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Several features of the Hofmann—-Loffler reaction relevant to the mechanism have been examined, iucluding stereochemis-

try, hydrogen isotope effect, initiation, inhibition, catalysis, intermediates and selectivity of hydrogen transfer.

The results

point conclusively to a free radical chain mechanism involving intramolecular hydrogen transfer as one of the propagation

steps.

In 1883 Hofmann,® in the course of a study of the
reactions of N-bromoamides and N-bromoamines,
treated N-bromoconiine (I) with hot sulfuric acid
and observed the formation of a tertiary amine
which was later* shown to be §-coneceine (II). Al-
though this type of reaction was to become a gen-
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eral and expeditious process for the synthesis of
pyrrolidines, it was not until some twenty-five
years after Hofmann’s work that further examples
appeared in the literature in three papers by Loffler
and co-workers®~" which include among other in-
stances an elegant synthesis of nicotine (III).f
Loffler” also found that N-bromo-N-methyl-2-bu-
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tylamine failed to give any tertiary amine and con-
cluded that four-membered rings cannot be formed
from N-bromoamines. Later studies®—" have re-
vealed that pyrrolidine formation is favored over
six- and higher-membered rings (e.g., methyloctyl-
chloroamine is reported to cyclize to 1-methyl-2-
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butylpyrrolidine in good yield!?), that secondary
pyrrolidines are formed by heating N-chloro-N-al-
kylamides in sulfuric acid!®!*=% and that bridged-
ring structures can be synthesized as well as fused-
ring and monocyclic ones (e.g., Coleman’s!?* cycliza-
tion of N-chloro-N-methylcycloheptylamine to tro-
pane in about 409, yield). These contributions
amply demonstrate that the N-haloamine reaction
provides a tool of great power for succinct and ef-
ficient synthesis of many cyclic amines. However,
the theoretical implications of these results are also
extremely important since it is obvious that the
formation of pyrrolidines from N-chloroamines is
mechanistically a very unusual transformation.

In connection with recent work on the applica-
tion of the Hofmann-Loffler reaction'® to various
synthetic problems'®.2® we have sought to gain an
understanding of the reaction mechanism and this
paper describes the results of these experiments.

Wawzonek and co-workers?:.??2 made the first
study of the mechanism of the cyclization of N-
haloamines. They found that a solution of N-
chloro-N-methyleyclodetylamine (IV) in sulfuric
acid when irradiated with ultraviolet light in the
presence of chlorine or when treated with hydrogen
peroxide in the dark gave up to 249, yield of N-
methylgranatinine (V), much more than is formed
in the absence of light and peroxide.?* It was pro-
posed from this evidence that the reaction proceeds
by a free radical chain mechanism
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Wawzonek?? also studied the cyclization of various
N-chloro- and N-bromo-4-ethylpiperidines in sul-
furic acid under the influence of ultraviolet light.
The tertiary amine products were reported to be
quinuclidines. It was found that when the irradi-
ated sulfuric acid solutions were carefully neutral-
ized and adjusted to pH 9 at room temperature, the
pH slowly dropped to ca. 5, and this was inter-
preted in terms of an intermediate 4-(8-haloethyl)-
piperidinium salt which cyclized under basic condi-
tions via the corresponding amine to a quinuclidite.
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Under conditions which are apparently similar to
those enmiployed by Wawzonek,?? Lukes!® obtained
7-methyl-1-azabicyclo(1,2,2)heptane (VII) as the
?ole\tertiary amine from N-chloro-4-ethylpiperidine
VI).
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Evidence regarding the stereochemistry of the
Hofmann-~Lofiler reactiou is limited to the finding
that the (—)-8-coniceine (II) obtained from the
cvclization of the N-bronio derivative of natural
(-4 )-coniine (I) possesses an optical rotation® equal
to that of fully resolved material.?*

The above evidence, which was the only informa-
tion pertinent to miechanism at the start of our
work, was clearly not sufficient to establish the
course of the Hofinann-Loffler reaction with regard
to most of the important details. Consequently we
unidertook to characterize the reaction further in
terins of: (1) stereochemistry; (2) isotope effect;
(3) isitiation, inhibition and acid catalysis; (4)
intermediates; and (5) geometrical requirenients.

Results

A. Stereochemistry.—In order to determine
wliether the replacement of hydrogen in the
cyclization of N-haloamines proceeds with reten-
tion, inversion or equilibration of configuration, it
was liecessary to prepare a secondary amine with an

(23) E. Lellmann, Ber,, 21, 2141 (1890),

(24) N. J, Leonard and W. J. Middleton, THis JOURNAL, T4, 5776
(1952).
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asymmetric -carbon atom and since, as will be de-
scribed later, cyclization to a tertiary carbon atoni
does not occur under normal conditions, the asym-
metric center had to be a secondary carbon pos-
sessing a hydrogen and a deuterium substituent.
The compound chosen for study was the N-chloro
derivative of (—)-methylamylamine-4-d. The de-
termination of the stereochemistry of cyclization of
this substance requires data on the relative con-
figurations of the starting amine and 1,2-dimethyl-
pyrrolidine and on the amount of hydrogen iso-
tope lost in the cyclization,

Valerolactone, the starting point for the synthe-
sis of asvmmetrically deuterated methylamylam-
ine, was hydrolyzed with aqueous barium hydroxide
to the barium salt of v-hydroxyvaleric acid which
was converted to the free acid and thence to the cin-
chonidine salt. The complete separation of the
diastereomeric cinchonidine salts according to the
procedure of Levene and Haller® proved to bea very
laborious process and was not attempted. The
valerolactonie which was isolated after twenty-four
recrystallizations of the salt from methanol-acetone
consisted of 66.29, of L-(—)-isomer and 33.8%, of
D-(+)-isomer and this material was treated with
methylamine under pressure to give N-methyl-vy-
hydroxyvaleramide as a viscous liquid. Reduction
of the amide with lithium aluminum hydride in
tetrahydrofuran solution afforded (4 )-N-methyl-4-
hydroxyamylamine (VIII). At this point it was
desirable to check on the optical purity of the al-
kanolamine VIII and at the same time to determine
the magnitude of the optical rotation of the 1,2-di-
methylpyrrolidine corresponding in optical purity
to the alkanolaniine aud the valerolactone. This
was done by conversion of the (+4)-alkanolamine
VIIT to 1,2-dimethiylpyrrolidine using the process
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(1) treatment with sodium hydride to form tlie so-
dium alkoxide, (2) reaction of the alkoxide with p-
toluenesulfonyl chloride to give N-methyl-4-p-tolu-
enesulfonoxyamylamine and (3) cyclization of the
latter with inversion of configuration at the asym-
metric carbon atom to (—)-1,2-dimethylpyrrolidine
which had a specific rotation of —14.5°. If it be
assumed that the pyrrolidine has the same optical
purity as the starting valerolactone, then the rota-
tion for the pure L-1,2-dimethylpyrrolidine would
be —44.6°. Since the rotation of L-1,2-dimethyl-
pyrrolidine has not been reported, it was necessary
to prepare a sample from the known r-2-methyl-
pyrrolidine which was generously provided by Prof.
P.Karrer. Methylation of a small amount of Kar-
rer’s L-2-methylpyrrolidine (derived from proline)
gave with formic acid—formaldehyde L-1,2-dimeth-
ylpyrrolidine showing a rotation of —38.5°. This

(25) P. A. Levene and H., L. Haller, J. Biol. Chem., 69, 165 (1926).
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observed value is doubtless somewhat low since in-
frared analysis indicated the methylation product
was contaminated with a small amount of extrac-
tion solvent (#-dodecane). Thus it can be con-
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cluded that there was probably no racemization in
the conversion of (—)-valerolactone to (4)-N-
methyl-4-hydroxyamylamine.2

The next step in the synthesis of the deuterated
amine was the conversion of (4)-N-methyl-4-hy-
droxyamylamine to (—)-N-methyl-N-(4-p-toluene-
sulfonoxyamyl)-p-toluenesulfonamide (IX) with p-
toluenesulfonyl chloride and pyridine. The optical
purity of IX was checked by reconversion to al-
kanolamine VIII using displacement by potassium
acetate in ethanol solution to give (4 )-N-methyl-
N-(4-acetoxyamyl)-p-toluenesulfonamide (X) (with
inversion of configuration at the asymimetric carbon
atom), and reduction with lithium aluminum hy-
dride in tetrahydrofuran solution. As expected,
the (—)-N-methyl-4-hydroxyamylamine obtained
had a specific rotation essentially equal in magni-
tude but opposite in direction to that of the origi-
nal alkanolamine VIII.
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The di-p-toluenesulfonyl compound 1X was
treated with lithium aluminuin deuteride in tetra-
hydrofuran solution, and the resulting N-methyl-N-
amyl-p-toluenesulfonamide-4-d was hydrolyzed di-
rectly with hydrobromic acid and phenol by the
procedure of Snyder? to (—)-methylamylamine-4-d
(XI), which had a small but observable rotation.

(26) (~)-Valerolactone has been correlated with (+)-8-hydroxy-
butyric acid? and (~)-8-hydroxybutyric acid has been correlated
with D(~)-lactic acid [P. A. Levene and H. L. Haller, bid., 65, 49
(1923); 67, 329 (1926); P. Karrer and W. Klarer, Hely. Chim. Acta, 8,
393 (1925)1. (~)-2-Methylpyrrolidine has been correlated with
I(—)-proline [P. Karrer and K. Erhhardt, ibid., 34, 2202 (1951)].
Thus, the conversion of 1.-(—)-valerolactone to L-(~)-1,2-dimethyl-
pyrrolidine, and the conversion of L-(—)-2-methylpyrrolidine to L-
(=—)-1,2-dimethylpyrrolidine confirm these correlations and the ab-
solute configurational assignments which are based thereon.

(27) H, R. Snyder and R. E. Heckert, Tuis JoUurNaL, 74, 2006
(1952).

DecoMPoOSITION OF N-HarLoavMmmoNTuMm Jons

1659

CHoo
VII o> >/ ~TNCH
[«]D + 4.23° 1s0¥ H e
IX, [a]D — 2.73°
. LiAID
CHs HBri(’FHgof{J

><'A*» CNNHCH;
u” b

XI, [elp —0.135°

Chlorination of the deuterated amine XI followed
by thermal decomposition of the N-chloro deriva-
tive in sulfuric acid at 95° by the procedure of
Coleman!? gave a 439, yield of pure 1,2-dimethyl-
pyrrolidine which was optically inactive (in spite of
the fact that an isotope effect was observed as de-
scribed below). This is strong evidence that the
decomposition of N-chloroamines in acid involves
an intermiediate in which C4 is trigonal.

B. Isotope Effect.—The hydrogen isotope effect
for the replacement of hydrogen attached to C§ in
the decomposition of the N-chloro derivative of
methylamylamine-4-d X1 could be determined read-
ily by analvzing the resulting mixture of 1,2-di-
methylpyrrolidine and 1,2-dimethylpyrrolidine-2-d
(X1II) for deuterium content. Combustion analy-
gis of the mixture of deuterated and undeuterated
1,2-dimethylpyrrolidines showed the presence of
0.78 atom of deuterium per molecule which corre-
sponds to au isotope effect (ku/kp) of 3.54.
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Combustion analysis of the picrate of the 1,2-di-
methylpyrrolidines gave exactly the same value for
deuterium coutent—0.78 atom of deuterium per
molecule.

It was desired to use an indepeundent method of
deuterium analysis as a check against the combus-
tion analysis. For this purpose a sample of pure
1,2-dimethylpyrrolidine-2-¢ was synthesized and
used as a standard for iufrared analysis. Treat-
ment of the hydrocliloride of 1,2-dimethylpyrro-
line-2 with potassium cyanide gave 1,2-dimethyl-2-
cyanopyrrolidine (XIIT) which was then allowed
to react with lithium aluminum deuteride to give
1,2-dimethylpyrrolidine-2-d.% The appearance of
the C-D stretcling absorptions i the infrared
R
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spectra of the mixed 1,2-dimethylpyrrolidines from
cyclization of the deuterated amine XI and the
pure 1,2-dimethylpyrrolidine-2-d was identical ex-
cept that the intensity of the absorption in the mix-
ture was 0.774 that of the pure monodeuterated
compound. This corresponds to an isotope effect
of 3.42 in good agreement with the value obtained

(28) See N. J. Leonard and A. S. Hay, ¢bid., 78, 1984 (1956); N. J.
Leonard and R. R, Sauers, $bid., 79, 6210 (19357).
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from combustion analysis. The maximui theo-
retical isotope effect at 95° is close to 4.7.2* Thus,
breaking of the C-H bond has proceeded to a rather
considerable extent in the transition state.

It was also desired to determine the isotope ef-
fect for cyclization to a primary carbon atom.
For this purpose, the system dibutylamine-4-d; was
chiosen. The hydrogen isotope effect in cyclization
of the N-chloro derivative could again be deter-
inined by deuterium analysis of the resulting N-
butylpyrrolidine. The starting material for the
synthesis, N-butylpyrrolidone-2 (X1V), was hy-
drolyzed with barium hydroxide to 4-butylaminobu-
tyric acid (XV) which was reduced with lithium
aluminum deuteride in tetrahydrofuran solution to
a mixture of two products. The lower boiling
product (20%) was N-butylpyrrolidine-2-ds (XVI)
and the higher boiling product (36%,) was the de-
sired 4-butylamino-1-butanol-1-d; (XVII). Treat-
ment of the alkanolamine XVII with p-toluenesul-
fonyl chloride and pyridine gave N-butyl-N-(4-p-
toluenesulfonoxybutyl) - 4 - toluenesulfonamide - 4-ds

] — BuNIKCHe,(O0H A0
T AN
N0 N
Bu XV
XIV o —— p
e + BuNH(CH,3:0 D0
o
Bu XVII
XVi

(XVIII) as an oil which was reduced directly with
lithium aluminum deuteride. The crude reduction
product was treated with hydrobromic acid and
phenol? to give dibutylaniue-4-d; (XIX). Chlo-
rination of the deuterated dibutylamine and cy-
clization of tlie N-chloro derivative XX in sulfuric

’[“s

TsCl i
XVII ——> BuN({CH,);CD,0Ts
Pyr
XVIII
1, LIAID,
BuNl—I(CHz)3CD3 ] 2, IIBI‘-CGIIDOH
XIX
acid at 90-100° gave 399, yield of a mixture of di-
deuterated (XVI) and trideuterated (XXI) N-bu-
tylpyrrolidine. Uufortunately, the combustion
analysis of the product gave too high a value for the
deuterium content—a value uot significantly lower

Cl D T A
BuX(CH.C Dy — \N&D \\ "H
Bu (CH»,CD,
XX XVI XXI
than the value for the dibutylawine-4-d;.  The in-

frared spectrum of the product, however, showed
C-D stretching bands corresponding to those ob-
scrved in the spectra of pure XVI and XIX. Al-
though the bands were not completely separated, it
wus possible, by comparing the absorption iuteusi-
ties with the intensities of the C~D bands of pure
XVT and XIX, to arrive at an approximate isotope
effect of 2.6,
i20) K. B. Wiberg, Chem. Revs., 86, 713 (1955).
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C. Initiation, Inhibition and Catalysis.—Since
both Wawzonek?.22 and Lukes! have reported that
N-haloamines can be cyclized by the action of ul-
traviolet light, we have carried out some rough rate
studies on the reaction in order to document this
effect more adequately. The disappearance of N-
chloroamine was followed by adding aliquets of
the sulfuric acid solution to excess iodide and ti-
trating the liberated iodine with thiosulfate. Using
this method it was ascertained that N-chlorodi-s-
butylamine was stable in 859 sulfuric ucid at 25°
in the dark, but began to disappear socu after ir-
radiation with ultraviolet light. N-ButyvIpyrroli-
dine was isolated as the sole tertiary amine product
in ca. 639, yield. In a typical experinent in which
a rather weak ultraviolet source (chromustographic
column scauner: Ultra Violet Prod. Imc. quartz
lamp, range 200-400 mu) was used with a (uartz
reaction flask the following observations werc made:
no change in chloroamine titer after 43 minutcs in
the dark, an induction period of ubout 12 minutes
after the start of irradiation, decomposition of one-
half of the chloroamine after 32 minutes of irradia-
tion, complete disappearance of clhilorowuine by
167 minutes after the start of irradiation. Sweep-
ing the reaction mixture with nitrogen to remove
oxygen eliminated the induction period almost
completely. When N-chloroamine decoinposition
(under nitrogen) was interrupted by discontinuing
irradiation, the reaction could be started imnedi-
ately by irradiating again. Furthermore, we have
observed generally that the light-catalyzed decom-
position of N-chloroamines proceeds miuch more
rapidly, once reaction starts, when oxyvga is cx-
cluded. These observations provide a clear indicu-
tion of inhibition by molecular oxygo.

It was further found that addition of catalytic
amounts of potassium persulfate and ferrous amn-
mouium sulfate or ferrous amonium sulfate alone
to a solution of dibutylchloroamine in sulfuric acid
in the dark caused disappearance of the chiloro-
amine. Workup of the reaction mixtures gave
good yields oI N-butylpyrrolidine. This is evi-
dence that the decomposition of the chiloroaine is a
free radical chain process, Tuitiation by {fcrrous
ion is probably an oxidation-reduction process
according to the equation

Pett 4 RgiHCl —> Fe'tt 4 Cla i Rgi\:-
1
It follows Irom this equation that for best results
ferrous ion should be used only in small amounts
because the chloride ion which is formed as a result
of the oxidation of the ferrous ion can cause the
decomposition of another chloroammonium ion ac-
cording to the equation

Clo + RE\IHCI —> RyNH + Cl.

Iu contrast to the beliavior of N-chlorodi-#-bu-
tylamine, N-chlorodiethylamine was decourposed
far more slowly by irradiation in 869, sulfuric acid
solution. Morcover, it was discovered that di-
ethylchloroamine is a strong inhibitor of the de-
composition of dibutylchloroamine. Irradiation of
dibutylchloroamnine togethier with an cquimolar
amount of diethylchloroamiue in sulfuric acid in-
creased the half-life of the former more than tenfold.
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Wawzonek?! has proposed that the reactive spe-
cies in the Hofimann-Laffler reaction is a protonated
chloroamine (a chloroammonium ion) and Cole-
man?!® has isolated a salt of this type from dibutyl-
chloroamine-sulfuric acid. In order to ascertain
the importance of chloroammonium ious in the re-
action under normal conditions, the irradiation of
dibutylchloroamine in media of varying acidity
was investigated. Acetic acid was chosen as the
solvent in order to minimize solvolysis of the chloro-
amine and the acidity was varied by adjusting the
concentration of added sulfuric acid. It should be
noted that dialkylchloroamines are weak bases
(Kp =2 10713 in water)% which, although prepon-
derant in acetic acid solution, are almost completely
converted to conjugate acid in 1.0 M sulfuric acid-
acetic acid. The results of a brief study are pre-
sented in Table I which show the catalytic action of
strong acid.

TABLE [

ULTRAVIOLET-CATALYZED DECOMPOSITION OF DIBUTYL-
CHLOROAMINE IN AceTIic AcIp (OXYGEN EXCLUDED)-
SULFURIC AcCID

Concn. of dibutyl- Concen. of Yield of N-
chloroamine, HS0,, Half-life, butypyrroli-
M N min. dine, %
0.255 0 2910 0
.260 1 62 42
.253 2 52 69
.245 5 47 80

In acetic acid alone decomnposition was extreniely
slow; no N-butylpyrrolidine could be isolated, the
only basic product being dibutylamine (23%,).
Wright®! lias reported that N-butylpyrrolidine
is not formed when N-chlorodi-z-butylamine is
subjected to decomposition at 90° in acetic acid
solution, a similar result. The data in Table I show
clearly that strong acid increases the rate of decom-
position of chloroamine and also the yield of pyr-
rolidine. The catalytic influence of acid is prob-
ably not due to its effect on the initiation step since
the free chloroamine absorbs ultraviolet light (Amax
263 mu, emax 300)%2 of sufficient energy to cause dis-
sociation whereas the conjugate acid shows no ap-
preciable ultraviolet absorption above 225 mu.
Indeed, it is likely that under the conditions used
in our experiments with ultraviolet irradiation, the
free chloroamiue is responsible for most of theinitia-
tion and, hence, that the initiation rate has been
decreased. Acid catalysis must therefore involve
acceleration of the propagation process and/or
retardation of chain termination.

D. Intermediates.—The evidence thus far
presented points to a free radical chain mechanism
for the decomposition of chloroamines in strongly
acidic solution and to the possible intermediacy of a
d-chloroamine salt as postulated by Wawzonek.?!
In order to show conclusively that é-chloroamines
are the products of decomposition of N-chloroa-
mines, a sulfuric acid solution of dibutylchloroamine
was irradiated and then treated with silver sulfate.
Practically no silver chloride precipitated. After
the solution was made basic, however, an almost

(30) 1. Weil and J. C. Morris, Tuis JourNaL, T1, 3123 (1949).

(31) G. F. Wright, ibid., T0, 1958 (1948).
(32) W. S. Metcalf, J. Chem. Soc., 148 (1942).
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quantitative yield (99%) of silver chloride could be
obtained. This proves that there is no chloride
ion present in the acidic solution, but that it ap-
pears only after basification. This can be ex-
plained only by assuming that the chlorine is bound
to carbon and, since a pyrrolidine ring is formed
subsequently the chlorine must specifically be at-
tached to the é-carbon. When the acidic solution
is made basic, the 3-chloroatnine cyclizes to give cy-
clic amine and chloride ion. Similar but less quan-
titative results were obtained in the case of thermal
decomposition of dibutylchloroamine in sulfuric
acid (see Experimental).

8-Hydroxyamine was eliminated from considera-
tion as an intermediate by heating N-methyl-4-
hydroxyamylamine in sulfuric acid, treating with
base, and attempting to isolate 1,2-dimethylpyrroli-
dine. No 1,2-dimethylpyrrolidine could be iso-
lated.

Finally, 4-chlorodibutylamine has recently been
isolated from the decoinposition of dibutylchloro-
amine in sulfuric acid.®

E. Selectivity of Hydrogen Transfer—The
formation of a §-chloro secondary amine from an N-
chloro secondary amine by a free radical route
clearly mnust be interpreted in terms of intramolec-
ular hydrogen transfer. Mechanisms involving
intermolecular hydrogen transfer are unacceptable
since they provide no basis for and are inconsistent
with the predominance of 8-position attack, e.g., in
the reaction of N-chloromethyloctylamine.!* In
order to obtain soine evideuce regarding the struc-
tural and geometrical factors which affect the intra-
molecular rearrangement of hydrogen, a number of
different N-chloroamines have been examined in
the Hofmann-Loéffler reaction. The systems were
chosen specifically to obtain data on the following
points: (1) relative migration tendencies of pri-
mary (methyl), secondary (methylene) and ter-
tiary (methine) hydrogens; (2) relative rates of
1,5- and 1,6-hydrogen rearrangement (leading to
pyrrolidine and piperidine, respectively); and (3)
facility of hydrogen rearrangement in cyclic sys-
tems of restricted geometry.

Radicals which are able to abstract hydrogen
atoms from carbon generally show a preference for
hydrogen in the order tertiary > secondary > pri-
mary, although the magnitude of this preference
varies considerably with the abstracting species.?
Because of this fact, but even more importantly be-

cause ~N- T and ~N- are unusual radicals, it seemed

imperative to study this point in the Hofmann~
Loffler reaction. In order to study primary vs. sec-
ondary hydrogen migration in the simplest system
the free radical decomposition of N-chlorobutylamy!l-
amine was investigated. Attack by the nitrogen
radical on the é-methyl group would lead subse-
quently to 1-z-amylpyrrolidine whereas attack on
the §-methylene group would result in formation of
1-n-butyl-2-methylpyrrolidine. Remarkably, only
the latter compound appeared to be formed in the

(33) 8. Wawzonek aud 1. P, Culbertsou, THis JOURNAL, 81, 3367
(1959).

(34) See for example C. Walling, '‘Irec Radicals in Solation,”
John Wiley and Sons, Inc., New York, N, Y,, 1957, Chapter 8,
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Hofmanu-Loéffler cyclization since the reactien prod-
uct was indistinguishable from authentic N-n-butyl-
2-methylpyrrolidine (kindly provided by Prof. R.
Adams) with respect to boiling point, index of re-
fraction, quantitative infrared spectrum and melting
point (and mixture melting point) of the picrate
derivative. Thus, radical attack in this case is ex-
tremely selective in favor of secondary over primary
hydrogen.

In order to determine the selectivity of radical
attack in an instance where there is a choice of ab-
stracting a tertiary or a primary §-hydrogen and
inn a case involving competition between tertiary
and secondary é-hydrogen, the N-chloro derivatives
of n-butylisohexylamine and n-amylisohexylamine
were prepared and subjected to the usual Hofinanun-
Loffler conditions. No pyrrolidine could be isolated
in either case and, at most, only traces of tertiary
amine were produced. It wasshowu by gaschiroma-
tography of the crude amine fraction that no N-
isohexylpyrrolidine was formed. Tlhe disappearance
of N-chloroamine in these cases was, nouetheless,
extremely rapid and was accompanied by evolution
of hydrogen chloride. Itappears that thereisaligh
selectivity for the tertiary liydrogen in both of thiese
cases, but that the intermediate tertiary chloro
compouud XXII is rapidly solvolyzed i1 strong sul-
furic acid to give products which do not lead to ter-
tiary amine on basification. Indeed, it was found
that when #-butyl chloride was shaken with 85%,
sulfuric acid, liydrogen cliloride was liberated.

CH,
N\ <
/C—-(CHz)sl\HzR
CH; XXI1

Information regarding the relutive easc of 1,3-
and 1,6-hydrogen migration froin methylenc groups
was obtained by a quantitative study of products
from the Hofmann-Loffler reaction of N-chloro-
niethyl-n-hexylamine.  Ultraviolet-catalyzed de-
coniposition of the chloroamine at 0° followed by
basification led to a mixture consisting of 89.5 =
19 of 1-methyl-2-ethyvlpyrrolidine and 10.5 = 19}
of 1,2-dimethylpiperidine as dcterininted by gas
chromatography. Thus, it appears that, although
five-membered ring formation (1,5-hydrogen shift)
is intrinsically favored, the extent of formation of
six-membered rings can be appreciable. In cases
such as the decomposition of N-chloromethyl-n-
amylamine the production of pyrrolidine to the ex-
clusion of piperidine is due to two large and rein-
forcing factors: the intriusic preference for secoud-
ary over primary hydrogen abstraction and the
intrinsic preference for 1,5-hydrogen migration.

Lastly, to evaluate further the geometrical re-
quirements in the intramolecular rearrangement
of hydrogen we have investigated the Hofmann-
Loffler reaction in a few cases which appear to be
extreme with respect to the restriction of the angle
Cé6-H~-N during hydrogen migration. Our data to-
gether with pertinent findings from previous stud-
tes are summarized in Table II. Under identical
reaction conditions the light-catalyzed decomposi-
tion of methyleyclohexylchloroamine and N-chloro-
azacycloheptane proceeded far niore slowly than
that of dibutylchiloroamine, as is apparent from the
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half-lives listed in the table. The slowness of re-
action in these cases and also the low yields of ter-
tiary anine indicate that the geometry which pre-
vails is relatively unfavorable for rearrangement.

TapLE 11
Tertiary tire,  Yield,
Compound amine product min. oA
N-Chloroili-u-butylamine N-Butylpyrrolidine 10 ca. 0%
N-Chloro-N-methyleyclo-
octylamine N-Methylgranaianine A 2421
N-Chloto-N-methyleyclo-
heptylamine Tropane 4214
N-Chlora-4-ethylpiperidine  Quinuclidine . 212
N-Chlorc-4-ethylpiperidine  7-Methyl-1-azabicyclo-
(1,2,2)heptane N 1018
N-Ciloromethyleyclohexyl-  1,4-Methyliminocyclo-
amine hexane 570 11®
N-Chloreazacycloheptane ? 2140  ca. 3%
¢ Present work,
Discussion

The experitnental results eited above clearly sup-
port the Wawzotiek mechanism®! for the Hofmann -
Loffler reaction, at least with regard to gross fea-
tures. Tle frec radical chain character of thie re-
actinn is indicated by the effectiveness of ultraviolet
light, ferrous iow or ferrous ion—persulfate as initi-
ators and of oxvgen as an inhibitor. The stereo-
chemnical results point to the intermediacy of a car-
bon free radical and the identification of é-chloro-
amniouiunl ions as stable intermediates describes
the fate of the carbon radical. Furthermore, as
utentioned above, the course of tle reaction as
observed in the many cases studied argues strongly
for intramolecular hydrogen transfer from carbon
to nitrogen.

In addition to the gross mechaunism there are
three aspects of the coirversion of N-chloroamiues to
pyrrolidines wliich deserve attention here: (1) tlhe
influence of acids, (2) sclectivity of attack by the
nitrogen radical on a é-hydrogen, and (3) the in-
fluetice of alkyl substituents on the é-carbon on liy-
drogen abstraction. Our data on acid catalysis
provide evidence that such catalysis results because
acid decreases the rate of termination of the radical
chain reaction and/or because of an acceleration of
thie propagation steps. Although furtlier conclu-
sionis are not derivable fromn the available data and
although the preseunce of strong acid may be benefi-
cial with respect to both termination and propaga-
tiorn, it seems inescapable that strong acid should
greatly inhibit chain termination. Interaction of
two protouated, positively charged nitrogen radicals
either by coupling or atom transfer would be far
slower than for neutral species, especially since the
cationic radicals are highly solvated. Electrostatic
repulsions clearly would be of much less imiportance
in the propagation part of the Wawzonek mecha-
uism with tlie over-all result that termination should
be relatively disfavored. It would also seem prob-
able that even if unprotonated N-chloroamine par-
ticipates in the propagation step by reaction with
a carbon radical, the resulting divalent uitrogen
radical would undergo rapid protounation in the
presetice of strong acid to produce an aminium radi-

e
cal (—N-). Consequently, it scemns reasonable to
P

s
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assume that essentially all of the intramolecular
hiydrogen transfers take place from carbon to an
aminium radical. Whether the aminium radical is
especially effective in removing hydrogen from car-
bon (relative to a neutral nitrogen radical) also must
remain unanswered for the present; however, this
1s not an unlikely possibility.

With regard to the apparent propensity of at-
tack by an aminium radical on a §-hydrogen, it
would appear that there are two controlling fac-
tors, first the tendency of hydrogen transfer to be

@
linear, i.e,, for the —N-H-C§ angle to be ca. 180°,

aud secondly the ininimization of angle strain and
steric repulsions involving non-bonded atoms in the
transition state for rearrangement. The linearity
factor has long been recognized for the neutral H;
complex® and doubtless also operates in radical dis-
placement on hiydrogen.® This factor apparently
serves to prevent 1,3- and 1,4-hydrogen migration.
In addition, the slowness and inefficienicy of the
Hofmaun-Loffler reaction with cyclic chloroamines
which do not permit a linear intramolecular hydro-
gen transfer, e.g., N-chloromethylcyclohexylamine
and N-cliloroazacycloheptane (Table IT), provides
a further indication of this effect. The N-H-C
angle for hydrogen shifts of higher order, <.e., 1,5-,
1,6,1,7-, etc., can, however, assume a value close to
180° in acyclic systems. The absence of observ-
able 1,7- 1,8- and higher order shifting is doubtless
due to the unfavorable free-energy change associ-
ated with the formation of the corresponding eight-
and higher-membered cyclic transition states.
From the data cited in the previous section on
the cyclization of N-chloromethyl-n-hexylaniine, it
would appear that the energetics for 1,5-shifting are
considerably, but not overwhelmingly, more favor-
able than for 1,6- shifting: AF¥ (1,6) — AF* (1,5)
= 1.3 kcal./mole. The greater facility of 1,5-
shifting may be due to the fact that the transition
state can adopt a cyclohexane-like, chair-formed
conformation which is more favorable than the
homologous seven-niembered cyclic structure for
1,6-shifting. A study of the effect of temperature
on the relative amouuts of 1,5- and 1,6- shifting in
the case of N-chlorometliyl-n-hexylamine is planned
and should provide interesting information regard-
ing the importance of entropy and enthalpy fac-
tors.

One of the most striking results in the present
work is the high degree of selectivity of aminium
radicals in the transference of primary, secondary
and tertiary hydrogen from carbon. As is clear
from the discussion in section E above and the cor-
responding data in the Experimental section, the
abstraction of a primary hydrogen from carbon was
not measureably competitive with the abstraction of
a secondary hydrogen, and similarly reinoval of
tertiary hydrogen completely dominates removal of
secondary hydrogen. This is another interesting
feature of the Hofmann-Léffler reaction which

(35) (a) F. London, “Probleme der modernen Physik,” Sommerfeld
Festschrift, 1928; (b) see C. A. Coulson, '“Valence,’”” Oxford Univer-
sity Press, London, p. 176.

(36) See D. J. Wilson and H. S. Johnston, THis JOURNAL, 79, 29
(1957).
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warrants further investigation. It is not unrea-
sonable that the observed selectivity, which is remi-
niscent of selectivity in carbonium ion formation,
may be associated with the positive charge of the
aminium radical since the activated complex for
hydrogen transfer from carbon to nitrogen may in-
volve the development of cousiderable positive
charge on the former.

Experimental®”

L(—)-Valerolactone.—Valerolactone was partially re-
solved through the cinchouidine salt of y-hydroxyvaleric
acid according to the miethod of Levene and Haller.®
The valerolactone had [«]?’D —9.74° for the pure liquid
and [«]®D ~9.2° (¢ 8) in chloroform. Comparison of these
rotations with the best values obtained by Levene iudicates
that the valerolactoue cousists of 66.2% (—)-isomer aud
33.89%, (+)-isonier.

N-Methyl-4-hydroxyvaleramide,—( —)-Valerolactone
([e]p —9.74°, 26 g., 0.26 mole) was divided into two parts
and sealed in two tubes withi excess liquid tnethylamine un-
der nitrogen. After standing 7 days at room temperature the
tubes were opened, and tlie methylamine was evaporated.
The residue was dissolved in chloroform and concentrated
under reduced pressure to remove the last traces of methyl-
amine. The viscous N-utethyl-4-hydroxyvaleramide (34 g.,
1009%,) failed to crystullize aud was not purified further,
The infrared spectrumt of this oil showed an amide C=0
stretching band at 1650 cin.™® and a broad OH and NH
stretchiug band at 3280 cin. ™! (smear).
(+)-N-Methyl-4-hydroxyamylamine (VIII).—The crude
N-tnethyl-4-liydroxyvaleramide (34 g., 0.34 mole) was dis-
solved i a small amount of tetrahydrofuran and added
dropwise to a stirred slurry of 13.5 g. (0.355 mole) of lithiunt
aluminum hydride in 150 ml. of tetrahydrofuran. The mix-
ture was stirred and heated at reflux for 9 hours and then
stored for 12 hours. A slight excess of water was added
with stirring, and the precipitate was removed by filtration.
The combined filtrate and washings was dried first over
potassium hydroxide pellets, then over maguesium sulfate.
Distillation through a 25-cm. Holzmann column gave 15.4
g. (399%,) of N-metlivl-4-hydroxyamylamine, b.p. 97-98°
(8 mm.), n%Dp 1.4460, [«]?2D +4.23° (¢ 10, ethanol).

Anal. Caled. for CsH,;sNO: C, 61.49; H, 12.90; N,
11.95. Found: C,61.31; H, 12.70; N, 11.73.
(-—)-1,2-Dimethylpyrrolidine from (-4 )-N-Methyl-4-
hydroxyamylamine.—(+)-N-Methyl-4-hydroxyamylamine
(la]lD + 4.5°, 3.72 g., 0.0317 mole) was dissolved in 30 ml.
of dry etlier, and 1.36 g. (0.057 nwole) of sodium hydride was
added in oue portion. The mixture was stored with occa-
sional stirring for 20 hours, then after cooling in a Dry Ice-
isopropyl alcohol-bath 6 g. (0.032 mole) of p-tolienesulfonyl
chloride was added portionwise with stirring. After two
hours tlie reaction was allowed to warm to room temnpera-
ture, 0.76 g. (0.032 mole) of sodiurn hydride was added,
and the mixture was stirred at room temperature for 12
hours. After addition of ethanol to destroy the excess
sodiunt hydride, the mixture was steam distilled and the dis-
tillate was collected in dilute hydrochloric acid. The distil-
late was concentrated, basified with sodium hydroxide, and
stirred with 0.5 ml. of benzene-sulfonyl chloride. This
reaction mixture was steam distilled into dilute hydrochloric
acid which was then coucentrated, basified, and extracted
with ether. After drying over barium oxide, distillation
through a 25-cm. Holzmann column gave 0.335 g. (119%) of
1,2-dimethylpyrrolidine, [«]2D —14.5° (¢ 6, 509 ethanol),

n29.5p 1.4195.

(37) All melting points are corrected, and boiling points are uncor-
rected. Microanalyses were performed by Mr. Josef Nemeth and
associates; infrared spectra by Mr. James Brader and Mr. Paul
McMahon (in carbon tetrachloride solution unless specified other-
wise); nuclear magnetic resonance spectra by Mr. Ben Shoulders;
deuteriam analyses by Mr. Josef Nemeth by the falling drop method.
The mercury arc lamp that was used iu the irradiation experiments
was manufactured by the Hanovia Chem. and Mfg. Co., Newark,
N. J. (type 7420, 500 watts), The weak ultraviolet scurce was manu-
factured by Ultra Viclet Prod., 1nc., Los Angeles, Calif. We are in-
debted to Dr. William Garrison for the gas chromatographic analysis
of the product from N-chloromethyl-r-hexylamine.
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L-( —)-1,2-Dimethylpyrrolidine from L-2-Methylpyrrol-
idine.—About 0.2 ml. of L-2-metliylpyrrolidine, which was
kindly supplied by Prof. P. Karrer, was heated at 100° for
16 hours with 0.7 ml. of formic acid and 0.7 ml. of 409, for-
inaldehyde. The reaction mixture was treated with dilute
hydrochloric acid and concentrated. The concentrate was
made basic with sodium hydroxide and stirred with a few
drops of benzenesulfonyl chloride. The product was then
steam distilled into dilute hydrochloric acid, concentrated,
basified, and extracted into #-dodecane. After drying over
bariuin oxide, the product was distilled in a Craig column
giving 0.0755 g. of L-1,2-dimethylpyrrolidine, [«]2p —38.5°
(¢ 2.5, 509, ethianol), The product was contaminated witlia
siall amount of #n-dodecane.

(—)-N-Methyl-N-(4-p-toluenesulfonoxyamyl)-p-toluene-
sulfonamide (IX).—N-Methyl-4-hydroxyamylamine ([«]D
+ 4.23°, 15 g., 0.128 mole) was added slowly to a stirred
slurry of 97 g. of p-toluenesulfonyl chloride in 269 ml. of
methylene chloride and 135 ml. of pyridine cooled below
—50°. Stirring at this temperature was continued for 2,25
liours and then for 10.5 hours at +5°. A small excess of
water was added with stirring to destroy excess p-toluctie-
sulfonyl cliloride, and the cold reaction mmixture was tlien
poured iuto a mixture of 400 ml. of 6 N hydrochloric acid
and ice. The oily product was extracted with methylene
chloride which was then washed with water and dried over
maguesium sulfate at 5°. Removal of solvent left 47 g. of
reddish oil. The oil was stored in a desiccator at 0.5 min.
for 10 hours leaving 44.8 g. (829%,) of viscous N-methyl-N-
(4-p-toluenesulfonoxyarnyl)-p-toluenesnlfonamide, [e] 20D
—2.73° (¢ 10, chloroform). On one occasion crystals of the
dl-compound precipitated from etlier solution. After de-
colorization with charcoal and recrystallization from ether-
tetrahydrofuran, the compound melted at 71-73°. The
infrared spectra of the crystalline d}-material and the (—)-
oily material were nearly identical.

Anal. Caled. for C20H27N5205: C, 5644, H, 639, N,
3.28. Found: C, 56.82; H, 6.68; N, 3.24.

(4 )-N-Methyl-N-(4-acetoxyamy!)-p-toluenesulfonamide
(X).—Potassium acetate (2.4 g.), 4.7 g. (0.011 mole) of
N -methiyl - N-(4- p - toluenesulfouoxyamyl) - p - toluenesul-
fonamide ([e]p —2.3°) and 20 1nl. of absolute ethanol were
refluxed for 17 hours. The mixture was poured iuto water
and extracted with ether-miethylene cliloride, After drying
over magnesinm sulfate the solvent was removed leaving 1.7
g. of oily N-methyl-N-(4-acetoxyamyl)-p-toluenesulfona-
uiide, [«]?2D +1.27° (¢ 5, chloroforni). The infrared spec-
trum of this coinpound showed an acetate C=0 stretching
band at 1735 cm. ™! and practically no OH stretching baud
(sinear).

(—)-N-Methyl-4-hydroxyamylamine —N-Methyl-N-(4-
acetoxyamyl)-p-toluenesulfonamide ([«]D + 1.27°, 1.7 g.)
was dissolved in 25 ml. of tetraliydrofuran, and 2.5 g. of
lithium aluminum hydride was added. The mixture was
refluxed for 6 days and then hydrolyzed with water. After
remtoval of solids, the filtrate was dried over potassium hy-
droxide and then over magnesiuin sulfate. Rewnoval of
solvent and distillation at 22 mm. gave 0.172 g. (13.49,
from the p-toluenesulfonoxy-p-toluene-sulfonamide) of N-
wethivl-4-liydroxyamylamiune, [«]2p —3.95° (¢ 1.5, cth-
anol), n¥p 1.4393. The infrared spectrum of this compound
is similar to that of known N-nietlivl-4-liydroxyautylamine.

(—)-Methylamylamine-4-d (XI).—N-Methyl-N-(4-p-
toluenesulfvnoxyamnyl)-p-tolucuesulfonaide ([alp —2.73°,
44.8 g., 0.105 mole) was dissolved in 200 ml. of dry tetra-
hydrofuran and added to a slurry of 4.06 g. (0.097 mole) of
lithium aluminum deuteride in 50 nil. of tetrahydrofuran.
After 2.5 days an additional 161 mg. of deuteride was added,
and the reaction mixture was heated to reflux. After 6 days
an additional 2.1 g. of deuteride was added and the reactants
were heated at reflux for 168 hours. After addition of a
small excess of water the solids were filtered off, and dry
hydrogen chloride was passed into the filtrate. Only a trace
of amine hydrochloride formed. Tlie solvent was removed
mnder reduced pressure, and the residue was refluxed for 24
hours with 200 ml. of 489 hydrobromiic acid and 30 g. of
plienol. The reaction mixture was diluted, washed with
cther, basified, and extracted with pentante. The pentane
solution was extracted with 10%, hydrochloric acid which was
tlienn concentrated, basified, and extracted witli a small
attount of pentaue. After drying over potassiumt hydrox-
ide, thie solution was distilled from calciuni hydride giving
779 g. (739%) of mcthylamylaminc-4-d, n¥p 1.4068, «2'p
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—0.135 =& 0.03° (1 dmn.). ‘The infrared speetrnm of this
compound shows a single C-D stretching baud at 2160
cin, 7! and is otherwise simiilar to that of knowu methyl-
amylamine.

Anal. Caled. for CgHDN: C, 70.52;
13.71; D, 6.66 at. 9. Found:
13.51; D, 7.10,7.32,7.27 at. %.

Cyclization of (—)-Methylamylamine-4-d.—Mecthyl-
amnylamine-4-d [«]D —0.135°, 7.1 g., 0.0695 inole) was chlo-
rinated and cyclized by tlie procedure of Coleman.’? The
reaction temperature was maintained at about 95°. The
final extraction of tlie product was carried out using peutane
rather than ecther since the latter solvent is difficult to
separatc completely from 1,2-dimicthylpyrrolidine.  Dis-
tillation of tlie product through a 25-cni. Holzniann column
gave 2.97 g. (439%,) of 1,2-dimetliylpyrrolidine, b.p. 95-97°,
n®8p 1.4195, [«]%*D 0.00° (¢ 20, 5097 ethannt).

Anal, Caled. for CHuN: C, 72.66; H, 13.21; N, 1.4.13.
Caled. for C;eHoDN: C, 71.94; H, 13.08; N, 13.99; D,
7.69 at. 9. Found: C, 72.01; H, 13.20; N, 13.78; D,
6.00, 5.98 at. 9% (0.78 at. D).

Picrate, nt.p. 234-235° d., wmixed m1.p. with 1,2-dimetliyl-
pyrrolidine picrate 234-235° dee. (1it.7 233.5°).

Anal. Caled. for C12H15N407Z C, 4390, Il, 4.01; N,
17.07. Caled., for CmHmDNqOﬂ C, }3.77, H, 520, N,
17.02; D, 6.25 at. 9., Found: C, 44.00; H, 4.92; N,
16.88; D, 4.88at. 9, (0.78 at. D),

Tlie infrared spectrumn of the ainiue showed a C-D streteli-
ing band with a maximum at 2040 cm. ™ and shoulders at
2005, 2075 and 2140 cni. ™ The C-D band was identical in
appearance to the C-D band of 1,2-dimethiylpyrrolidine-2-d
(prepared below), anud its peak height was 0.774 that of tle
latter. The isotope effect, 2g/sp calculated fromn thie micro-
analytical data of the 1,2-dimethylpyrrolidine and its pic-
rate is equal to 0.78/1-0.78, or 3.54 & 0.5. The isotope
cffect calculated from the peak height of thie C-D stretching
band of the infrared spectrum is equal to 0.774/1-0.774, or
3.42 &= 0.5

1,2-Dimethyl-2-cyanopyrrolidine (XIII).—1,2-Dimcthyl-
pyrroline-2 (30 g., 0.31 mole)® was dissolved in 150 nl. of
water and exactly nentralized with 3 N hydrochloric acid
(plicuolphtlalein). This solution was added to a solution of
20,8 g. (0.32 mole) of potassium cyauide in 100 ml. of water.
The product wus extracted into cther and dried over sodimn
sulfatc, Distillation through a 30-cur. Vigreux column gave
30.3 g. (T9%) of 1,2-dunetliyl-2-cyanopyrrolidine, b.p. 83-
84° (36 uuu.), #225p 1,4447. The nitrile turned yellow on
long exposure to air,

Anal. Caled. for CGHpNe: C, 67.69; 1L, 9.74; N, 22.50.
Found: C, 68.00; H, 9.68; N, 22.33.

Tlie picrate, m.p. 154.5-156.5° (yellow needles from ben-
zene—ctlianol ), failed to give a good analysis due to climina-
tion of some iydrogen cyanide.

1,2-Dimethylpyrrolidine-2-d (XII).—A solution of & g.
(0.04 mole) of 1,2-ditnethyl-2-cyanopyrrolidine it 20 wml. of
dry ctlier was added dropwise withh stirring to a slurry of
0.5032 g. (0.012 inole) of lithiwn aluminun deuteride in
150 1l. of dry ctlicr.2  The reaction wnixture was stirred for
4 liours and then refluxed for 13 hours. A smiall amount of
water was added, thie solids reinoved, aund thie filtrate ex-
tracted witlt 200 1nl. of 109, hydrocliloric acid. The acid
solution was concentrated, basified, and extracted with peu-
tane. After drying over potassium hydroxide the product
was distilled froin calciumi hydride through a 25-cmi. Holz-
tnann columu. 1,2-Dimethylpyrrolidine-2-d (2.88 g., 72%)
was obtained with b.p. 94-95°, #®p 1.4203. Tlie infrared
spectrum of this compound shiows o C-D strctehing band at
2040 cm. ~! and shoulders at 2000, 2080 and 2145 cin. 7.

Anal. Caled. for CH;;DN: C, 71.94; H, 13.08; D,
7.80 at. %,. Fouud: C, 72.02; H, 13.46; D, 7.91 at. %
(1.03 at. D).

N-Butylpyrrolidone-2 (XIV).—Pyrrolidone (383 g., 1.5
moles) was added dropwise to a stirred refluxing mixture of
103.5 g. (4.5 moles) of molten soditn in 1.5 liters of tolienc
untder an atmosphere of dry uitrogen. The reaction mixture
was stirred and refluxed overnight and theu cooled to room
temiperature.,  Butyl bromide (844.3 g., 6.15 moles) was
added dropwise, aud the resulting slurry was stirred for 24
honrs. The solid material was filtered off, and the filtrate

H, 14.7¢; N,
C, 70.16; H, 14.88; N,

(38) L, C. Criug, Tis Joursac, BB, 205 (1933).
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was distilled through a 30-cin. Vigreux column under reduced
pressure to give 544 g. (85%,) of N-butylpyrrolidone-2, b.p.
127-131°(17-21 mm. ), #*p 1.4634 (1it.3 b.p. 121° (16 mm.),
np 1,4650).

4-Butylaminobutyric Acid (XV).—N-Butylpyrrolidone-2
(79 g.,0.56 mole) was refluxed with 315 g. (1 mole) of barium
hydroxide hydrate in one liter of water for 24 hours. The
barium was precipitated with carbon dioxide, the last traces
being removed by addition of a few drops of 109, sulfuric
acid. Filtration followed by concentration of the filtrate
gave 46.7 g. (529%,) of crude white amino acid. Repeated
crystallization from methanol-ether gave 26 g. of 4-butyl-
aminobutyric acid, m.p. 145-146°.

Anal. Caled. for CgH;O.N: C, 60.34; H, 10.76; N,
8.80. Found: C, 60.39; H, 10.81; N, 8.52.

4-Butylamino-1-butanol-1-d, (XVII) and N-Butylpyrroli-
dine-2-d; (XVI).—To a slurry of 6.7 g. of lithium aluminum
deuteride in 70 ml. of dry tetrahydrofuran was added por-
tionwise 15 g. (0.094 mole) of 4-butylaminobutyric acid with
vigorous agitation by means of a Vibromixer. After 48
liours of mixing and refluxing water was added, and the pre-
cipitate was extracted thoroughly with moist ether. The
combined extracts were dried over potassium hydroxide and
then over magnesium sulfate. The products were distilled
through a Holzmann column giving 2.39 g. (209%) of N-
butylpyrrolidine-2-ds, b.p. 53-54° (15 mm.), #2p 1.4368
(lit.® #¥p 1.437), and 5.04 g. (36%) of 4-butyl-amino-1-
butanol-1-d, b.p. 131-132° (16 mm.), »?4-5p 1.4508. The
N-butylpyrrolidine-2-d, was analyzed.

Anal. Caled. for CgHy;;D,N: C, 74.35; H, 13.26; N,
10.84; D, 11.76 at. 9. Found: C, 74.43; H, 13.30; N,
11.17; D, 11.17 at. 9, (1.9 at. D). Picrate, m.p. 124.5°,
mixed in.p. with N-butylpyrrolidine picrate, 123.5-124.5°
(lit.% 124.5°).

The infrared spectrum of N-butylpyrrolidine-2-d,
showed C-D stretching bands at 2040 and 2180 cm. ™1,

The 4-butylamino-1-butanol-1-d; was analyzed.

Anal. Caled. for CgH;D:NO: C, 65.25; H, 13.01; N,
9.58; D, 10.52 at. 9,. Found: C, 65.09; H, 12.45; N,
9.86; D, 10.80 at. 9, (2.05 at. D).

The infrared spectrum of 4-butylamino-1-butanol-1-d,
showed C-D stretching bands at 2080 and 2180 cm.7,
Reduction of 4-butylaminobutyric acid with lithium alu-
minum hydride under the same conditions gave N-butyl-
pyrrolidine and 4-butylamino-1-butanol, b.p. 97° (4 mm.),
n%p 1.4502 (lit.*! b.p. 80-80.5° (0.2 mm.), #%p 1.4503).

Anal. Caled. for CgH,yNO: C, 66.15; H, 13.18; N,
9.65. Found: C, 66.18; H, 13.13; N, 9.41.

N-Butyl-N-(4-p-toluenesulfonoxybutyl)-p-toluenesulfon-
amide-4-d; (XVIII).—4-Butylamino-1-butanol-1-d, (4.641
8., 0.0315 mole) was dissolved in 10.5 ml. of dry pyridine
and added dropwise with stirring to a solution of 18 g.
(0.0845 mole) of p-toluenesulfonyl chloride in 52 mil. of
pyridine with cooling below —50°. After standing 1.5
hours at this temperature the mixture was stored at +5°
for 46 hours. Isolation of the product by the procedure de-
scribed for N-methyl-N-(4-p-toluenesulfonoxyamyl)-p-tolu-
enesulfonamide gave 7.7 g. (549,) of oily N-butyl-N-(4-p-
toluenesulfonoxybutyl)-g-toluenesulfonamide-4-d,. The in-
frared spectrum of this conipound slhiowed two weak C-D
stretching bands at 2150 and 2230 cm. ™. The remainder of
the spectrum was nearly identical to that of N-butyl-N-
(4-p-toluenesulfonoxybutyl)-p-toluenesulfonamide prepared
from 4-butylamino-1-butanol.

Dibutylamine-4-d; (XIX).—Crude N-butyl-N-(4-p-
toluenesulfonoxybutyl)-p-toluenesulfonamide (7.7 g., 0.0-
170 mole) was dissolved in 40 ml. of dry tetrahydrofuran
and added to a stirred slurry of 2 g. (0.05 niole) of lithium
aluminum deuteride in 40 ml. of tetrahvdrofuran and 20 ml,
of ether. The reaction was refluxed and occasionally stirred
for 14 days. The product was hydrolyzed with hydrobromnic
acid and phenol and isolated by the procedure used with
methylamylamine-4-d. Distillation over calcium hydride
gave 1.49 g. (66%) of dibutylaminc-4-ds, b.p. 768-77° (46
mm.). The infrared spectrunt showed C-D stretching
bands at 2080, 2120 and 2205 cui. !, and was otlierwise
similar to that of known dibutylamine.

(39) R. Adams and J. 13, dlahad, THIs JourNAG, 64, 2588 (1942),

(40) E. Ochiai, K. Tsuda and J. Yokoyama, Ber., 68, 2291 (1935).

(41) C. D. Lunsford, R. S. Murphey and E. K. Rose, J. Org. Chem.,
22, 1224 (1957).

DEecoMPOSITION OF N-HaLoaMMONIUM IONS

1665

Anal. Caled. for CsHisDsN: C, ¢2.66; H, 14.41; N,
10.59; D, 15.79 at. %. Found: C, 72.50; H, 14.17; N,
10.83; D, 16.03 at. 9% (3.04 at. D).

Hydrochloride, m.p. 292-296° dec.; known dibutyla-
mine hydrochloride, m.p. 292-296° dec. (lit.* 2837284°).

Cyclization of Dibutylamine-4-d;.—Dibutylamine-4-d;
(1.3 g.,0.01 mole) was chlorinated and cyclized by Coleman’s
procedure.)* The temperature of the sulfuric acid treat-
ment was maintained between 90 and 100°. The product
was separated from pentane solvent by distillation over cal-
cium hydride through a 25-cm. Holzmann colunin. The N-
butylpyrrolidine (0.536 g., 39%,) boiled at 75° (55 mun.).
The infrared spectrum shows the presence of all five C-D
stretching bands corresponding to N-CDsy~ and C-CDs:
2040, 2080, 2120, 2180 (shoulder) and 2220 cm.™* Compari-
son of C~D peak heights of the single-beam iufrared spectra
of the product of N-butylpyrrolidine-2-ds and of dibutyl-
amine-4-d; indicates an approximate isotope effect of 2.6.

Anal. Caled. for CeHi;D,N: C, 74.35; H, 13.26; D,
11.77 at. 9. Caled. for CHy,,D;N: C, 73.78; H, 13.16;
D, 17.65 at. 9,. Found: C, 73.90; H, 13.01; D, 17.80,

17.77 at. % (3.02 at. D).

Irradiation of Dibutylchloroamine in Sulfuric Acid.—A
solution (159 ml.) of 0.086 mole of dibutylchloroantiie in
859, sulfuric acid was prepared in the manner to be described
for the preparation of butylisohexylchloroamine. The chlo-
roamine coutent was determined by titration as described in
the Results section. The chloroainine titer of the solution
remained essentially constant over a period of 43 minutes in
the dark. Irradiation of the solution it a quartz flask with
ultraviolet light was begun, and after an induction period of
about 12 minutes, chloroamine began to disappear. One-
half of the chloroamine had reacted 32 minutes after irradia-
tion was begun, and essentially all of the chloroamine had
reacted after 167 minutes. Workup of one-half of the solu-
tion gave 3.47 g. (559, 639 based on chloroamine) of N-
butylpyrrolidine, »%?p 1.4381.

Cyclization of Dibutylchloroamine with Potassium Per-
sulfate and Ferrous Ion.—A solution (81 ml.) of 0.045 mole
of dibutylchiloroamine in 859, sulfuric acid was kept in the
dark, and treated with catalytic amounts of potassium per-
sulfate and ferrous ammoninm sulfate. One-half of the chlo-
roamine had reacted after 13 minutes, and essentially all of
the chloroamine had reacted after 34 minutes. N-Butyl-
pyrrolidine (5.2 g., 919, based ou titrated chloroamine)
was isolated by the procedure described by Coleman.!*? A
control solution of 0.034 mole of dibutylchloroamine in 78
ml. of 859 sulfuric acid showed no loss of chloroamine over
a period of 285 minutes in the dark.

Cyclization of Dibutylchloroamine with Ferrous Ammo-
nium Sulfate.—A 82-ml. solution of 0.053 mole of dibutyl-
cliloroamine in 85%, sulfuric acid was treated with about 300
mg. of ferrous ammonium sulfate in the dark. Heat was
generated, and 879 of the chloroamine had reacted after 13
minutes. No chloroamine remained after 28 minutes. N-
Butylpyrrolidine (4.64 g., 699, based ou chloroamine, 72D
1.4385) was isolated in the usual way'?; picrate, m.p. 123—
124°, mixed m.p. 123.5-124.5°. When a solution (82 ml.)
of 0.056 mole of dibutylchloroamine in 859, sulfuric acid
was treated with 300 mg. of potassium persulfate in the
dark, tlie chloroamine titer decreased ouly 149, over a period
of 657 minutes,

Irradiation of Diethylchloroamine.—Diethylamine hy-
drobromide (0.15 mole) was dissolved in 3 N sodium hydrox-
ide solution aud converted to the chloroamine.}? A solu-
tion of the diethylchloroamine in 146 ml. of 859, sulfuric
acid titrated for 0.12 mole of chlorocamine. There was no
loss of chloroamine on standing 20 minutes in the dark.
The chloroamine solution was then placed in a quartz flask
and irradiated with ultraviolet light, The chloroamine titer
remained constant for 63 minutes after irradiation was be-
guu. A solution of 0.1 mole of dibutylamine in 65 ml. of
sulfuric acid was then added and irradiation continued. The
chloroamiine titer did not decrease over a period of 217
minutes.

Cyclization of Dibutylchloroamine in Presence of Iodine.—
Dibutylaniine (6 g.) was chlorinated and decoinposed ther-
mally in sulfuric acid by the procediuire of Coleman?!? except
thiat 0.7 g. of iodine was added to tlic reaction flask before
thermal decomposition was begun., Additional iodine was
added from time to timme during the decomposition to

(42) A. Skita and F. Keil, Monaish., §3, 753 (1929).
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replace that which coutinually sublimed from the reaction
mixture. The mixture was diluted and extracted with
methylene chloride to remove the excess iodiune and was then
basified and worked up.'? N-Butylpyrrolidine (0.8685 g.,
15%) was obtained, #%p 1.4348; picrate, m.p. 124-125°,
mixed m.p. 124-125°,

Effect of Diethylchloroamine on Rate of Decomposition of

Dibutylchloroamine.—A 100-ml. solution of 0.624 mwlar
dibutylchloroamine in 90% sulfuric acid was divided in half.
To oue half was added 50 ml. of a solution of about 0.5 molar
diethylchloroamine in 909 sulfuric acid. To the other half
was added 50 ml. of 909, sulfuric acid. Both solutious were
placed in quartz flasks and irradiated side-by-side with tle
saitte ultraviolet source. The solution of dibutylcliloroamine
alone required 30 mizutes for deconmiposition of oue-half of
the chloroamine as deterinined by titration of aliquots in
thie usual way. Tle solution which contained diethylehlo-
roatne required about 300 minutes for decomposition of
one-half of the dibutylchiloroainine.
_ Irradiation of Dibutylchloroamine in Acetic Acid Contain-
ing Varying Amounts of Sulfuric Acid.—A solution of dibu-
tylehloroainine in pentae was coucentrated iz vacuo, and a 5-
il aliquot of the residue was placed in a 100-nl. volumetric
flask. To tlie dibutylchloroamine were added absolute
acetic acid (coutaining about 0.39, acetic anliydride) and
10 & sulfuric acid (in absolute acetic acid) in the amounts
neeessary to obtain a 100-ml. solution of the desired sulfuric
acid conceutration., The resulting solution was placed in a
200-m1l.  Pyrex side-arin flask fitted with a gas dispersion
tube for introduction of nitrogeu gas, a gus outlet tube fitted
with a stopcock and leading to a bubble-counter, and an
ontlet leading to a vacuum line. The sidearm was covered
witlt a rubber cap through which one-nl. aliguots were
withdrawn by means of a syringe and titrated with 0.10 N
sodinm thiosulfate solution. The flask was evacuated and
flushed with nitrogen five times before irradiation with a
weak source of ultraviolet light was begun. During irradia-
tiont a slow stream of nitrogen was bubbled througl the solu-
tion in order to exclude oxygen.

A 0.255 M solution of dibutylelioroamine in acetic acid
withiout any added sulfuric acid was found to have a half-life
uf about 2,909 wiautes. After irradiation was completed,
the solution wus made basic and extracted with peutane.
The pentane solution was dried over sodium sulfate and then
treated with gaseous hydrogen chloride to precipitate all
amine present. The amine hydrochloride was filtered,
washed with etlier, aud dried in vacuo over phospliorus pei-
toxide to give 983.3 mg. (23.39%,). The infrarced spectrum of
the crude hydrochloride in cliloroform solution was identical
to that of known dibutylamine hydrocliloride. Iu other
runs, attempts to isolate any N-butylpyrrolidive (thirough
picrate formation) proved futile.

A 0.260 M solution of dibutyleliloroamine it 1 &V sulfurie
acid (in absolute acetic acid) was irradiated in ideutical
fashion. The halfdife of the chloroamine was 62 minutes.
Tlie solutiont was mwade basic witlt a niixture of ice and sodimmn
Iiydroxide and extracted with pentane. After drying over
sodiwn sulfate the solvent was removed, and the residue was
couverted to a picrate, 3.474 g. (429), m.p. 121.5-123°,
wiixed u.p. with N-butylpyrrolidine picrate, 121.8-123.27,

A 0.255 M solution of dibutylchloroamine in 2 N sulfuric
acitl (it acetic acid) had a lalf-life of 52 minntes and gave
ON31 g, (699) of N-butylpyrrolidine picrate, nrp. 121~
1237, mixed ut.p. 121-123°.

A L2 M solution of dibutylehloroamine in 5 N salfuric
actd (int acctic acid) had a half-life of 47 minutes aud gave
5.9111 g. (809,) of N-butvlpyrrolidine picrate, m.p. 123-
124°, mixed m.p. 123-124°,

Cyclization of Dibutylchloroamine in D,O = Sulfuric Acid.—
Dibutylamine (0.05 mole) was converted to tlie chloroamine
by the method of Coleman!? and extracted into 859 sulfuric
acid which was prepared from 55 ml. of sulfuric acid and
4.6 ml, of D,O. The resulting solution was irradiated in a
quartz flask, and catalytic amounts of potassiuin persulfate
and ferrous ainnoniunt sulfate were added. Tle reaction
mixture became warnt, After work up,’? 4.42 g. (70%,) of
N-butylpyrrolidine was obtained. 7The iufrared spectrum
of this compound showed 1o absorption iu tlie C-D stretch-
ing region.

Identification of Product of Irradiation of Dibutyichloro-
amine.—A solution of 0.086 mole of dibutylchloroamiue in
159 1nl. of 859, sulfuric acid was irradiated for 3 hours and
then treated with 31 g. of silver sulfate. The precipitate
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was filtered and extracted with boiling water. Ouly 40 mg.
of iusoluble silver chiloride was obtained. Omue-half of the
solution of irradiated cliloroamine was basified with sodiui
liydroxide, and the amiies steunt distilled. The residue was
acidified with dilute nitric acid, additional silver nitrate was
added, and the solution was filtered. Tle filter cake wus
extracted witli concentrated ainmoninm hydroxide and acidi-
fied with dilntte nitric acid to give 6.1 g. (99% based ou chlo-
roamine) of white silver chloride. N-Butylpyrrolidine (3.5
g., 63% based on chloroamine), #?2D 1.4381, was isolated in
the usual way.

Identification of Product of Thermal Decomposition of
Dibutylchloroamine . —A 78-mul. solution of 0.035 nwle of
dibutylehiloroamite in 859 sulfuric acid was placed in a
wax-bath heated at 110°, As thie temperature of the sulfuric
acid svlution rose, the chlorvamine titer decreased. When
the temperature had reached 80°, two-thirds of tlie clilora-
armninte had disappeared. At 90° virtually all of the cliloro-
antine had reacted. After 10 minutes at 95°, thie reaction
mixture was allowed to cool to rootn temperature,  The sul-
furic acid solutinn was trcated with silver sulfate us deseribed
above. After basification of the reaction wixture, 3.27 g.
(65% based on cliloroamine) of silver cliloride was isolated.

Attempted Cyclization of N-Methyl-4-hydroxyamylamine
in Sulfuric Acid.—N-Methyl-+-liydroxyamnylamine (1.76 g,
(0.015 mole) wus dissolved ta @ mixture of 10 ml. of sulfuric
acid and 2.8 ml. of water witht the formation of a dark red
color. The resalting solution was added dropwise to
stirred solution of G.31 ml. of water and 1.24 ml. of sulfuric
acid heated to 120°. The temperature inside the reaction flusk
was kept below 110° during the addition.  After addition
was complete, the resulting mixture was cooled, basified and
steam distilled. No 1,2-dimetlivlpyrrolidine was isolated or
detected.

N-Butylvaleramide.—To a stirred solution of 50 g. (0.415
mole) of valeryl chloride i 250 1nl. of dry toluciie was added
dropwise 66 g. (0.9 mmole) of #-butylamine with cooling in a
Dry Ice-isopropyl alcoliol-bath. After addition was com-
pleted, the reaction was allowed to stand at room teinpera-
ture for 2 lwurs.  About 100 ml. of pentane was added to
the tolueite solution, and the reaction wmixture wus poured
ito a mixture of ice and excess 5% hydrochloric acid. The
organic layer was separated aud waslied with water and 5%
sodinm bicarbonate solution.  After dryving over sodiunt sul-
fate, the solution was distilled through a Vigreux coluin
givbig 53 g. (81Y9,) of N-butylvaleramide, b.p. 98° (0.1
i), uLp. 32°,

Anal. Caled. for CHWwNO: C, 68.74;
8.91. TFouud: C, 68.82; H, 12.19; N, 8.77.

Butylamylaimnine.—N-Butylvaleratnide (35 g., 0.222 molc)
was dissolved i1 125 ml. of ether and added dropwise to o
stirred slurry of 12.5 g. (0.333 mole) of lithinm aluminu
hydride i 150 wl. of ethier.  The reaction was refluxed for 10
hiours aud the product isolated by the sante procedure used
for N-methyl-4-hydroxyamylamine.  Butylamylamiue
(27.9 g., 88%,) was obtained with b.p. 70-75° (22 mu.),
720D 1,4230 (11t .43 b.p. 180-1R2° (743 wm.), #%p 1.4230).

Cyclization of Butylamylamine.— Butyluuylamine (5 g.,
0.035 niole) was chilorinated and cyclized according to the
procedure of Colemnan.'? The reaction tewmperature was
maintained at 95°. Distillation of tlie product frou calehim
Liydride gave 1,698 g. (35%) of N-butvl-2-methylpyrroli-
dine, b.p. 80.5-81° (43 mnt.), »#¥'p 1.1378 (lit.** b.p. 86~
86.5° (57 nun.)). A satuple of N-butyl-2-methylpyrrolidine
kindly provided by Prof. R. Adaws hd b.p. 79° (42 mu),
n2p 1.4378. The picrate of thie cyclized material ltad ni.p.
121-122° and mixed m.p. with known N-butyl-2-miethivl-
pyrrolidine picrate 121.5-122.5° (lit.44 m.p. 122°). Quanti-
tative iufrared spectra of the cyclized product and the
known N-butyl-2-methylpyrrolidine were completely super-
iinposable.

N-Amylisocaproamide.—Isocaproyl chloride (39 g.) and
54.3 g. of amylamine were allowed to react in the mnanuer
described for the preparation of N-butylvaleramide except
that the reaction was carried ont it pentane solution. Dis-
tillation of tlie prodiict gave 42 g. (78%:) of N-amylisocapro-
amnide, b.p. 103-105° (0.35 nun.), n22p 1.4481,

Anal. Caled. for CuHuNO: C, 71.30; H, 12.51; X,
7.56. Found: C,71.17; H, 12.31; N, 7.77.

(43) H. R, Henze and D. O. Humphreys, THis JoUurNaL, 64, 287%
(1942).
(44) K, Tsuda, J. Pharm. Soc. Japar, 56, 359 (1436),

I, 12.18; XN,
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Amylisohexylamine.—N-Amylisocaproamide (36 g.) was
reduced with 11 g. of lithium aluminum hydride in ether
solution in the manner described for the preparation
of butylamylamine. Distillation of the product gave 26.8 g.
(819%) of amylisohexylamine, b.p. 99-102° (16 mm.), n*’D
1.4295.

Anal. Caled. for CyHxN: C, 77.11; H,
8.18. Found: C, 77.18; H, 14.72; N, 8.23.

Hydrobromide (plates from dioxane-ethanol), m.p. 291-
292.5° dec.

Anal. Caled. for CyHsNBr: C, 52.37; H, 10.39; N,
5.55. Found: C, 52.22; H, 10.32; N, 5.66.

Attempted Cyclization of Amylisohexylamine.—Amyliso-
hexylamine (6 g.) was chlorinated and decomposed ther-
mally in sulfuric acid according to the method of Coleman.?
The reaction temperature was maintained at 73-77°.
Much hydrogen chloride was evolved. Workup in the
usual way!? failed to give any tertiary amine products.

N-Butylisocaproamide.—Isocaproyl chloride (50 g.) and
n-butylamine (60 g.) were allowed to react in the manuer
described for the preparation of N-butylvaleramide. The
N-butylisocaproamide (51.3 g., 80%) had b.p. 109-111°
(0.9 mm.), n%2D 1.4465.

Anal. Caled. for CioHuNO: C, 70.12; H, 12.36; N,
8.18. Found: C, 70.28; H, 12.21; N, 8.38.

Butylisohexylamine.—N-Butylisocaproamide (40 g.) was
reduced with 13.3 g. of lithium aluminum hydride in ether
solution in the manner described for the preparation of
butylamylamine to give 20.6 g. (569]) of butylisohexyla-
mine, b.p. 93-95° (22 mm.), #22.5p 1.4252 (lit.** b.p. 87-88°
(20 mm.)).

Attempted Thermal Cyclization of Butylisohexylamine.—
Butylisohexylamine (6 g.) was chlorinated and allowed to
react with hot sulfuric acid according to the procedure of
Coleman.!? The reaction temperature was maintained at
95° (hydrogen chloride evolved). Only 0.147 g. of product
was obtained, b.p. ¢az. 75° (14 mm.), »21.8p 1.4378. The
amine gave a hydrobromide (plates from dioxane), m.p.
162-164°, mixed m.p. with butylisohexylamine hydrobro-
mide, 150-230° dec. The melting point of the hydrobromide
corresponds neither with that of N-butyl-2,2-dimethylpyvrro-
lidine hydrobromide (149.5°,% 147°%) nor that of N-iso-
hexylpyrrolidine hydrobromide (180°, prepared below).

N-Isocaproylpyrrolidine.—Isocaproyl chloride (50 g.) and
58 g. of pyrrolidine were allowed to react in toluene solution
in the manner described for the preparation of N-butvlvaler-
amide. The N-isocaproylpyrrolidine (42.2 g., 689) had
b.p. 75-77° (0.35 mm.), #?p 1.4706.

Anal. Caled. for CioH gNO: C, 70.96; H, 11.31; N,
8.28. Found: C, 71.04; H, 11.06; N, 8.26.

N-Isohexylpyrrolidine.—N-Isocaproylpyrrolidine (20 g.)
was reduced with 3.8 g. of lithium aluminum hydride in
ether solution as in the preparation of butylamylamine.
The N-isohexylpyrrolidine (13.6 g., 74%) had b.p. 79-82°
(15 mm.), #%p 1.4428.

Anal. Caled. for CioHaN: C, 77.34; H, 13.63; N,
9.02. Found: C, 77.51; H, 13.59; N, 8.77.

Hydrobromide (plates from dioxane), m.p. 179-180°

Anal. Caled. for CpH2NBr: C, 50.85; H, 9.39; N,
5.93. Found: C, 51.09; H, 9.55; N, 6.05.

. Picrate (yellow needles from 959, ethanol), m.p. 137.5~
39°.

14.71; N,

Anal. Caled. for CigHaaNO7: C, 49.99;
14.58. Found: C, 49.72; H, 6.19; N, 14.31.

Irradiation of  Butylisohexylchloroamine.—Butyliso-
hexylamine (7.9 g., 0.05 mole) was converted!? to butyliso-
hexylchloroamine. The chloroamine was extracted into 75
ml. of cold 85% sulfuric acid and placed in a quartz flask.
An aliquot was analyzed for chloroamine content by adding
to excess 109 potassium iodide solution and titrating the
liberated iodine with standard sodium thiosulfate solution.
The analysis showed 0.0506 mole of chloroamine to be pres-
ent in the sulfuric acid solution. Irradiation with an ultra-
violet lamp was begun, and an aliquot removed only seconds
later contained almost no chloroamine, A great deal of

H, 6.29; N,

(45) R. C. Elderfield and H. A, Hageman, J. Org. Chem., 14, 605
(1949).

(46) R, F. Brown and N. M. Gulick, Tmis Journar, 77, 1079
(1955),
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hydrogen chloride was liberated from the reaction mixture.
It was found that ¢-butyl chloride when shaken with 859,
sulfuric acid also liberated hydrogen chloride. The sulfuric
acid solution of irradiated chloroamine was basified and
steam distilled into dilute hydrochloric acid which was then
concentrated, basified, and extracted with pentane. The
products were distilled over calcium hydride to give 4.3 g. of
a mixture of amines boiling at 97-140° (23 mm.). The hy-
drobromide of an early cut (plates from dioxane) had m.p.
215-255° dec. Gas-phase chromatography of the mixture
on a dinonyl phthalate column showed the absence of any
isohexylpyrrolidine.

N-Methylhexylamine.—To a stirred slurry of 13.6 g. of
lithium aluminum hydride in 200 ml. of ether was added
dropwise a solution of 31.3 g. (0.243 mole) of N-hexylforma-
mide in 125 ml. of ether. When the addition was complete,
stirring at reflux was continued for 19 hours. The resulting
slurry was cooled and treated with aqueous methanol and
filtered. The filtrate was extracted with 109, hydrochloric
acid solution and the extract made alkaline with sodium
hydroxide. The amine which separated was taken up in
pentane, dried over magnesium sulfate, and distilled, giving
a forerun of 1.96 g. (b.p. 137-140°, #%p 1.4148) and a main
fraction of 17.97 g. of N-methylhexylamine (b.p. 140-
142°, n%p 1.4148; 1it.¥ b.p. 140-142° (735 mm.)).

Cyclization of N-Chloromethyl-n-hexylamine —A solution
of 18 g. (0.156 mole) of N-methylhexylamine in 300 ml. of
dry ether was swirled with 21.6 g. (0.162 mole) of N-chloro-
succinimnide for 0.5 hour with occasional cooling in an ice-
bath. The ethereal solution was washed with water, cold
dilute sulfuric acid, and water. After drying over magne-
sium sulfate, the ether was removed in the dark ## vacuo.
The residual methylhexylchloroamine was added portion-
wise to 150 ml. of cold concentrated sulfuric acid in a quartz
vessel immersed in an ice-bath. When the addition was
complete, the cold solution was irradiated with a sun lamp
while a stream of nitrogen gas was bubbled througl the
solution. After 40 min. a potassium iodide test showed that
nearly all of the *“‘positive chlorine’’ had disappeared, and
tlie solution was diluted with ice and made strongly alkaline
with sodium hydroxide. The mixture was allowed to become
quite warm during the final stages of basification to ensure
complete cyclization of the §-chloroalkylamine intermediate.
The amine which separated was taken up in pentane, dried
over magnesium sulfate, and precipitated as the hydrochlo-
ride with dry hydrogen chloride gas. The pentane solution
was also extracted with a small volume of 109, hydrochloric
acid to ensure collection of all of the amine. The combined
hydrochloride was stirred with 150 ml. of 109 sodium hy-
droxide solution and 6 ml. of benzenesulfonyl chloride in an
ice-bath for 0.5 hour and then warmed to 45°. The mixture
was acidified with hydrochloric acid and extracted with ether.
The acid solution was made alkaline with sodium hydroxide,
and the amine which separated was taken up in pentane.
Distillation over calcium hydride gave 3.39 g. of colorless
distillate, b.p. 126-129° (uncor.), #?p 1.4303, collected in
one fraction.

Picrate, m.p. 168-176°, recrystallized from ethanol, m.p.
168-172°; lit.: picrate®® of 1-methyl-2-ethylpyrrolidine,
m.p. 171°; picrate®? of 1,2-dimethylpiperidine, m.p. 240°.

Gas chromatography of the product on a column contain-
ing carbowax as the liquid showed the presence of a major
component (7.86 min.) doubtless 1-methyl-2-ethylpyrroli-
dine and two minor components, one of which (10.5 min.)
corresponded to 1,2-dimethylpiperidine (known sample,
10.4 min.). The second component, a very minor one, re-
mains unidentified. The ratio of 1-methyl-2-ethylpyrroli-
dine to 1,2-dimethylpiperidine (as estimated from the ratio
of integrated intensities) is 8.5:1.

1,4-Methyliminocyclohexane Methiodide.—Methylcyclo-
hexylamine (10 ml.) was dissolved in 70 ml. of pentane and
converted!? to methylcyclohexylchloroamine. After removal
of the pentane % vacuo, the residue was dissolved in 100 ml.
of cold 909 sulfuric acid. Titration of a 1- ml. aliquot of the
acid solution showed a chloroamine content of 58.7 mmoles
(8.66 g.). The acid solution was placed in a quartz flask
and irradiated with a mercury arc lamp. The disappearance
of chloroamine was followed by titration of aliquots. The
reaction had a half-life of about 900 minutes. After 30

(47) F. F. Blicke and F. B. Zienty, ibid., 61, 771 (1939).
(48) R. Lukes, Chem. Listy, 27, 392, 409 (1933).
(49) W. Leithe, Ber., 63B, 800 (1930),
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bours the dark solution was poured over ice, and the result-
ing acidic solution was waslied with ether, made basic with
sodium hydroxide, and heated on a steam-bath overnight.
The pasic solution was extracted with etlier. The ethereal
solution was dried over sodiwn sulfate, aunl dry hiydrogen
bromide was passed in. The precipitate was removed, dis-
solved in dilute sodium hydroxide solution, and stirred over-
night with 20 ml. of benzenesulfonyl chloride. Tlie solution
was acidified to pH 1 and the sulfonumide extracted with
ether. The acidic solution was then made busic with sodinm
hiydroxide, and was extracted with ether. The ether solu-
tion was treated with excess methyl indide, and tlie precipi-
tated 1,4-methyliminocyclohexane methindide (1.5932 g.,
10.7%) had m.p. 279-284°. Crystallization from ethanol-
methanol gave granular crystals, m.p. 295-295.5° (lit.%
m.p. 299-300°).

Anal. Caled. for CsHisNI: C, 37.96; H, 6.37; N, 5.54.
Found: C, 37.87; H, 6.60; N, 5.36.

The nuclear magnetic resonance spectruin of the tuethio-
dide (DO solvent, methylene cliloride standard) liad three
distinct peaks. The peak at +27 c.p.s. (at 40 megacycles)
is assigned to the bridgehead hydrogens, the sharp peak at
+60.6 c.p.s. is assigned to the N-methyl hydrogens, and
the peak at +100 c.p.s. is assigned to the etliyvlene liydro-
geus. The relative areas under these peaks were, respec-
tively, 2.0, 6.0 and 8.14. Methyvliminocyclohexane metliio-
dide requires 2.0, 6.0 and 8.0.

(50) J. V. Braun and K, Schwarz, 4##., 481, 56 (1930).
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In order to compare the rate of decomnposition of methyl-
cycloliexylcliloroamine witlt that of dibutylcliloroamine
under tlie same couditinns, a 0.327 M solution of tlie cliloro-
awitte in 907% sulfuric acid in a guartz flask was irradiated
with o wmerenry arce lamp under a stream of nitrogen. The
half-life of the cliloroamine was about 570 wminutes.  Under
these conditions a 0.28 M solution of dibutylehiloroamine in
009, sulfuric acid liad a half-life of 10 niinutes.

Irradiation of N-Chloroazacycloheptane.—N-Chiloro-
azacycloheptane was prepared from azacycloheptane by the
same procedure described for methyleyvcloliexyleliloroaite.
Approximately 1.8 ml. of the chloroamine was dissolved i
40 1nl. of cold 909, sulfuricacid. Titration of a 1-ml. aliguot
showed the solution to be 0.38 M in chloroamine. The solu-
tion was irradiated as with methyleyclohexylcliloroamine.
The half-life was about 2140 minutes. The solution was
diluted with ice-water, made alkaline with sodium hydroxide,
and heated on the steami-bath for 6 hours. The alkaline
solution was tlien stirred with 5 ml. of benzenesulfony! chlo-
ride for four liours, and extracted with ether. Dry hvdrogen
bromide was passed into the ether solution, and tlie material
whiclt separated as aun oily suspension was extracted with
water. The aqueons solution was tnade alkaline and ex-
tracted with ethier. Methyl iodide was added to the ether
solution; the oil which geparated out (72.6 wg., 3% cor-
rected for aliquots removed) eonld not be iuduced to erys-
tallize.
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The Constituents of Ecbhallium elaterium L. XI.

Proposed Structures for «-Elaterin

and its Degradation Products'?

By DaAvIiD LAVIE AND DAviD WILLNER
RECEIVED AUGUST 5, 1959

a-Elaterin has been identified as a tetracyclic triterpene.

posed. Structures are also proposed for ecballic acid and otlier degradation products.

alkaline treatment of a-elaterin are reviewed.

The oxygen functions of a-elaterin (cucurbitacin
E), the crystalline compound readily obtained from
the fruit juice of Ecballium elaterium, have been
previously described.®* More recently the side
chain of this compound has been elucidated.’~7
The present paper deals with the full structure of
elaterin which is one member of a group of com-
pounds called cucurbitacins® isolated from dif-
ferent species of the Cucurbitaceae. An inter-
relationship has beeu found among four members of
this group through a common degradation product
and interconversion.® Elaterin as well as elatericin
A and B possess anti-tumor activity!¢; a biological
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(C2) from the National Cancer Institute of the National Institutes of
Health, Public Health Service; (b) abstracted in part from the doc-
toral dissertation submitted to The Hebrew University of Jerusalem by
David Willner.
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(3) D. Lavie and S. Szinai, ¢bid., 80, 707 (1958).

(4) J. N. T. Gilbert and D. W. Mathieson, Tetrahedron, 4, 302
(1958).

(5) D. Lavie, Y. Shvo and D. Willner, Chemisiry & Industry, 1361
(1958).

(6) D. Lavie, Y. Shvo and D, Willner, THis JourNar, 81, 3062
(1959).

(7) P. R. Enslin and K. B. Norton, Chewristry & Industry, 162
(1959).
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(%) D. Lavie, V. Shvo and D. Willner; P. R, Enslin, 7. M. Hugo and
K. B, Norton, Chemistyy & Industry, 951 (1959).

A full structure locating all tlie oxygenated functions is pro-

The different changes involving the

investigation is now undertakeu to study the dif-
ferent aspects of their action.!' In view of these
properties the full structure proposed for elaterin
in this paper might be of interest in tlie evaluation
of new drugs for cancer chemotherapy.

In previous papers®® we have described the
periodate oxidation of elaterin and the isolatiou of
trans-4-hydroxy-4-methylpent-2-enoic acid. It was
therefore proposed that elaterin should have a side
chaiu similar to elatericin A (cucurbitacin D).2.1?
However the yields of this acid were very low
when compared to those obtained during the oxida-
tion of the side chain of elatericin A. Sublimation
of the oily product, obtained from the mother
liquors of the crystallization of the above acid,
yielded a crystalline product which was ideuti-
fied as trans-4-acetoxy-4-methylpent-2-enoic acid
(full details will be published by P. R. Enslin).”

(10) D. Lavie, D, Willner, M. Belkin and W. G. Hardy, presented
at the Symposium on the Chemotherapy of Cancer, Tokyo, October,
1057, Abstracts, p. 53; ACTA, Unio Int. Contra Cancrum, 15 bis,
177 (1959), Dr. E. Schwenk, Tlhie Worcester Foundation for Experi-
mental Biology, Shrewsbury, Mass., kindly informed us that these
compounds were found to delay the growth of implanted tumors in the
cheek pouch of the hamster,

(11) We thank the National Cancer Institute of the National
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search grant C-2810 (C3S) supporting the biological aspects of this in-
vestigation. A full report will be published elsewhere.
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