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the N-phenyl and N-p-tolyl homologs, respec-
tively. These values may be interpreted as indi-
cating that the primary effect of the substituents
is on the acidity of the bromoamide.

Experimental

N-Phenyl-4-bromobutanamide.—Twenty mil. of thionyl
chloride was added dropwise to 37.1 g. of 4-bromobutanoic
acid and the mixture was allowed to remain at room tem-
perature for two days. The excess thionyl chloride was
removed by means of a water aspirator and the residue
vacuum distilled, b.p. 88-90° at 31 mm., #%»p 1.4899. A
solution of 37.2 g. of aniline (0.4 mole) in 500 ml. of chloro-
form was treated dropwise with stirring with 37.1 g. of this
distillate. After addition of the acid chloride the solution
was stirred an additional 15 minutes. The precipitate of
aniline hydrochloride was removed and washed with three
20-ml. portions of chloroform. The chloroform filtrate
and washings were concentrated by means of a water
aspirator and the crude bromobutanamide was purified by
dissolving in hot petroleum ether (b.p. 65-110°), cooling
and then chilling the solution in a Dry Ice-acetone solution.

The recrystallized product melted at 75-76°. The yield
based on recrystallized product was 389%,.

Anal. Caled. for CpHi12ONBr: Br, 33.00. Found:
Br, 32.97.

N-p-Tolyl-4-bromobutanamide.—This compound was pre-
pared in an analogous manner as N-phenyl-4-bromobutana-
mide except that the reaction time was extended to two
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hours. A yield of 63.29 of recrystallized bromoamide
(pet. ether) was obtained; m.p, 90-91°.
Anal. Caled. for CyH;sONBr: Br,
Br, 31.20.
N-p-Chlorophenyl-4-bromobutanamide.—By employing
the procedure described above and a reaction time of two
hours, a 69.29, vield o !bromoamide was obtained. Re-
crystallization was from pet. ether, m.p. 100-101°.

Anal. Caled. for CyHuONCIBr: Br, 28.8S,
Br, 28.88.
1-p-Chlorophenylpyrrolidone.—Oue hundred inl. of a
methanol solution 0.05 3 with respect to sodium methoxide
and 0.05 M with respect to N-p-chlorophenyl 4-bromobu-
tanamide was placed in a water-bath at 22.9° until all the
bromide ion was released. The methanol was evaporated
off by means of u water aspirator and the residue washed
with water to remove the sodium bromide. The residuc
was dried in an oven at 50° and weighed 0.940 g. (96%,)
and melted from 84-92°, The crude 1-p-chlorophenyl-
pyrrolidone was recrystallized from low boiling petroleum
ether (30-60°) and melted from 95-97°.
Anal. Caled. for CpH;pONCL: N, 7.16.
7.38.

Acknowledgment.—The authors wish to thank
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The Reactivity of the Chloronitrobenzenes with
Sodium Thiophenoxide

By J. F. BUNNETT AND R, F. SNIPES
RECEIVED MaAY 7, 1955

It has long been known! that halogen atoms are
displaced readily from o- and p-halonitrobenzenes
by mercaptide reagents, nitrophenyl sulfides being
formed, whereas m-halonitrobenzenes do not un-
dergo this sort of reaction. Little is known, how-
ever, about the reactivity of o- as compared to p-
halonitrobenzenes in such reactions.

Bourgeois and Huber! reported that o-bromoni-
trobenzene reacted with sodium thiophenoxide in
absolute ethanol more energetically than its para
isomer did. From this, Bunnett and Zahler? sur-
mised that o-halonitrobenzenes exceed their para
isomers in reactivity toward this reagent. The
present experiments, undertaken in connection
with other work on the ortho: para ratio in activa-
tion of aromatic nucleophilic substitution by the
nitro group,® indicate that this surmise was incor-
rect.

We have measured rate coefficients for the reac-
tions of p-chloronitrobenzene (I), of o-chloronitro-
benzene (II) and of 1,4-dichloro-2-nitrobenzene
(III) with sodium thiophenoxide in 609, dioxane
solution at 25.35°. Rates were followed spectro-
photometrically, and in a few cases by potentiomet-

(1} E. Bourgenis and P. aber, Buall sor. clidw., [1] 9, 944 (1911),

{23 1. F. Bunnett aud R, [, Zuliler, Chenr. Revs., 49, 312 {(14531)
(3) 1.1 Bunne(C amd R ). Morath, ‘Fins Jouanatr, TT, 5051 (1455

ric titration of the chloride ion liberated. Results

are listed in Table I,

TABLE I
ReacTIONs witH SopiuM THIOPHENOXIDE IN 609, Di-
OXANE
Rate coefficient at 25.33°, 1. mole™! min, ™!
Substrate, Photometric By titration
nitrobenzene Indiv.runs Mean Indiv.runs Mean
p-Chloro- (I) 0.0295
. 0307
.0282%  0.0205 0.0252°
o-Chloro- (I1) 0047
.0043
.0058
.0038 L0046
1.4-Dichloro-2- (111) .216 200
.218 217 . 194
1790
165 0.184

@ These two coefficients are derived from analysis of por-
tions of the same reacting mixture. ? These coefficients
are 1019 of coefficients measured at 25.25°. ¢ From refer-
ence 4.

That the reactions are not entirely free of com-
plications is indicated by the difference between
the photometric and titrimetric rate coefficients,
by the variation of rate coefficients from run to run
(especially in reactions of II), and by the fact that
infinity optical densities for runs with III were
only 879 of theoretical. On the other hand, the
approximate agreement of rate coeflicients measured
by the two techuiques, the spectri of reaction
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solutions from all three compounds, and the isola-
tion of the expected product from III* indicate
that the coefficients measured represent for the
most part the expected displacement of chlorine by
the thiophenoxy group.

The data show that p-chloronitrobenzene reacts
with sodium thiophenoxide, under the conditions
of our experiments, 6.4 times as fast as o-chloroni-
trobenzene, The para isomer is known to react
more rapidly, by about the same margin, with alk-
oxide reagents.? We tentatively conclude that
the chlorine atom in p-chloronitrobenzene in gen-
eral is replaced more readily by anion reagents.’

The data in Table I for the last two substrates
permit a recalculation? of the Hammett p-constant
for the reactions of 4-substituted-2-nitrochloro-
benzenes with sodium thiophenoxide in 609, diox-
ane. The three points now available (for H, p-Cl
and p-CF;) fall neither precisely in line nor so far
out of line as to raise doubt about the applicability
of the Hammett treatment. Rho, calculated by
the method of least squares, is +4.5. This is some-
what higher than previously estimated, but still of
the same order of magnitude as p-constants for other
nucleophilic displacements at aromatic carbon
atoms.®

Experimental

Materials,—I, II and III were commercial products re-
crystallized. o-Nitrodiphenyl sulfide, m.p. 80°, p-nitro-
diphenyl sulfide, m.p. 54-55°, and 4-chloro-2-nitrodipheny!
sulfide, m.p. 84-85.5°, were prepared, for use in standardiz-
ing the spectrophotometric analytical method, by conden-
sation of the corresponding chloro compounds with sodium
thiophenoxide in alcoholic or aqueous dioxane media.
609% Dioxane (by volume) was prepared as previously de-
scribed.# Commercial thiophenol was redistilled and
stored in a nitrogen atmosphere. Standard solutions of
sodium thiophenoxide in 609, dioxane were prepared by
combining weighed amounts of thiophenol with calculated
volumes of standard sodium hydroxide. These solutions
contained about 0.02 mole of sodium hydroxide per 0.15
mole of sodium thiophenoxide, to ensure complete conver-
sion of thiophenol to thiophenoxide ion, and were used
within one day of their date of preparation. The presence
of free hydroxide ion can be tolerated because hydroxide
ion is such a poor nucleophilic reagent compared to thio-
phenoxide ion.4

Rate Measurements.—In the reaction solutions, the con-
centrations of sodium thiophenoxide and the aryl chloride
were equal and about 0.015 /. At measured times, samples
were quenched by excess sulfuric acid and analyzed by ti-
tration* or by spectrophotometric measurements® as pre-
viously described. Reactions were followed to about 350,
30 and 509, of completion, respectively, in the cases of sub-
strates I, IT and III. Plots 1/(a — x) vs. ¢ were strictly
linear in the case of I, whereas the rate coefficient decreased
slightly (less than 109, from beginning to end) in the case
of III, and decreased in a more pronounced fashion (209,
in the extreme) in the case of II.

Reactions of all three aryl chlorides were allowed to stand
for several days after the completion of kinetics runs, and
then samples were removed and diluted in a standard
fashion. At the same time, samples were removed from
synthetic infinity solutions made from the pure sulfide prod-
ucts, and these samples were diluted in the same fashion.
The visible and ultraviolet absorption spectra of the corre-
sponding diluted samples were determined and compared
one against the other. The spectra showed that I, II and
ITT had formed, respectively, 69, 42 and 879, of the expected
sulfides. The last was a maximum value which did not
increase with time. In all three cases, the spectra of the

(4) J. F. Bunnett and G. T. Davis, THis JoUur~aL, T6, 3011 (1954),

(3) o-Chloronitrobenzene i{s more reactive toward amines.?

(6) J. F. Bunnett, H, Mpe and D. Knutson, THIs Jour~at, 76, 3936
(1654); 12, Berliner aud 1., C. Mouack, ihid., T4, 1574 (1852).

NoTEs 5423

reaction solutions closely resembled tlie spectra of the pure
products, indicating that the expected products had been
formed.
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nance Research, U. S. Army, for financial as-
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DEPARTMENT OF CHEMISTRY

UNIVERSITY OF NORTH CAROLINA
CuareL HiLL, NorTH CAROLINA

Many-membered Carbon Rings. XI.! Civetone

Homologs

By A. T. BLOMQUIST AND JOSEPH WOLINSKY
REeCEIVED Mav 21, 1955

Although several syntheses for the perfumery fix-
ative civetone have been developed,? little attention
has been given to the synthesis of civetone homo-
logs possessing the important musk odor. Ruzicka’s
method for 8-cyclohexadecen-l-one (III) and 9-
cyclodetadecen-1-one (VI)34 via the pyrolysis of the
appropriate dibasic acids is not particularly at-
tractive as the yields of ketones are quite low and
the syntheses of the requisite unsaturated dibasic
acids are lengthy.

The successful use of 1,9-cyclohexadecanedione
(I) and 1,10-cyclodctadecanedione (IV) as precurs-
ors for muscone analogs! prompted a study of the
utility of I and IV as intermediates for the synthe-
sis of III and VI. The latter were in fact easily
obtained by dehydration of the hydroxyketones II
and V, prepared by the partial reduction of I and
Iv.

—(CHa)p— H; (1 mole),
0] cO —m———>

—(CHz)n— Pt
I,n="7
IV,n =8
r—(CHs)n—y fusion with CH(CHj)u_1—7
HOCH CO —————> || CO
L——(CHZ)W‘—J KHSO4 CH(CHz)n -
IL,n =7 I, n =7
V,n =8 VI,n =8

Using Adams catalyst in acetic acid, partial re-
duction of I was achieved by allowing one equiva-
lent of hydrogen to be absorbed. The resulting
mixture of products then was recrystallized from
hexane, 1,9-cyclohexadecanediol (VII) being insol-
uble at room temperature and nearly pure II sepa-
rating on cooling to 0-5°, Unreduced I and I, con-
tained in the mother liquor, were separated by
chromatography. II, thus obtained in 609, yield
and characterized as its semicarbazone derivative,
on fusion with potassium hydrogen sulfate gave
I11, isolated as its semicarbazone derivative (809%).
Oxalic acid hydrolysis of III semicarbazone gave
pure III, m.p. 17-22° having an intense musk
odor,
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