5454

GrorGE L. ('CoNNOR aND HaroLD R. NacCk

Vol. 74

[CONTRIBUTION FROM THE METCALF CHEMICAL LLABORATORIES OF BROWN UNIVERSITY ]

Chemical and Kinetic Studies on the Chugaev Reaction®

By GEORGE L. O'CoNNOR AND HAROLD R. NACE

Receivip FEBRUARY 1, 1952

New evidence is presented which confirius the coucerted inechanisin postulated for the Chugaev reaction.

The evidence

was obtained by chemical and kinetic studies ou the therinal decomposition of several cholestany!l and cholestery! xanthates

and carbonates.
and with energies of activation of 32-33 keal. /inole.,
temperatures,

Introduction

The thermal decomposition of xanthate esters to
produce olefins, commnonly referred to as the
Chugaev reaction, has aroused considerable in-
terest in recent years with regard to the mechanism
and synthetic value of the reacton.?=? The reac-
tion 1s particularly useful in the conversion of
sensitive alcohols to the corresponding olefins
without rearrangement of the carbon skeleton.%?

The mechanisins postulated in the papers given
above are for the most part similar in nature but
differ in detail. All are based principally on the
fact that the Chugaev reaction requires a cis-
configuration of the eliminated groups. Alex-
ander’s picture is cited here as a typical example.
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The thermal decomposition of carboxylic esters
has been found to have the same stereochemical
specificity, and an analogous mechanism has been
proposed? for their pyrolysis.

Tarbell and Harnish? suggested that in the
Chugaev reaction the xanthates first rearranged to
the dithiolcarbonates, in which the much stronger
hydrogen bonding to oxygen would then be avail-
able as a driving force for the reaction.

The suggestion has also been made that the
xanthates can deconipose by a chain process,”!!
and that the so-called ‘‘stable’” xanthates,!? appar-
ently identical with the ordinary xanthates in all
respects except thermal stability, are due to re-
moval of the chain initiator in the purification
process.

In the case of xanthate and carboxylate esters
which have no 8-hydrogen atom, the products are

(1) This paper is based on a portion of the thesis to be submitted
by George L. O'Connor in partial fulfillment of the requirements for
the degree of Doctor of Philosophy in the Graduate School of Brown
University.

(2) D. S. Tarbell and D. P. Harnish, Chem. Revs., 49, 60 (18951).

(3) E. R. Alexander and A. Mudrak, Tris JourNaL, 73, 59 (19531);
72, 3194 (1950); 72, 1810 (1950).

(4) D. J. Cram, ibid., T1, 3883 (1949).

{3) D. H. Barton, J. Chem. Soc., 2174 (1949).

(6) W. Hiickel, W, Tappe and G. Legutke, Ann., 543, 191 (1940),

(7) P. G. Stevens and J. H. Richmond, THIS JourNaL, 63, 3132
(1941).

(8) W. Fomin and N. Sochanski, Ber., 46, 246 (1913).

(9) P. G. Stevens, THIs JoURNAL, B4, 3732 (1932).

(10) (a) C. D. Hurd and F. H. Blunck, ibid., 60, 2419 (1938).
(b) D. H. R. Barton and W. J. Ruoseufelder, J. Chem. Snc., 2459
(1046,

{11} G. Bulmer and 1°. G. Maunn, ibid., G6E $1G4D)

112y 1. M. MeAlpine, ibid , 1114 (1031)

These xanthates were found to decoinpose by a first order process with negative entropies of activation
Pvrolvsis of the carhonates produces olefins in high yields at moderate

suggestive of a free radical process. Bulmer and
Mann!! and Laakso and Nametkin!® observed in
this type of compound that the dithiolcarbonates
were more stable to thermal decomposition than
were the corresponding xanthates.

The purpose of this investigation was to obtain
additional experimental evidence which might
make possible a better understanding of the
mechanism of the Chugaev reaction.

Preparation of Starting Materials and Determina-~
tion of Products

Xanthates derived from sterols were used in the
studies since they possessed the following advan-
tages (1) the use of crystalline xanthates, thus
avoiding the possibility of ‘‘stable” compounds!?
sometimes encountered in the purification of liquid
xanthates; (2) ready isolation of crystalline prod-
ucts; and (3) ease of determination of products
due to their optical activity.

B-Cholestanyl-S-methyl and S-benzyl xanthates
were obtained in 65 and 879, yields, respectively,
by treating the sodium salt of §-cholestanol (pre-
pared with sodium hydride)!* with carbon di-
sulfide, followed by methyl iodide or benzyl chlo-
ride. Cholesteryl-S-methyl xanthate was prepared
in 859 yield in the same manmner. Attempts to
prepare a-cholestanyl-S-methyl xanthate under
the above conditions produced only the 8-xanthate,
apparently due to epimerization!®® of a-choles-
tanol. If air was carefully excluded no reaction
was observed, and a-cholestanol was recovered
unchanged.

Attempts were then made to prepare the xan-
thate esters by the use of thiophosgene to convert
the stanol to the stanyl chlorothioncarbonate,
followed by treatment with a mercaptan. The
only product which could be isolated, however,
even in the presence of a large excess of thiophos-
gene, was the distanylthioncarbonate.
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(13) (a) P. V. Laakso, Suomen Kemistilehti, 16B, 19 (1943) (C. 4.,
40, 4687 (1946)); (b) S. S. Nametkin and D. Kursanov, J. prakt.
Chem., 112, 164 (1926). .

(14) The addition of a drop of ethanol was necessary to initiate the
reaction of the hydride with the stanol.

(15) W. von E. Doering and T. Aschner, Tuis JournNar, T1, 83%
(1949).

(16) H. R, Nace and 3 1.

O'Conneer, sbid., T8, H824 119561},
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«- and pB-cholestanyl ethyl carbonate and
cholesteryl ethyl carbonate were prepared from the
sterol and ethyl chlorocarbonate in yields of 92,
96 and 989, respectively. These compounds were
prepared to study the possible effect on the py-
rolysis of stronger hydrogen bonding to oxygen as
compared to sulfur.

The pyrolysis of 8-cholestanyl-S-methyl xanthate
and of a- and B-cholestanyl ethyl carbonate yielded
in each case an approximately 1:1 mixture of A2
and Ad-cholestene. The olefin mixtures were
analyzed by conversion to the dibromides, and
measurement of the optical rotation of the di-
bromide mixtures. The 3,4-dibromide has a rota-
tion of +6° and the 2,3-dibromide of +76°,!7
thus making them more suitable for analysis than
the two olefins, whose rotations differ by only 12°.
This olefin mixture is consistent with the predictions
based on Barton’s'™!® concept of polar and equa-
torial bonds. Models show that for both the
3-a- and 3-B-xanthates and carbonates, the cis-
hydrogens at the 2- and 4-positions are equivalent,
and should lead to equal amounts of A% and A®
cholestene.

It is interesting to note in this connection that
the decomposition rates of «- and p-cholestanyl
ethyl carbonates are practically the same., After
4 hours at 260° the a-compound was 869, and the
B-compound was 829, decomposed. In the a-
compound the C-O bond is polar and the 2- and
4-cis-hydrogens are equatorial, while in the g-
compound the situation is reversed. Therefore, it
seems improbable that the rate determining step
of the pyrolysis is the rupture of either the C-O
or the C-H bond, since this should lead to different
rates for the two isomers.17.18

The ethyl carbonates proved to be more stable
than the xanthates, requiring a temperature of
300° for complete pyrolysis in 2.5 hours com-
pared to 220° for complete decomposition of the
xanthates in the same time. These results are
summarized in Table III.

The pyrolysis of cholesteryl-S-methyl xanthate
has been shown to give A%b-cholestadiene.’® The
same product was obtained from cholesteryl ethyl
carbonate, but a higher temperature and longer
time was required for complete decomposition.
No product other than A¥5-cholestadiene, such as
the A%%-cholestadiene, was detected in the product
and its absence was presumably due, in part at
least, to the lower energy realized in the conjugated
3,5-diene. Inspection of models shows no impor-
tant differences in the configuration of the 2- and
4-cis-hydrogens.

The carbonate esters possess certain advantages
over the corresponding xanthates, acetates and
benzoates from the synthetic standpoint. They
are readily prepared in high yield (90-989) and
offer no opportunity for epimerization of the sterol,
as encountered in a-cholestanol. Pyrolysis gives
excellent yields (90-95%,) of pure olefins, at a
lower temperature than is required for acetates or

(17) D. H. R. Barton and W. J. Rosenfelder, J. Chem. Soc., 1048
951).

(18) D. H. R. Barton, Experientia, 6, 316 (1950).

(19) J. C. Eck, R. L. Van Peursem and E. W, Hollingsworth, Tais
JoumnNarL, 61, 171 (1939),
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benzoates. The xanthates require lower tempera-
tures than the carbonates but the olefins are fre-
quently contaminated with sulfur compounds.?®

The infrared absorption spectra of A%®-cholesta-
diene, cholesteryl-S-methyl xanthate, and a sample
of the xanthate decomposed 309, by heating at
176°, were examined in the 2.0-9.0 u region. The
only bands observed were those due to C—H (3.51 u)
and C=C (6.56 #). No bands were observed which
could be assigned to the C=0 group, as might be
expected from rearrangement of the xanthate to
the dithiolcarbonate® as suggested by Tarbell and
Harnish.?

An interesting photochemical decomposition of
cholesteryl-S-methyl xanthate was observed during
the course of this investigation. When a sample of
this compound was irradiated with an intense
ultraviolet light source for several hours at room
temperature, the odor of mercaptan was evident,
and the originally colorless sample turned brown.
The infrared spectrum in the 2.0-9.0 u region of this
partially decomposed sample showed absorption
only in the C—H and C=C regions.

Kinetic Investigation

Although it has been postulated? that the
Chugaev reaction is unimolecular, no kinetic evi-
dence on this score could be found. Accordingly,
the decomposition of several sterol xanthates was
studied, and the rates determined. All were found
to give first order kinetics over the entire course of
the reaction.

The rate constants were determined by following
the loss in weight of a tared sample of xanthate
due to the formation of volatile reaction products.
The addition to the xanthate of glass wool, A2
and Ad-cholestene, or radical chain inhibitors such
as hydroquinone, diphenylamine or picric acid,
had no measurable effect on the rate or the order of
the reaction. These results are consistent with a
unimolecular first order reaction, but are incon-
sistent with a chain process.

First-order rate constants were determined for
B-cholestanyl-S-methyl and S-benzyl =xanthate;
the S-benzyl compound proved to be nearly twice
as reactive as the S-methyl. Both B-cholestanyl
and cholesteryl-S-methyl xanthate were studied at
several temperatures and the energies and en-
tropies of activation calculated. The experimental
results are summarized in Figs. 1 and 2 in which the
logarithm of per cent. unreacted xanthate is plotted
against the time in minutes. The first-order
rate constants (k) were determined graphically by
the equation 2 = —2.303 X slope, where the slope
is that of the plot of log concentration vs. time
for a given compound and temperature. The first-
order rate constants determined in this manner are
given in Table I.

The frequency factor (s) and experimental
activation energy (Eexp) were calculated from the
Arrhenius theory kB = se—Eexe/RT with the aid of
Fig. 3 in which the log of k is plotted against 1/7.

(20) The possibility that the xanthate rearrangesin a slow step to the
dithiolcarbonate, which then decomposes in a fast step, seems unlikely

in view of the greater stability of the dithiolcarhonates!! and of the
ethyl carbonates,
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Fig. 1.—Typical first-order plots for tle thermal decompo-
sition of B-cholestanyl xanthates: (1), (2) aud (3) are 3-
cholestanyl-S-methyl xauthate at 146, 176 aud 206°, re-
spectively, (4) is B-cholestanyl-S-benzyl xauthate at 176°.

TaABLE I
FIrsT-ORDER RATE CoONSTANTS FOR THE THERMAL DErcowm-
POSITION OF B-CHOLESTANYL AND CHOLESTERYL XANTHATES
AND ETHVvL CARBONATES AT VARIOUS TEMPERATURES

Expt. Temp., k X 104

no. Compound °C. min. !

1 B-Cholestanyl methylxanthate 146 4

2  8-Cholestanyl methyl xanthate 176 44,4°

3  B-Cholestanyl inethyl xanthate 206 497

4  B-Cholestanyl benzyl xanthate 176 78

5  Cholesteryl methyl xanthate 146 9.9

6  Cholesteryl methyl xanthate 161 32

7  Cholesteryl methyl xanthate 176 143°

8  Cholesteryl methyl xanthate 206 1420

9  B-Cholestanyl ethyl carbonate 176 0.0
10  a-Cholestanyl ethyl carbonate 176 0.0
11  Cholesteryl ethyl carbonate 176 0.0
12  Cholesteryl ethyl carbonate 206 <2

@ The same value was obtained when the tube was packed
with glass wool, 109, picric acid, diphenylamine, hydro-
quinone .or 50% A2- and Ad-cholestene. * Unpublished ex-
periments in this Laboratory indicate that treatment of a
benzene solution of menthyl-S-methyl xanthate with aqueous
ferrous sulfate yields the ‘‘stable’’ xanthate observed by
McAlpine.? Similar treatment of cholesteryl methyl
xanthate gave & = 140 X 104 at 176°.

The E.xp were obtained by use of the equation Eep
= —2.303 R X slope and are listed in Table II
with the frequency factors (s) (in sec.™!), which
were calculated from the Arrhenius equation.

g
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Fig. 2.—Typical first-order plots for the thermal decompo-
sition of cholesteryl-S-methyl xanthate: (3), (6), (7) and
(&) are at 146°, 161°, 176° and 206°, respectively.
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Fig. 3.—Activation energy plots for the decomposition of
(A) B-cholestanyl-S-methyl xanthate and (B) cholesteryl-S-
niethyl xanthate.

The following equation is supplied by the theory
of absolute reaction rates?!
L Eexp
k= Ke b ¢S*R g~ RT

(21) 8. Glasstone, K. Laidler and H. Eyring, **The Theory of Rate
Processes,”’ McGraw-Hill Book Co., Inc., New York, N. Y., 1941, p.
298,
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By comibining this equation with the Arrhenius
equation and solving for S* we obtain

3]
S$* = 2303 Rlog s — 2.303 R log (Ke_h )

TasLe 11

ENERGY AND IINTROPY OF ACTIVATION OF THE THERMAL
DECOMPOSITON OF B-CHOLESTANYL- AND CHOLESTERYL-S-
METHYL X ANTHATES

s
X 10~ S.*

Eexpy
Compound cal. sec¢, 71 e.u.®
B8-Cholestanyl methyl xanthate 33,800 2.0 -5.0
Cholesteryl methyl xanthate 32,900 2.4 —4.7

e Calculated from the data obtained at 176°.

In this manner, entropies of activation of —5.0
and —4.7 e.u., respectively, for B-cholestanyl-
and cholesteryl-S-methyl xanthate were obtained,
calculated at 176°. The mnegative entropies of
activation, obtained in the thermal decomposition
of xanthate esters, indicate that several degrees of
freedom are restricted in the transition state.

Stevens and Richmond,” Barton,® Cram? and
Alexander?® have all pictured the Chugaev reaction
as a cyclic process involving a six-membered ring.
The results reported here supply additional con-
firmation for a concerted cyclic process.>—® The
negative entropies of activation indicate that this
transition state is highly ordered.

Resonance stabilization could be important in
the transition state, since there are six = electrons
available for distribution around the six-membered
ring, as indicated by the dotted lines.

| H | H._ | H
¢ s —¢" s —C¢ s
CI‘, gSR g‘, éIISR g‘, * CI‘,SR
I\O/ [ \‘O’/ [ O/
COS 4+ RSH
xauthate ester cyclic trausition state products

The result is a hybrid of starting material and
products, and the transition state can then de-
compose by a further shifting of atomic nuclei,
accompanied by a redistribution of the non-
localized electrons to give the products and the
process is now energetically downhill. This re-
distribution of electrons need not occur by the
shifting of electron pairs as is so often represented
in concerted reactions of this type, but could occur
equally well by the shifting of individual electrons
(a cyclic free radical reaction). There is, however,
no experimental evidence which indicates how the
redistribution of electrons takes place.

In the cholesteryl compounds the 5-6 double
bond could be in conjugation with such a system
and hence the formation of the cyclic transition
state would be expected to be favored in this case.
The faster rates and lower activation energy for
cholesteryl methyl xanthate as compared with the
B-cholestanyl compound are in accord with this
picture.

Acknowledgment.—The authors thank Professor
Donald F. Hornig for valuable suggestions and
criticisms.
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Experimental??

B-Cholestanyl-S-methyl Xanthate.?*—A niixture of 1.0 g.
(2.6 millimoles) of g-cholestanol in 50 ml. of dry benzene
aud 500 mg. of sodium hydride was magnetically stirred 24
hours at the reflux temperature. If no hydrogen evolution
took place, a trace of ethanol was added to start the reac-
tion. The reaction mixture was allowed to cool to room
temperature, 4 ml. of dry carbon disulfide added, and the re-
sulting red mixture stirred under reflux 24 hours. The
mixture was cooled to room temperature, 4 ml. of methyl
iodide was added, and stirring under reflux continued for
24 hours. Water was then added dropwise to decompose ex-
cess sodium hydride, the organic layer was washed with
water, dried over anhydrous sodium sulfate, and the solvent
evaporated on a steam-bath to give a red oil. The oil was
taken up in 10 ml. of petroleum ether (b.p. 30-60°) and chro-
matographed on 10 g. of aluminum oxide (Merck and Co.,
Inc., suitable for chromatographic adsorption) in a column
1 X 12 em. The xanthate was easily eluted with 50 ml. of
petroleum ether as a yellow oil which crystallized when sol-
vent-free. Recrystallization from 2:1 acetone-alcohol
gave 950 mg. of B-cholestanyl-S-methyl xanthate, m.p. 86—
87°, [a]Dp 4-5°. One additional recrystallization from 1:1
alcohol-acetone gave 800 mg. (65%) of xanthate with con-
stant m.p. 87.5-88° and constant rotation [a]D +2°.

Anal., Caled. for CpHj0S:: C, 72.74; H,
Found: C, 72.72; H, 10.42.

Cholesteryl-S-methyl Xanthate.—This xanthate was pre-
pared from cholesterol by the above procedure in 85%, yield
with constant m.p. 127.5-128° (reported?*% 127°) and ro-
tation [a|p —53°.

B-Cholestanyl-S-benzyl Xanthate.—This compound was
prepared from B-cholestanol and benzyl chloride by the
above method in 879, yield with constant m.p. 102-102.5°
and rotation [a|D +9°.

Anal. Caled. for C;3H,08:: C,75.75; H, 9.80. Found:
C, 75.91; H, 9.88.

Attempted Preparation of «-Cholestanyl-S-methyl Xan-
thate.—The substitution of a-cholestanol in the above
method yielded a product, m.p. 87-88°; [a]Dp +2°, which
gave no depression of melting point on mixing with a sample
of B-cholestanyl-S-methyl xanthate. When the reaction
was carried out in an atmosphere of dry oxygen-free nitrogen,
the only product isolated by chromatography was a-chol-
estanol (859, recovery), m.p. 183-184°,

Attempted Preparation of 3-Cholestanyl-S-ethyl Xanthate
by the Use of Thiophosgene.—A mixture of 2.0 g. (5.2
millimoles) of B-cholestanol and 4 ml. of thiophosgene® was
heated under reflux for 5 hours and then the excess thio-
phosgene was removed on a steam-bath under reduced pres-
sure. The residue was taken up in 20 ml. of benzene, added
dropwise to a mixture of 5 ml. of ethyl mercaptan, 500 mg.
of sodium hydride and 20 ml. of benzene, and the resulting
mixture heated under reflux for 5 hours. The excess so-
dium hydride was decomposed by the dropwise addition of
water, the organic layer was washed with water, and then
dried over anhydrous sodium sulfate. The solvent was re-
moved and the residue in petroleum ether was chromato-
graphed on 15 g. of aluminum oxide to yield two main frac-
tions. Petroleum ether readily eluted a red oil which crys-
tallized and on recrystallization from ethanol gave 320 mg.
(15%) of di-B-cholestanyl thioncarbonate, m.p. 87-88°
la]D +29°,

Anal. Caled. for CyiHeO:S: C, 80.60;
Found: C, 79.74; H, 11.80.

Further elution with benzene gave, after recrystallization
from ethanol, 1.24 g. of B-cholestanol, m.p. 141-142°,

10.57.

H, 11.56.

(22) Melting points are corrected. Rotations were determined on
approximately 1%, chloroform solutions at room temperature. Micro-
analyses by 8. M, Nagy and associates at Massachusetts Institute of
Technology.

(23) (a) The melts of the cholesteryl and cholestanyl xanthates,
carbonates and acetates exhibit a curious behavior while cooling, be-
coming violet, proceeding through the spectrum to red, and finally
becoming colorless in the crystal. A similar observation has been
made on cholesteryl benzoateb; (b) C. Doree and J. A. Gardner,
Proc. Roy. Soc., (London), B80, 227 (1908).

(24) L. Tschugaeff and A. Gasteff, Ber., 43, 4631 (1909).

(25) A. C. Bose and W. Doran, J. Chem. Soc., 2244 (1929).

{26) The thiophosgene was obtained from Rapter Laboratories,
Argo, Illinois.
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TasLe 111
Tur PyroLyvsts or Cuotustanon XANTHATES AND CARBONATES
The procedures used 1 experinments -4 were essentially the sunte.  The compound was heated at the given temperaturc

il a4 potassium nitrate-sodium nitrite-bath for the required time under reduced pressure (20 wm.), aud then the reaction
product wus chromatographed over alumnisa,

Yield
of A%
Yield of and Al
A% and choles-
Al lalp of stene di- A
Time, Tenip., cholestene,® A% and A bromides,® lajn of Choles-
Compaund Wi, mg. Lienirs °C. [ cholestene b % dibromidess  tenc, %
3-Cholestanyl methyl xanthicte 211 2.5 2530 04 +62° 92 +42° BY
3-Cholestanyl benzyl xantliate 250 2.5 230 92 +60) U8 +46 37
«-Cholestanyl ethyl carbonate 220 4 260 9u* +62 U7 +40 48
8-Cholestanyl ethyl carbonate 146 1 260 SEN +62 95 +43 33
3-Cholestanol with H;PO, 1000 6] 200 947 +353 93 +45 36

¢ and b refer to tlie olefin as obtained by chromatograplly without further purification (the A?- and A3-cholesteue werc
casily eluted with petroleum etlier). I duplicate runs olefin was crystallized once from 1:1 alcoliol-acetone; 111.p., 68-69°,
|a]p +64° in all runs. Further crystallizations did not affect the m.p. or [«]p. ¢ and ¢ refer to dibromide prepared by
addition of a1 excess of bromine to a chloroform solution of the olefin whiclt was allowed to stand overnight and purified by
chromatography, the A2 aud A3-cholestene dibrownides being easily eluted with pet. ether. The m.p. of the dibrowides
after crystallization from 1:1 alcoliol-acetoue were 123-124° iu all cases. The [« |D of crystallized samples was +48-50°.
Tlie rotation of the purified dibromides could not he used as a means of determining the per cent. of A2- and A% present siice
the A?-cholestene dibroinide is more insoluble than the A’-cholestene dibromide, which remains i the mother liquor, and
hence the rotation of the material as it came fromn the colummn was used. * 30 wg. of undecouiposed «-cholestanyl ethyl
carbonate was recovered by chromnatography. The yield is based ou the carbonate decomposed, 86.49;. 7 26 ing. of unde-
composed B-cholestanyl ethyl carbonate was recovered by chromatography. The yield is based on carbonate decomposed,
82.297. ¢ Inexpt. 5 the g-cholestaiiol was heated under reflux with 20 ml. of 839} phosphoric acid, allowed to cool and 50 ml.
of water added. The mixture was extracted with 3 X 25-ul. portious of benzette and dried over sodium sulfate, the solvent

retnoved and the residue chromatographed yielding olefin and 160 mg. of unreacted 8-cholestanol.

cholestanol decomposed.

Dicholesteryl Thioncarbonate.—A solution of 1.0 g.
(2.6 millimoles) of cholesterol in 30 ml. of carbon tetra-
chloride and 4 ml. of thiophosgene was refluxed 12 lours
and the solvent and excess thiophosgene removed by evap-
oration on a steam-bath. The dark residue was taken up
in 25 ml. of petroleum ether and filtered through a column
of 10 g. of alumina and then the colummn was washed with
30 ml. of petroleum ether. The filtrate was collected and
evaporated to give a red oil which was extracted with 50 ml.
of boiling alcohol. The voluine of the alcoholic extract was
concentrated to 20 nil., filtered and allowed to cool, allow-
ing the crude dicholesteryl thioncarbouate to crystallize.
Three crystallizations from alcohol gave 370 mg. (17.5%:
dicholesteryl thioncarbonate, in.p. 90.5-91°, [a]D —33°.

Anal. Caled. for C3;HgpO.S: C, 80.80; H, 11.34.
Found: C, 80.04; H, 11.25.

Di-B-cholestanyl Thioncarbonate.—Tlis compound was
prepared by the above inethod from B-cholestauol in 169,
vield, m.p. 88-89°, [a]D +32°.

B-Cholestanyl Ethyl Carbonate.—To 1.0 g. (2.6 mniilli-
moles) of B-cholestanol dissolved in 10 ml. of dry pyridine
and cooled in an ice-bath, 4 ml. of ethyl chlorocarbonate
was added dropwise and the resulting mixture was allowed
to stand at room teimnperature for 20 hours. The reaction
mixture was then poured into a cold solution of 20 ml. of ace-
tic acid in 50 ml. of water. The crude ester soon crystal-
lized, and after washing with water was recrystallized from
30 ml. of alcohol to give 1.15 g. (96.5%) of white needles,
m.p. 105-105.5°, [a]p +9°. Recrystallization from eth-
anol gave g-cholestanyl ethyl carbonate, coustant mi.p.
105.5-106°, and rotation [«]D +10°.

Anal. Caled. for CyHzQ0s: C, 78.20; H, 11.58.
C, 78.32; H, 11.37.

«a-Cholestanyl Ethyl Carbonate.—This compound was
prepared from a-cholestanol as described above. 1In order
to obtain high yields the reaction mixture was allowed to
stand 48 hours at room temperature. A 929, vield of the
carbonate was obtained with constant ni.p. 102--102.5°, and
rotation [a]p +15°.

Anal. Caled. for CypH05: C, 78.20; H, 11.38. Found:
C, 78.25; H, 11.47.

Cholesteryl Ethyl Carbonate.—This compound was pre-
pared as above from cholesterol in 989, yield, m.p. 83.5-
84° (reported 83°%).

Pyrolysis of Cholesteryl-S-methyl Xanthate.—Omne gram
of the xanthate was heated for 3 hours at 220° and 20 .

Found:

(27) V. Schadendorff and A. Verdino, Monatsh., 66, 338 (1933).

Yield based on 5-

This procedure is basced on suggestions of Dr. E. Schwenk, private conununication.

The residue was taken up iu petroleum ether, chromato-
graphed over 10 g. of aluminum oxide and 720 mg. (93%)
of A#d-cliolestadiene, [a]p —103°, obtained by elution with
petroleumn ether. Several recrystallizations from 1:1 ace-
totte—alcohol gave 624 mg. (819%,) of A%*-cholestadiene, m.p.
79—80:,) [e]p —122° (reported!®: m.p. 79.5-80°, [a]D
—123°).

Pyrolysis of Cholesteryl Ethyl Carbonate.—Two gratus of
the carbonate was heated for four hours at 280° and 20 mnu.
The colorless oil, which crystallized on cooling, was chro-
matographed as above to vield, after recrystallizatiou from
1:1 acetone-alecohol, 1.52 g. (949%) of A¥S-cholestadiene,
m.p. 79.5-80°, [«]p —123°.

Kinetic Investigation

Apparatus.—The constaut temperature bath used was
coustructed from a 2500-ml. beaker in a 3000-ml. beaker,
with the air space between packed with woolly asbestos.
The uuit was theu placed in an earthenware crock having
a diameter 4 inches larger than the outside beaker. The
air space between was packed with glass wool, the bath was
filled with heavy paraffin oil, and heated by means of a 25
X 200 mm. glass tube clamped vertically in the bath and
wound with nichrome wire. The current to the heating
coil was regulated by means of a Powerstat. The bath was
equipped with a stirrer and a 76 mm. partial immersion
A.8.T.M. 360° thermometer. Once thermal equilibrium
was obtained, the temperature could be maintained to #0.2°
for any given temperature in the range 50-230°.

Method.—The compounds studied were prepared as de-
scribed above and when several rate studies were made on
the same compound at various temperatures, samples from
tlie saime batch of material were used to eliminate any dif-
ferences between batches. The method used consisted in
weighing out a sample of approximately 300 mg. in a tared
18 X 150 mm. Pyrex test-tube, the mouth of which was then
loosely covered with aluminum foil to prevent entrance of
foreign material. The sample tube was then clamped iu
the bath at the desired temperature, which remained un-
changed. The temperature of the sample reached —0.5°
of the bath temperature in 30 seconds. The time the sample
was in the bath was recorded by a stopwatch and used with-
out any correction for the “‘heat-up period’’ or the *‘cool-off
period.”” At the end of a given time the sample tube was
removed from the bath and the reaction was quenched by
cooling the sample tube in cold benzene. The benzene
served the dual purpose of cooling the sample and removing
the bath oil from the outside of the tube. The outside of
the tube was theu thoroughly washed with ether and dried.
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The tube was then weighed and the loss in weight of the
sample recorded. The sample tube was then replaced in
the bath and the process repeated until the desired amount
of data had been obtained. The loss in weight for complete
reaction corresponded to about 70 mg. for these compounds
with the size sample used. The high boiling point of the

B-PHENYLSERINE

5459

compounds studied as well as of the olefins produced en-
sured that the loss in weight was due only to the gaseous
reaction products and hence the loss in weight can be corre-
lated to the extent of reaction.
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erythro-B-Phenylserine (VI) was prepared from ethyl benzoylacetate.
acetyl-g-phenylserine ethyl ester (IV), could be inverted by oxazoline formation with thionyl chloride.
oxazoline yielded tkreo-G-phenylserine hydrochloride (VIII).
ester (X) was for the most part unchanged on treatment with thionyl chloride.

The two diasteroisomers of 3-phenylserine were
required in connection with a biological investiga-
tion and a study of their preparation was under-
taken. When the synthetic work was initiated,
none of the published syntheses of 8-phenylserine
appeared promising as methods of preparing both
diastereoisomeric forms. However, the synthesis of
threonine and allothreonine from ethyl acetoace-
tate! provided an example of a successful prepara-
tion of both isomers of a @-substituted serine.
Therefore, a new synthesis was devised in which
threo- and erythro-B-phenylserine were synthesized
from ethyl benzoylacetate. Hayes and Gever? at-
tempted to use this method for the preparation of
B-(2-furyl)-serine from ethyl 2-furoylacetate but
were unable to separate one of the intermediates
from the acetanilide that was formed as a by-prod-
uct.

In this Laboratory, ethyl a-phenylazobenzoylace-
tate (II) was obtained by treating ethyl benzoylace-
tate (I) with benzenediazonium chloride by the
method of Bulow and Neber.?® Reductive acetyla-
tion of the phenylazo compound (II) yielded ethyl
a-acetamidobenzoylacetate (III) with acetanilide
as a by-product.

The removal of this by-product by ordinary re-
crystallization procedures was extremely difficult
but repeated water extraction of a benzene solution
of the mixture readily eliminated all the acetanilide.
Reduction of the ketone (III) was carried out by a
catalytic hydrogenation. Palladium catalyst (59,
on charcoal) was used and the reduction ceased
completely when one mole of hydrogen had been
absorbed. The product (IV) had a sharp melting
point and appeared to consist of a single diastereo-
isomer.

Treatment of the N-acetyl-3-phenylserine ethyl
ester (IV) with hydrogen chloride in absolute etha-
nol yielded erythro-3-phenylserine ethyl ester hydro-
chloride (V). erythro-3-Phenylserine (VI) could be
prepared indirectly by acid hydrolysis of the ester
hydrochloride (V) and directly by acid hydrolysis
of the erythro-N-acetyl-B-phenylserine ethyl ester

(1) K. Pfister, C. A. Robinson, A. C. Shabica and M. Tishler, TH1S
JournNaL, 71, 1101 (1949).

(2) K. Hayes and G. Gever, J. Org. Chem., 168, 269 (1951).
(3) C. Bulow and P. Neber, Ber., 48, 3732 (1912).

The configuration of an intermediate, erythro-N-
Hydrolysis of the
The configuration of threo-N-acetyl-G-phenylserine ethyl
No crystalline oxazoline was obtained from

diazotized .
CSH",CCHzCOOCgHs '-—-"> CsH;,C—CHCOOLsz,
I aniline -
O NZN—'Cst,
I II
| Zn, HOAC,
ACQO
H H ,
C5H5C—'CCOOC2H5 (Iq CsHsﬁ—CHCOOCsz

OH NH—COCH; O NH—COCH,
IV erythro II1

C:H;OH 4 HCl

H H
1, Dilute CsH{,C—'CCOOC2H5
socl HCl -
2 | 2, NH,0H OH NH, HCI
i V erythro
o, 4 1 |1, Dilute HCI
[ 2, NH,OH
CsH;C— —CCOOC, H; v !
H ‘ "] H H
CI‘,=N C:H;:C—CCOOH
CH; OH NH,
VII threo VI erythro
dilute
acid
OH OH
| H ) HCI | H
CH;C—CCOOH ' —————> CsH;C—CCOOC;H;
H | C.H;OH H
NH,-HCl1 NH,-HCl
VIII threo IX threo
NaOAc
109, erythro-ethyl Ac:0
ester hydrochlo- 1, SOCl, OH
ride (V) 2, dilute HCI | H
<«— ——— CH;C—CCOOC,H;
50~609, threo ethyl 3, C;H;OH + H
ester hydrochlo- HCI NHCOCH;
ride (X) X threo
(IV). The yields were higher by the latter route,

but intermediate isolation of the ester hydrochlo-
ride, possessing a characteristic melting point, gave
an added check on the stereochemical purity of the
final product.



