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ABSTRACT 

Reaction of benzonitrilium N-phenylimide 3a with di- 
benzalacetone 1 yielded a mixture of the mono- and 
biscycloadducts 8a and 1 la in  a I : I  ratio. A similar 
reaction of‘ 1 with ethoxycarbonylnitrilium N-phenyl- 
imide 3b afforded a mixture of the cycloadducts 7b, 
8b, and 12b in a 1:3:6 ratio, respectively. The struc- 
tures of these products were established by spectral 
analyses and chemical transformations. The results 
invalidate the previously reported structure 4a as- 
signed for the biscycloadduct isolated from the reac- 
tion of 3a with 1. 0 1996 John Wiley & Sons, Inc. 

Ten years ago, Tsatsaroni [ l ]  described the 1,3-di- 
polar cycloaddition of dibenzalacetone 1 with some 
1,3-dipoles with the objective of studying the regio- 
chemistry of the process. In his report, it was in- 
dicated that the reaction of 1 with benzonitrilium 
N-phenylimide 3 afforded only the biscycloadduct, 
bis-5,5’-pyrazolyl ketone, 4a in 13% yield [l]. The 
regiochemistry of this product was assigned on the 

*To whom correspondence should be addressed. 

basis of comparison of the chemical shifts of its H-4 
and H-5 protons with those reported for 1,3,4-tri- 
phenyl-5-benzoyl-2-pyrazoline 5a obtained from the 
reaction of 3a with benzalacetophenone [2]. Finally, 
the proposed regiochemistry of 4a was rationalized 
in terms of the frontier molecular orbital (FMO) the- 

In our opinion, the comparison of 4a with 5a is 
unjustified. This is because while the chemical shifts 
of H-4 and H-5 protons of 5a were reported to be 6 
4.61 and 5.61 with A64.5 = 1.0 [2], the H-4 and H-5 
protons of 4a resonate at 6 4.55 and 4.85 with A64,5 
= 0.3 [ 11. Furthermore, our previous ’H NMR study 
of an extensive series of 5- and 4-aroyl-2-pyrazoline 
regioisomers 5b and 6b indicates that Ad4.5 values of 
1.0-1.29 and 0.1-0.3 are characteristic of these two 
regioisomers, respectively [4]. Thus, the value of A64,5 
= 0.3 is incompatible with structure 4a assigned for 
the product isolated from reaction of 1 with 3a [ 13. 
In addition, the FMO theory does not always give 
results in good agreement with experiment [5]. 

On the basis of the foregoing arguments, we 
reinvestigated the cycloaddition of 3a,b to 1 to elu- 
cidate its regiochemistry and to see if the corre- 
sponding monocycloadducts 7 and 8 and also the 
biscycloadducts 11 and 12 are formed. 

The cycloaddition of 3a, prepared in situ by the 
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SCHEME 1 

action of triethylamir 
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! on N-phenyl benzenecarbo- 
hydrazonoyl chioride 2a in benzene, to 1 was carried 
out at reflux for 2 hours. The crude reaction product, 
isolated after removal of the solvent, was subjected 
to column chromatography, two products being ob- 
tained, A and B, the former being the one that eluted 
first from the column. The mass spectra of such 
products indicated that product A is a biscycload- 
duct (mlz = 622), whereas the second product B is 
a monocycloadduct (mlz = 428). The yields of A and 
B, after being crystallized from ethanol, were 38% 
and 35%, respectively. 

The 'H NMR spectrum of product B showed two 
doublets at 6 4.70 and 4.88 (J = 6 Hz). On the basis 
of these chemical shift values, this product was as- 
signed structure 8a. Such an assignment was con- 
firmed by its chemical transformations outlined in 
Scheme 1. Thus, dehydrogenation of the monocy- 
cloadduct 8a with chloranil gave a product identified 
as 1,3,5-triphenyl-4-cinnamoylpyrazole 10 by com- 
parison with an authentic sample prepared by the 
reaction of benzaldehyde with 1,3,5-tripheny1-4-ace- 

tylpyrazole 9 in ethanol in the presence of sodium 
hydroxide. Furthermore, on the basis of the value of 
the coupling constant (J = 6 Hz) between H-4 and 
H-5, the monocycloadduct 8a was assigned the 
trans-configuration indicated. This is because the 
coupling constant between truns- and cis-H-4 and H- 
5 protons of 2-pyrazoline derivatives were reported 
to be 6 and 12 Hz, respectively [6]. 

Three possible regioisomeric structures, namely, 
4a, 1 la, and 12a, can be written for the biscycload- 
duct A. Both structures 4a and 12a were discarded 
from further consideration. This is because, on the 
one hand, structure 12a is expected to give in its 'H 
NMR spectrum two pairs of doublets assignable to 
the magnetically nonequivalent protons H-4, H-4', 
H-5, and H-5' with Ad4,5 = 1.3 and Ad4t.5s = 0.3 [41; 
and, on the other hand, structure 4a is expected to 
show only one pair of doublets with Ad4.5 = 1.3 [4]. 
Contrary to these expectations, the 'H NMR spec- 
trum of the biscycloadduct 1 la isolated revealed 
only one pair of doublets (J = 6 Hz) at 6 4.9 and 4.6 
assignable to H-5 and H-4 protons, respectively. 
Such data are compatible with structure lla, and 
based on the value of the coupling constant (J  = 6 
Hz), the biscycloadduct was also assigned the truns- 
configuration indicated [6]. 

I3C NMR spectra provide additional evidence for 
the assigned structures 8a and 1 la. Each of the cy- 
cloadducts exhibits two signals characteristic of the 
C-4 and C-5 of the 2-pyrazoline ring residue near 6 
57-58 and 6 76-77. The former signal is assigned to 
the C-4 atom; this assignment is in good agreement 
with that reported for an sp3 carbon flanked by an 
acyl and sp2 carbon atom. The lower field signal at 6 
76-77 is assigned to the C-5 atom, which is flanked 
by a nitrogen atom and a phenyl group [7]. 

In the mass spectra of both 8a and 1 la ,  the mo- 
lecular ion peak is not the base peak. However, the 
base peak in both cases corresponds to a fragment 
having an mlz value of 297 assignable to the tri- 
phenyl-2-pyrazoline cation. This latter fragment un- 
dergoes retrocycloaddition affording diphenylnitri- 
limine and a phenylvinyl fragment, as the 
corresponding peaks at mlz 194 and 103, respec- 
tively, were common in the spectra of both 
cycloadducts. 

In conclusion, the 1,3-dipolar cycloaddition of 
3a to 1 is regioselective, the carbon atom in the latter, 
which is substituted by a phenyl group, being the one 
that bonds to the nitrogen atom of 3a. This result 
indicates that cross conjugation, as in dienone 1, re- 
verses the regiochemistry of the cycloaddition of the 
nitrilium imide 3a. 

In order to substantiate this conclusion, we stud- 
ied also the reaction of 1 with ethoxycarbonylnitri- 
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lium N-phenylimide 3b. In our hands, the latter re- 
action of 1 with 3b, generated in situ by the action 
of triethylamine on 2b in benzene at reflux for 2 
hours, furnished three products, (C, D, and E), as 
evidenced by thin-layer chromatography (TLC) anal- 
ysis of the crude reaction product. The formation ra- 
tios of the latter were determined by 'H NMR anal- 
ysis and found to be 1:3:6, respectively. These were 
separated by column chromatography (see 
Experimental). 

Mass spectral and elemental analyses of the lat- 
ter products indicated that C and D are both 1:l cy- 
cloadducts, whereas E is a 1:2 cycloadduct. The for- 
mer monocycloadducts C and D proved to be the 
regioisomeric 5- and 4-cinnamoyl-2-pyrazoline de- 
rivatives 7b and 8b, respectively. The distinction be- 
tween these two regioisomers was made on the basis 
of their 'H NMR spectra. Thus, each of these two 
monocycloadducts exhibits two doublets (J = 6 Hz) 
assignable to the H-4 and H-5 ring protons in addi- 
tion to two other doublets (J = 15 Hz) assignable to 
the vinylic protons of the cinnamoyl moiety. The dif- 
ference of the chemical shift values of the py- 
razoline ring protons of 7b and 8b were 1.2 and 0.5, 
respectively. The similarity between these values and 
those reported [4] for the 5-benzoyl- and 4-benzoyl- 
2-pyrazoline regioisomers 5b and 6b = 1.29 
and 0.34), respectively, seems to be in support of the 
assigned structures 7b and 8b for the 1:l cycload- 
ducts isolated. On the basis of the coupling constant 
(J  = 6 Hz), both products were assigned the trans- 
configuration indicated [4] (Scheme 1). 

The IH NMR spectrum of the cycloadduct E re- 
vealed two pairs of doublets with Ad4,5 of 0.15 and 
1.0. On this basis, it was assigned the 4,5'-bipyra- 
zolyl ketone structure 12b. The other two possible 
isomeric structures 4b and 1 1 b were thus discarded 
since each of them is expected to exhibit only one 
pair of doublets in its 'H NMR spectrum due to the 
H-4 and H-5 ring protons. A further evidence for 
structure 12b is provided by the appearance of three 
singlet signals in its I3C NMR spectrum at 6 161.5, 
162.0, and 19 1.5 assignable to the three magnetically 
nonequivalent carbonyl carbons. The I3C NMR spec- 
trum of 7b showed two singlets at 6 16 1 .O and 199.8, 
whereas that of 8b revealed two singlets at 16 1.5 and 
195.0. 

EXPERIMENTAL 
Melting points were determined on a Galenkamp ap- 
paratus and are uncorrected. 'H NMR spectra were 
recorded in deuterated chloroform on a Varian EM- 
390-90MHz spectrometer; Chemical shifts are given 
in 6 from tetramethylsilane (TMS) as the internal ref- 

erence (J in Hz). I3C NMR spectra were recorded on 
a Bruker WM 360 (90.56 MHz) pulsed Fourier Trans- 
form spectrometer. Mass spectra were recorded on a 
V.G. Micromass 7070E double-focusing mass spec- 
trometer at the University of Wales, College of Car- 
diff. Infrared spectra were measured on a Perkin El- 
mer 1430 spectrophotometer. Silica gel used for 
column chromatography was Merck Kieselgel 60 
(70-230 ms ASTM). The TLC analysis was carried out 
using fluka silica gel cards with fluorescent indicator 
254 on aluminum cards, and the spots were detected 
under 254 nm UV light. The hydrazonoyl chlorides 
2a,b [8,9] and dibenzalacetone 1 [lo] were prepared 
as described in the literature. Elemental analyses 
were carried out with a Perkin Elmer elemental an- 
alyzer, model 240-B at King Abdulaziz University. 

Reaction of 1 with 2a,b. General Procedure. To 
a stirred equimolar mixture of dibenzalacetone (1) 
and the appropriate hydrazonoyl chloride (2) (2 
mmol each) in benzene or tetrahydrofuran (50 mL) 
was added triethylamine (0.5 mL, 4 mmol), and the 
mixture was refluxed for 2 hours. The precipitated 
triethylamine hydrochloride was filtered off, the sol- 
vent was evaporated, and the residue was subjected 
to 'H NMR analysis, which showed the presence of 
more than one cycloadduct. The latter were sepa- 
rated by column chromatography using Flash silica 
gel as adsorbent and petroleum ether (40/6O0)-ethyl 
acetate (1: 1 v/v) as eluent. The separation of the cy- 
cloadducts was followed by 'H NMR analysis of the 
fractions collected. The solvent in the fractions was 
evaporated, and the remaining solid was collected 
and crystallized twice from ethanol. 

Compound 8a (0.30 g, 35%): mp 184-185°C; IR 
(KBr) 1690 cm-' (CO); 'H NMR 6 4.7 (d, IH, J = 6 
Hz), 4.88 (d, l H , J  = 6 Hz), 6.9 (d, 1H,J = 15 Hz), 
7.2-7.8 (20H, m), 7.9 (d, lH, J = 15 Hz); m/z 428, 
297,236, 194, 177, 136, 103,91,77. Found: C, 83.95; 
H, 5.60; N, 6.38; calcd. for C,,H,,N,O: C, 84.08; H, 
5.64; N, 6.54%. 

Compound 1 la  (0.47 g, 38%): mp 225226°C; IR 
(KBr) 1715 cm-I (CO); 'H NMRG 4.6 (d, 2H, J = 6 
Hz), 4.9 (d, 2H, J = 6 Hz), 6.7-7.7 (30H, m); m/z 622, 
297, 236, 194, 116, 103, 91, 77. Found: C, 82.80; H, 
5.45; N, 8.90; calcd. for C,,H,,N,O: C, 82.93; H, 5.50; 
N, 8.99%. 

Compound 7b (0.06 g, 7%): mp 159-160°C, m/z 
424. IR (KBr) 1705, 1694 cm-' (CO); 'H NMR 6 1.3 
(t, 3H,J  = 7 Hz), 4.3 (9, 2H, J = 7 Hz), 4.5 (d, lH, 
J = 6 Hz), 5.7 (d, lH , J  = 6 Hz), 7.05 (d, 1H,J = 15 
Hz), 7.70 (d, lH, J = 15 Hz), 7.1-7.5 (m, 15H). 
Found: C, 76.20; H, 5.86; N, 6.71; calcd. for 
C,,H,,N,O,: C, 76.40; H, 5.70; N, 6.60%. 

Compound 8b (0.18 g, 21%): mp 131-132"C, 
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mlz 424. IR (IU3r) 1700, 1685 cm-1 (CO); IH NMRG 
1.2 (t, 3H, J = 7 Hz), 4.2 (q, 2H,J  = 7 Hz), 4.55 (d, 
IH, J = 6 Hz), 5.10 (d, 1H,J = 6 Hz), 6.85 (d, l H , J  
= 15 Hz), 7.8 (d, 1H,J  = 15 Hz), 7.0-7.5 (m, 15H). 
Found: C, 76.16; H, 5.85; N, 6.26; calcd. for 
C,,H,,N,O,: C, 76.40; H, 5.70; N, 6.60%. 

Compound 12b (0.5 g, 41%): mp 187-188"C, 
m/z 614. IR (KBr) 1705, 1687 cm-1 (CO); 'H NMRG 
1.2 (t, 3H,J  = 7 Hz), 1.35 (t, 3H,J  = 7 Hz), 4.15 (q, 
2H,J  = 7 Hz), 4.25 (4, 2H, J = 7 Hz), 4.3 (d, lH, J 
= 6 Hz), 4.45 (d, l H , J  = 6 Hz), 4.50 (d, lH, J = 6 
Hz), 5.5 (d, lH, J = 6 Hz), 7.0-8.0 (m, 20H). Found: 
C, 71.90; H, 5.22; N, 9.02; calcd. for C,,H,,N,O,: C ,  
72.30; H, 5.58; N, 9.1 1%. 

Repetition of the above procedure using a dou- 
ble ratio of 1 to 2 and increasing the time of reflux 
to 24 hours did not change the yields of the above- 
mentioned cycloadducts. 

1,3,5-Triphenyl-4-acetylpyrazole (9): Benzo- 
ylacetone (1.62 g, 0.01 mol) was added to an ethan- 
olic sodium ethoxide solution (prepared from so- 
dium metal (0.23 g, 0.01 g atom) and absolute 
ethanol (50 mL). After the mixture had been stirred 
for 10 minutes, the hydrazonoyl chloride (2a) (2.3 g, 
0.01 mol) was added, then stirring continued for 5 
hours and the mixture was left overnight at room 
temperature. The solid product that separated was 
collected, washed with water, and dried. Crystalli- 
zation from acetone gave 9 (2.5 g, 75%): mp 149°C 
(Ref. [ l l ]  mp 124°C). IR (KBr) 1675 cm-' (CO); IH 
NMR2.45(~,3H),7.1-7.8(m, 15H).Found:C,81.36; 
H, 5.40; N, 8.19; calcd. for C,,H,,N,O: C, 81.63; H, 
5.36; N, 8.28%. 

1,3,5-Triphenyl-4-cinnamoylpyrazole (10): To a 
solution of 1,3,5-tripheny1-4-acetylpyrazole (9) (1.69 
g, 5 mmol) in ethanol (40 mL) was added aqueous 
sodium hydroxide solution (2.8 mL, 10%). The re- 
sulting solution was cooled in an ice bath, benzal- 
dehyde (0.53 g, 5 mmol) was added, and the mixture 
was stirred for 3 hours, then kept overnight in a re- 

frigerator. The solid that precipitated was filtered off, 
washed with water, then dried. Crystallization of the 
crude product from aqueous dimethylformamide 
gave 1,3,5-triphenyl-4-cinnamoylpyrazole (10) (1.29 
g, 90%): mp 209-210°C; IR (KBr) 1700 cm-1 (CO); 
'H NMRG 6.9 (d, 1H,J  = 15 Hz), 7.2-7.8 (m, 20H), 
7.95 (d, 1H,J = 15 Hz); Found: C, 84.39; H, 5.15; N, 
6.60; calcd. for C,,H,,N,O: C, 84.48; H, 5.20; N, 
6.56%. 

Dehydrogenation of 8a: A mixture of 8a (0.43 g, 
1 mmol) and chloranil(O.25 g, 1 mmol) in xylene (30 
mL) was refluxed for 20 hours. The solution was di- 
luted with ether, washed with aqueous sodium hy- 
droxide solution and water, dried over anhydrous so- 
dium sulfate, then filtered. The solvent in the filtrate 
was evaporated under reduced pressure, and the 
crude solid left was crystallized from aqueous di- 
methylformamide to give 10 (0.34 g, 80%) identical 
in all respects (mp, mixed mp, IR spectra) with 1,3,5- 
triphenyl-4-cinnamoylpyrazole obtained previously. 
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