p-glucopyranoses were prepared
by the convenient reaction sequence described by Hardegger
and Montavon,® involving finally the catalytic hydrogena-
tion of the anomeric tetra-O-acetyl-6-deoxy-6-iodo-p-gluco-
pyranoses. The products had properties corresponding
closely to those described by Hardegger and Montavon.

Anomerization Experiments.—A solvent mixture con-
taining equal volumes of C.p. acetic anhydride and C.p.
acetic acid was prepared, and a portion placed in a 10-ml.
volumetric flask; C.p. sulfuric acid (0.55 ml.) was added
to the flask, rinsing the pipet well. The resulting solution
was thermostated at 25.0 == 0.1°, then diluted to the mark
with solvent mixture, providing an anomerization reagent
1.0 M in sulfuric acid. The appropriate weight of poly-O-
acetylaldopyranose was transferred to a 10-ml. volumetric
flask and dissolved in a small volume of the above solvent
mixture. After thermostating, an appropriate volume of
the above 1.0 M sulfuric acid anomerization reagent was
added, the contents were diluted to 10.0 ml. with solvent
mixture, and the stopwatch was started. The reaction
mixture was transferred to an all-glass, jacketed 2-dm.
polarimeter tube through whose jacket 25.0 = 0.1° water
was circulated, and optical rotation observations were made
at measured time intervals. The first-order rate constants
recorded in the tables were calculated as previously? at the
measured time intervals by the relationship

2.3 T — Ve
ka+kﬁ : lOg'”__re
where 7¢ is the observed rotation at zero time, 7; that at the
measured time ¢ and 7. that at final equilibriumi. The
value for 7o was obtained either by extrapolation of the muta-
rotation curve to zero time or by observing the rotation of a
similar mixture lacking the sulfuric acid catalyst, the two
methods giving concordant results. The rate constants
given in the tables are the averages of five to twelve indi-
vidual constants calculated for each run. The precision
of these figures was generally comparable to that described
in our earlier study.?

On completion of the anomerization the reaction mixture
was diluted with water and allowed to stand a few minutes,
whereupon the product was extracted into chloroform.
The extract was washed with water, then sodium bicarbon-
ate solution, then dried over anhydrous sodium sulfate,
filtered and stripped of solvent in vacuo. The residue, gen-
erally in nearly quantitative yield, was dried n vacuo over
phosphoric anhydride, during which time it usually crys-
tallized. The equilibrium composition of the anomerized
product was determined by measuring the specific rotation
of the above crude sample after the manner which we em-
ployed previously.? We have generally retained the use of
this method for estimating anomerization equilibria, al-
though Painter has argued® that the observed rotation of the

(6) D. H. Brauns, THis JoURNAL, 46, 1484 (1924).

(7) C. S. Hudson and J. K. Dale, 7bid., 40, 995 (1918),

(8) E. Hardegger and R. M. Montavon, Hely. Chim. Acta, 29, 1199
(1946},
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final equilibrated reaction inixture is a better criterion of
equilibrium composition than is the specific rotation of the
isolated anomerized product. Lemieux and co-workers
have confirmed® the slight discrepancies in estimated ano-
merization equilibrium values obtained by the two methods
for the penta-O-acetyl-p-glucose (ca. 86%, a- and 149} 8-
anomer by the reaction mixture rotation criterion versus ca.
839% a- and 179, #-anomer by the crude product specific
rotation criterion?), and have substantiated the equilibrium
composition of the isolated product by isotopic dilution
analysis. We have continued to use primarily the rotation
of the isolated product as the criterion for anomeric
equilibrium composition both because of Lemieux’ con-
firmation of its validity and because the method may be
based on literature values of specific rotations (usually in
chloroform) and does not require the measurement of the
rotations of the less available a-anomers in the anomerization
solvent (1:1 acetic acid—acetic anhydride) employed.

Results

In Table I it is seen that the approximately linear
relationship between anomerization rate and sul-
furic acid concentration, previously observed for
penta-O-acetyl-p-glucopyranose anomerizations
with both sulfurie®* and perchloric? acids, applies
also to a large number of acetylated hexoses and
pentoses. As previously observed,® with both ace-
tic anhydride and 1:1 acetic acid-acetic anhy-
dride solvents, one notes generally in Table I (last
column) a slight negative departure from this lin-
earity at lower sulfuric acid concentrations, a fea-
ture also evident in Painter’s data with perchloric
catalyst.*

TABLE I
DEPENDENCE OF ANOMERIZATION RATES OF ACETYLATED
ALDOPYRANOSES ON SULFURIC AcIiD CONCENTRATION IN 1:1
AcETIC ACID-ACETIC ANHYDRIDE AT 25.0°

Acetylated ka + k5/
aldopyranose, [H:S0«}, ka -+ kB, H2S0s),
conen, = 0.1 M mole/1. min, ~1 1./mole-min.

a-D-Glucose 0.50 0.0342 0.0684
B-p-Glucose .10 .00534 .0534
B-D-Mannose .50 .0334 .0668
.25 .0150 .0600
B-p-Galactose .50 .0788 L1572
.25 .0338 L1351

.10 .0114 .114

6-Desoxy--p-glucose .50 .375 .750

.10 0569 . 569

B-p-Xylose .50 .810 1.620

.25 .419 1.675

.05 .0703 1.405

B-p-Ribose .50 .284 0.568

.25 . 143 0.572

«-L-Arabinose .50 .650 1.300

.25 . 289 1.157

Table II indicates that the first-order dependence
of anomerization rate upon concentration of ace-
tylated aldose, previously noted?®* for the penta-O-
acetyl-p-glucopyranoses, is a general one. The re-
lationship

rate = (ka <+ k8) [acetylated aldose]

required at a given catalyst concentration by any
of the anomerization mechanisms which have been
proposed is seen to be quite general among the
acetylated aldopentoses and aldohexoses studied.
This fact is indicated by the essential independence
of the specific anomerization rate of each acetylated
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aldose on concentration over a several fold range of
acetylated aldose concentration.

TasLE 11

INDEPENDENCE OF SPECIFIC RATE OF ANOMERIZATION ON
CONCENTRATION OF ACETYLATED ALDOPYRANOSE IN 1:1
ACETIC ACID-ACETIC ANHYDRIDE 0.5 A/ IN SULFURIC AcIp

AT 25°
Acetylated aldopyranose Coucn. mole/l. ka + k8, min, "t
B8-p-Glucose® 0.20 0.0362°
.10 .0326°
.05 .03z6°
a-D-Glucose® .20 .0387
.10 .0341
.05 .0343
Av. .0352
B-p-Mannose® .20 .0342
10 .0326
Av. .0334
B-p-Galactose® .20 .0788
.10 .0789
Av. .0788
B-p-Xylose® .20 .418
.10 . 420
Av, 419
B-p-Ribose® .20 . 144
.10 . 143
Av. .143
a-L-Arabinose® .20 270
.10 .309
Av. .289

@ Catalyst conc., 0.50 M. H,SO,.
M. H,S0;. ¢ Data from Ref. 3.

b Catalyst conc., 0.25

Finally, in Table III are presented the anomeri-
zation equilibrium constants pertaining to the vari-
ous acetylated hexopyranoses and pentopyranoses
studied, as well as the individual rate constants ap-
plying to each

ka

a == 8

ks
anomerization. The individual rate constants in
Table III are, of course, open to the errors inherent
in estimating the values for K4 (¢f. Experimental).
The magnitude of the discrepancies occasioned by
the alternative methods of estimating K4 is sug-
gested in Table III by the examples of D-glucose,
p-mannose and 6-deoxy-bp-glucose. In each case
noted the equilibrated reaction mixture criterion
gives a lower value for Keq than does the specific ro-
tation of the crude product criterion. This is the
direction of error which might be expected if an op-
tically inactive impurity (e.g., residual solvent)
were present in the crude anomerized product whose
specific rotation was used as a criterion for Keq.

Discussion

The data in Tables I and II indicate that the
kinetic factors previously observed®* in the case of
the penta-O-acetyl-D-glucoses also apply quite gen-
erally to other acetylated hexoses and pentoses.
Consequently, any mechanism found applicable to
a specific anomerization reaction can reasonably be
thought of as generally valid for other acetylated al-
dopyranose anomerizations. Comparison of the spe-
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TaBLE III

EQUiLIBRIUM CONSTANTS AND INDIVIDUAL RATE CONSTANTS FOR ANOMERIZATIONS OF ACETYLATED ALDOPYRANOSES IN 1:1
ACETIC ACciD-ACETIC ANHYDRIDE 0.5 M 1IN SULFURIC ACID AT 25°

——————Equilibrated product K. ke,° kg,¢.d
Acetylated aldopyranose [a}#D (CHCI3) % a % 8 %ﬁ/%a min, ~1 min, -1
p-Glucose 85.6° 84.0° 16.0° 0.191 0.0054 0.0983
(88.0)" (88.0) (12.0) ( .137) ( .0041) ( .0296)
D-Mannose 43.2 86.0 14.0 .163 0047 .0287
(94.0) ( 6.0) ( .064) ( .0020) ( .0314)
D-Galactose 89.6 79.0 21.0 . 266 .0166 .0622
B6-Deoxy-D-glucose 104.2 82.5 17.5 212 .066 .309
(88.5) (11.5) ( .130) ( .043) ( .332)
D-Xylose 65.5 78.5 21.5 274 .181° .657°¢
D-Ribose -31.9 22.5 77.5 3.45 .220 .064
L-Arabinose 97.4 47.0 53.0 1.128 .345 .305

¢ Equilibrium data based on specific rotation of the isolated anomerized products.
data based on the observed rotations of the final anomerized reaction mixtures,
4 Calculated by the relationship kg = (ka + k8)/(1 + Keg).
present values found by doubling the figures so obtained.

in the present and previous work.?
made with 0.25 M sulfuric acid catalyst;

cific rates of anomerization (Tables I and III) for
acetylated aldohexoses with acetylated aldopentoses
indicates clearly that the latter class of compounds
undergoes anomerization roughly eight to twenty-
five times as rapidly as the former. Lemieux has
similarly found® a considerable (8-fold) enhance-
ment in the reactivity of acetylated aldopentoses
over acetylated aldohexoses in regard to the rates of
exchange of their Cl acetoxy groups with stannic
trichloride acetate-C!4 It seems most reasonable
to attribute such rate enhancements in the acetyl-
ated pentopyranose series to the simple absence of
steric shielding. Examination of Fisher—Hirsch-
felder models of the acetylated aldoses in question
demonstrates clearly that in most of the possible
conformations an acetoxymethyl group attached to
C5 interferes to a greater or lesser extent with the
access path of a reagent attacking the anomeric cen-
ter at C1l. Since the anomerization reaction is spe-
cific at C1359 it follows that a hydrogen (as in pen-
toses) rather than an acetoxymethyl group (as in
hexoses) at Cb should lead to a rate enhancement.
This purely steric explanation is borne out by the
further example of tetra-O-acetyl-6-deoxy-p-gluco-
pyranose, whose methyl group at C5 is intermedi-
ate in bulk between that of hydrogen and of ace-
toxymethyl. In this case the anomerization rate is
intermediate between those typical for acetylated
aldohexoses on the one hand and acetylated aldo-
pentoses on the other.

In the hexose series the epimeric structure at C2
appears to have little effect on the specific anomeri-
zation rate. Thus (Tables I and IT) the anomeriza-
tion rates of acetylated p-glucose and p-mannose
under conditions of comparable catalyst concen-
tration are identical within experimental error. In
the pentose series, however, the epimeric configura-
tion at C2 appears to have greater anomerization
rate significance, acetylated arabinose anomerizing
at 2.3 times the rate of the epimeric acetylated
ribose under similar conditions. That the relative
configuration at C3 is also of importance in deter-
mining anomerization rate is seen (Tables I and II)
by the almost 3-fold difference in rate between
acetylated p-xylose and acetylated p-ribose. Simi-

(9) R. U. Lemieux and C. Brice, Can. J. Citem., 34, 1006 (1956).

b Figures in parentheses are equilibrium
¢ Based on averages of ka < k8 values
¢ Measurement actually

larly, Lemieux?® has found that the configuration at
C3 “‘has the overriding influence’ on the reactivity
of 1,2-trans acetylated aldoses with regard to Cl1
acetoxy exchange with stannic trichloride acetate-
C! in chloroform. The effect of configurational
inversion at C4 on anomerization rate appears
slightly less important but still significant. Thus
(Tables I and II) it is seen that acetylated p-galac-
tose anomerizes at slightly over twice the rate of the
C4 epimeric acetylated p-glucose.

The above comparisons are made to indicate that
the relative configurations of any of the carbon at-
oms C2 through C4 in the acetylated hexopyranose
or pentopyranose chain may have a noticeable ef-
fect on the specific rate of anomerization. Unfor-
tunately, the number of examples studied is too
small to permit the establishment of completely
valid generalizations with regard to the effect of
configuration on anomerization rate, and the re-
lationships pointed out above are, of course, to be
interpreted as only apparent and tentative.

As regards the position of equilibrium in the
anomerizations listed in Table III, it may be
stated that the determining factor appears to be
the Hassel-Ottar effect.’® This empirical generali-
zation, first discovered!® in connection with the
poly-O-acetylglycopyranosyl halides and later ex-
tended! to the alkyl glycopyranosides, states that
that aldopyranoside anomer (whose ring size remains
intact) will predominate at equilibrium whose two
chair forms can be represented by the conforma-
tional relationships

Cleg — Chax =5 Clax — Chiq

For aldopentoses: Cleg — C3ax _>< Clyx — C3eq

For aldohexoses:

while that anomer will be less abundant at equi-
librium whose two chair forms can be represented by

C5aq
— C3eq

For aldohexoses: Claz — Chax <75 Cleg —

For aldopentoses: Clax — C8.x =5 Cleg

Application of the Hassel-Ottar generalization to
the acetylated aldohexo- and aldopentopyranoses

(10) O. Hassel and B. Ottar, Acta Chem. Scand., 1, 929 (1947).

(11) M. L. Wolfrom and A. Thompson, Chap. IV in W, Pigman,
'“The Carbohydrates." Academic Press, Inc.,, New York, N. Y., 1957,
pp. 210 ff,
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in Table III leads to a correct qualitative prediction
of the predominant anomer at equilibrium in every
case. This generalization, previously found ap-
plicable in the cases of poly-O-acetylglvcopyrano-

YouNG, IRELAND, WRIGLEY, SHOPPEE, AGASHE AND SUMMERS
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svl halides and alkyl glycopyranosides, thus also
appears valid in the case of poly-O-acetylglycopy-
ranoses.

STANEORD, CALIF.

[CONTRIBUTION FROM THE CHEMISTRY DEPARTMENT OF THE UNIVERSITY OF CALIFORNIA, L.OS ANGELES, AND THE CIEMISTRY
DEPARTMENT OF THE UNIVERSITY OF SYDNEY, AUSTRALIA]

Allylic Rearrangements. XLIIL

The Preparation and Some Reactions of

33-Chlorocholest-4-ene and 3«-Chlorocholest-4-ene!

By W. G. Young, R. E. IRELAND, T. I. WRIGLEY, C. W. SuopPpEE, B. D. Acasur aND G. H. R. SUMMERS
RECEIVED JUNE 23, 1958

The allylic chlorides named above have been prepared from 3B-hydroxycholest-4-ene and 3a-hydroxycholest-4-ene, re-
spectively, and their structures established. The chlorides, by solvolysis in ethanol-dioxane (1:1) at 25°, exhibit kinetics

of the first order with respect to.the steroid and show closely similar rate constants (38 > 3a).

under various conditions have been examined.

38-Chlorocholest-4-ene (I, Cl quasiequatorial)
was the sole isolatable product obtained by treat-
ment of 38-hydroxycholest-4-ene (I) with thionyl
chloride in ether at 0° using the procedure of Platt-
ner, et al.> A plot of the first-order kinetics ob-
tained from solvolysis of the total product in alcohol-
dioxane (1:1) at 25° gave a stright line between
the limits 0-759, reaction. Beyond this point there
was considerable drift in the rate, probably due to
the presence in minor amount of a second allylic
chloride. However, after several recrystallizations
of this crude material, purer 38-chlorocholest-4-
ene (II) was obtained, as indicated by the almost
comnplete elimination of this drift. The same
chloride (IT) was also obtained by use of phos-
phorus pentachloride in carbon tetrachloride;
this result recalling the conversion of 7a-hydroxy-
cholest-5-en-38-yl acetate into 7a-chlorocholest-5-
en-3B8-yl acetate, with both thionyl chloride in
ether and phosphorus pentachloride.?

The structure of the chloride II was established
by conversion with perbenzoic acid to the 4«, 5a-
epoxide (III), and reduction thereof with lithium
aluminum hydride in ether to the known 38-
chloro-5a-cholestan-5-01 (IV).* This, by hydro-
genation with platinum in ethyl acetate, gave 5a-
cholestane. The 38-configuration and quasiequa-
torial conformation® of the chlorine atom in II is
confirmed by the infrared absorption spectrum,
which exhibited a strong band at 760 cm.™! as-
sociated with the C-Cl stretching vibration (equa-

torial Cl, 736-856 cm.™!; axial Cl, 646-730
cm. —16aby
Solvolysis of pure 38-chlorocholest-4-ene in

aqueous acetone at 45-55° in the presence of sodium
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The products of solvolysis

bicarbonate, or in moist ether at 20° in the presence
of silver hydroxide, gave cholesta-3,5-diene (ca.
159%,), and 3B-hydroxycholest-4-ene (I) and 3a-
hydroxycholest-4-ene (V) in approximately equal
proportions (ca. 409, of each isomer). These re-
actions thus appear to proceed by an SNi heter-
olysis; the carbonium ion produced can acquire
extra stability by resomerism and may therefore
be sufficiently long-lived to assume its stable plane-
trigonal form, so that the ultimate attack by the
substituting agents affords an almost completely
racemized product. However, use of potassium
acetate in acetic acid at 20° afforded cholesta-3,-
5-diene (ca. 159%,), with a marked preponderance
of 3a-acetoxycholest-4-ene (709,) over the 383-
epimer (<10%,); this predominant inversion of
configuration suggests the incursion of SN, dis-
placement despite the relatively weak nucleophilic
power of the anion (OAc ™) involved.
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Unlike its B-epimer, 3ea-hydroxycholest-4-ene
(V) could form a quasiaxial chlorosulfinate in
which the chlorine would have relatively unhin-
dered approach to C; enabling the operation of an
SNy’ mechanism. However, 3a-chlorocholest-4-
ene (VI) was the major product from the reaction
of the allylic alcohol (V) with thionyl chloride.
Solvolysis of the total product and a plot for first-
order kinetics gave a straight line between the
limits 0-709, beyond which point there was con-
siderable drift, presumably due to the presence of
a second non-isolable allylic chloride, the rate of
solvolysis of which was considerably slower than
that of 3B-chlorocholest-4-ene (II). This minor
product may be 5a-chlorocholest-3-ene (IX) re-
sulting from an Sxy’ reaction. Lithium aluminum
hydride reduction of the allylic chloride mixture
afforded solely cholest-4-ene. The infrared spec-
trum of this total product showed no absorption at
773 and 671 cm.~! expected for cholest-3-ene,” the

(¥) H. B. Henbest, G. D. Meakins and G. W. Wood, 7bid., 800
(1954).



