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The Cycloaddition of Nitrilimines with 1,2-Dibenzoylethylenes
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The cycloaddition of nitrilimines with 1,2-dibenzoylethylenes gave an unexpected 1,3-diaryl-4-benzoylpyrazole
and benzoic acid, along with an expected cycloadduct, 1,3-diaryl-4,5-dibenzoyl-2-pyrazoline, and its dehydro-

genated product, 1,3-diaryl-4,5-dibenzoylpyrazole.

The elimination of the benzoyl group from the pyrazoline

followed by dehydrogenation was shown to be the course of the unusual reaction.

The 1,3-dipolar cycloaddition of diarylnitrilimines
with olefins is a versatile method for the stereoselective
and regioselective synthesis of 2-pyrazolines or py-
razoles.!% Diarylnitrilimines for the cycloaddition
with dipolarophiles are usually prepared in situ by
the dehydrochlorination of hydrazonoyl chlorides with
triethylamine?) and by the other method.?® 1,2-
Dibenzoylethylenes, with particular reference to their
geometrical isomerism, have been intensively inves-
tigated by Lutz and his collaborator;” the ethylenes
are good dipolarophiles for the investigation of the
stereochemistry of the cycloaddition.®)

This paper will report that the cycloaddition of
nitrilimines with 1,2-dibenzoylethylenes gave 4-ben-
zoylpyrazoles in high yields, along with the expected
products. For example, the reaction of ¢is-1,2-diben-
zoylethylene with  N-(p-nitrophenyl)-C-phenylnitril-
imine gave the unexpected 4-benzoyl-1-(p-nitrophenyl)-
3-phenylpyrazole as the sole isolable product in a
489, vyield, with the elimination of a benzoic acid,
probably from the 4,5-dibenzoyl-2-pyrazoline. There
is no precedent for the oxidative elimination of benzoic
acid from 4,5-dibenzoyl-2-pyrazoline. We now wish
to propose a scheme in which the nucleophilic attack
of water on the 5-carbonyl carbon of the pyrazoline
followed by the elimination of benzoic acid yielded
the 4-benzoylpyrazoline, which then eliminated hy-
drogen of afford the unexpected pyrazole.

Results and Discussion

The cycloaddition between trans-1,2-dibenzoyl-
ethylenes and diarylnitrilimines prepared from hy-
drazonoyl chlorides in the presence of an excess of
triethylamine was carried out in benzene at 80 °C
for 5h. The reaction products from the reaction
mixture were shown to be trans-1,3-diaryl-4,5-dibenzoyl-
2-pyrazolines (1), 1,3-diaryl-4,5-dibenzoylpyrazoles (3),
and unexpected 1,3-diaryl-4-benzoylpyrazoles (2)
(Scheme 1, Table 1. See Tables 2—4 for the nota-
tion of Arl, Ar?, and Ar?).

It is well-known that the reaction of nitrilimines
with cis- and {rans-olefins gives 2-pyrazolines stereo-
specifically in high yields.¥ With some cis-olefins in
the presence of a base, however, two possible cis- and
trans-pyrazolines can be formed by the base-catalyzed
isomerization of the cis-product to the irans.8®) The
pyrazole (2a) was isolated in a 489, yield from the
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TaABLE 1. THE REACTION OF DIARYLNITRILIMINES WITH

1,2-DIBENZOYLETHYLENES?)

e Dibenzoyl- : o
Nitrilimine cthylene Products yield/%
Ar? Ar? A3=C¢H; 1 2 3
CH;  p-NO,C H;, trans 21 47 10
CH; p-NO,C.H, cis — 48 trace
p-Tolyl p-Tolyl trans — 91 —

a) The reaction was carried out by Procedure A (see
Experimental).

reaction mixture of N-(p-nitrophenyl)-C-phenylnitril-
imine and cis-1,2-dibenzoylethylene, while neither cis-
nor trans-pyrazoline (cis- or trans-la) was detected.
The expected cis-pyrazoline (cis-la) may be directly
decomposed to 2a, because some of the trans-pyrazoline
(trans-1a) would remain in the reaction mixture under
the conditions if the base-catalyzed isomerization prod-
uct, frans-pyrazoline (frans-la) were an intermediate
to 2a.

The NMR spectroscopy is a convenient method for
establishing the stereochemistry of the adduct (1),
since the coupling constants between 4- and 5-protons
indicate whether the adduct is frans (J=6 Hz) or
cs (J=12Hz),'% although some exceptions are
known.'V) Thus, the #rans structure of the expected
1,3-dipolar cycloadducts, (1) was confirmed on the
basis of elemental analyses and NMR (J, ;=6 Hz)
and IR spectra.

2-Pyrazolines can be easily aromatized by autoxi-
dation or thermal dehydrogenation, even in the absence
of oxygen, or by some reagents such as a hydrogenation
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catalyst, although little is known about these mech-
anisms?1? and only a small amount of hydrogen was
identified.’® The pyrazoles (3) were shown to be
products dehydrogenated from 1 by the following ex-
periment: the treatment of la in a refluxing toluene
solution with a suspension of active alumina gave
3a in a 549, yield.

The structure of the pyrazole (2b) was established
by elemental analysis (Cy3H,N,O), NMR (two tolyl
methyl at & 2.34, H-5 at § 8.19) and IR (v,_, 1635
cm™!) spectra, and comparison with an authentic
sample described below. Enamine is a regioselective
dipolarophile,!® and the reaction of nitrilimines with
3-dimethylamino-1-phenylpropen-1-one gave unstable
intermediate pyrazolines, which eliminated dimethyl-
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amine to afford pyrazoles (2).1415 The regioselective
cycloaddition of nitrilimines with ethynyl phenyl
ketone?1%:1%) and phenyl vinyl ketone!® gave pyrazoles
(4) and pyrazolines (5) respectively. The alkaline-
potassium hexacyanoferrate(III) oxidation of 5 also
gave pyrazole (4), a regioisomer of the pyrazole (2a)1?
(Scheme 2). We could not find any trace amount
of 4 in the reaction mixture of the N-(p-nitrophenyl)-
C-phenylnitrilimine with dibenzoylethylenes.

If the reaction of the nitrilimines with trans-di-
benzoylethylene was carried out at room temperature
under nitrogen by the careful exclution of moisture
and work-up below 30 °C the expected 1,3-dipolar
cycloadducts 1 were isolated in high yields (Table 2).
The isolated pure 4,5-dibenzoyl-2-pyrazolines (1) are

a CH-COAr? Ar'-C——CH-COAr3 —Me,NH Ar'-C——G-COAr?
+ ] — I —— 1
CH-NMe, N CH-NMe, N CH
\N~/ \N/
Arz Alr2
2
Art-C-Cl  gn | b CH Arl-C——CH
I+ — 1] —
C-COCgH;, N C-COC;H;
“\NH \N/
Arg A'r2 K3[Fe(CN)s]
4
¢ CH, Ar'-C——CH,
+ — 1] —
CH-COCyH; N CH-COC;H;,
\N/
Ar”
5
Scheme 2.
TABLE 2. PREPARATION OF 2-PYRAZOLINE (1)2)
Yield®) Mp IR (KBr) NMR (CDCl,)
Ar? Ar? Ar® % q yomojom-1 ) é/ppm . Ja,s/Hz
la CgH; p-NO,CH, GCgH; 77 160—162 1700 5.38 5.97 6
1675
1c CeH; $p-NO,CgH,; p-Tolyl 70 188—198 1699 5.29 5.86 6
1676
1d CH; p-NO,CH, p-CICH, 84 185—194 1708 5.29 5.82 6
1682
le CgH; p-NO,CH, Mesityl 74 210—220 1; é 3 4.99 5.92 3
1
1f CeH; CeHj; CgHj; 58 201—202 1695 5.26 5.75 7
1681
1g CeH, CeH; p-Tolyl 19 178—183 1695 5.23 5.72 7
1680
1h CeH, p-Tolyl CeH; 279 161—166 1691 5.26 5.72 7
1685
1i p-Tolyl p-Tolyl Mesityl 81 202—204 1708 4.89 5.67 3
1j CgHj, p-CICH, C.H; 75 160—165 1633 5.26 5.73 6
16
1k GCH; p-CICgH,  p-Tolyl 38 190—197 1 2?33 5.24 5.69 7
1684
11 p-NO,CH, CgH; CeH; 30 147—150 1699 5.24 5.89 6
1680

a) The preparation was carried out by Procedure B (Experimental).
posed to 2 or intractable compounds under the conditions.

b) Some of the pyrazolines (1) were decom-
c) Isolated yields shown were not optimized,
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TasrLe 3. DEecomposiTioN oF 1 TO 2
Yield/%, Pyrazole 2
1 2 Ar? NMR
Ar Ar 1 2 Recoviered ArCOOH Mp/°C IR (K.BE)1 (CDCI)
vo=o/CM™ 5’5 H/ppm
2a  G.H, pNO,CH, GC.H, 65 0 60 213214 1645 8.39
2b®  p-Tolyl p-Tolyl C.H, 130—131 1635 8.19
2c  GgH, »-NO,C,H, p-Tolyl 65 0 60 198—200 1636 8.32
2d  CgH, $p-NO,GH, p-CICH, 55 0 50 188—190 1635 8.40
%2  C.H, $p-NO,CeH, Mesityl 75 0 65 180—183 1667 8.09
2f C.H; CH; CeH; 30 1 20 138—141 1635 8.24
2 C.H, C.H, p-Tolyl 50 0 — 151—155 1640 8.24
2  C.H, p-Tolyl C.H, 40 55 — 149—151 1639 8.21
2f  p-Tolyl p-Tolyl Mesityl 55 40 30 152—165 1648 7.90
2 G.H, p-CICH, C.H, 10 60 — 171—172 1630 8.20
2k C,H, p-CIGH,  p-Tolyl 2 98 — 183—188 1640 8.20
21 p-NO,CH, C.H, C,H, 60 0 — 171—172 1643 8.30
a) Pure lc could not be isolated.
thermally stable up to about 150 °C. However, the 1+ H,O0 — -CH-COAr® —
pyrolysis of 1 about 150 °C or the treatment of 1 o°
with a base. (and moisture) at about 80 °C gave 2 /CH—('J— A
with appreciable rate. @,

To our knowledge, no pyrolysis of 4- or 5- (or 4,5- OH,
di-)benzoylpyrazolines which eliminates a benzoyl Ar!-C——CH-COAr? + Ar*COOH
group to pyrazoles has yet been reported. The cyclo- IHI CI‘.H
adducts of the dibenzoylethylenes with nitrones®® and AN/ 2
diazomethane®) are rather thermally stable. The py- / A
rolysis of the pyrazolines (1) at 180 °C really gave d
the pyrazoles (2) and benzoic acid. We tried to 2 6
decompose several irans-2-pyrazolines (1) to 2 (3— Scheme 3.

759, yields) at 200 °C for 10 min (Table 3), although
the reaction conditions used were not strictly the same.

One can easily postulate the thermal elimination
of benzaldehyde from 1 followed by the autoxidation
of the benzaldehyde to produce the benzoic acid.
However, all attempts to detect benzaldehyde, for ex-
ample, by VPC, NMR, IR, and MS (the MS of 1a
was superimposable with that of an equimolar mixture
of the 2a, pyrazole, and benzoic acid), failed except
for the one case to be described below. The careful
exclusion of oxygen and moisture from the pyrolysis
system under nitrogen decreased the yield of benzoic
acid down to 359, along with a small amount of benzal-
dehyde (up to 109, yield), while the only decomposi-
tion products observed were the pyrazoles (2) and
benzoic acid under usual conditions under nitrogen
without strict drying over P,O;.

Benzaldehyde has been shown to react easily with
aniline (or butylamine) to yield N-benzylideneaniline
(or N-benzylidenebutylamine). No formation of any
benzylideneamines in the pyrolysis products of la in
aniline (or butylamine) ruled out the formation of
benzaldehyde as an intermediate. On the other hand,
N-butylbenzamide (539, yield) and 2a (629, yield)
were isolated from the reaction mixture of la in butyl-
amine at 80 °C for 5 h, while benzoic acid is stable
under the conditions. Furthermore, moisture and base
enhanced the decomposition of 1 to 2. The rate
ratio of the decomposition of wet la to that of dry
la was about 2. The decomposition of 1 to 2 in the

presence of a small amount of water and triethyamine
gave the pyrazole (2) in excellent yields (for example,
2a in an 869, yield from la) than the results shown
in Table 3. Pyrazoline and pyrazole have some basic
character; thus, the decomposition of 1 to 2 may be
promoted by self-catalysis. Taking the results in butyl-
amine into consideration, the acceleration of the py-
rolysis rate by water can be explained if we assume
that a reasonable first step involved the initial nu-
cleophilic attack of water on 5-carbonyl carbon fol-
lowed by the cleavage of the carbon-carbon bond to
give 4-benzoylpyrazoline (6) (Scheme 3). Several at-
tempts to prepare an authentic specimen of the in-
termediate, 6, or to isolate it from the reaction mixture
were fruitless; therefore, 6 may be thermally unstable
and may undergo dehydrogenation to 2. However,
only a trace amount of hydrogen was detected in
the pyrolysis products of 1a by VPC (activated charcoal
5m at 50 °C, carrier gas argon) and so far the fate
of the hydrogen can not be identified.

Importance of two benzoyl groups at both 4- and
5-positions for the facile decomposition of 1 to 2 was
shown by comparison with a series of 2-pyrazolines,
where only the 5-position has a benzoyl group
(Scheme 4). None of the compounds (7a—c) has a
tendency to decompose thermally up to 250 °C under
conditions where the pyrolysis of 1 occurs very easily.
We have so far been able to find any definite explana-
tions of the importance of the two benzoyl groups
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Scheme 4.

on 1 in the facile transformation of 1 into 2. One
possible explanation is that the carbonyl-carbonyl in-
teractions between the two benzoyl groups, along with
steric hindrance, would facilitate the reactivity of the
carbonyl carbon toward nucleophiles.

Experimental

All the melting points are uncorrected. The IR spectra
were obtained on a Hitachi 215A Infrared Spectrophotom-
eter. The *H-NMR spectra were measured of a Varian T-
60A instrument in CDCI,; unless otherwise stated, with TMS
as an internal standerd. The column chromatography was
carried over silica gel eluted with CHCI;. All the new
compounds reported here gave satisfactory elemental anal-
yses.

Materials. The  N-arylarenehydrazonoyl chlorides
were prepared by the method of Huisgen et al.%® The
trans- and cis-1,2-dibenzoylethylenes were prepared by the
method of Lutz et al.”? The phenyl vinyl ketone and ethynyl
phenyl ketone are commercially available (Nakarai Chem.
Co.) and were used without further purification.

Reactions of Diarylnitrilimines with 1,2-Dibenzoylethylenes.
General  Procedure A:  N-(p-Nitrophenyl)benzohydrazonoyl
chloride (2.6 g, 9.5 mmol) as a precursor of the N-(p-nitro-
phenyl)-C-phenylnitrilimine was added, in small portions to
a stirred solution of trans-1,2-dibenzoylethylene (2.3 g, 9.5
mmol) and triethylamine (2 ml) in benzene (50 ml) at 80
°C over a period of 30 min. The mixture was then stirred
at 80°C for 5h. The precipitated triethylamine hydro-
chloride was filtered off, and the filtrate was evaporated
in vacuo. The residue was crystallized from benzene
to give the 2-pyrazoline (frans-la; 0.96g, 219%). The
filtrate from the crystallization was chromatographed to
give the pyrazole 2a (1.6g, 47%) and 3a (0.45g, 10%).
The results are shown in Table 1. la. Found: C, 73.48;
H, 4.59; N, 8.58%. Calcd for Cy,;H;N;O,4: C, 73.25; H,
4.45; N, 8.849%,. 2a. Found: C, 71.89; H, 4.23; N, 11.119%.
Calcd for Cy,H,;N,O,: C, 71.53; H, 4.09; N, 11.389%,. 3a.
Found: C, 73.47; H, 4.22; N, 8.91%. CQCalcd for CyH,e-
N,O,: C, 73.56; H, 4.05; N, 8.88%.

General Procedure B: A solution of N-(p-nitrophenyl)ben-
zohydrazonoy! chloride (1.1 g 4.0 mmol), trans-1,2-dibenzoyl-
ethylene (0.95g, 4.0 mmol), and triethylamine (0.7 ml) in
dry benzene (50 ml) was stirred at room temperature under
nitrogen for 2d. The triethylamine hydrochloride thus
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precipitated was filtered off, and the filtrate was evaporated
in vacuo at below 30 °C. The residue was triturated with
cold benzene to give the 2-pyrazoline (irans-la, 1.5 g, 77%).
1 were recrystallized from DMF-H,O without heating.
The results are shown in Table 2.

Decomposition of 2-Pyrazolines (1). General Procedure:
la (0.57 g, 1.2 mmol) was heated in a sublimation apparatus
at 200 °C for 10 min under reduced pressure (ca. 30 mmHg).
Benzoic acid was thus isolated (0.088 g, 609,) as a sublimate.
The residue was chromatographed to give 2a (0.29 g, 65%)
(and the recovered 1). The results are shown in Table 3.

Detection of Benzaldehyde in the Pyrolysis products of Ia.
a) By NMR: 1la was deccmposed at 180 °C for 10 min in
an NMR sample tube under N,. The peak of benzaldehyde
(6 9.9, -CHO) was not detected, but the peak of benzoic
acid (6 12.7, —OH) was detected.

b) By MS: The strong peak of benzoic acid (m/e=122)
appeared, while that of benzaldehyde (m/e=106) appeared
very weak in the mass spectrum of la.

¢) By IR: A KBr pellet containing la was heated at
180 °C for 10 min under N,. The characteristic absorp-
tion of benzaldehyde (»=2770cm~!) was not detected.

d) By VPC: When la was analyzed by VPC (injection
temperature 200—250 °C), only a trace amount of benzal-
dehyde was detected.

e) Decomposition of Ia after Thorough Drying: 1a (0.81
g, 1.7 mmol) was dried over P,O; under reduced pressure
(2 mmHg) for 2 d; then the la was decomposed at 200 °C
for 10 min under 2 mmHg in a sealed vessel to give the sub-
limated benzoic acid (0.072 g, 35%,) and the benzaldehyde
(ca. 0.02 g, less then 10%). The residue was crystallized
from CHCIl;-EtOH to give 2a (0.33 g, 539%,).

Decomposition of Ia in Aniline. A solution of 1a (0.22
g, 0.46 mmol) and hydroquinone (0.1 g) in aniline (5 ml,
distilled over KOH) was refluxed for 10 min under N,.
The reaction mixture was then poured into aqg NaHCO,
and extracted with benzene. The benzene layer was washed
with aqg NaHCO; several times. The water layer was sep-
arated, acidified with aq HCI, and extracted with ether.
The ether was evaporated to give the benzoic acid (0.028 g,
50%,). The benzene layer was washed with aq HCI several
times and evaporated in vacuo. The residue was crystallized
from CHCL,-EtOH to give 2a (0.14g, 65%). Neither
benzylideneaniline nor N-phenylbenzamide was detected in
the reaction products by TLC.

Decomposition of I1a in butylamine. A solution of la
(0.52 g, 1.1 mmol) in butylamine (50 ml, distilled over CaH,)
was refluxed for 5h under N,. After the amine was evapo-
rated under nitrogen and reduced pressure, the residue was
distilled to give N-butylbenzamide (140—170 °C/0.1 mmHg,
0.10g, 53%). The residue of the distillation was crystal-
lized from CHCI;-EtOH to give 2a (0.23 g, 629,). Neither
benzoic acid nor N-benzylidenebutylamine was detected in
the reaction products by TLC.

Preparation of Pyrazole (2) from Enamine (Scheme 2a).
General Procedure: A solution of N-(p-nitrophenyl)benzohy-

TaBLE 4. PyrazorLe (3)

Yield Mp IR (KBr)
1 2 3 e
Ar Ar Ar o G voofcm-1
3a CH; p-NO,CH, C.H, 54 137—139 1671
3c CeH; p-NO,CH, p-Tolyl 51 143—148 1665
3e CeH; p-NO,CH, Mesityl 38 150—155 1641
3f CeH, C¢H; CeH; 48 135—136 1668
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drazonoyl chloride (1.4g, 5.1 mmol), 3-dimethylamino-1-
phenyl-2-propen-1-one (0.90 g, 5.2 mmol), and triethylamine
(2ml) in benzene (30 ml) was refluxed for 6 h. After a
usual work-up, 2a was recrystallized from CHCl,-EtOH
or DMF-H,O in about a 30% vyield.

Preparation of Pyrazole (3) from Pyrazoline (1). General
Procedure: A solution of la (0.44 g, 0.95 mmol) in toluene
(50 ml) was refluxed with neutral aluminum oxide (5g)
until the solution was discolored (for about 5h). The
mixture was then filtered, and the filtrate was evaporated.
The residue was crystallized from EtOH to give 3a (0.23 g,
54%), which was then recrystallized from EtOH. The
results are shown in Table 4.

Preparation of 2-Pyrazoline (7). General Procedure: A
solution of N-(p-nitrophenyl)benzohydrazonoyl chloride (1.0
g, 3.7 mmol), phenyl vinyl ketone (0.57 g, 4.3 mmol), and
triethylamine (2 ml) was stirred at room temperature for
2d to give 7a in a 889, yield; mp 242 °C (from EtOH).
IR (KBr): 1698 cm! (C=0); NMR (DMSO-d;) 4: 3.41
(dd, /=6 and 18 Hz, 1H, H-4), 4.17 (dd, /=12 and 18
Hz, 1H, H-4), 6.42 (dd, /=6 and 12 Hz, 1H, H-5). 7b
from trans-1,3-diphenyl-2-propen-1-one, 60%, yield; mp 134—
141 °C (from EtOH). IR (KBr): 1694 cm~! (C=0); NMR
(CDCl,) d: 4.66 (d, J=4 Hz, 1H, H-4), 5.71 (d, J=4 Hz,
1H, H-5). 7c¢ from trans-1-phenyl-3-p-tolyl-2-propen-1-one,
539, yield; mp 204—205°C (from EtOH). IR (KBr):
1684 cm~! (C=0); NMR (CDCl,;) 6: 4.61 (d, J=4Hz,
1H, H-4), 5.67 (d, J=4Hz, 1H, H-5).

Preparation of 5-Benzoyl-1-(p-nitrophenyl)-3-phenylpyrazole (4).
Method A (Scheme 2b): A solution of N-(p-nitrophenyl)-
benzohydrazonoyl chloride (0.69 g, 2.5 mmol), ethynyl phenyl
ketone (0.33 g, 2.5 mmol), and triethylamine (1 ml) in ben-
zene (50 ml) was stirred at room temperature for 20 h. After
a usual work-up, the pyrazole was isolated in less than a
109, yield.

Method B (Scheme 2¢): A solution of 7a (0.26g, 0.70
mmol) in EtOH (20 ml) was added to a solution of K;-
[Fe(CN)e] (0.53 g, 1.6 mmol), and KOH (0.2 g) in aqueous
EtOH (50 ml) at room temperature. The mixture was then
stirred at room temperature for 10 h, poured into 200 ml of
water, and extracted with benzene. The benzene layer was
washed with water several times and concentrated. The
residue was crystallized from EtOH to give the pyrazole
(4) in a 289, yield; mp 164 °C (from EtOH). IR (KBr):
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1670 cm=! (C=0); NMR (CDCly); o: 7.13 (s, 1H, 4-H).
Found: C, 71.30; H, 4.04; N, 11.33%. Calcd for Cp,-
H,;N,O,: C, 71.53; H, 4.09; N, 11.389%.

We would like to thank Professor Dr. Masaya Okano
and Associate Professor Dr. Shigeo Tanimoto of Kyoto
University for their valuable advice.
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