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Reactions of spirocyclopropane-containing 1- and 2-pyrazolines
with electrophilic reagents
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Hydrochlorination of spiro( | -pyvrazoline-3.1 "-cyclopropanes) proceeds regioselectively at
the azocvclopropane group to form 3-(2-haloethvl)pyrazoline derivatives. [f the latter
contain a halogen atom in the heterocyele, they are readily converted into (2-haloethyl)pyrazole

hvdrohalides.

Bromination of 3-cyanospirof2-pyrazoline-5,1"-cyclopropane) with

N-bromosuccinimide at 20 °C proceeds with retention of the cyclopropane ring to form

J-bromo-3-cvanospirot | -pyrazoline-5.1 -cyclopropane).

which is converted into

(2-bromoethvlicyanopyrazole in ~60% yield at ~20 °C after 3—4 days.

Key words: spiro(l-pyrazoline-3.1 -cyclopropanes). spiro(2-pyrazoline-5,1 -cyclopro-
panes). 3-(2-haloethyi)pyrazolines and 3-(2-haloethyl)pyrazoles. hydrochiorination, acyla-

tion, brominavon with V-bromosuccinimide.

Previously. !4 we have demonstrated that diazo-
cyclopropanes gencrated in situ can undergo [.3-dipolar
cycloaddition to different unsaturated compounds to
form spiro(t- and 2-pvrazoline-3(3).1 -cyclopropanes).
In these cases. l-pyrazolines containing the spiro-fused
cyclopropane fragment adjacent to the azo group react
with acvl chlorides’7 to form the corresponding
I-acvyl-3-(2-chlorocthyl)-2-pyrazolines, viz., products of
addition of acvl chlorides to the azocyclopropane sys-
tem. in virtually quanttatve vields. These reactions are
accompanied by the opening of the cvclopropane ring.
As part of continuing studics, in this work we investi-
gated protonation, acylation, and bromination of a num-
ber of spirog!-pyrazoline-3,} -cyclopropancs) and
spiro(2-pyrazoline-3.1'-cyclopropanes) with the aim of
revealing the mutual effect of the small ring and the azo
group.

When gaseous HCl was passed at 0 °C through a
solution ol I-pyrazoline 1, which was prepared by add-
ing diazocyvclopropane generated in  situ to
bicyclo|2.2. 1 |hept-2-¢ne.! the cyclopropane ring in com-
pound 1 was cleaved to form the formal [,3-addition
product 2 containing the 2-chloroethy! substituent. Ac-
cording to the 'H NMR spectral data. the degree of
conversion of pvrazoline 1 depends on the amount of
HCI added. When the reagents were taken in an ap-
proximately equimolar ratio, only halt of pyrazotine 1
was converted into compound 2. The complete conver-
sion of the starting pyrazoline required no less than a
twofold molar excess of HCI. which is indirect evidence
that 2-pyrazoline 2 was formed as its hydrochloride. The
structure of the resulting compound was established by

'H and "*C NMR spectroscopy (with the use of standard
homo- and heteronuclear double resonance techniques).
Thus the presence of only one set of signals in the 'H
and '3C NMR spectra indicates that only one of the
possible isomers was formed. The spin-spin coupling
constant J; 5 is equal to ~1 Hz and corresponds to the
exo isomer. The lowest-field signal belongs to the H(2)
proton because this atom is adjacent to the N(3) atom.
No protons are bound to the C(5) atom because no
additional splitting is observed in the spectrum of the
chloroethy! substituent. The 13C NMR spectrum com-
pletely confirms the proposed structure. The removal of
the solvent from the reaction mixture afforded very
hyzroscopic colorless crystals (the yield was ~95%).
However, we failed to isolate the free base by neutraliz-
ing a sotution of compound 2 in CH,Cl; with Et;N or
K,CO5 because substantial resinification occurred.

The reaction of pyrazoline 1 with benzyl bromide
also proceeded as the formal 1,5-addition to the
azocyclopropane system. However, this reaction pro-
ceeded substantially more slowly than the reaction with
HCI. In particufar, keeping of an equimolar mixture of
compound I and PhCH,Br in CDCl, at 5 °C for 2 days

_ afforded (according to the 'H NMR spectral dara)

(2-bromoethyl)pyrazoline 3. Compound 3 and the ini-
tial reagents were present in the resulting mixture in an
approximately equal mofar ratio. An increase in the
reaction time or in the temperature led to a noticeable
increase in the degree of side reactions. Pyrazoline 3 was
isolated in the individual state in ~40% yield by prepara-
tive TLC and was characterized by 'H and 3C NMR
spectroscopy (with the use of the {C,H}-correlation)
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and mass spectroimetry. Pyrazoline 3. hike compound 2.
existed as the exoasomer. and we tailed to detect cven
traces of another 1somer. 1t should be noted that the
stgnals for the methvilene protons of the NCHLPh group
are observed 1n the 'H NMR spectrum as well-resolved
doublets with spin-spin coupling constants ~J =
133 Hz The noneguivatence of the protons at the ¢V
atom of the bromoethyl fragment s manifested an the
'H NMR spectrum of this compound. This nonequi-
valence s most pronounced tor the CHs groups in the
EC—TH COSY spectrum in which Cisy, Ct9)y. Cl10).
and NCH, give two cross-peaks cach. Pyrazoline 3 can
be solated with a purnity of up to Y3% because the
bromine atom readily enters inte substitution r2actions
and further punfication lfeads only 1o losses of the target
compound In spite of the tact that compounds 2 and 3
are structuralh similar, they can be formed according to
ditferent reaction mechanisms. However, it can be sug-
zested that the opening of the small ning occurs at the
final stage o form the halocthyi fragment.

Br

Previously, it has been demonsirated? that the reac-
tions of 3-bromospiro(1-pyrazoline-3. 1 “-cvelopropane) (4)
with different nucicophilic reagents ¢PhO7, PhSTU N7, or
McQ7™) either proceed with retennon of the spirane struc-
ture or are accompanied by coaversions into 3-substituted
pvrazoles Tt was of mterest to study the reactivity of
pyrazoline 4 with respect to clectrophihic reagents. first of
all, with respect to HCL For this purpose. a muixture of
cuseous HCE with an inert gas was passed  through a

solution of compound 410 CDCly at§) or =30 °C. and the
course of the reaction was monitored by recording 'H
NMR spectra of the reaction mixture. The degree of
conversion ol the anial pyrazoline 4 appeared to be
dependent on the amount of HCL passed. The complete
convenion required an approximately equumolar amount
of HCL A double set of triplet signals (che ratio is ~3.5 0 1)
which correspond to pymzoles contunimg the 2-bromo-
and 2-chlorocthyl tragments (Sa.b). respectively, 1s ob-
senved in the region of methylene protons ot the resulting
products. Morcover. the 'H NMR spectra of the reaction
mixture measured at =30 °C are characterized by the
presence of two broadened singlets with equal intensittes at
S 13—16. These singlets coalesce into one broad signal
upon warnung of the sample. Therefore, the conversion of
the product mito hvdrohahde proceeded readily along with
the tormal 1.3-additon of HCH to the azocvclopropane
svstem of pvrazoline 4. It should be noted that (2-bromo-
cthvbpyrazoke rather than ws 2-chloreethyl analog was
predomimantly formed due. apparently, to a substunual
contribution of intramolecular processes which accompa-
med this reacuon.

2-Chlorocthvipyrazole hydrochloride (8b, X = Cl)
was also readily obtatned when HCH was passed through
a solutton of azidopyrazotine 6 in dioxane under a
stream of Arat 0—35 <C. Iy this case, the target product
was obtaned in 827 yvield as a colorless crystathne
precipitate. which was characterized by elemental analy-
sis and NMR spectroscopy (the 'H O NMR spectrum
corresponds to that reported in the literatured). In the
mass spectrum (ED of the resulting compound, the
maximum peaks at m/7 1530 and 132 (the ratio s =3 0 1)
correspond. as expecied. to free nonprotonated 2-chlo-
roethylpyrazole rather toits hvdrochlonde.

According to the data of 'H and '3C NNIR spectros-
copv. the reactuion of pyrazotine 4 with an equimolar
amount of acetvl bronde in CDCly resulted in the
virtually complete disappearance of the initial pyrazofine
410 form a mintute of two compoundsin a ratioof ~§ © |
One of the observed sets of signals corresponds 1o
hydrobromide 3a (X = Br), whereas the second set of
signals s assigned to M-acetyl-2-(2-bromocthylypyvrazole
(7). After treatment of the reaction mixture with water,
only one set of signals corresponding to pyrazole 7 s
retained in the NMR spectra ta solution tn CDCl5).
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Therefore. not only the 1,5-addition of AcBrbut af-
so the elimination of HBr from an intermediate adduct
occurs upon acylation of pyrazoline 4. This elimination
is responsible for the formation of hvdrobromide 3a.
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It should be noted that the reaction with the use of
AcCl instead ot AcBr also afforded predominantly bromo
derivative 7 rather than a compound containing the
2-chloroethyl substituent. This fact indicates that the
bromocthyl fragment is formed primarily due to mi-
gration of the bromine atom from the heterocycle rather
than from acyl halide, /.e., this process is intramolecular.

It is known? that 2-pyrazolines. which do not contain
substituents at the nitrogen atom. can undergo alkylation
and acvlation to form the corresponding N-substituted
2-pyrazolines. However, our attempis to perform alkyla-
tion of 3-cvanospiro{2-pvrazoline-35.1 -cyclopropane) (8)
under the action of Mel (20 2C. 3 h) resulted in a mixture
of diffcrent compounds, which were difficult 1o identify.
(n turn, the reactions of compound 8 with benzoyl chlo-
ride or cyclopropanecarboxylic acid chloride in the pres-
ence of an equimolar amount of Py (20 °C, 0.5 h)
proceeded more sclectively. However, in these cases the
complete conversion of the initial pyrazoline 8 aiso re-
sulted in the formation of acviation products 9 and 10 in
only 30—33% yields. Therefore. the presence of the free
NH group in pyrazoline 8 changes the direction of the
reaction. The retention of the small ring in the reaction
products indicates that the mutual armangement of the
spirocvclopropane fragment and the double bond in the
pyrazoline is of great importance,

Q

D(Y CN ° X /a N
/ + RCOC! =™ ¢ Nty
N—N ST /
H COR
8 8, 10

R = Ph (9), cyclo-CzHs (10)

luthe '"H NMR spectrum of pyrazoline 9. the singlet
signal for the protons at the C? atom is shifted downfield
compared to that of the initial pyrazoline 8 (A5 0.23). In
addition, two multiplet signals appear in the aromatic
region and two symmetrical multiplets are observed at §
0.85 and 2.35. The latter are typical of the protons of
the cvclopropane ring, in which a pair of protons di-
rected toward the nitrogen atoms is strongly deshielded
by the benzoyl substituent.

With the armm of comparing the reactivities of
2-pvrazolines, which differ by the presence or absence
of the cvclopropane fragment, we studied benzoylation
(20 >C) of a mixture of pyrazolines 11 and 8 with
PhCOC! when the reagents were taken n an eguimolar
ratio. According to the data of 'H and *C NMR
spectroscopy of the reaction mixture, pyrazoline 11 was
predominantly subjected to acylation io give compound
12 (2 h) in -90% vyield. This fact indicates!® that
pyrazoline 11 is substantially more reactive than spiro-
fused analog 8.

(YCN (\//CN
8 + ) + PhCOCH —lew /s + 9

N—N CH.Ci; N—N
/ /
H COPh
11 12
1:1:1 ~15:1

Then we studied bromination of cyanopyrazolines 8
and 11 under the action of V-bromosuccinimide ( NBS).
Both reactions were performed at 10--20 >C using an
equimolar ratio of the reagents and CCl, as the solvent.
The reaction of pyrazoline 8 with NBS readily pro-
ceeded in the absence of radical initiators and was
completed in 3 h to form 3-bromo-3-cvanospiro
{I-pyrazoiine-5.1 -cyclopropane) (13). which was iso-
lated as a yellow crystalline compound in ~80% yield
and was characterized bv 'H and '3C NMR spectros-
copy. However, pyrazoline 13 underwent virtually com-
pletc somenzation into (2-bromoethyl)cvanopyrazole
(14) after 3—4 days. Dissolution of the resulting mixture
it a munimum amount of CH,Cl, and subsequent treat-
ment of the solution with CCly afforded pyrazole 14 in
~60% vield. The formation of this compound is sup-
ported by the fact that the '"H NMR spectrum has two
triplets at 6 3.38 and 3.62 and a singlet at & 6.64
corresponding to the proton of the pyrazole ring. The
13C NMR spectrum has only one set of signals, which
may correspond either to a rapid exchange process in
the heteroaromatic structure in solution or, less prob-
able. 10 the fixed position of the proton at the N(I) or
N¢2) atom. Our data do not give an unambiguous
answer to the question as to the position of the proton
in the molecule (additional studies are required). Com-
pound 14 is rather stable only in a solution and it
readily undergoes resinification in the solid state.

b
_NBS A~ B 3—4 days
8 =, . cN T
N=
13
a b
Br o a CN
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14
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The reaction of NBS with cvanopyrazoline 1 pro-
ceeded analogously to form 3-bromo-3-cvano-1-
pyrazoline (15) in -30% vield. Pyrazoline 15 containing
one ring is even less stable than pyrazoline 13 containing
the spiro-tused cvclopropane fragment. Compound {5
completely decompaosed within | h after the removal of
the solvent. this process being sharply accelerated as
HBr was chiminated. Cyvanopyrazole (16) was isolated
from the reaction products in ~63% vield by extraction
with dichloromethane. The results obtained in this work
allow one to state that the presence of the spiro-fused
cyclopropane fragment slows down conversions of
pyrazolines that contain readily leaving groups into more
stable pyrazoles.

b b
Br CN
NBS c 2 1h (Y
1 =5 (YCN T O
N=N N—N
15 1

To summarize. our studics demonstrated that
spirocvclopropane-containing dihydropyrazotes readily
react with electrophilic reagents. These reactions cun
procced either with the opening or with retention of the
cvelopropane ring. Although the reaction mechanism
was not studied in detail, it is apparent that the direction
of the process is most substantially affected by the
structures of the initial dihvdropyrazoles; primarily, it
depends on whether the spiro unit is located in the
vicinity or at a large distance from the double bond in
the heterocvele.

Experimental

The 'H and '“C NMR spectra were recorded on Bruker
AC-200 (200 and 30.3 MH7) and Bruker AM-300 spectrom-
eters (300 and 733 MHz) in CDCly solutions containing
4.03% of Me St as the internat standard. The mass spectra
were obtained on a Finnigan MAT INCOS-30 instrument (EL
70 eV, direct introduction of the sample). The '*C NMR
spectra are given in Table 1.

Ether. hexane. pyridine. benzene. and CH,Cly were purni-
fied according to stundard procedures.
5-(2-Chioroethyl)-3.4-diazatricyclo[5.2.1.02-0Jdec-4-ene
hydrvochloride (2). A stream of Ar with the addition of dry
vaseous HCL. which was prepared from NaCl (26 mg, .45
mmol) and H380, (0.1 ¢, 1.0 mmol), was slowly (2 mL min™h
passed through a solutton of spiro(3.4-diazatricvclo-
[3.3.1.02]dec-3-ene-3.1 -cvclopropane) 1 {see Ref. 1) (49 me,
0.3 mmol) in CDCl;. According to the data of 'H NMR
spectroscopy, the reaction mixture contained ~43% of the
initial pyrazoline 1. The NMR spectrum has a set of signals
corresponding to a new compound in which the cyclopropane
fragment was cleaved. Then the equal amount of drv HCH was
passed at 0 °C and, as in the first case, the mixture was kept at
! h and analyzed by 'H and *C NMR spectroscopy. All
signals observed in the spectra and their integral intensities
correspond to compound 2, whereas the signals of the initial
pyrazoline are virwally absent. Evaporation of the solvent
afforded colorless crvstals, which readily deliguesce in air. The
vield was 70 mg (95%). 'H NMR (CDCl3), §: 10.3 (brs. 2 H,
NH and HCh: 3.95 thrd. U H. H(2), /o, = 7.5 Hz): 376
(bri. 2 H, CHACL S = 6.6 Hz) 3.26 (brd, T H, H(6), Jo, =
7.5 Hey: 288 (m, 3 H, Hilyand C¥H,): 242 (m. 1 HL H(7):
1.33 (m, 2 H, exo-H($) and exo-H(9)); 1.10—1.35 (m, 4 H.
endo-H(R). endo-H(3). and 2 H(10)).
3-Benzyl-5-(2-bromoethyly-3,4-diazatricyclo[5.2.1.02.6}-
dec-4-ene (3). A mixture of pyrazoline 1 (49 mg. 0.3 mmol)
and PhCHLBr (31 mg. 0.2 mmolY in CH,Cly (0.4 mL) wus
kept at 3 °C for 2 davs. According to the data of 'H NMR
spectroscopy. the reaction nuxture contained approximately
equal molar amounts of the unconsumed imtial compounds
and N-alkviation product 3 (PhCH-Br: 1:3 =1:1:1). Then
the reaction mixture was separated by preparative TLC (silica
gel Lo a1 ;| ether—hexane mixture as the eluent). Product 3
was obtained as a viscous vellowish liquid in a yield of 40 mg
(~40%. the purity was 93%). R 0.62 {ether—hexane, | @ 1)
'H NMR (CDCly). 8 7.23~7.46 (m. 53 H. Ph): 4.39 and 4.06
(both d. 1 H each, NCH-, 2/ = 13.5 Hz); 3.60 (1, 2 H, CH,Br.
= 7.0 Hz): 3.18 €dt. | H. H(D). Jaq = 9.1 Hz, /= 1.2 Hz):
2.80 (m, 3 H. H(6) and C“H1): 2.30 (m, { H. H(1)); 2.00 (m.
1 M. H(T): 1.25—1.70 (m. 3 H, | H(19), exo-H{Y) and
exo-H(9)): 0.90—1.20 (m. 3 H. 1 Hy(10). endo-H(8) and
endo-H(9)). The partial mass spectrum. m/z ([ (%)) 334
(1.5) and 332 (1.3) {M{7. 253 (2), 183 (4. 91 ({00).
3-(2-Bromoethyl)- (53) and 3-(Z-chloroethyl)pyrazole (5b)
hydrohalides. Dry gaseous HCl under a slow stream of Ar was
passed through a solution of bromopyrazoline 4 (see Ref. 4)

Table 1. 13C NMR spectra (3) of 4.3-diazaspiro[2.4|heptenes and pyrazoles

Other C atoms

Com- e c* Ccr cY Cc* CN
pound

2 78.3 61.3 627 328 326

3 [RE 3y 712 3270 9.0

Sh 1453 107.2 1528 266 416

7 i34.8 109.6 1290 302 321

9 133.9 434 464 119 119 113.6
10 126.6 436 459 9.1 9.1 1135
13 96.2 417 697 156 133 117.1
t4 142.9 110.1 1252 289 300 1139
15 107 S31 612 143
16 12435 0.8 1301 138

9.7 (C-1). 38.1 (C-71. 24.3(C-8), 27.0 {C-9), 39.2 (C-10)

(C-1y, 393 (C-7y. 241 (C-8), 28,4 (C-9). 33.4 (C-10),

39.5 (NCH). 138.0, 128.2, 1292, 1271 (/-, 0-. m-, and p-Ph)

11.8 {Me). 169.6 {C=0)

7.7.127.8. 1294, 131.4 (Ph); 167.6 (C=0)
1 (CH,CH3), 122 (CH).L 1728 (C=0)
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(68 mg. 0.34 mmol) in CDCl; at 0 or =30 °C. and the course
of the reaction was momtored by '"H NMR spectroscopy (at
=30 °C. two broadened signals for acidic protons were ob-
served at & 15—16). In both cuases, the reaction mixture
appeared to be a mixture of two pyrazole hydrohalides 5a and
Shoin a ratio of ~3.5 1 1 as the mial bromopyrazoline 4 was
consumed. '"H NMR (CDCl;). &, 3a: 800 (4. | H, H. J =
2.2 Hzy: 6.63 (d. | H. H?. /= 2.2 Hzy; 3.75 (1. 2 H. CH,Br.
J =66 Hz): 3.54 (1, 2 H, C'H,. J = 6.6 Hz): 5b: 7.90 (d. | H,
HO /= 2.0 Hoy: 6.39 (d | HL HA U = 20 Hz): 391 (1, 2 H,
CH,CI. J = 6.5 Hz); 342 ¢, 2 H. C9H,. J = 6.6 Hz).

3-(2-Chioroethyl)pyrazole hydrochloride (5b). Drv gaseous
HCI under a slow stream of Ar was passed through a solution
of azidopyrazoline 6 (see Ref. 4) (0.10 g. 0.75 mmob) tn dry
dioxane (2 mL) at 0—3 °C for 3 min. A coloriess precipitate
formed as the HCI was passed. Then this precipitate was
fiftered off and washed with cooled dioxane, and hvdrochloride
5b was obtained in a vield of 0.10 g (82%). The ‘H NMR
spectrum is in complete agreement with the published data® as
well us with the signals assigned to compound Sb in the
previous experiment. The partial mass spectrum. m/z (fo (%))
130 (263 and 132 (9 {M — HCI™. 93 (78). &1 (100). Found
(%): C, 36.28: H, 4.93; Cl. 42.91. C:H-CIN, - HCI. Calculated
(%): C. 3595 H. 4.83: CI, 42.45.

1-Acetyl-3-(2-bromoethyi)pyrazole (7). AcBr (16 mg. 0.13
mmol) was added 1o a solution of bromopyrazoline 4 (20 mg,
011 mmol) (see Ref. 4 in CDCly (0.4 mbL) at 20 °C. The
reaction mixturc was kept for 3 h and then the '"H NMR
spectrum was recorded. The signals in this spectrum demon-
strated that compounds 7 and S5a were present in approxi-
mately equal amounts. Then the reaction mixture was treated
with H.O. CH,Cl; (I mbL) was added, the orgamc layer was
dried with Na»SO;. the solvent was removed. and a yellow
waxy substance was obtained in a vield of 16 mg (~50%),
which, according to the '"H NMR spectral data. contained
~94% of compound 7. '"H NMR (CDCl;). 6: 8.19 (d. | H. He.
J =235 Hz): 638 (d. 1 H, Hf. J = 2.3 Hz): 3.67 {t. 2 H,
CH,Br, /= 7.0 Hz): 3.28 ¢1, 2 H, C'H,. /= 7.0 Hz): 2.70 (s,
3 H. Me). The partial mass spectrum, m/z (1, (%6)) 216 (5)
and 248 (H M7 174 (1T) and 176 (18), 137 (29), 93 (100},
51 (92).

4-Benzoyl-6-cyano-4,5-diazaspiro{2.4}hept-5-ene (9).
PhCOC! (of chemically pure grade; 0.11 g. 0.83 mmol). which
was freshly distiled in vacwo, was added to a solution of
cyanopyrazoline 8 (see Ref. 3) (0.10 g, (.83 mmol) and Py
(0.06 2. 0.83 mmol) in CH,Cl, (3 mL) at 20 °C over 10 min.
The reaction mixture was kept for 2 h and then treated with
water. The organic layer was seéparated and dried with Na,;SO,.
The solvents were removed and the residue was recrvstallized
from MeOH. Pyrazoline 9 was obtained as vellow-orange crys-
tals in a vield of 0.10 g (55%), m.p. 155—157 <C. 'H NMR
(CDCl3), &: 7.64 and 7.42 (both m. 2 H und 3 H, Ph): 3.21 (s,
2 H. CPHy): 2.35 (m, 2 H. HY and HC, directed toward the N
atom of che heterocvele): 0.85 tm. 2 H. HY and He, directed
away from the N atom of the heterocycle). The partial mass
spectrum, m/z (£ (%)) 225 (3 [M}7, 173 (13). 105 (100), 77
(62). Found (%): C. 69.63. H, 4.80: N, 18.47. C;3HN;O.
Calculated (%): C. 69.32; H. 492: N. 18.66.

6-Cyano- l-cyclopropylcarbonyl-4,5-diazaspiro| 2.4]hept-5-
ene (10). A mixture of cyanopyrazotine 8 (32 mg. 0.26 mmol)
and cyclopropanecarboxylic acid chloride (see Refl 11) (32 mg,

0.3 mmol) in benzene (0.3 mL) was kept at 10 °C for 10 h.
Then the solvent was removed in vacuo and the residue was
recrystallized from MeOH. Product 16 was obtained as color-
less crystals in a yield of 32 mg (60%), m.p. 7274 °C.
TH NMR (CDCI;), 8: 321 (5, 2 HO HY): 232 (. 1 H, CH in
evelo-CiHsCO. Jppe = 7.9 Hzo Jipppe = 4.6 H2): 211 (m. 2 H.
H¢ and He¢, directed toward the N atom of the heterocycle):
0.72 (m, 2 H. HY and H¢. directed away from the N atom of
the heterocycle): 0.98 and 0.88 (both m. 2 H, each, CH. in
cvelo-C3HCO). The partial mass spectrum, m/ 2 (/o (%)) 189
(7) [M}7F, 69 (100), 41 (38). Found (%): C, 63.39: H, 5.80: N,
22.17. C3H (NSO, Caleulated (%) C, 63.48; H, 5.86: N.

(0.356 g, 2.0 mmol) was added to a solution of cyanopyrazoline
8 (0.245 g, 2.0 mmol) in dry CCly (2 mL). The reaction
mixture was stirred at 3 °C for 1 h and then filtered. The
solvent was removed J/n vecuo and the waxy residue was treated
with ether (4 mL). After the removal of the ether, compound
13 was obtained as vellow crvstals in a vield of 0.316 g (79%).
m.p. 72—74 °C. 'H NMR (CDCl3). & 231 and 2.30 (both d.
I Heach, H?, 2/ = 14.9 Hz); 2.04 and 1.89 (both m, | H each,
HY and H¢. directed toward the N=N group); 1.42 (m. 2 H,
H? and He¢, directed away from the N=N group). The partial
mass spectrum. m/z (/1 (%)) 201 (0.3) and 199 (0.3) (M]".
184 (10) and 186 (9). 120 (97), 106 (100). Found (%): C.
36.40; H. 3.19: Br. 39.71. CyHBrN;. Calculated (%): C,
26.03: H, 3.02; Br, 39.94.

3(5)-(2-Bromoethyl)-5(3)-cyanopyrazole (14). A sample
of pyrazohine 13 (0.22 g) was kept at 20 “C for 3 days and then
dissolved in CH.Cl, (2 mL), and CCl, (4 mL) was added. The
crystals that precipitated were filtered off and dried ir vacuo.
Pyrazole 14 was obtained in a yield of 0.14 g (64%), m.p.
83—84 °C (with decomp.). '"H NMR (CDCl;), §: 8.80 (br.s,
1 H. NH): 6.64 (s. 1 H. HM: 3.62 and 3.34 (both t. 2 H each.
CH,CH,Br, J = 6.5). The partial mass spectrum, m/z (I
(€2)); 201 (28) and 199 (32) [M}™. 120 (100). 106 (98).

3-Bromo-3-cyano-4,5-dihydropyrazole (15). NBS (1.07 g.
6.0 mmol) was added with intense stirring to a solution of
3-cyano-2-pyrazoline (11) (sec Ref. 12) {0.57 g. 6.0 mmol) in
CH,Cl, (10 mL) at 0 °C. The solution immediately turned red.
The solvent was removed in vacuo, the residue was treated with
ether, the precipitaie was filtered off, and the ether was
removed in vacuo. Pyrazoline 15 was obtained in a yield of
0.35 g (52%): the purity was ~93% {according to the 'H NMR
spectral data). 'H NMR, & 5.08 and 4.71 (both m, 1 H each.
C¢H,): 2.61 and 2.28 (both m, 1 H each, Cng). The partial
mass spectrum, m/c (Jq (%1 175 (3) and 173 (2) [M]™, 149
(4) and 147 (3), 94 (24). 40 (100).

The resuiting pyrazoline 15 is rather stable in solutions at
temperatures below 0 °C. However, compound 15 completely
decomposed in the absence of solvents during | h
3-Cvanopyrazole (16) was isolated in ~65% yield from the

“décompusition products upon their treatment with CHCl,.

The '"H NMR spectrum and the melting point of the resulting
compound correspond to the published data.'3 The partial
mass spectrum. m/z (/) (53)): 93 (32) {M]7, 66 (25), 43 (100).

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos. 99-03-
32980 and 96-15-97323).
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