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Ethylene Imine Ketones. VII.! Stereochemical Configurations, Absorption Spectra
and Reactions with Phenylhydrazine?®

By NormaN H. CROMWELL, NORVAL GG. BARKER, RONALD A. WANKEL,? PHILLIP J. VANDERHORST, FRANK
W. OLsON aND J. HiLL ANGLIN, JR.

The objective of the present investigation was to obtain more examples of geometrical isomerism in this 1,2,3-trisubstituted
ethylene imine series and to develop methods of assigning the most probable configurations to such isomers. Seven new
ethylene imine ketones have been prepared by the previously described method. The ultraviolet and infared absorption
spectra of these and several known ethylene imine ketones have been determined. A detailed study of the diagnostic reac-
tions of phenylhydrazine with the cis~trans isomeric pairs of the ethylene imine ketones has been made. Theoretical argu-
ments are offered for using these spectral and chemical differences as a basis for assigning new geometrical configurations to
the ethylene imine ketones. It has been concluded that the geometrical isomer which has its characteristic carbonyl ab-
sorption band at the lower frequency in both the ultraviolet and infrared ranges of the spectrum, and which reacts the most

readily with phenylhydrazine to produce a 4-aminopyrazoline is the frans isomer.

ing pyrazole in the phenylhydrazine reaction.

The cis isomers produce the correspond-

This appears to be the first reported attempt to apply absorption spectral

methods to the elucidation of structures of cyclic geometrical isomers.

The absolute assignment of geometrical con-
figurations to ¢és and frans isomers in cyclic series
of organic compounds has often been a formidable
problem. Since the molecules of the ethylene
imine ketones being studied in these investigations
contain no elements of symmetry the assignment
of geometrical configurations from X-ray studies
would be a relatively complicated undertaking.
Although such studies will probably be made
eventually it is now possible to present a demanding
combination of absorption spectral and chemical
evidence for the configurations now assigned to
these isomeric ethylene imine ketones. The present
paper is concerned with a reinterpretation of the
phenylhydrazine reactions of these compounds
and the presentation of a considerable amount
of new evidence and argument to substantiate the
new structural assignments.

Using the method of preparation developed
previously,* four different pairs of cis—trans ethylene
imine ketones have now been obtained from the
corresponding «,B-dibromoketones and separated
for the present studies; see IA and IB, ITA and
IIB, ITIA and IIIB, and IVA and IVB. The
purity of the isomers is indicated by the sharpness
of the characteristic carbonyl band in the infrared,
near 6p; see Figs. 7-12.
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(1) For the previous paper in this series see Cromwell and Hoeksema,
THiS JOURNAL, T1, 716 (1949).

(2) The material in this article was a part of a paper presented in the
Symposium ou the Chemistry of Small Ring Compounds at the 117th
Meeting of the American Chemical Society, Philadelphia, Pa., April 11,
1950.

(3) du Pont Fellow, 1947-1948.

(4) See Cromwell and Ilocksema, THrs JournArn, T, 708 (1948).

A consideration of the mechanism of the reaction
of a,B-dibromoketones with amines® suggests that
when R is a large group, having nearly the same
steric requirements as the phenyl group, the cis
and frans forms of the ethylene imine ketones
might both be expected to be formed in consider-
able amounts. This was found to be true for the
preparation of these four isomeric pairs I-IV.

The R group on nitrogen would be expected to
lie on the opposite side of the plane of the three-
ring with respect to the phenyl and aroyl groups
in the cis structure. In the trams structure the
R group might be located on either side of the
plane of the three-ring. This point is discussed
more fully in the following paper in this series.

When R is a small group such as methyl, the ring
closure step of this reaction series might be ex-
pected to favor somewhat the formation of the
trans isomer. Apparently V was formed in over
509, yields and the spectral and chemical evidence
indicates it to be the frams form. Unfortunately
the cis form of V could not be isolated as a solid
but chemical evidence for its presence in the re-
action mixture was obtained.

2-Phenyl-3-p-toluylethylenimine VI was pre-
pared in a 619 yield using the reaction previously
offered by Blatt® for the preparation of a-amino-
a,B-unsaturated ketones. That this compound
VI has an ethylene imine ketone structure is now
apparent from the spectral and chemical properties.
This carefully developed reaction series of Blatt®
constitutes the only good method of preparing this
type of ethylene imine ketone. It is important to
observe that only one product is formed here in this
reaction series in excellent yields. It is obvious
that one should expect to obtain mainly the least
sterically crowded trans structure in this series
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(3) Cromwell, Chem. Revs., 38, 118 (1948).
(6) Blatt, TH1s JOURNAL, 61, 3494 (1039).
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although the mechanism of ring closure here is
somewhat obscure. It was of considerable impor-
tance to find that VI had the chemical and spectral
characteristics to be expected of the frans configura-
tion.

Two examples, VII and VIII, of a new type
of ethylene imine ketone were prepared from
the corresponding «,B-dibromoketones. Excellent

CH,—CH—CO—Ar
NS

VII Ar, CeHs
VIII Ar, P-CsHs—CsHa

yields of single products were obtained. The
possibility of stereoisomerism at nitrogen might be
expected to allow these compounds to exist in two
geometrical forms, but the likelihood of ring
closure taking place in such a manner as to have the
aroyl and nitrogen R-group turn up on the same
side of the plane of the three-ring seems improbable.

Absorption Spectra and Configuration.—An in-
spection of the ultraviolet absorption spectra
curves, Figs. 1-4, indicates that the ethylene
imine ketones I-VII have one strong band be-
tween 240 and 260 myu. This is essentially associ-
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Fig. 1.—Ultraviolet absorption spectra of IA, IB, IIIA and
IIIB in heptane.
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Fig. 2.—Ultraviolet absorption spectra of IVA and IVB in
heptane,
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Fig. 3.—Ultraviolet absorption spectra of V and VI in
heptane.
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Fig. 4, —Ultraviolet absorption spectra of IA, VII and VIII
in heptane.

ated with electronic vibrations within the aroyl
grouping, which has a small but definite interaction
with the m-electrons (unshared electrons on nitro-
gen) of the three-ring. In the case of the isomeric
pairs I-IV it is possible to divide these into an A
and a B-series where members of the B-series are
those which absorb at slightly longer wave lengths
with somewhat greater intensities in the 240-260
my region; see Table I. This would indicate a
greater electron mobility and a longer conjugated
unsaturated system in the B-series. Previous
ultraviolet absorption spectra studies*” have shown
the considerable differences between the spectra
of the ethylene imine ketones in general and the
related a-amino- and B-amino-a,B-unsaturated
ketones.

The infrared absorption spectra studies also
indicated it was possible to place the isomeric
ethylene imine ketones into an A and B-series;

(7) Cromwell and Watson, J. Org. Chem., 14, 411 (1949).
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TaBLE 1
ULTRAVIOLET ABSORPTION SPECTRA MAXIMA FOR ETHVYLENE

IMINE KETONES AND DERIVATIVES

Molar
conen.
X 104

Maxima

Compound No. Amu € X 1073

Ethylene imine

1-Benzyl-2-phenyl-3-benzoyl IA 1.081 243 12.62¢
IB 0.880 248 14.41
1-Benzyl-2-phenyl-3-p-toluyl IIA 1.250 251 15.90°
IIB 1.115 259 17.91°
1-Cyclohexyl-2-phenyl-3- IITA 1.107 244 9.84
benzoyl IIIB 0.962 246 14.92
1-Cyclohexyl-2-phenyl-3-p- IVA 0.972 253 15.40
toluyl IVB 1.071 258 18.16
1-Methyl-2-phenyl-3-p-tolnyl V 1.020 258 18.56
2-Phenyl-3-p-toluyl VI 1.010 256 20.52
1-Cyclohexyl-2-benzoyl VII 1.623 243 11.89
1.Cyclohexyl-2-p-phenyl- VIII 1.030 280 14.41
benzoyl
Benzylacetophenone 2,38 238 12.4°
Benzyl-p-methylacetophenone 1.19 248 16.0°
Pyrazoline
1,5-Diphenyl-3-p-toluyl- 359 23.40
1-cyclohexylamino X 0.686 313 7.52
244 17 .47
4-N-Acetylcyclohexylamino  XI JTRT 362 21.42
310 6.77
246 19.28
4-Methylamino XV .836 360 21.20
244 18.55
4-Amino XVI .973 355 17.89
244 15.69
1,3,5-Triphenyl- XIII .361 360 19.36
4-benzylamino® 310 6.96
242 16.67
4-Cyeclohexylamino XIV 1.08 355 18.98
242 15.27
Acetylphenylhydrazone of IX 0.962 330 14.05
IVA® 299 13.23
244 22,90

¢ Cromwell and Hoeksema, THIS JOURNAL, 71, 711 (1949).
® In 95% ethanol solution.

see Table II. The B-compounds are the isomers
having their characteristic absorption bands, associ-
ated with the carbonyl bond stretching vibrations,
at the longer wave lengths (lower frequencies).
These studies were done with two different instru-
mients and in solution as well as in solid suspension
to be sure of the reality and consistency of these
differences. Again it is clearly indicated that the
ethylene imine ketones of the B-series contain a
more polarized and/or polarizable carbonyl group
(the carbon—oxygen bond has more single bond
character) than that of the A-series members.
The only structural differences possible here which
could account for these spectral differences in both
the ultraviolet and infrared ranges of the spectrum
are those which would provide for greater inter-
action between the carbonyl bond electrons and
other unsaturated centers in the molecule to aid
in lowering the energy level of the excited state.
This extra interaction must be with the three-ring
m-electrons. The C=0 band is found at 1685
cmt. ! for acetophenone and propiophenone but at
1655 cm.™! for benzophenone.®
{8) ‘Thompson and Torkington, J. Chem. Soc., 640 (1945).
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TaBLE 11
INFRARED ABSORPTION SPECTRA OF ETHYLENE IMINE
KETONES
Carbonyl frequency,
cm, -1
Compound No. Runl® Run 26 Run3°
Ethylene imine
1-Benzyl-2-phenyl- 1A 1685 1684 1685
3-benzoyl 1B 1668 1666 1670
3-p-Toluyl IIA 1675 1678
IIB 1635 16514
1-Cyclohexyl-2-phenyl- 1ITA 1686
3-benzoyl IIIB 1658 .. ..
3-p-Toluyl IVA 1684 1682 1685
IVB 1652 1653 1666
1-Methyl-2-phenyl-3-p-tolnyl Vv 1658 1655 1668
2-Phenyl-3-p-toluyl Vi 1662 1665 1666
1-Cyclohexyl-2-benzoyl VII 1679 1674 1683
Benzyl-p-methylacetophenone 1670 .

¢ Nujo! mulls~Baird I. R. spectrophotometer. ? Nujol
mulls—Perkin-Elmer I. R. spectrophotometer. ©CHCl;
Solution—Perkin-Elmer I, R. spectrophotometer. ¢ Crom-
well, Miller, Johnson, Frank and Wallace, THIS JOURNAL,
71, 3337 (1949).

Although the approach to coplanarity of the
carbonyl group with the three-ring and the 8-
phenyl group (through electron interaction) is
somewhat difficult to conceive of in either case,
this should be less sterically restricted in the case
of the frams structure. The frans structures might
be expected to have a somewhat greater endocyclic
carbon-nitrogen bond strain when the R group on
nitrogen is larger than H. This should also contrib-
ute to bond deformation and interaction between
the w-electrons of the three-ring and those of the
carbonyl bond.

1-Cyclohexyl-2-benzoylethylenimine (VII) shows
a carbonyl frequency in the infrared which in-
dicates only a small interaction between the elec-
trons of its three-ring and those of the carbonyl
group. This result would seem to demonstrate
the importance of the presence of the phenyl group
on the B-carbon atom which aids (through reso-
nance interaction) in carrying the partial positive
charge in this portion of the trans molecules of IB,
IIB, ITIIB, IVB, Vand VI. Furthermore in VII we
would not expect as much endocyclic carbon-nitro-
gen bond strain as in IB, IIB, IIIB, IVB and V.

It is difficult to describe clearly by structural
formulas the nature of the electron interaction
between the three-ring and the carbonyl group.
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By formulas (Ia) to (IIIb) we intend to imply a
kind of hyperconjugation or no-bond resonance
in which the unshared electrons on the nitrogen
participate in a manner similar to that suggested
by Rogers® for the epoxy compounds, Other struc-
tures showing the distribution in the aromatic
ring of the B-carbon atom positive charges of
(IIb) and (IIIb) are to be considered when a
phenyl group is attached to this position.

It is now proposed that on the basis of the above
considerations the ethylene imine ketones of the
B-series of I-IV as well as V and VI be assigned a
frans configuration. The members of the A-series
are the corresponding cis isomers. These assign-
ments are consistent with the logical conclusions
to be drawn from the chemical studies which are
included in this paper and in the following one in the
series.

Reactions with Phenylhydrazine.—The previ-
ous! paper in this series reported a study of the
reactions of the ethylene imine ketones ITA and
IIB with phenylhydrazine. One of the isomerie
compounds was found to produce the triaryl-
pyrazole while the other gave the corresponding
4-aminotriarylpyrazoline. Having assumed the
incorrect configurations for these ethylene imine
ketones at the outset, the conclusion was drawn
that the cis structure produced the stable 4-amino-
pyrazoline while the (rams structure was thought
to form an unstable 4-aminopyrazoline which lost
the amine by an improbable cis elimination to give
the pyrazole.

In view of the many instances reported in the
literature of preferred frans elimination of water?
and amines!! from cyclic compounds, it now seems
much more probable that it is in truth the frans
ethylene imine ketones, such as IB, IIB, IIIB,
IVB, V and VI, which should produce the more
stable 4-amino-1,3,5-triarylpyrazolines in which the
amino group and the hydrogen on the adjacent
carbon atom are c¢is to each other. The ultra-
violet absorption spectra given in Figs. 5 and 6
and in Table I establish the common general
structures of the 4-aminopyrazolines. The c¢is
ethylene imine ketones IA, IIA, IITA, IVA and
the 1-cyclohexyl-2-benzoylethylenimine (VII), all
give the expected pyrazole.

A series of competitive reactions with phenyl-
hydrazine showed that in all cases the frans ethylene
imine ketone successfully competes for the reagent
and often the cis compound may be recovered
unchanged from the reaction mixture. If electral
factors predominate (as they probably do, see the
following paper) then one would actually expect
the cts isomer to react the most rapidly with phenyl-
hydrazine to form the intermediate phenylhydra-
zone hydrate. It cannot be decided a priori
whether the cis or the trans isomer phenylhydrazone
should have the more favorable equilibrium con-
stant of formation. No phenylhydrazones have
been isolated as yet. Be this as it may, the de-

(9) Rogers, THIS JOURNAL, 69, 2544 (1947).

(10) (a) Vavonm, Bull. soc. chim., [4] 49, 567 (1931); (b) Price and
Karabinos, THIS JOURNAL, 62, 1159 (1940).

(11) (a) Vavon and Chilouet, Compt. rend., 303, 1526 (1938); 7bid.,

204, 53 (1937); (b) Dhar, Hughes, Ingold, ¢ al., J. Chem. Soc., 2117
{1948),
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Fig. 6.—Ultraviolet absorption spectra of XIII in ethanol
and XIV, XV and XVI in heptane.

cisive factor in the competitive reaction series is
undoubtedly the non-reversible opening of the
three-ring by either the hydrazone or its hydrate
to form the five-membered ring by a backside
attack at the 8-carbon atom.

With the frans isomer, this would produce the
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Fig. 7.—Infrared spectra of IA and IB; all curves are
traced from the complete traces 2-16 u as determined with a
Baird I. R. recording spectrophotometer.

4-aminopyrazoline in which the hydrogen on the
adjacent carbon is in the relatively stable cis
position to the 4-amino group. The backside
attack to open the three-ring in the c¢is ethylene
imine ketone would be sterically hindered by the
B-phenyl group.

It was important to find that 2-phenyl-3-p-
toluylethylenimine (VI), which because of its
method of preparation would be expected to have
the frams structure, also produced a 4-amino-1,3,5-
triarylpyrazoline on treatment with phenylhydra-
zine. All of these 4-amino-1,3,5-triarylpyrazolines
are readily converted to the 1,3,5-triarylpyrazoles
after sufficient heating in acid solution. These 4-
aminopyrazolines react with acetic anhydride to
give the N-acetyl derivatives such as XI and XII
and not a diacetyl derivative as previously re-
ported.! The spectrum of XI is included in Fig. 5.
Both XI and XII give the corresponding 1,3,5-tri-
arylpyrazole on heating with acids.

In glacial acetic acid the cis ethylene imine ke-

Wave length in u.
Fig. 8.—Infrared spectra of IIA and IIB.

tones react with phenylhydrazine to produce, be-
sides the pyrazole, yellow compounds which anal-
yses, absorption spectra studies (Fig. 5) and acid
hydrolysis indicate to be acetyl phenylhydrazones
of the ethylene imine ketones. Compounds of this
type such as IX would be expected to be quite sta-
ble and to be slow to undergo the three-ring open-
ing, five-ring closure to give the pyrazole.!

It was interesting to learn that S8-benzylamino-
benzalacetophenone, isomeric with IA and IB, does
not react readily with phenylhydrazine.

Experimental!?

Preparation of Ethylene Imine Ketones. 1-Benzyl-2-
phenyl-3-benzoylethylenimines, IA and IB.—The residual
oil from the isolation of IA, m.p. 108°, was induced to
crystallize from methanol by cooling in a Dry Ice-acetone-
bath. The solid product was twice recrystallized from
methanol to give a 35% yield, based on the starting «,8-
dibromobenzylacetophenone, of colorless, fluffy mneedles,
IB, m.p. 59-62°,

Anal. Caled. for CyuH;g)NO: mol. wt., 313; C, 84.31;
H, 6.11. Found for IB: mol. wt., 331; C, 84.36; H, 6.08.

1-Benzyl-2-phenyl-3-p-toluylethylenimines, ITIA and IIB.
—The previously described directions* were followed to give
a 349, yield of ITA, m.p. 116~-118° and a 409, yield of IIB,
m.p. 74-76° (average yields from four runs). Both prod-
ucts were recrystallized from ethanol-water mixtures.

1-Cyclohexyl-2-phenyl-3-benzoylethylenimines, IIIA and
IITB.—Using cyclohexylamine and a,8-dihromobenzylaceto-

(12) Many of the mjcro analyses for carbon and hydrogen are by
the Clark Microanalytical Laboratory, Urbana, Illinois, arranged for
through the courtesy of tlie Smith, Kline and French Laboratories,
Philadelphia, Pa.

(13) Cromwell and Wankel, Tais Journar, 71, 711 (1949),
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Fig. 9.—Infrared spectra of IIIA and IIIB.

phenone and the directions previously described* for the
preparation of IIA and IIB, these isomers IIIA, m.p. 107-
109°,1¢ and IIIB, m.p. 99-101°, were obtained in yields of
40 and 38%, respectively. Both products were recrystal-
lized from methanol,

Anal. Caled. for CuHuNO: C,82.62; H,7.54; N,4.59.
Found for IIIB: C, 82.27; H, 7.31; N, 4.68.

1-Cyclohexyl-2-phenyl-3-p-toluylethylenimines, IVA and
IVB.—From cyclohexylamine and «,B8-dibromobenzyl-p-
methylacetophenone, IVA, m,p. 111-112° and IVB, m.p.
89-90° were obtained in yields of 41 and 36%, respectively.
The isomer IVB was readily extracted from IVA with pe-
troleum ether, b.p. 60~70°. Both colorless products were
recrystallized from 959, ethanol.

Anal. Caled. for C,HsNO: mol. wt., 319; C, 82.72;
H, 7.89; N, 4.39. Found for IVA: mol. wt., 320; C,
82.38; H, 7.74; N, 4.43. Found for IVB: mol. wt., 313;
C,82.58; H,7.98; N, 4.41.

The isomeric ethylene imine ketones IVA and IVB were
also obtained in 45 and 409, yields, respectively, from the
reaction of a-bromobenzal-p-methyl-acetophenone with
two molar equivalents of cyclohexylamine in dry ether solu-
tion.

1-Methyl-2-phenyl-3-p-toluylethylenimine (V).—Reac-
tion of a,B-dibromobenzyl-p-methylacetophenone with an
ether solution of methylamine at room temperature for 24
hours gave a 46% yield of colorless crystals, V, m.p. 76-78°,
recrystallized from 95% ethanol.

Anal. Caled. for CisHiyNO: C, 81.27; H, 6.77. Found
for V: C, 81.61; H, 6.77.

Evaporation of the residual reaction mixture from the
isolation of V left a yellow oil which could not be induced to
crystallize. Treatment of this oil with phenylhydrazine
and acetic acid in absolute ethanol! gave a 29%, yield of 1,5-
diphenyl-3-s-tolylpyrazole, m.p. 129-130°,! and an 8%
yield of 1,5-dipﬁenyl-3-p-tolyl-4-methyla.minopyra.zoline

(14) Cromwell, Babson and Harris, THIS JOURNAL, 68, 312 (1943),
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Fig. 10.—Infrared spectra of IVA and IVB.

10.0

(XV), m.p. 157-158°, described below. This would in-
dicate that the reaction of methylamine with the dibromide
produced at least a 549, yield of V,

2-Phenyl-3-p-toluylethylenimine (VI).—This compound,
m.p. 89-92°, was obtained in a 61%, yield using the direc-
tions given by Blatt® for the supposed preparation of a-
aminobenzal-p-inethylacetophenone.

1-Cyclohexyl-2-benzoylethylenimine (VII).—a,8-Di-

bromopropiophenone® (10.0 g., 0.0343 mole) was allowed
to react with 10.19 g. (0.1029 mole) of cyclohexylamine in
dry ether at 15° for a period of 4 hours. A colorless crgrstal-
line product, wt. 6.23 g. (80% yield), m.p. 61-62° (re-
crystallized from ethanol and water) resulted.

Anal. Caled. for CysHaNO: C, 78.56; H, 8.35; N,
6.11. Found for VII: C, 78.55; H, 8.25; N, 6.02.

1-Cyclohexyl-2-p-phenylbenzoylethylenimine (VIII).—
The a,B-dibromo-p-phenylpropiophenone required for this
preparation was obtained in a 92%, yield, m.p. 85-86° (re-
crystallized from hot 959, ethanol). The directions of
Davis® and Kohler!® as given for «,8-dibromopropiophe-
none were followed using «,8-dibromopropionyl chloride and
diphenyl.

Anal. Caled. for C;HpBr:O: C, 48.94;
Found: C, 48.70; H, 3.51.

Using the procedure described for VII, this ethylene im-
ine ketone VIII was obtained in an 809, yield, m.p. 88—
89° (recrystallized from petroleum ether and from ethanol
and water).

Amnal. Caled. for CyHy:NO: C, 82.04; H, 8.20; N,
4,56, Found: C, 82.18; H, 8.16; N, 4.64.

Reactions of Ethylene Imine Ketones with Phenylhydrazine

In general the ethylene imine ketone was dissolved in the
minimum amount of absolute ethanol and treated with one
molar equivalent of pure phenylhydrazine and two equiva-

H, 3.29.

(15) Davis, ibid., 63, 1677 (1941).
(16) Kohler, Am. Chem. J., 43, 398 (1909).
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Fig. 11.—Infrared spectra of V and VI.
lents of glacial acetic acid at room temperature. The

mixtures stood for 4 to 8 hours. The products were iso-
lated and recrystallized from either 95% or absolute eth-
anol. All reaction mixtures producing the 4-aminopyrazo-
lines developed a blue fluorescence within 5 minutes after
admixture, The 4-aminopyrazolines all gave positive
Krnorr? tests.

The competitive reaction experiments were carried out
in a similar manner with equal amounts of the isomeric
pairs of ethylene imine ketones by adding only enough
phenylhydrazine and glacial acetic acid to give complete
reaction with one of the isomers. These reaction mixtures
stood at room temperature for 24 hours. In some cases
the unreacted isomer could be isolated.

Reactions with IVA and IVB.—The isomer IVA gave a
60% yield of 1,5-diphenyl-3-p-tolylpyrazole, m.p. 128~
130°,'in ethanol solution. When this reaction was carried
out in glacial acetic acid as described previously?! for IIA,
a 659, yield of the pyrazole resulted along with a 119, yield
of a yellow solid IX, m.p. 156-157° (recrystallized from
absolute ethanol).

Anal. Caled. for CyHyN,0: C, 79.78; H, 7.37; N,
9.31. Found for IX: C, 79.39; H, 7.62; N, 9.46.

In absolute ethanol the isomer IVB gave a 609% yield
of 1,5-diphenyl-3-p-tolyl-4-cyclohexylaminopyrazoline (X),
m.p. 127-128° and a 15% yield of 1,5-diphenyl-3-p-tolyl-
pyrazole.

Anal. Caled. for CysHuNi: C, 82.11; H, 7.63; N,
10.26. Found for X: C, 82.11; H, 7.55; N, 10.38.

The aminopyrazoline X was converted to 1,5 diphenyl-
3-p-tolylpyrazole in 60% yield by warming with glacial
acetic acid on the steam-bath for 2 hours. When X was
refluxed for 2 hours with acetic anhydride the N-acetyl de-
rivative XI, m.p. 177-178°, was produced in 85% yield.
This compound also showed a blue fluorescence and gave a
positive Knorr test.'” On heating with dilute sulfuric

(17) Knorr, Ann., 288, 200 (1887).
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Fig. 12.—Infrared spectra of VII and A (benzyl-p-methyl-
acetophenone).

a.gi(lid it produced 1,5-diphenyl-3-p-tolylpyrazole in 85%
yield,

Anal. Caled. for CyHgpN;O: mol. wt., 451; C, 79.78;
H, 7.37; N, 9.31. Found for XI: mol, wt., 424; C,
79.78; H, 7.25; N, 9.50.

The acetylation of 1,5-diphenyl-3-p-tolyl-4.benzylamino-
pyrazoline previously reported! to yield 1,5-diphenyl-3-p-
tolyl-4-acetobenzylamino-4-acetopyrazoline was repeated.
Again a product melting over the range of 91-96° was ob-
tained. Inspection of this yellow product under a strong
glass showed the presence of a small amount of colorless
material, m.p. 96-98°, which could be separated mechani-
cally. Recrystallization of the remaining yellow crystals
from petroleum ether gave the pure 1,5-diphenyl-3-p-
tolyl-4-acetobenzylaminopyrazoline (XII), m.p. 135-137°,
in 65% yield.

Anal. Caled. for C;HyeN;O: C, 81.01; H, 6.36; N,
9.14. Found for XII: C, 80.85; H, 6.05; N, 9.33.

This compound XII produced the 1,5-diphenyl-3-p-
tolylpyrazole in 639, yield on heating with dil. sulfuric acid
on the steam-bath for 4 hours.

The competitive reaction of IVA and IVB produced a 75%,
vield of the aminopyrazoline X. About 309, of the starting
IVA was recovered.

1,3,5-Triphenyl-4-benzylaminopyrazoline (XIII).—This
aminopyrazoline was obtained from IB by reaction in ab-
solute ethanol, in a 78% yield, m.p. 109-110°; recrystal-
lized from hot 95%, ethanol.

Anal. Caled. for CpsHysN;: C, 83.34; H, 6.25. Found
for XIII: C, 83.03; H, 6.23.

The aminopyrazoline XIII on treatment with dry hydro-
gen chloride in ether solution gave 1,3,56-triphenylpyrazole.1®

An attempt to produce XIII, or some other product, by
reaction of phenylhydrazine with S-benzylaminobenzalace-
tophenone,!¢ isomeric with IA and IB, gave no reaction, and
the starting material was recovered unchanged.

(18) Wislicenus, ¢f al., Ann., 808, 253 (1899).
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Competitive Reaction with IIA and IIB.—This experi-
ment produced an 80%, yield of the known 1,5-diphenyl-3-p-
tolyl-4-benzylaminopyrazoline,! m.p. 121-123°, About
309% of the unreacted IIA was recovered.

Competitive Reaction with IIIA and IIIB.—This experi-
ment gave an 80% yield of the pale yellow 1,3,5-triphenyl-
4-cyclohexylaminopyrazoline (XIV), m.p. 143-145°.
Seventy per cent. of the unreacted IIIA was recovered.

Anal, Caled. for CunHxNy: C, 82.03; H, 7.34. Found
for XIV: C, 82.24; H, 7.39.

1,5-Diphenyl-3-p-tolyl-4-methylaminopyrazoline (XV).—
This compound was obtained as pale yellow crystals in a
75% yield from the reaction of V in absolute ethanol, m.p.
157-158°.

Anal. Caled. for C»HaNg: C, 80.94; H, 6.45. Found
for Xv: C, 81.25; H, 6.65.

Reaction with 1-Cyclohexyl-2-benzoylethylenimine
(VII) —1In absolute ethanol this ethylene imine ketone gave
a 549, yield of a colorless compound, m.p. 84-85°, identical
with an authentic sample of 1,3-diphenylpyrazole!® which
was prepared in the usual way® from a,3-dibromopropio-
phenone.
1,5-Diphenyl-3-p-tolyl-4-aminopyrazoline (XVI).—This
compound was obtained in 25% yield from the reaction of
VI in absolute ethanol solution, m.p. 134-136° (recrystal-
lized from methanol). This aminopyrazoline was rather
unstable in warm acid solutions. If the preparation reac-
tion mixture was heated for only 15 minutes noaminopyraz-

(19) Knorr and Duden, Ber., 26, 115 (1893).
(20) Barnes and Dodson, THis JOURNAL, 65, 1585 (1943).
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oline could be isolated but
tolylpyrazole resulted.

Anal. Caled. for CuHaN;: C, 80.73; H, 6.42. Found
for XVI: C, 81.08; H, 6.73.

Absorption Spectra Studies

Ultraviolet Absorption Spectra.—These measurements
were made using a Beckman model DU photoelectric quartz
spectrophotometer. Unless otherwise indicated in the
tables all determinations were made in pure?! heptane-from-
petroleum using silica cells over the range of 220 to 600 my.
The maxima and their extinction coefficients are given in
Table I and the curves are shown in Figs. 1-6.

Infrared Absorption Spectra.—Most of these measure-
ments were made by Samuel P. Sadtler and Son, Inc.,
Philadelphia 3, Pa., using a Baird recording infrared spectro-
photometer. Samples were in the form of Nujol mulls and
measurements were made over the range of 5000 cm.™!
(2 u) to 625 cm.™ (16 u). A few of the compounds were
also studied by Dr. H. S. Gutowsky and Miss E. M. Peter-
sen of the Department of Chemistry, University of Illinois,
Urbana, I1l. These latter studies were done with a Perkin-
Elmer model 12B infrared spectrophotometer and the sam-
ples were in the form of Nujol mulls, and as 0.05 mm,
chloroform solutions. The curves from 2000 cm.™? (5 u)
to 1000 cm. ! (10 u) are shown in Figs. 7-12 while the im-
portant carbonyl frequencies are given in Table II.

instead 1,5-diphenyl-3-p-

(21) Weissberger, “Physical Methods of Organic Chemistry,’”’
Vol. I1, Interscience Publishers, Inc., New Vork, N. Y., 1946, p. 767.
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Reactions of Epoxy Ketones and Alcohols with Amines.

Mechanism Studies

By NorvAaL G. BARKER! AND NORMAN H. CROMWELL

Epoxybenzylacetophenone has been found to react with secondary heterocyclic amines to yield a-hydroxy-g-t-amino-

ketones, but none of the desired product was obtained with dialkyl amines.

The reaction of morpholine with this epoxy

ketone was shown to follow second order kinetics within experimental error, confirming the mechanism previously postulated?

for such reactions.

Both secondary heterocyclic amines and some dialkyl amines undergo reaction with the epoxy alcohol,

1,1,3-triphenyl-2,3-epoxypropanol-1, forming 1,1,3-triphenyl-3-f-aminopropan-1,2-diols.

The following report describes a continuation of
studies designed to obtain more information about
reactions of epoxides with amines. Our prelimi-
nary investigations? had shown that the major
products resulting from the reaction of epoxybenzyl-
acetophenone with morpholine and piperidine were
the a-hydroxy-g-t-aminoketones (I) and (II), re-
spectively. It has now been found that tetra-
hydroisoquinoline also undergoes reaction with

CH;—CH—CH—COCH; I, >N—, NC.H;0

II, >N—, NC:Hj,
N OH III, > N—, NCyHy

this epoxide to give a similar product (III). Thus
the reaction was shown to be quite general for
secondary heterocyclic amines. On the other
hand, diethylamine, dimethylamine and N-methyl-
benzylamine gave no reaction with this epoxy
ketone under identical reaction conditions although
these amines have basic strengths similar to those
which did react. This apparent anomaly indicated
that steric factors must greatly influence the rate
of reaction. When the time and temperature were
increased in order to speed the reaction with these

(1) Abstracted from the Ph.D, thesis of Norval G. Barker, U. S.
Public Health Project Research Assistant, 1949-1950, University of

Nebraska.
(2) Cromwell and Barker, THIs JoURNAL, T2, 4110 (1950).

latter amines, a change occurred but no solid
products could be isolated. The a-hydroxy-3-
t-aminoketones (I), (II) and (III) were shown to be
unstable in basic media especially at higher tem-
peratures. Even in the solid state (II) slowly
decomposes to a brown tarry substance, traces of
which give the red-brown coloration with ferric
chloride in alcohol which is characteristic of phenyl-

benzyldiketone. This ketone is known to oxidize
CeH;—CH—CH—COCQI‘E —
N OH

CsHa_CHZC—'COCd‘h — CeHs—CHz—'C—ﬁ_CeI'h
OH ¢

readily in the presence of air. Epoxybenzylaceto-
phenone was shown by Widman?® to form phenyl-
diketone readily upon warming with sodium
methoxide solution. Thus neither the epoxy
ketone nor the a-hydroxy-B-aminoketones are
stable at higher temperatures in basic media so
none of the desired products can really be expected
under these conditions.

Acetylation of the «a-hydroxy-B-aminoketone
(III) gave a-acetoxy-g-tetrahydroisoquinolino-

(8) Widman, Ber., 49, 484 (1916).



