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geneous case (6) M represents any suitable third
body present in the gas phase. In all cases, viz.,
(4) and (5), (4) and (6), or (4) and (7), the rate is
independent of the total pressure. This is consist-
ent with our findings since the total pressure did
vary by a factor of about 2 between several of the
runs with no significant effect on the calculated
rate constant. This independence of pressure sup-
ports the postulated first order in benzal chloride
for if this order were not unity then the homogene-
ous mechanisms would involve a pressure depend-
ence. Because of the two-fold variation in pres-
sure and also because good rate constants were not
found where the order of benzal chloride was as-
sumed to be other than unity we may take that or-
der as unity without a more direct determination.
The homogeneous chain starter (8)

has not been considered since the half-life of the
excited chlorine molecule is smaller than the time
between collisions at the pressures used in this
investigation.

It is of some interest that if one uses the equilib-
rium concentration of chlorine atoms'® and the ob-
served rate constant and, by the method of
Pease,? calculates a chain length the value found
is 108. The assumptions used make this value un-
certain even as to order of magnitude. However,
and more important, since any such chain length
is highly improbable in the present reaction, the
calculation argues in favor of the heterogeneously
catalyzed reaction (5), 7.e., a higher rate for the
chain starter than estimated in the calculation.

(10) W. F. Giauque and R. Overstreet, THiS JOURNAL, 54, 1731
(1932).
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In the light of the above considerations one
must conclude that either (or both) the heteroge-
neous, (5), or homogeneous, (6) and (7), mecha-
nisms will account for the data obtained. Thereis
some indication to favor the heterogeneous reac-
tion in which chains are started and broken on the
surface of the reactor it being implied that the
surface in all of our reactions was such that it was
not a limiting factor.

It might be of interest to point out that the sur-
face reaction which we have suggested as one of
the possible mechanisms is the same as the one
found by Morris and Pease!! for the thermal hy-
drogen—chlorine reaction.

Acknowledgment.—The authors wish to ac-
knowledge the suggestion of this problem by Dr.
Paul M. Gross.

Summary

1. The kinetics of the gas phase thermal chlo-
rination of benzal chloride at 169, 195 and 230°
have been studied with carefully punﬁed materi-
als.

2. The reaction is predominantly a side-chain
substitution, a maximum of 5% ring chlorination
having been observed.

3. No change in over-all rate with. varying
pressure or surface-volume ratio was observed.

4. Some discussion of the rate law and possible
reaction mechanisms has been presented.

5. A rough calculation indicates that the reac-
tion involves a long chain length.

(11) J. C. Morris and R, N, Pease, ibid., 61,
(1939).
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Some Reactions of N-(g-Hydroxyalkyl)-carbazoles

By RaLrH G. FLOWERS, HARRY F. MILLER AND LEorLA W. FLOWERS

In the preparation of N-vinylcarbazole (III)
by decomposition of the N-acyloxyethyl deriva-
tives, according to the scheme!

CHzCHzOH CHzCHzOOCR CH—CHz

QO-0-00

we have had the occasion to prepare N-(B-hy—
droxyethyl)-carbazole (I) and several of its esters
(IT). The esterification of (I) proceeded normally
with good yields in all cases tried, except in the
attempted preparation of a phthalate, where no
reaction was observed. The use of small quanti-

(1) Miller and Flowers, U. S. Patent 2,426,465; C. 4., 43, 224
(1948).

ties of sulfuric acid to catalyze the reactions gave
only tarry products.

The N-vinylcarbazole was best prepared by the
decomposition of N-(B-acetoxyethyl)-carbazole,
although many attempts were made to convert
(I) directly into the vinyl derivative by various
dehydration methods. These trials included
treatment of (I) with phosphorus pentoxide and
vapor phase treatment with alumina over a wide
range of temperatures. Unreacted (I), carbazole
and a small amount of polymer was obtained from
these trials. Better conversion of N-(B-acetoxy-
ethyl)-carbazole to (III) over that previously re-
ported! is obtained when the reaction is carried out
at reduced pressures in the presence of an inert va-
por and a copper borate catalyst.

A similar program was carried out in an attempt
to prepare N-propenylcarbazole (VI) from the de-
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TaBLE I
N-CARBAZOLE DERIVATIVES
Reac — Analyses. %
M. p., time, Esterifying Vield, Molecular Carbon Hydroge Nitrogen
Compound °C.e hr.b reagent % formula Caled. Found Calcd Found Caled. Found
8-Hydroxyethyl- 83-83.5 26 ..., 40 CH;NO 79.59 79.81 6.26 6.31 6.63 6.52
B-Acetoxyethyl- 74-74.5 64 Anhydride 74 C,HiNO: 75.89 75.84 5.98 6.04 5.54 5.59
B-Propionoxyethyl- 74-75 27 Anhydride 95 CiH;sNO, 76.40 76.05 6.38 6.47 5.25 5.24
B-Butyroxyethyl- 48-49 21 Anhydride 60 C,H;sNO, 76.86 76.83 6.81 6.95 4.98 5.09
g-Phenylacetoxyethyl- 70-71 94 Acid 26 CpH;sNO, 80.30 79.94 5.83 5.80 4.39 4.35
B-Benzoxylethyl- 142-143 A Acid chloride 98 CxH;;NO, 80.00 79.59 5.40 5.44 4.44 4.54
$-3,5-Dinitrobenoxy- 261-262 B Acid chloride 98 CpH;sN;0s 62.30 62.33 3.71 38.79 10.38 10.24
ethyl-
B-Hydroxypropyl- 120-121 31 ... 90 Ci HNO 79.56 79.78 6.90 6.81 6.40 6.28
B-Acetoxypropyl- 104-104.5 1 Acid chloride 95 C;H;sNO: 76.36 76.57 6.42 6.58 5.24 5.35
B-Propionoxypropyl- 64-64.5 46 Anhydride 80 CiHgNO, 76.83 76.85 6.81 6.8¢ 4.98 5.13
B-Butyroxypropyl- 42-43 A Acid chloride 61 CyHuNO» 76.24 76.86 7.18 7.27 4.75 4.76
B-Phenylacetoxy- 50-50.5 120 Acid 20 CyuHy,NO; 80.47 80.63 6.17 6.23 4.08 4.10
propyl-
B-Benzoxypropyl- 83.5-00 A Acid chloride 77 CpH,NO, 80.21 80.12 5.8 5.86 4.26 4.31
$-3,5-Dinitrobenzoxy- 167.5~-168 B Acid chloride 65 C»H;N3;Os 63.01 62.84 4.10 3.8 10.02 9.38
propyl-
o All melting points corrected. A = 1 min.; B = 5 min. Analyses were performed by Dr. Carl Tiedcke, Mrs. B.

Sicard and Miss F. Durkee.

hydration of N-(8-hydroxypropyl)-carbazole (IV)
or from the decomposition of esters (V) of N-(8-
hydroxypropyl)-carbazole.

OH
(’[2H2CHCH3 CH—CHCH;
O/N\(j —H,0 SN
—_—
v VI
CH,CH(OOCR)CH, }[1
N

Y
00 -

The attempt to obtain VI by dehydration of the
alcohol resulted only in a product having the prop-
erties of a low molecular weight polymer. Asindi-
cated in the above diagram, pyrolysis of the esters
(V) gave only carbazole.

Experimental

N-(g-Hydroxyethyl)-carbazole (I).—This new, com-
pound was prepared by a modification of the method used
by Stevens and Tucker? for certain other carbazole deriva-
tives. Eighty grams (0.48 mole) of carbazole, recrystal-
lized from acetone, was dissolved in 400 cc. of ethyl methyl
ketone in a S-Iiter, 3-necked flask, equipped with an ef-
ficient stirrer, a reflux condenser and a dropping funnel.
This solution was heated on a sand-bath until refluxing
began, at which time a solution of 70.4 g. (1.76 mole)
of sodium hydroxide in 36 cc. of water was added. After
refluxing for thirty minutes to allow a reaction to take
place between the carbazole and sodium hydroxide, 64

(2) Stevensand Tucker, Chem, Soc. Trans., 138, 2140 (1923).

cc. (0.954 mole) of ethylene chlorohydrin was added drop-
wise to the green caustic solution over a period of one
hour. The reaction mixture was stirred with refluxing
for three hours and then an additional 40 g. of sodium
hydroxide was added and 64 cc. of ethylene chloroliydrin
was introduced dropwise. After refluxing for twenty-
six hours, the contents of the reaction flask were poured
into three liters of water. The ethyl methyl ketone solu-
tion was extracted from the aqueous layer with ethyl
ether. The ether was then evaporated on the steam-bath
and the residue filtered to remove the bulk of unreacted
carbazole.

The solvent was removed by distillation at 2.5 mm.
pressure. All material distilling below 135° was dis-
carded. The residue was recrystallized several times
from a 50-50 benzene-ligroin’ mixture, as long, fine,
colorless needles (see Table I).

N-(8-Hydroxypropyl)-carbazole (IV).—The procedure
for the preparation of (IV) from carbazole and propylene
chlorohydrin was similar to that used for (I) except that
very little carbazole remained unreacted and was not
filtered. Some of the solvent, ethyl methyl ketone, was
removed before the reaction mixture was poured into
water. The solid was filtered and washed, until neutral.
It was recrystallized from small amounts of acetone and
finally from benzene, to give small, colorless needles,
melting at 120-121° (see Table I).

Esters of N-(3-Hydroxyethyl)-carbazole (I) and N-(§-
Hydroxypropyl) -carbazole (IV).—The esterifications of
(I) and (IV) were carried out by refluxing the hydroxy
compound with an excess of the acid, acid chloride or acid
anhydride. The reagent used and time required is in-
dicated in Table I for the respective derivatives. The
products were recrystallized from ethyl alcohol. All the
esters crystallized out as colorless needles, except the
derivatives prepared with the 3,5-dinitrobenzoyl chloride,
which came down as fine, yellow needles.

N-Vinylcarbazole (III).—Forty grams (0.158 mole)
of N-(B-acetoxyethyl)-carbazole was dissolved in 200 cc.
of benzene and added dropwise into a vertical, 24-inch re-
action column packed with copper borate-alumina pel-
lets.? The temperature was maintained at about 540°.
The reaction was carried out at pressures of 3-20 mm.
The product contained 5 g. of carbazole and 7 g. of N-
vinylcarbazole (239, yield).

(3) Catalysts in pellet form were obtained from Harshaw Chemi-
cal Company, Cleveland, Ohio.
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Dehydration of N-(3-Hydroxypropyl)-carbazole (IV).—
In a typical experiment, 29 cc. of dry benzene, 29 g. of
phosphorus pentoxide and 0.2 g. of p-t-butylcatechol were
heated to refluxing in a 125-cc., 3-necked flask, equipped
with condenser, stirrer and dropping funnel. Five
and eight-tenths grams (0.022 mole) of (IV) in 27 cc. of
dry benzene was added over a period of fifteen minutes.
After fifteen minutes more of refluxing, the contents of
the flask were diluted with a large volume of water and
neutralized with sodium carbonate. The solid was fil-
tered, washed and air-dried. The product contained no
monomer, but 4 g. (889 yield) of a solid which was pre-
cipitated as a white powder from its benzene solution
with methyl alcohol. This powder had a softening point
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of 180°. Viscosity measurements at several concentra-
tions indicate that this material is a polymer having a
molecular weight between 20,000 and 40,000.

Summary

A method is described for preparing N-vinylcar-
bazole and the polymer of N-propenylcarbazole.
The synthesis and properties are given for N-(3-
hydroxyethyl)-carbazole and N-(B8-hydroxypro-
pyl)-carbazole and several esters of each.

PITTSFIELD, MASS. RECEIVED APRIL 10, 1948
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The Stobbe Condensation with Cyclohexanone

By WiLLiaM S. JouNsoN, CHESTER E. Davis,! Ricaarp H. HUNT AND GILBERT STORK?

The first report of this condensation was made
in 1941 by Robinson and Seijo® who used equimolar
quantities of cyclohexanone, dimethyl succinate
and sodium methoxide. The product (yield un-
specified) gave on hydrolysis an acid melting at
186-187° which was presumed by them to be cy-
clohexylidenesuccinic acid, I.* A product also
presumed to have this structure had been previ-
ously reported by Ingold, Seeley and Thorpe® as
melting at 175°, the evidence for the position of
the double bond being based on the odor of the
oxidation product.® More recently Alder, Pascher
and Schmitz” described the sodium ethoxide-cata-
lyzed Stobbe condensation of cyclohexanone with
diethyl succinate. The crude saponified product
was obtained in ‘“‘over 409,” yield and on opuriﬁ-
cation gave a dibasic acid melting at 146°, also
presumed to be cyclohexylidenesuccinic acid, I.
An acid of the same description has since been sim-
ilarly prepared in 379, yield (after a reaction pe-
riod of more than two weeks) by Swain, Todd and
Waring® who suggested that the 146° acid was not
I, but cyclohexenylsuccinic acid, II. That this
conclusion was correct is demonstrated below.

CH,COOH
-CHCOOH

1

I II

(1) Present address: Chemical Research Division, National Cash
Register Corp., Dayton, Ohio.

(2) Present address: Department of Chemistry, Harvard Uni-
versity, Cambridge, Massachusetts,

(3) Robinson and Seijo, J. Chem. Soc., 582 (1941).

(4) Robinson and Seijo (ref. 3) state that, ‘*All the substances men-
tioned in this section afforded cyclohexanone on oxidation with
alkaline permanganate.”” This observation is not incompatible with
the premise set forth in the present communication that their ma-
terial was actually the paraconic acid IV.

(5) Ingold, Seeley and Thorpe, ¢bid., 853 (1923).

(8) The authors (ref, §) state that “It instantly decolorizes cold
alkaline permanganate, and gives an odour of cyclohexane . . .”
(undoubtedly they meant cyclohexanone).

(7) Alder, Pascher and Schmitz, Ber., T6B, 27 (1943).

(8) Swain, Todd and Waring, J. Chem. Soc., 548 (1944).

The probable nature of the other products is also
elucidated.

The modified procedure for the Stobbe con-
densation involving the use of potassium f-butox-
ide® was employed with striking success, the dis-
tilled half-ester III being obtained in 849, yield
after a reaction period of only ten minutes. Sa-
ponification of the half-ester with barium hydrox-
ide gave a mixture from which two pure acids were
isolated, one melting at 179-180° with evolution
of gas and the other at 145-146° without decom-
position. According to Stobbe’s generalization!®
that all itaconic acids melt around 170-185° with
elimination of water (anhydride formation) and
that alkylidene pyrotartaric acids melt around
140-155° with very slow decomposition it would
be concluded that the 180° acid is I and the 146°
acid II. The opposite conclusion is reached, how-
ever, on the basis of the generalizations regarding
the behavior of such acids with acetyl chloride at
room temperature, since the lower melting acid
reacted more rapidly than the 180° acid.

The structures of the two acids were shown by
oxidation with cold alkaline permanganate: the
180° acid gave cyclohexanone isolated in 289,
yield as the semicarbazone, while the 146° acid
under identical reaction conditions gave no de-
tectable cyclohexanone. The former therefore is
undoubtedly cyclohexylidenesuccinic acid, I, and
the latter the 3-carbon tautomer II. When the
half-ester was similarly oxidized no cyclohexanone
could be detected and the position of the double
bond is therefore formulated in the endocyclic po-
sition (formula I11). Although exclusion from the
liquid half-ester of all traces of the isomeric cyclo-
hexylidene derivative could not be established by
the oxidation tests, the appreciable quantities of
the derivative obtained on saponification of the

(9) (a) Johnson, Petersen and Schneider, THIS JOURNAL, 69, 74
(1947); (b) Johnson, Goldman and Schneider, ¢bid., 87, 1357 (1945);
(c) Johnson, Johnson and Petersen, :bid., 67, 1360 (1945); (d) John-

son and Petersen, ibid., 67, 1366 (1945).
(10) Stobbe, Ann., 308, 67 (1899).



