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Acid chlorides and alkyl and aryl isocyanates and isothiocyanates were allowed to react with imines derived

from cyclohexanone and isobutyraldehyde.

A variety of N-(l-alkenyl)amides (2, 8), N-(l-alkenyl)ureas and

thioureas (3, 5, 12), 2-enaminocarbamides (4, 6), and triazinones (11) were formed and isolated as reaction
products, depending upon the nature of the imine, type of electrophile, and reaction conditions. The results
are compared with the reported work on the reaction of these reagents with N,N-disubstituted enamines from

the same carbonyl compounds.
by the electrophile on the imine:
(3) C:==N attack followed by ring formation.

The imines of cyclohexanone and isobutyraldehyde
are for the most part easily prepared®? and, unlike
many aliphatic imines, not subject to rapid polymeriza-
tion and condensation reactions. We wished therefore
to compare the behavior of the imines of these two car-
bonyl compounds toward certain electrophiles with
those reported for the corresponding enamines. Ih the
latter instance, it was shown that final substitution
produets with various acid chlorides,® isocyanates,?
and the like involved electrophilic substitution on the
olefinic carbon a to the carbon bearing the enamino
nitrogen.

It would be anticipated that the imines could
react by at least three possible modes. Imines,
having a reactive carbon bearing a labile hydrogen
(enolizable imines), such as those derived from cyclo-
hexanone and isobutyraldehyde, could be expected to
form products arising from acid chloride or isocyanate
attack at the « position in exact analogy to results re-
ported for the enamines. Alternatively, these electrophi-
lic reagents could irreversibly react at the imino nitrogen
and through loss of « hydrogen give stable enamides or
enureas. [Finally, the imines could react at the C=N
bond to form cyelic products in analogy to reaction of
isocyanates with aromatic Schiff bases or methylene
imines,4bs

The literature contains some work relative to reac-
tion of these electrophiles with imines containing enoliz-
able hydrogen. Thus, N-alkyl-N-alkenylamides are
formed by the action of certain acid halides on aldi-
mines.® On the other hand, it is reported that keti-
mines (from cyclohexanone) give carbon acylated
products.” Studies on the effect of isothiocyanates and

(1) Presented before the Division of Organic Chemistry at the First
Midwest Regional Meeting, American Chemical Society, Kansas City, Mo.,
Nov 5, 1965, Abstract No. 440.

(2) (a) W. F. Bruce and R. N. Blomberg, U, 8. Patents 2,700,681 and
2,700,682 (1955); (b) H. Weingarten, J. P. Chupp, and W. A, White,
J. Org. Chem., 82, 3246 (1967); (c) K. L. Campbell, A. G. Sommers, and
B, K. Campbell, J. Amer. Chem. Soc., 66, 82 (1944).

(3) (a) A. Stork and H. K. Landesmann, ibid., 78, 5128 (1956); (b)
8. Hunig, Chem. Ber., 90, 2833 (1957), and succeeding papers.

(4) (a) 8. Hunig, dngew. Chem., 71, 312 (1959); (b) D. Clemens and
W. Emmons, J. Ory. Chem., 26, 767 (1961); (¢) G. Berchtold, 1bid., 26,
3043 (1961); (d) M. Perelman and 8. A. Mizak, J. Amer. Chem. Soc., 84,
4988 (1962).

(5) (a) R. Huisgen, K. Herbig, and M. Morikgwa, Chem. Ber., 100, 1107
(1967); (b) H. Ulrich, “Cycloaddition Reactions of Heterocumulenes,”
Academic Press Inc.. New York, N. Y., Chapters 4 and 5.

(6) H. Breederveld, Rec. Trav. Chim., 19, 401 (1960).

(7) R. W. Layer, Chem. Rev., 68, 489 (1963); see also V. E. Harvey,
El Cerrito, and 8. A. Ballard, U. 8. Patent 2,418,173 (1947), and British
Patent 638,091 (1950) [Chem. Abstr., 41, 4510 (1947); 44, 0476 (1950)].
However, at least some N acylation apparently occurs because N-cyclo-
hexylhexanamide was obtained after hydrolysis of the reaction mixture from

The products can be rationalized as arising from three possible modes of attack
(1) nitrogen attack, with a-hydrogen elimination; (2) a-carbon attack, and

isocyanates on acetophenone anil indicate that only
a-carbon attack occurs. Anils of benzoylthioacetani-
lide and benzoylmalonanilides, respectively, were iso-
lated.?

It was found that when N-alkyl-N-cyclohexyliden-
amines were allowed to react with various acid chlorides
or isocyanates, neutral N-acylated enamides (2) and
enureas (3) could be isolated in fair yields (Scheme I).
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(See Table I for compilation and structure of com-
pounds.) Anils of cyclohexanone showed no evidence
of giving enureas with isocyanates but, rather, a-carbon
attack occurred with formation of the 3’,4’-dichloro-
2-(p-chloroanilino)-1-cyclohexene-1-carboxanilide  (4).
Structures were confirmed by elemental and spectral
analysis with further confirmation by hydrolysis to
known amides or ureas.®

Reaction of 1 with isothiocyanates was more com-
plicated. Alkyl isothiocyanates gave cyclohexenyl-
thioureas which on attempted distillation reverted to 1
and isothiocyanate. Certain arylisothiocyanates ini-
tially form 5, but on heating rearrange to the vinylogous
thiourea 6, perhaps as a result of reversible thermal dis-

N-cyelohexylidenecyclohexylamine and caproyl chloride. The intermediate
acyl enamide was not fully characterized. A. A. Brizzolara, Jr., ““An Inves-
tigation of Some Reactions of Enamines,” Columbia University, Ph.D.
Thesis, 1960.

(8) J. Moszew, A. Inasinski, K. Kubiczek, and J. Zawrzykraj, Rocz.
Chem., 84, 1169 (1980); Chem. Abstr., 8, 1533a (1961).

(8) Thus, the possibility that the isocyanate~imine adducts are 4-amino-
2-azetidinonestd rather than enureas (3, 12) is ruled out by consideration of
the ir 6.0 ¢ (C=0), nmr § 5.8 (C=CH), and facile hydrolysis to 3-alkyl-
ureas. The B-lactams display ir 5.7 s (C==0), nmr, § 4.4-5.3 (Cg-H),
and hydrolyze to carboxamides similar to 10. Spectral evidence, especially
ir 6.0 u (C=N, C=0), and nmr, § 7.5~7.8 (CH==N), also serve to differen-
tiate iminoanilide (9) from the alternate g-lactam structure,
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sociation to starting isothiocyanate and imine, followed
by irreversible formation of 6 (Scheme II).%

ScuEME 11
|| .
RNCNHR’
= alkyl H,0 |
1 + R'NCS s==——=s ij ——Hr’ RNHCNHR/
5
Ror Rm aryl
A
R'= aryl s

R g 2 1
(l! H20 CNHR/
NHR’

6

In contrast to 1, anils of cyclohexanone with iso-
thiocyanates gave only 2-anilino-1-cyclohexenthio-
carboxamides (6). The anils thus behave similarly to
those described in ref 8.

The structure of the imine from isobutyraldehyde
largely determined the mode of attack of the various
electrophiles. 7 is both an imine and enamine and its
reaction with chloroacetyl chloride gave 8. This reac-
tion represents an extension of Brederveld’s method*

N
(CHy),C=CHN=CHCH(CHy, + CICH,COCI =»
7
|
CICH,CN[CH=C(CHp7:
8

for the preparation of N,N-dialkenylamides. Reaction
of isoeyanate with 7 does not give dialkenylurea, but
rather reaction occurs at the a earbon to produce 9a.

3,44CD,CH,NCO + 7 —>

0 CH,
34 (Cl)zcsHaNHC—?-—CH-NCH-C\ =,
CH,
9a
cH,
3,4-(01)203113Nné—):—cno
CH3

10

The amidic proton is seemingly hydrogen bonded with
the imino nitrogen as evidenced by the unusually low
absorption of this proton in the nmr, 8 10.3-10.6 (see
NH, 9a, 9b).

N-Isobutyhdene—N-methylamine reacts with isocya-
nates at room temperature to form triazinones (11),
in analogous fashion to that found for certain imines
possessing no « hydrogen. 45 However, further reac-
tion of 11 with isocyanate gives alkenylureas (12),
possibly through electrophilic attack of isocyanate

(10) Thermal dissociation has also been observed in certain enureas de-

rived from 2-phenylpyrroline by 8. J. Love and J. A. Moore, J. Org. Chem.,
88, 2361 (1968).
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on the basic ring nitrogen, followed by ring open-
ing via o-hydrogen elimination. N-Ethyl-N-isobutyl-
idenamine behaves similarly, although anilide (9)
is found to some extent [determined by nmr measure-
ment of the ratio (CHy):C=C (from 12) to —-C(CHj),—
(from 9)]. N-Isopropylisobutylidenamine with greater
bulk than the N-methyl or -ethyl homologs gives, with
isocyanates on heating, a mixture of alkenylurea (12)
and anilide (9) in a ratio of approximately 3:2. No ap-
parent triazinone formation was observed. Curiously,
3,4-dichlorophenyl isothiocyanate on heating with N-
isopropylisobutylidenamine gave only 12 and no 9.
Finally, N-t-butylisobutylidenamine gave only 9 with
isocyanate (Scheme III).

Scuemg 111
R
|
r /7 N\
R'NCO gecHcH,  (CH),CHCH HC—CH(CHy)
+ — | [
-(CH;),CHCH=NR N N,
3)2! R/ \%/ \R,
+R'NCX 0
R=(CH,),CH 1

or (CH;%C

R'NCO |

I
(CH,),C=CHN~—CNHR’ :
from 12 l
12

+ RNHC(X)NHR/
X CH3
R’NHC—-J?-—-CH-NR HO 49
from 9
H,
9

Experimental Section

All melting points were taken on a Fisher-Johns block. All
microanalytical work was performed by the Galbraith Labora-
tories, Knoxville, Tenn. Ir spectra were determined on a
Beckman IR-Va and nmr spectra on a Varian Model A-60
spectrometer with chemical shifts reported in parts per million
from tetramethylsilane as an internal standard.

Imines Derived from Cyclohexanone and Isobutyraldehyde.—
The preparation of these materials have been previously de-
scribed 2811

Materials 2a,b.—The preparation of these materials from the
respective N-alkylcyclohexylidenamine®* and acid chloride
can be illustrated by the preparation of 2a.

N-(1-Cyclohexen-1-yl)-2-(2,4-dichlorophenoxy)-N-methylacet-
amide (2a).—2,4-Dichlorophenoxyacetyl chloride (35.0 g,
0.146 mol) was placed in 200 ml of benzene, cooled to 0-5°,
and N-methylcyclohexylidenamine (16.7 g, 0.15 mol) contained
in 100 ml of benzene was added dropwise, with cooling. After
addition the mixture was stirred for 15 min; then triethylamine
(15 g, 0.15 mol) was added dropwise at 0-5°. After addition,
the reaction mixture was refluxed for 1 hr. The reaction mixture
was filtered, the salt cake was washed with benzene, and the com-
bined filtrate and washings were washed twice with ca. 200 ml of
water. After drying over anhydrous magnesium sulfate and
subsequent removal of solvent under vacuum, the residue was
recrystallized twice (charcoal) from hexane.

1-(1-Cyclohexen-1-yl)-1,3-dimethylurea (3a).—N-Methylcy-
clohexylidenamine (15.7 g, 0.14 mol) was dissolved in 200
ml of toluene, and to this solution methyl isocyanate (8.4 g,

(11) R. H. Hasek, E, U. Elam, and J. C. Martin, ibid., 26, 1822
{1981).
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0.14 mol) was added at room temperature. The reaction was
exothermic, with the temperature rising to 35°. After standing
for 2 hr at ambient temperature, solvent was removed and the
oily residue distilled at 120-130° (1 mm) to give 7 g of oil, which
later solidified. This material was recrystallized from cold
hexane. A second preparation afforded a 959 yield of oil,
which solidified on seeding.

1-(Cyclohexen-1-y1)-3-(3 4-dichlorophenyl)-1-methylurea (3b).
—N-Methyleyclohexylidenamine and 3,4-dichlorophenyl iso-
cyanate (0.1 mol each) reacted exothermally in toluene at room
temperature to give, upon removal of solvent, 22 g of light yellow
oil which did not crystallize.

1-(1-Cyclohexen-1-yl )-3-(2-nitrophenyl-1)methylurea (3c¢).—In
similar manner to the preparation of 3a and 3b, 2-nitrophenyl
isocyanate with N-methylcyclohexylidenamine gave yellow
crystals from ethanol.

Materials Sa-c.—The reactions of isothiocyanates with N-
alkyleyclohexylidenamines, carried out in toluene or benzene
at room temperature, were mildly exothermic. Several hours
were usually required for complete disappearance of isothio-
cyanate as monitored by ir. Upon removal of solvent, the residue
was purified by suitable recrystallization. However, care was
taken with products arising from aryl isothiocyanates not to
expose them to heat; recrystallization from cold {—10°) con-
centrated toluene or ether solution was found necessary to pre-
vent rearrangement. The preparation of 5a and 5b are rep-
resentative of the procedures used to make these materials.

1-(1-Cyclohexen-1-y1)-3-ethyl-1-methyl-2-thiourea (5a).—N-
Methyleyclohexylidenamine (11.1 g, 0.1 mol) and ethyl iso-
thiocyanate (8.7 g, 0.1 mol) reacted at room temperature to
give, after removal of solvent, 17 g of an oil which later crystal-
lized, mp 43-44°. On distillation of some of the oil, fractions
were collected at 45-55° (10 mm) which was shown by ir to
contain isothiocyanate and imine. Upon standing, Sa was
again formed from the distillate.

1-(1-Cyclohexen-1-y1)-3-(3 ,4-dichlorophenyl)-1-methyl-2-thio-
urea (5b).—N-Methyleyclohexylidenamine (10.3 g, 0.094
mol) was dissolved in 100 ml of toluene and at room temperature
3,4-dichlorophenyl isothiocyanate (19.1 g, 0.094 mol) was added
dropwise. After standing several hours crystals formed, mp
107-108°. By partial evaporation of the toluene in the cold
(—10°), 24.5 g of crystals, mp 107°, was obtained. 5b, upon
melting at 107°, resolidified and melted again at 135-140°.

Materials 6a,b.—These materials could be prepared directly
from the appropriate aryl isothiocyanate and N-alkyl-N-cyclo-
hexylidenamine by reacting equimolar amounts of these reagents
in refluxing toluene or alcohol for several hours, followed by
removal of solvent and recrystallization of the solid residue from
hot alcohol. A small amount of 1-aryl-3-alkyl-2-thiourea derived
from the respective aryl isothiocyanate was found as by-product.
Alternatively, 5 (R’ = aryl) was dissolved in anhydrous ethanol,
heated for several minutes at reflux, and 6 collected as crystals
upon cooling.

3’ 4’-Dichlorothio-2-p-toluidino-1-cyclohexene-1-carboxanilide
(6¢).—To 12 g of 3,4-dichloropheny! isothiocyanate dissolved
in tetrachloroethylene was added dropwise an equimolar amount
of N-cyclohexylidene-p-toluidine. No appreciable exotherm
was noticed, and, to cause the isothiocyanate to react, the ma-
terial was heated to 70° for 3 hr. Crystals formed, and upon
cooling 15.7 g of solid was isolated by filtration. Recrystalliza-
tion from ethanol afforded product.

3’,4'-Dichloro-2-(p-chloroanilino)-1-cyclohexene-1-carboxanil-
ide (4).~—To 10.3 g of N-cyclohexylidene-p-chloroaniline
contained in toluene was added an equimolar amount of 3,4-
dichlorophenyl! isocyanate dissolved in toluene. To cause dis-
appearance of isocyanate (as monitored by ir), the material was
refluxed for several hours, and after removal of toluene the
solid remaining recrystallized from ethanol.

2-Chloro-N,N-bis(2-methylpropenyl)acetamide (8).—The pro-
cedure given above describing the preparation of 2a was
used. Upon distillation the product was collected at 97-108°
(1 mm). The oil was recrystallized from hexane three times to
give 47.59, yield of crystals: nmr (CCL), § 1.57 (s, 6, =CCHs),
1.74 (d, 6, J = 1 Hz, CCH;), 3.95 (s, 2, CICHy), and 5.95
(m, 2, =CH).

[2-(3,4-Dichlorocarbaniloyl)-2-methylpropylidene] - (2-methyl-
propenyl)amine (9a).—3,4-Dichlorophenyl isocyanate (18.8 g,
0.1 mol) and 0.1 mol of N-isobutylidene-N-(2-methyl-1-pro-
penyl)amine (7) were both dissolved in 100 ml of toluene; 0.25
ml of triethylamine was added. The mixture was refluxed for
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8 hr, after which no isocyanate remained in the mixture. Upon
removal of solvent, the residue recrystallized from hexane twice
(charcoal), afforded white crystals: ir (CClL) 6.0 u (C==0);
nmr (CCly), 8 1.45 [s, 6, C(CHs),], 1.83, 2.06 [2 s, 6, =C(CHj),],
7.6 (s, 1, CH=N), and 10.3 [s (broad), 1, C(O)NH].
1-(p-Chlorophenyl)tetrahydro-4,6-diisopropyl-3,5-methyl-s-
triazin-2(1H)-one (11a).—This material was prepared by re-
acting in benzene at room temperature a 2:1 mole ratio of N-
isobutylidene-N-methylamine!? with p-chlorophenyl isocyanate.
Vacuum removal of solvent gave an oil: ir (CCL) 6.0 u (C=0);
nmr (CCl), & 0.56-1.11 [4 d, 12, J = 7 Hz, CH(CH,),], 2.32
(s, 3, C:NCHj), 2.90 (s, 3, CNCH; C=0),3.70d, 1, J = 7
Hz, CHCHN), and 4.18 (d, 1, J = 7 Hz, CH-CHN).
1-(3,4-Dichlorophenyl)tetrahydro-4,6-diisopropyl-3,5-diethyl-s
triazin-2(1H)one (11b).—This material was prepared by adding
0.2 mol of N-isobutylidene-N-ethylamine in ether to 0.1 mol of
3,4-dichlorophenyl isocyanate, dissolved in ether. After stand-
ing at room temperature several hours, the material was vacuum
treated at room temperature to give 36.1 g of viscous oil which
solidified on standing. Recrystallization was effected at room
temperature from ether—pentane to give 11b: ir (CCL) 6.0 u
(C=0); nmr (CCL), 8 3.7 (d, 1, J = 7 Hz, CHCHN), 4.3
d, 1, J = 7 Hz, CH-CHN), 1.7-3.5 [m, 4, CH,CH:N and m,
2 CH(CH;)), and 0.5-1.3 [d and t, 18, J = 7 Hz, (CH;),CH
and CHsCHz] .
3-(p-Chloropheny!)-1-methyl-1-(2-methylpropenyl jurea (12a).
—N-Isobutylidene-N-methylamine (10.3 g, 0.12 mol) was heated
for ca. 1 hr in refluxing chlorobenzene with an equimolar amount
of p-chloropheny! isocyanate until no isocyanate remained in
the mixture (as measured by ir). The material isolated after
evaporation of solvent was an amber oil which was further
purified by recrystallization from cold hexane to give pure 12a:
ir (CCL) 6.0 u (C==0).
3-(3,4-Dichlorophenyl)-1-isopropyl-1-(2-methylpropenyl)urea
(12b).—N-Isobutylidene-N-isopropylamine and 3,4-dichloro-
phenyl isocyanate (0.1 mol each) were mixed together and refluxed
in 100 ml of tetrachloroethylene for 1 hr. After evaporation of
the solvent, residual oil remaining was shown by nmr spectros-
copy to have, in addition to spectral assignments for 12b (see
Table I), the following additional peaks for groups in compound
[2-(carbaniloyl)-2-methylpropylidene]isopropylamine (9): nmr
(CCL),81.30[d, 6,J = 7 Hz, CH(CHj;),] and 1.43 [s,6, C(CHj),].
The crude oil contained a ratio of 12b:9 as determined by nmr
of ca. 3:2. Hydrolysis of a portion of the crude oil with hot
189, HCI gave a solid which upon recrystallization from methyl-
cyclohexane gave 10 (identified by mixture melting point and
ir). The solid remaining undissolved in hot methylcyclohexane
was shown after recrystallization from aqueous ethanol to be
3-isopropyl-1-(3,4-dichlorophenyljurea, mp 205°, as determined
by mixture melting point and identical ir with those of an authen-
tic sample. Elution of the bulk of the crude oil through a silicie
acid column with carbon tetrachloride followed by recrystalliza-
tion from cold hexane gave pure 12b: ir (CCly) 6.0 p (C=0).
3-(3,4-Dichlorophenyl-1-isopropyl-1-(2-methylpropenyl)-2-thio-
urea (12¢).—This material was obtained in analogous fashion
to that for 12a. There was no gross contamination of the crude
as measured by nmr, and the crude oil solidified and was easily
recrystallized from ethanol.
[2-(3,4-Dichlorocarbaniloyl)-2-methylpropylidene]-t-butyl-
amine (9b).—3,4-Dichlorophenyl isocyanate (37.6 g, 0.2 mol),
dissolved in ca. 50 ml of chlorobenzene was added to N-(2-
methylpropylidene)-N-t-butylamine (25.4 g, 0.2 mol) contained
in 100 ml of chlorobenzene. Reflux for ca. 30 min was necessary
to cause complete reaction of the isocyanate. Upon removal of
solvent, the residue (essentially all 9b as indicated by nmr spec-
tra) solidified and was recrystallized from cold pentane to
give 48.9-g yield of white crystals 9b: ir (CCL) 6.0 x (C=0),
CH=N).

Hydrolysis of Initial Reaction Products. Hydrolysis of 2-
(2,4-Dichlorophenoxy)-N-(1-cyclohexen-1-yl)N-methylacetamide
(2a).—2a (ca. 1.0 g) was placed in 5 ml of concentrated hydro-
chloric acid, heated momentarily, Solid began to dissolve,
whereupon suddenly more solid precipitated. The mixture was
diluted with once its volume of water and filtered and the solid
washed with more water and dried, mp 112-114°. The material
proved to be 2-(2,4-dichlorophenoxy)-N-methylacetamide as
determined by ir and mixture melting point with an authentic
sample.

(12) R. Tiollais, Bull. Soc. Chim, Fr., 708 (1947).
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Hydrolysis of 1-(1-Cyclohexen-1-yl)-3-(3,4-dichlorophenyl)-1-
methylurea (3b).—3b (5 g) was placed in 20 ml of water and
20 m! of 10% hydrochloric acid added. The material was
permitted to stand overnight with occasional stirring, The
solid which formed was filtered off, washed with water, and
recrystallized from benzene, mp 157-159°, The material proved
to be 1-(3,4-dichlorophenyl)-3-methylurea as determined by ir
and mixture melting point with an authentic sample.

Hydrolysis of 3/,4’-Dichloro-2-(p-chloroanilino)-1-cyclohexene-
1-carboxanilide (4).—Approximately 2 g of 4 was heated on s
steam bath with 20 ml of 189, hydrochloric acid for 2-3 hr,
cooled, filtered, washed with water, and recrystallized from
aqueous ethanol, followed by a second recrystallization from
methylcyclohexane, mp 138-140°. The structure of 3/,4'-di-
chloro-2-oxocyclohexanecarboxanilide was assigned to this
material from consideration of the following data: ir (CClL) 3.0
(NH), 5.9 (ketone C==0), and 6.0 4 (amide C==0).

Anal. Caled for CsHisCLNO,;: Cl, 24.8; N, 4.9. Found:
Cl, 24.6; N, 4.9.

Hydrolysis of 1-(Cyclohexen-1-yl1)-3-(3,4-dichlorophenyl)-1-
methyl-2-thiourea (5b).—5b (ca. 2 g) was placed in 30 ml of
109, hydrochloric acid, and the mixture was allowed to stand
overnight with occasional stirring. Upon filtering, the resulting
solid was recrystallized from chloroform, mp 150-152°. The
material proved to be 1-(3,4-dichlorophenyl)-3-methyl-2-thiourea
as determined by ir and mixture melting point comparison with
an authentic sample.

Hydrolysis of 3’,4’-Dichloro-2-(methylamino)thio-1-cyclohex-
ene-1-carbozxanilide (6a).—6a (ca. 1 g) was placed in 20 ml of
189, hydrochloric acid and heated gently on a steam bath for
10-15 min. The agueous portion was decanted, and the residual
tacky solid recrystallized from aqueous ethanol to give crystals,
mp 112-114°.  The structure of 3’,4’-dichloro-2-oxothiocyclo-
hexanecarboxanilide was assigned this material from considera-
tion of the following data: ir (CCl) 3.0 (NH), and 5.95 «
(C=0); nmr showed nine aliphatic hydrogens, one NH, and
three aromatic hydrogens.

2-PHENYL-1-PYRROLINE 2361

Anal. Caled for CiHi;CLNOS: Cl, 23.60; N, 4.63; S,
10.6. Found: CI, 23.97; N, 4.70; 8, 10.6.

Hydrolysis of [2-(3,4-Dichlorocarbaniloyl)-2-methylpropyl-
idene] (2-methylpropenyl)amine (9a).—9a (ca. 5 g) was placed
in 20 ml of 189, hydrochloric acid and heated on a steam bath
for 15 min. The acid was decanted, and the residue heated
further with water on the steam bath. The mixture was decanted
again and the residual solid air dried, then recrystallized from
methyleyclohexane, mp 102-104°. The structure of 3,4’-dichlo-
ro-2,2-dimethyimalonaldehydanilide (10) was assigned to this
material from consideration of the following data: ir (CCly)
3.0 (N-H), 5.85 (aldehyde C=0), and 5.96 ux (amide C==0);
nmr spectra were consistent, showing six identical methyl pro-
tons, one aldehydic proton, one NH, and three aromatic protons.

Anal. Caled for CyH,CLNO,: Cl, 27.4; N, 5.4. Found:
Cl, 27.7; N, 5.5.
Hydrolysis of 2-(p-Chloropheny!)-1-methyl-1-(2-methylpro-

penyljurea (12a).—12a (ca. 1 g) was placed in 20 ml of 209,
hydrochloric acid solution, and the mixture was refluxed for 15
min. The cooled solution was decanted and diluted with water.
The resulting precipitate was separated and recrystallized from
aqueous methanol to give 0.5 g of p-chlorophenyl-3-methylurea
as identified by ir spectra and mixture melting point.

Registry No.—2a, 16241-20-6; 2b, 16241-21-7; 3a,
16240-17-8; 3b, 16240-18-9; 3c, 16240-19-0; 4,
16286-17-2; 5a, 16240-20-3; 5b, 16240-21-4; 5c,
16240-22-5; 6a, 16240-23-6; 6b, 16240-24-7; 6c,
16240-25-8; 8, 16240-26-9; Oa, 16240-27-0; Ob,

16240-28-1; 10, 16240-29-2; 1la, 16240-30-5; 11b,
16240-31-6; 12a, 2572-41-0; 12b, 16240-33-8; 12c,
16240-34-9; 3’,4’-dichloro-2-oxocyclohexanecarboxani-

lide, 16240-35-0; 3’,4’-dichloro-2-oxothiocyclohexane-
carboxanilide, 16240-36-1; cyclohexanone, 108-94-1; iso-
butyraldehyde, 78-84-2.
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The reaction of phenyl isocyanate with 2-phenyl-1-pyrroline at 25° leads to 2-phenyl-1-phenylcarbamoyl-2-

pyrroline (2).

At higher temperatures the 3-substituted 2-pyrroline 4 is formed, and loss of isocyanate from 4

gives the 1-pyrroline-3-carboxanilide 5. The 1l-carbamoylpyrroline 2 undergoes rapid thermal elimination of

phenyl isocyanate at 40°.

Although 2 + 2 cycloaddition reactions of isocyanates
and olefins or of ketenes and azomethines are well-
established preparative methods for azetidinones,? the
cycloaddition of isocyanates and azomethines to form
uretidinones have been reported on only a few oc-
casions,®* and the structural evidence for these products
was extremely limited by contemporary standards.
With a view to the possibility of obtaining a 1,6-diaza-
bieyclo[3.2.0]heptane derivative by this cycloaddition
process, we have studied the reaction of phenyl iso-
cyanate with 2-phenyl-1-pyrroline (1). In previous
work, a ‘“well-defined’”’ product was reported from the
reaction of 2,5-dimethyl-1-pyrroline with phenyl iso-
cyanate,® but the composition and structure of the com-
pound were not specified.

The reaction of equimoldr amounts of 2-phenyl-1-
pyrroline and phenyl isocyanate at room temperature

(1) National Science Foundation Predoctoral Fellow, 1965-~1967.

(2) H. Ulrich, ""Cycloaddition Reactions of Heterocumulenes,”” Academic
Press Inc., New York, N. Y., 1967.

(3) A. Seiner and F. G. Shepheard, J. Ckem. Soc., 494 (1909).

(4) W.J. Hale and N. A, Lange, J. Amer. Chem, Soc., 41, 379 (1919).

(5) G. G. Evans, tbid., 78, 5230 (1851).

in hydrocarbon solution gave an unstable 1:1 product
in 759 yield. The Il-phenylcarbamoyl-A%-pyrroline
structure 2 was indicated by the shift in the ultraviolet
maximum from 243 my in 1 to 255 mu 2, a triplet nmr
peak due to H-3 at § 5.31, and acid hydrolysis to the
ureido ketone 3. Hydrolysis of 2 resulted in a signifi-
cant amount of the original pyrroline as well.

At 110°, equimolar condensation led to a different 1:1
product and a compound containing one pyrroline and
two isocyanate units, together with unreacted pyrroline
and a trace of the hydrolysis produet,3. Thel:1 and
1:2 products were obtained in a combined yield of
about 409, (based on phenyl isocyanate), with the
latter predominating in a ratio of about 3:1.

The minor (1:1) product was a base with ultraviolet
absorption very similar to that of the pyrroline 1; the
pK.' was 1.8 units lower than that of 2. Schotten—
Baumann benzoylation of the compound gave a prod-
uct whose properties were consistent with the benz-
amido ketone 6. These data suggest the Al-pyrroline-
3-carboxanilide structure 5 for the condensation prod-
uct. Dickinson and Lang quite recently reported the



