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Effective Methods for the Syntheses of 2-Pyrazolines and Pyrazoles from
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Dipolar addition of diazocarbonyl compounds to «,B-unsaturated esters and nitriles in the presence of
pyridine results in the production of 2-pyrazolines in nearly quantitative yields. In one case, reaction of
a-diazoacetophenone with acrylonitrile, Michael addition of the 2-pyrazoline to the conjugated olefin is
observed, but this process is minimized by limiting the amount of pyridine employed. 5-Cyano-2-pyrazolines
are converted to derivative pyrazoles through alkoxide promoted hydrogen cyanide elimination. With vinyl
sulfone, a-diazoacetophenone undergoes sequential dipolar addition, Michael addition, and vinyl sulfite
elimination under exceptionally mild conditions to form the derivative 3-(1-pyrazolyl)ethyl vinyl sulfone in

good yield.
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Diazo compounds readily undergo 1,3-dipolar addition
to o,B-unsaturated carbonyl compounds and nitriles [1-3].
The resulting 1-pyrazoline, if formed from an activated
olefin or a diazocarbonyl compound that possesses an
a-hydrogen, is subject to rapid tautomerization that pro-
duces normally isolable 2-pyrazoline products [4,5]. If the
reactants possess w-substituents, cyclopropane and vinyl
C-H insertion products are formed by dinitrogen extrusion
from the initially formed 1-pyrazoline [6]. Competition bet-
ween tautomerism and dinitrogen extrusion of 1-pyrazo-
lines with a single unsaturated polar substituent at the
3-position usually affords product mixtures that are un-
suitable for further synthetic utilization [7,8].

We have recently reported methodology for the syn-
thesis of cyclopropane compounds by dipolar addition of
diazocarbonyl compounds to «,B-unsaturated carbonyl
compounds and nitriles followed by dinitrogen extrusion
[9]. Transition metal promoters, particularly Mo(CO)s and
Mo,(0Ac),, were found to be effective in inhibiting com-
petitive tautomerization to 2-pyrazolines. In the absence
of these or related promoters, a combination of 2-pyrazo-
line, cyclopropane, and vinyl C—H insertion products
were obtained, product yields were markedly dependent
on the olefin employed and on the reaction conditions,
and even more complex reaction mixtures were obtained
in several cases. In the course of these investigations we
observed that relatively weak bases catalyzed tautomeriza-
tion of those 1-pyrazolines that were particularly sensitive
to dinitrogen extrusion. We now report the utilization of
this base catalyzed methodology in the synthesis of 2-pyr-
azolines 1 from reactions of ethyl diazoacetate (Z =
COOEY) or a diazoacetophenone (Z = PhCO) with ac-
tivated alkenes (Y = COOR', CN) and describe the syn-
thesis of pyrazoles 2 from 2-pyrazolines derived from
«,f3-unsaturated nitriles and sulfones.
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Treatment of ethyl dlazoacetate or a-diazoacetophen-
one at 60° with representative o, 8-unsaturated esters and
nitriles in the presence of anhydrous pyridine resulted in
the exclusive formation of 2-pyrazolines (Table I).
Although the olefinic substrate was ordinarily employed in
10-fold molar excess relative to the diazo compound, satis-
factory yields of 2-pyrazoline products (60-90%) could be
obtained when the molar ratio of olefinic substrate to
diazo compound was 3.0, particularly when ethyl diazo-
acetate was employed. The choice of the weak base
pyridine to catalyze tautomerization of the initially formed
l-pyrazoline avoided competitive self-condensation reac-
tions of these a-diazocarbonyl compounds [10,11] or of the
olefinic substrates. The identity of the 2-pyrazolines ob-
tained in this investigation was established by proton nmr
analyses. In all reactions of ethyl diazoacetate and a-di-
azoacetophenone only one tautomeric 2-pyrazoline pro-
duct was obtained. Chemical shift and coupling constant
analyses are described in Table II.

Although pyridine was effective in promoting tautomer-
ism even when employed in catalytic amounts [9], excess
pyridine ensured the absence of even trace amounts of
cyclopropane and vinyl C—H insertion products from re-
sultant reaction mixtures. In one case, however, the use of
excess pyridine and long reaction times led to subsequent
Michael addition of the 2-pyrazoline product. Treatment
of o-diazoacetophenone with a 10-fold molar excess of
acrylonitrile in the presence of 1.0 equivalent of pyridine,
based on diazo compound, at 60° for 18 hours resulted in
the production of 3, which was isolated in 50% yield. This
same compound was not produced when the same reaction
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Table 1

Product Yields of 2-Pyrazolines 1 and Derivative Pyrazoles 2

Diazo Equiv Time,
Olefin Compound  Pyridine hours 1(a)
H,C=CHCOOE1 N,CHCOOE! 5.0 3 1a
N,CHCOPh 10.0 12 1b
H,C=C(CH,;)CO0Me N,CHCOOEt 5.0 3 1c
N,CHCOPh 10.0 32 1d
H,C=CHCN N,CHCOOE! 5.0 3 le
N,CHCOPh 0.20 6 f
H,C=C(CH,)CN N,CHCOOE 5.0 3 1g
N,CHCOPh 10.0 86 1h

Vol. 20
R Y Z % Yield 2 (b) Base % Yield
H COOEt COOEt 99
H COOE COPh 95
CH, COOMe COOEt 99
CH, COOMe COPh 98
H CN COOEt 100 2a NaOEt 74
H CN COPh 94 2b NaOMe 81
CH, CN COOE: 90 2¢c NaOEt 70
CH, CN COPh 95 2d NaOMe 85

(a) Reactions were performed at 60° using a 10-fold molar excess of the olefin. (b) Reactions were performed with 1 at 60° for 3 hours in alcohol sol-

vent.
Table 11
Nmr Analysis of 2-Pyrazolines 1 (a)

1 NH H H* H* J5.41 Jsac  Jacat  5-CH, Other: 6

la 6.68 4.51 3.26 3.23 6.3 11.8 17.2 3-COOEt: 4.30 (q), 1.34 (1)
5-COOEt: 4.22 (g), 1.29 (1)

1b 7.00 4.47 3.42 3.37 6.6 11.3 17.2 3-COPh: 8.3-8.1 (m), 7.7-7.3 (m)
5-COOEt: 4.22 (q), 1.29 (1)

1c 6.85 3.51 2.78 17.6 1.52 3-COOEt: 4.28 (g), 1.32 (1)
5-COOMe: 3.74 (s)

1d 6.94 3.67 2.96 17.6 1.58 3-COPh: 8.2-8.0 (m), 7.6-7.2 (m)
5-COOMe: 3.77 (s)

le 6.62 4.63 3.31 3.30 8.3 9.8 17.2 3-COOEt: 4.34 (g), 1.36 ()

1f 6.77 4.47 3.41 3.37 6.8 11.5 17.1 3-COPh: 8.3-8.1 (m), 7.7-7.3 (m)

1g 6.42 3.49 2.98 17.4 1.72  3-COOEt: 4.32 (q), 1.36 (1)

1h 6.72 3.65 3.14 17.3 1.74  3-COPh: 8.2-8.0 (m), 7.6-7.2 (m)

(a) The pyrazoline ring numbering system is used. H* is the hydrogen trans to H®. H* is the hydrogen cis to H%

was performed with only 0.20 equivalent of pyridine
(Table I), nor were similar products obtained from reac-
between either «-diazoacetophenone or ethyl
diazoacetate and «,(-unsaturated esters or nitriles other
then acrylonitrile. Attempts to optimize this nucleophilic
addition process were not undertaken, but Michael addi-
tion of pyrazolines appears to be readily attainable under
mild conditions.
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2-Pyrazolines are useful precursors to pyrazoles, and a
variety of procedures are available for this conversion [12].
Elimination reactions have been previously employed, but
only in a limited number of cases, ordinarily with chloride
as the leaving group [13] or, in acidic media, from nitro-
pyrazolines through elimination of nitrous acid [14,15].
With the 2-pyrazoline derived from cinnamonitrile and
diazomethane, von Auwers and Ungemach observed ther-
mal elimination of hydrogen cyanide [16], but a similar ap-
proach with methacrylonitrile resulted in products from
the loss of dinitrogen [17]. We have found that 2-pyrazo-
lines formed from diazocarbonyl compounds and «,8-un-
saturated nitriles are readily converted to the correspond-
ing pyrazoles through hydrogen cyanide elimination by
alkoxide bases. These reactions are performed at 25°C
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with 2.0 molar equivalents of alkoxide in alcohol solvent
and result in 70-85% isolated yields of pyrazole product
(Table I). This methodology affords convenient access to
pyrazoles from readily available o,3-unsaturated nitriles
that is not available from alternative dipolar addition-
elimination methods.

The use of vinyl sulfone provides a strikingly unique ex-
ample of the transformations that we have reported. Treat-
ment of a-diazoacetophenone with a 10-fold molar excess
vinyl sulfone in the presence of pyridine resulted in the
production of pyrazole 4 as the sole isolable product.
Although initial reactions were performed at 60° this pro-
duct, formed through a combination of dipolar addition,
Michael addition, and formal vinyl sulfite elimination, was
also obtained at 25° in the presence of excess pyridine
without evidence of 1i (R = H, Y = PhCO, Z =
S0,CH=CH,), the Michael addition product from 1, or
2b. Structural assignment of 4 was inferred from spectral
analysis based on the formation of a single product, not
two isomeric products anticipated from Michael addition
of vinyl sulfone to 2b (18), and the mechanistic interpreta-
tion that 4 must have arisen from the Michael adduct of
li. Similar treatment of ethyl diazoacetate with vinyl
sulfone resulted in a complex reaction mixture from which
the carboethoxy analog of 4 could be discerned but was
not separately isolated.

o
gen
—:/\50, pyridine !/ é/szl/

0.

4

PhﬁCHNz +
(o]

EXPERIMENTAL

Instrumentation has been previously described (9). Melting points
were determined using a Mel-Temp melting point apparatus which was
calibrated against known standards. Elemental analyses were performed
by Galbraith Laboratories, Inc. of Knoxville, TN. Ethyl diazoacetate was
commercially available, and «-diazoacetophenone was prepared from
benzoyl chloride and diazomethane [1]. The conjugated olefins employed
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for this investigation were commercially available and used without fur-
ther purification. Pyridine was distilled from solid potassium hydroxide.

Physical constants and analytical values for previously unreported
2-pyrazolines and pyrazoles are reported in Table III. Pyrazoline 1a [19]
and pyrazoles 2a-c [20,21] have been previously reported. Pyrazolines
1b-h,f,h were liquids that, because of their thermal instability [12], were
not further purified. However, spectral analyses [21,22] and their conver-
sion to pyrazoles through elimination of hydrogen cyanide confirmed
their indentity.

2-Pyrazolines 1a-h from Diazocarbonyl Compounds. General Procedure.

The diazocarbonyl compound (20 mmoles for ethyl diazoacetate and
2.0 moles for a-diazoacetophenone) was added to a stirred solution con-
taining 10.0 molar equivalents of the «,(3-unsaturated ester or nitrile in
excess anhydrous pyridine. The resultant solution was heated at 60° for 3
hours in reactions with ethyl diazoacetate or, in reactions with
a-diazoacetophenone, until the diazo compound was no longer present in
the reaction mixture. In accord with prior investigations of the reac-
tivities of diazocarbonyl compounds as 1,3-dipoles [22], a-diazoaceto-
phenone was much less reactive than ethyl diazoacetate and, as has been
previously determined for ethyl diazoacetate [9), reactivity was depen-
dent on the nature of the olefinic substituents. Following complete reac-
tion, pyridine and excess olefin were evaporated under reduced pressure.
The purity of pyrazoline products, as determined by nmr analyses, was
greater than 95%. Solid pyrazolines la,e,g formed upon cooling and
were recrystallized from ethyl ether. Attempts to further purify liquid
pyrazolines by column chromatography on either silica gel or alumina
were only moderately successful. Attempted distillation resulted in the
production of cyclopropane and formal vinyl C-H insertion products
from dinitrogen extrusion [9] in low yield.

Pyrazoles 2a-d from 5-Cyano-2-pyrazolines.

To 2.0 mmoles of the 5-cyano-2-pyrazoline was added 20 ml of alcohol
containing 2.0 molar equivalents of preformed sodium alkoxide. Ethanol
was employed for reactions with the carboethoxy derivatives, otherwise
methanol was the solvent of choice. The continually stirred solution was
heated at 60° for 3 hours, then cooled to room temperature and diluted
with 100 ml of ether. The resultant solution was washed twice with
100-ml portions of saturated aqueous ammonium chloride, the aqueous
solution was then washed with 50 ml of ether and the combined ether
solution was dried over anhydrous magnesium sulfate. Ether was distill-
ed under reduced pressure and the residual solid was recrystallized from
ether; nmr (deuteriochloroform): 2d 6 13.2 (s, NH, 1H), 8.14-8.01 (m,
o-hydrogens, 2H), 7.63-7.30 (m, m,p-hydrogens 3H), 6.66 (d, pyrazole CH,
1H,J = 0.5 Hz), 2.37 (d, CH,;, 3H, J = 0.5 Hz).

l-(B-Cyanoethyl)-3-benzoyl-5-cyar;o-2-pyrazoline 3).

a-Diazoacetophenone (1.46 g, 10.0 mmoles) was added to 6.6 ml of
acrylonitrile containing 0.85 g of anhydrous pyridine (10 mmoles) and
then heated at 60° for 18 hours. Pyridine and excess acrylonitrile were

Table HI

Physical Constants and Elemental Analyses for 2-Pyrazolines and Pyrazoles

Mp Empirical

°C Formula C
le 9798 C,H,N,0, 50.28
1g 7475 CsH..N,0, 53.02
2d 115.5-116.0 C.H (N0 70.94
3 86.5-87.5 C.,H.:N,0 66.91
4 99-100 C.,H.:N,0,8 57.91

Caled. Found
H N (S) C H N (S)
5.44 25.14 50.30 5.41 25.22
6.13 23.19 53.17 6.09 23.37
5.42 15.05 71.07 5.52 14.98
4.42 22.30 66.90 4.63 22.12
4.87 (11.04) 57.93 5.06 (10.95)
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evaporated under reduced pressure. The resulting brown residue was
suction filtered through neutral alumina using ether as the solvent to
produce a light yellow solution which, following evaporation of ether,
yielded a light yellow oily solid composed of pyrazoline 1f and 3. Further
purification by column chromatography on neutral alumina with ether
solvent followed by recrystallization from ether-pentane yielded 1.02 g
(52%) of white solid, mp 86.5-87.5; ir (potassium bromide): 2246 cm-*
(C=N) and 1633 ¢cm™' (C=0); nmr (deuteriochloroform): & 8.20-8.08 (m,
o-hydrogens, 2H), 7.70-7.35 (m, m,p-hydrogens, 3H), 4.60 (d of d, H®, 1H,
J54t = 7.6 Hz, J5 4c = 9.6 Hz), 3.80-3.52 (m, CH,N, 2H), 3.55 (d, H*,
1H, J5 4¢ = 7.6 Hz), 3.52 (d, H*, 1H, J54c = 9.6 Hz), 2.90 (d of 1,
CH,CN, 2H,J = 6.6, 1.9 Hz).

3<3-Benzoyl-1-pyrazolyljethyl Vinyl Sulfone (4).

The reaction of a-diazoacetophenone (10.0 mmoles) with vinyl sulfone
(100 mmoles) was initially performed as previously described for the
preparation of 3. After 5 hours at 60°, 100 ml of ether was added to the
cooled reaction mixture which was then filtered to remove the light col-
ored vinyl sulfone polymer that had formed during the reaction. The
ether solution was washed four times with 100-ml portions of water, dried
over anhydrous magnesium sulfate, and the ether was evaporated under
reduced pressure to yield a light yellow solid that, after recrystallization
from ether-pentane, was isolated in 44% yield, mp 99-100°; ir (potassium
bromide): 1650 ¢m! (C=0), 1615 cm™* (C=C), 1260 and 1110 cm"'
(80:); nmr (deuteriochloroform): & 8.30-8.10 (m, o-hydrogens, 2H),
7.65-7.30 (m, m,p-hydrogens, 3H), 7.56 (d, H® 1H, J,, = 2.3 Hz), 6.92 (d,
H*, 1H, J4s = 2.3), 6.5-5.9 (m, CH=CH,, 3H), 4.67 (1, CH,N, 2H, ] = 6.4
Hz), 3.68 (t, CH,S0,, 2H, ] = 6.4 Hz). When this same reaction was per-
formed at 25° for 3 hours, 4 was isolated in 70% yield.
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