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Reactions of spirocyelopropane-containing 1- and 2-pyrazolines 
with electrophilic reagents 
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Hydrochlormation of spiro( I-pyrazotine-3. I '-cyclopropanes) proceeds regioselectively at 
the azoc_~clopropane group to form 3-(2.dlaloethyl)pyrazoline derivatives. If the latter 
contain a halogen atom in the heterocycle, they are readily converted into (2-haloethyl)pyrazo[e 
hydrohalides. Brominatmn of 3-cyanospiro~'2-pyrazoline-5,1"-cyelopropane) with 
,'v-bromosuccinimidc at 20 "C proceeds with retention of the cyctopropane ring to form 
3-bromo-3-cyanospirml-pyrazoline-5.1-cyclopropane). which is converted into 
(2-bromoethyl)cyanopyrazole m ~60% yield at ~20 ~ after 3--4 days. 

Key words: spiro( I-pyrazoline-3,1 "-cyclopropanes), spiro(2-pyrazoline-5,1 "-cyclopro- 
panes). 3-(2-hatoe/hyi)pyrazolines and 3-(2-haloethyl)pyrazoles. hydrochiorination, acyla- 
tion. bromination with N-bromosuccinimide. 

Previously, t--4 we have demonstrated that diazo- 
cyclopropanes generated in situ can undergo 1,3-dipolar 
cycloaddition to different unsaturated compounds to 
form spiro(I- and 2-pyrazoline-3~5),l '-cyelopropanes). 
In these cases. [-pyrazolines containing the spiro-fused 
cyclopropane fragment adjacent to the azo group react 
with acyl chlorides ~-7 to form the corresponding 
I-acyl-3-(2-chlorocthyl)-2-pyrazolines, vi.-.., products of 
addition of acvl chlorides to the azocyclopropane sys- 
tem. in virtually quantitative yields. These reactions are 
accompanied by the opening of  the cyclopropane ring. 
As part of continuing studies, in this work we investi- 
gated protonation, acylation, and bromination of a num- 
ber of sp i ro i l -pyrazo l ine -3 ,1" -cyc lopropanes )  and 
spiro(2-pyrazoline-5,1 '-cyclopropanes) with the aim of 
revealing the mutual effect of the small ring and the azo 
group. 

When gaseous HCI was passed at 0 ~ through a 
solution of l-pyrazo[ine 1, which was prepared by add- 
ing d iazocyc lopropane  generated in situ to 
bicyclo[2.2. I Ihept-2-ene. t the cyclopropane ring in com- 
pound 1 was cleaved to form the tbrmal 1,5-addition 
product 2 containing the 2-chloroethyl substituent. Ac- 
cording to tl!e ZH NMR spectral data. t!!e degree of 
conversion of pyrazolme I depends on the amount of 
HCI added. When the reagents were taken in an ap- 
proximately equimolar ratio, only half of pyrazoline 1 
was converted into compound 2. The complete conver- 
sion of the starting pyrazoline required no less than a 
tv, ofold 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 

l[-I and I-~C NMR spectroscopy (with the use of standard 
homo- and heteronuclear double resonance techniques). 
Titus the presence of only one set of signals in the I H 
and ~3C NMR spectra indicates that only one of the 
possible isomers was formed. The spin-spin coupling 
constant JI,2 is equal to - I  Hz and corresponds to the 
exa isomer. Tile 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 
chloroethyl substituent. The 13C NMR spectrum com- 
pletely confirms the proposed structure. The removal of 
the solvent from the reaction mixture afforded yew 
hygroscopic color)ess crystals (the yield was ~95%). 
However, we failed to isolate the free base by neutraliz- 
ing a solution of compound 2 in CH2CI 2 with EI3N or 
K2CO 3 because substantial resinification occurred. 

The reaction of pyrazoline I 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 particular, keeping of an equimolar mixture of 
compound 1 and PbCH,Br in CDC[ 3 at 5 ~ for 2 days 
afforded (according to the IH N MR  spectral data) 
(2-bromoethyl)pyrazoline 3. Compound  3 and the ini- 
tial reagents were present in the resulting mixture in an 
approximately equal molar 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 tH and I-~C NMR 
spectroscopy (with the use of the {C,H}-correlation) 
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;llld mass s p c c t r o n l e t r y  Pvrazol ine 3, hke c o m p o u n d  2. 
existed as tile c.~:u msomer, alld we lailed to de tec t  c,..cn 
t races of a r lo ther  i somer .  It shuuld bc noted  Ihat  the 
signals for tile methylene protein, nf the NCH ,Ph group 
are ohsen/ed in the i l4 q M R spcclrunl ;.IS v/etl-rc~,olved 
d o u b l e t s  ',villi s p i n - s p i n  c o u p l i n g  c n n s t a n t s  -'J = 
135  Hz ] l i e  n o n e q u i v a t e n c c  of  tile protons at tt~e C 's 
a t om of  the b ro rnoe i hy l  f ragment  ~s nlanile:-,ted in the 
iH N M R  s p e c l r u m  of  this c o m p o u n d .  This n o n e q u i -  
va lence  ~s most  p r o n o u n c e d  Ik)r tile C H ,  el-clips in the 
1 3 C - I H  COSY spec t ru in  in which C(S}. C{9). C(10) .  
arid NC'H 2 gBe two c ross -peaks  each. Pyrazol ine 3 can  
be is{}laled v, lth a pur i ty  of  tip to 93% because  tile 
bromine ah)m readily enters into substitution reaclu)ns 
;llid fuFlhcr pur i l icat ion le;ld~ onl_~ to Io,ses of the target 
conlp(llll)d In spite o f  the fact that CC)llipt)unc}s Z and 3 
arc s t ruc tu ra lh  s imi lar ,  they can  he /{}rnl~'d a c c o r d i n g  to 
d i l l e ren t  r e acuon  mechani. , ,nts.  Howe\er ,  it c;tn be sug- 
gested thai Ihc o p e n i n g  of  the small  ring occurs  .tl lhc 
final stage to form the tlah)cth51 iragment  
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Prcxiouqy, it has been demonst ra ted  4 ihat tile reac- 
l ions Of 5 -brOlllO'<piro( I - pyrtlzolille- 3, I "-cvc Iopropa ne I ( 4 I 
v, ith different nuc leophi l ic  reagents i F>hO , P h S - .  N : - .  or 
,'k, l e O -  ~ either proceed 'aith rc tenl ion of the spiranc s t r u t -  
iure or are 3cconlp,ll l icd b) con\'crslOllS into 3-subst i tu ted  
pyrazoles II ~aq of  interest to >,tudv the reactivit.~ o f  

pyr;lzoIinc 4 ~,ith respect to clcctrophilic reagents, first of  
all. with respect tO HCI For thl.', pUl].'~o-,c, a mixture Or 
g:_lsec)us HCI with an incrl  gin, wax pa%ed th rough  a 

_sotulion of conlpound 4 in CDCI:  at {) or - 50  )C. and the 
course of the reaction Aa.,; monitored hy recordin,_, I H 
NMR spectFa of tt~c reachon mixture l h c  degree of 
conversion of the initial pyrazoline 4 appeared to be 
dependent on file .imount of HCI passed The complete 
converaion required till approximately equimolar amoulit 
of HCI. A double st'[ of tnptet qgrlal~ ~ti~e ratio is ~3 5 : 1 ). 
~,t]ich corte~,pond it) pyrazoles containillg the 2-bromo- 
and 2-chloroethyl fracmcnts (Sa.ll). respectively, is ob- 
ser,,ed in the region of methylene protons of the resulting 
products. Moreover. file IH N,"vlR spectra of  the re:lctlon 
mixture measured at -50 "C are characterized by tile 
presence of two broadened ,,inglets with equal Hltenslttes :it 
S 15--1t~ these gills coalexqe into one broad sign:ll 
tipon w, arnllllg of the saml)le. Fheretbrc. tile comersion of 
the product Into h~clrohalicte proceeded readily along ~ith 
the torrnal 1.5-addition nf HCI to the azo%vclopr(ipclne 
system ofpyrazol ine  4 It should he noted that t 2 -b romo-  
ethyllp.~r:lzole Father than its 2-chloroeth~l allalog ,acid, 
predominant ly  ton'ned due. apparently,  to q substanlkll  
contribution of inlramolccular processes which accDmpa- 
nied lhis reaction. 

2-ChlorocthpIp~Fazlde hydroch lor ide  fSb, X = CI) 
',~.as also readily obta ined when  HCI ,,,,:is passed th rough  
a solut ion of azidop),razoline 6 in d ioxane  unde r  a 
'qream of  Ar at (i--5 <C In this case.  the  target  prc)duc~ 
waa ob tmned  in s ~ield as a color less  c w s t a l h n e  
precipi tate ,  which ',a~> charac ter ized  by e l e m e n t a l  anal:,-  
sis arid N M R  spectroscopy i the  !H N M R  spec t rum 
cor responds  to that repel led  in the l i teratureS).  In the 
mass spectrunl  I E I ) o f  fl'lc resul t ing c o m p o u n d ,  the 
maxunu ln  peaks ai m/':. 130 and 132 ( the  rat io  is -3 : I) 
co r respond ,  as expected,  to free n o n p r o t o n a t e d  2-ch lo-  
roe thylpyra /o le  rather  to its t lydrochlor ide .  

According to the data of  tH and 13C N \ I R  s p e c t r e >  
copy. the react ion of pyrazoline 4 with an equ imo la r  
a m o u n t  of  acet.vl bromide  in CDCI  3 resul ted in the 
virluall.,, comple te  d isappearance  of  Ihc init ial  pyrazol ine  
4. to l;arrn a mixture o f { ~ o  c o m p o u n d s  in a rat io  of  - t  : l 
One  of  the obseF',ed sets of  signals c o r r e s p o n d s  to 
hydrobromide  5a '{X = Br), ~.hereas the s e c o n d  set tit" 
signals is assigned to ,Y-acet,,I-3-( 2-bromoethyl )pyrazole 
q?). After t r ea tment  of the react ion mixture  with water.  
only one set of signals co r re spond ing  to pyrazole ? is 
re ta ined in tile N M R  q~ectra (a so lu t ion  in C'DCI;~. 
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Therefore. not only the 1,5-addition of AcBr but al- 
so the elimination of HBr from an intermediate adduct 
occurs upon acylation of pyrazolinr 4. This elimination 
is responsible for the i:;,)rmation of hydrobromide 5a. 
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It should be noted that tile reaction with tile use ot" 
AcCI instead of AcBr also afforded predominantly bromo 
derivative 7 ralher than a compound containing the 
2-chloroethyl substituent. This titct indicates that tile 
bromoethyl fragment is tbrmed primarily due to mi- 
gration of the brontine atom from the heterocycle rather 
than from acyl halide, i.e., this process is mtmmolecular. 

It is known 9 tl~at 2-pyrazolines, which do not contain 
substituents at the nitrogen :]tom. can undergo alkylation 
and acylation to form the corresponding N-substituted 
2-pymzolines. However. our attempts to perform alkyla- 
tion of 3-cyanospiro(2-pyrazol ine-5,  1 '-cyclopropane) (8) 
tinder the action of Mel (20 ~ 3 h) resulted in a mixture 
of different compounds, which were difficult to identify,-. 
In turn, the reactions of compot, nd 8 ,xith benzoyl chlo- 
ride or cyclopropanecarboxylic acid chloride in the pres- 
ence of an equimolar amount  of Py (20 ~ 0.5 h) 
proceeded more selective}y. Hov, ever. in these cases the 
complete conversion of the initial pyrazoline g also re- 
suited in the fbrmation ofacylat ion products 9 and 10 in 
only 50--55% 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 arrangement of the 
spirocyclopropane fragment an(] the double bond in the 
pymzolme is of great importance. 

d 

+ R C O C I  ~ e CH~O~ N--N 
N--N i 

H j COR 
8 9 , 1 0  

R = Ph (9 ) ,  cyc/o-C3H 5 ( 1 0 }  

In the tH NMR spectrum of pyrazoline 9. the singlet 
signal tbr the protons at tile C h atom is shifted downfield 
compared to that of the initnal pyrazoline 8 (,38 0.23). In 
addition, two multiplet signals appear in the aromatic 
region and two symmetrical multiptets are observed at ,5 
0.85 and 2.35. The latter are typical of the protons of 
the cyclopropane ring, in which a pair of protons di- 
rected toward the nitrogen atoms is strongly deshielded 
by the benzoyl substituent. 

With the aim of comparing the reactivities of 
2-pyrazolines, which differ by the presence or absence 
of the cyctopropane fragment, we studied benzoylation 
(2t_) ~C) of a mixture of pyrazolines 1t and 8 with 
PhCOCI when the reagents were taken in an equimolar 
ratio. According to the data of IH and ~3C NMR 
spectroscopy of the reaction mixture, pyrazoline ! 1 was 
predominantly sukwcted to acylation to give compound 
12 (2 h} in -90% yield This fact indicates l~ that 
pyrazoline !1 is substantially more reactive than spiro- 
fused analog 8. 

8 ~- 

~ . . C N  ~ , . .  CN 

N--N 4-PhCOC1 ~ + 9 " c % c .  N~N 

C O P h  

1 : 1 1  -15:1 

Then we studied bromination of cyanopyrazolines 8 
and II  under the action of N-bromosuccinimide (NBS). 
Both reactions were performed at 10--2() ' C  using an 
equimolar ratio of the reagents and CC14 as the sol~.ent. 
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 -b romo-3 -cyanosp i ro  
(l-pyrazoline-5.1 "-cyciopropane) (13L which was iso- 
lated as a yellow crystalline compound in -80% yield 
and was characterized by fit and 13C NMR spectros- 
copy. However, pyrazoline IJ under,vent virtually com- 
plete isomerization into (2-bromoethyl)cyanopymzole 
(I4} after 3--4 days. Dissolution of tile resulting mixture 
m a minimum amount of CFI2CI 2 and subsequent treat- 
ment of the solution with CCt 4 afforded pyrazole 14 in 
-60% yield. The formation of this compound is sup- 
ported by the fact that the JH NMR spectrum has two 
triplets at 8 3.38 and 3.62 and a singlet at 8 6.64 
corresponding to the proton of the pyrazole ring. The 
J3C 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, to 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 unde~oes resinification in the solid state. 

d 
, . ~ @ , ~ B r  da~ 

NBS 
8 

~- \ / " C N  2~ 
N=N 

13  

d b 
Br e V ' ~ / ~ C N  

N-N 
H 

14 



S p i r o c y c l o p r o p a n e - c o n t a i n i n g  l-  and 2-pyrazol ines  Ru.ss.Chem.Bull.. l'bl. 40. No. 3. Matz'h. 2000 475 

The reaction o f  NBS with cyanopyrazol ine  11 pro- 
ceeded ana logous ly  1o fo rm 3 - b r o m o - 3 - c v a n o - l -  
pyrazot ine (151 in --50% yield. Pyrazoline 15 con ta in ing  
one  ring is even Tess stable than  pyrazoline 13 con ta in ing  
the spiro-fused cyc lop ropane  fragment. C o m p o u n d  15 
comple te ly  d e c o m p o s e d  wi thin  I h after the removal  o f  
the solvent,  flUs process  being, sharply acce lera ted  as 
HBr  was e l iminated.  Cyanopyrazo le  (161 was isolated 
i"rom the reaction p roduc t s  in -65% yield by ext rac t ion  
with d i ch lo rome thane .  The results obtained in this work 
allow one to state that  the presence of  the spiro-f i tsed 
c y c l o p r o p a n e  f r a g m e n t  s lows down con , , e r s i ons  o f  
pyrazol ines  that con ta in  readily leaving groups into more  

stable p> razoles. 

b 
A a/Br @ C N  

NBS c 1 h C 

11 cc, " ( 7"CN 
N : N  N- -N  

H 
15 16 

To s u m m a r i z e ,  o u r  s t ud i e s  d e m o n s t r a t e d  tha t  
s p i r o c y c l o p r o p a n e - c o n t a i n i n g  dihydropyrazoles  readily 
react with e lcct rophi l ic  reagents,  l"hese reac t ions  can 
proceed  either with the open ing  or with re ten t ion  of  the 
cyc lopropane  ring. Al though the reaction m e c h a n i s m  
wax not  studied in detail ,  it is apparent  that the d i rec t ion  
of  the process is most  substantially affected by the 
s t ructures  of  the initial d ihydropyrazoles :  pr imari ly ,  it 
d e p e n d s  on whe the r  the spiro unit is located in the 
vicinity or at a large dis t :mce from the double  bond  in 

the heterocycle.  

Experimenlal 

The II-I and 13C NMR spectra were recorded on Bruker 
AC-200 (200 and 50.3 MHzI and gruker AM-300 spectrom- 
eters 1300 and 75 5 Ml-lz) in CDCI,, solutions containing 
0.05% of MeaSi as the internal standard. The mass spectra 
were obtained on a Finnigan MAT INCOS-50 instrument (El, 
70 eV, direct introduction of the sample]. The I~C NMR 
spectra are given in Table I. 

Ether. hexane, pyridine, benzene, and CH~Cl, were puri- 
fied according to standard procedures. 

5-(2-Chloroethyl)-3,4-diazatrieyelo [5.2.1.02,6]dee-4-ene 
hydrochlnride (2). A <ream of Ar with the addition of dry 
gaseous HCI, which was prepared from NaCI (26 ms. 0.45 
retool) and 1t2SO 4 (01 ,go l0 mmot), was slowly (2 mL rain -I) 
passed through a solution of spiro(] .4-diazatr icych)-  
15.3. i.02e'ldec-3-ene-5.1 "-cyclopropane) 1 (see Ref. 11 {49 rag, 
0,3 retool) in CDCI> According to the data of IH NMR 
spectroscopy, the reaction mixture contained ~45% of the 
initial pyr'azoline 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  dr?., HCI was 
passed at 0 ':C and. as in the first case, the mixture was kept at 
I h and analyzed by ~H and ~'C NMR spectroscopy. AIt 
signals observed in the spectra and their integral intensities 
correspond to compound 2, whereas the signals of the initial 
pyrazoline ale virtually absent, Evaporation of the solvent 
afforded colnrless crystals, '*hich readily deliquesce in air. The 
yield was 70 mg (95%). iH NMR (CDCI3), 6:10.3 ?br.s. 2 H, 
NH and HCII: 3.95 d)rd. I H. H(2). J:.,, = 7.5 Hz): 3.76 
(br.t. 2 H, CH,CI. J = 6.6 Hz): 3.26 (br.d. I It, H(6), .12.,, = 
7.5 Hz): 2.88 ira, 3 H, tt(1)and CaH21:2.42 (m, I H, H(T)~: 
1.55 (m, 2 tt, exo-ttl8) and exo-H(9)); 1.10--1,35 Ira, 4 H, 
endo-H(81, endo-H(9L and 2 H(10)). 

3- Benzyl-5- (2-bromoethyl)-3.4-diazatricyclo| 5.2.1.02,6] - 
dee-4-ene (3). A mixture of pyrazoline ! (49 rag. 0.3 mmoU 
and PhCH,Br 151 ms, 0.3 mmoD in CH,C[~ (0.4 mL) was 
kept at 5 ~C [br 2 days According to the data of i]-t NN1R 
spectroscopy, the reaction nuxture contained approximately 
equal molar amounts of the unconsumed imtial compounds 
and N-alkytation product 3 (PhCH,Br" I : 3 = I : 1 : I). Then 
the reaction mixture was separated by preparative TLC (silica 
get L: a I : I ether--hexane mixture as the eluent). Product 3 
was obtained as a viscous yellowish liquid in a yield of 40 mg 
(-40%, the purity was 93%), Rf 0.62 (ether--hexane, I : 1~ 
*H NMR (CDCI31. 6: 7.25--7.40 (m. 5 H. Ph): 4.39 and 4.06 
(both d, I H each, NCH 2, 2./:= 13.5 Hz); 3,60 (t, 2 H, CH,Br, 
J =  7.0 Hz); 3.18 (dt, I H, H(2). J2.6 = 9.1 Hz, J =  t.2 Hz): 
2.80 (m, 3 H, H(61 and CJH,): 2.30 (m, I H, H(I)); 2.00 (m, 
I H, lt171): 1.25--1.70 (m. 3 H, t Ha(10 ), exo-H(8) and 
exo-H(9)): 0.90--1.20 Ira, 3 H. I Hb(10), endo-H(8) and 
endo-Hl9)). The partial mass spectrum, m/z (lrel (%)): 334 
(1.51 and 332 (I.51 [MI-, 253 (2), 185 t4L 91 (IOOL 

3-(2-Bromoethyl)- (Sa) and 3-(2-ehloroethyl)pyrazole (Sb) 
hydrohalides. Dr?,, gaseous HC1 under a slow stream o[ Ar was 
passed through a solution of bromopyrazoline 4 (see Ref. 4} 

Table I. 13C N MR spectra (3) of 4.5-diazaspiro[2.4lheptenes and pyrazoles 

Com- C'; (25 C" C '/ C" CN Other C atoms 
pound 

2 178.3 61.3 62.7 32.S 32.6 39.7 (C-I), 38.1 (C-7L 24.3 (C-8), 27.0 (C-9), 39.2 cC-IO) 
3 15].,S 5R.S 71.2 32.7 29.0 42.7 (C-I), 393 (C-7L 24.1 (C-SL 28.4 (C-9), 33.4 (C-IO). 

59.5 (NCH2). 138.0, t28.2. 12q2, 127.1 (i-, o-, m-, and [?-Ph~ 
5b 145 3 107,2 1328 26.6 41.6 
7 154.8 109.6 129.0 302 32.1 
9 133.9 43.4 46.4 I 1.9 I 1.9 113,6 
!0 126.6 436 45.9 9 I 9.1 113,5 
13 96.2 41.7 69.7 15.6 13.3 117,1 
14 142.9 II0. I 125.2 28.9 30.0 113,9 
15 110.7 53.1 61.2 114,3 
16 1245 llO.8 1301 ll3.8 

2t,8 (Me). 169.6 tC=O) 
t27.7, 127.8. 1294. 131.41Ph1:167.6 1C=0) 
12.1 (CH2CH2), 12.2 (CH), 172.8 (C=O) 
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(60 mg. 0.34 retool) in CDCI 3 at 0 or - 5 0  ~ and the course 
of  the reaction was monitored by IH NMR spectro,,,copy (at 
- 5 0  oC. two broadened signals for acidic protons were ob-  
ser,  ed at ,~, 15--16). In both cases, the reaction mixture 
appe:tred to be a mixture o f  two pyrazole hydrohalides 5a and 
5b in a ratio of +3.5 : I as the initial bromopyrazoline 4 was 
consumed,  tlq NMR (CDCI-) .  C;, 5a: 8.00 (d, t It, I--I c. J = 
2.2 Hz;: 6.63 (d, I H. H/', J =  2.2 Hz~; 3.75 it, 2 It, CH2Br, 
. / =  6.6 Hz): 3.54 it, 2 H, C'JH:. J = 6.6 Hz): 51): 7,91) (d. 1 H, 
H' ,  J =  2.1 Hz): 6.59 (d. I H, H '~, J = 2.1 Hz): 3.91 it, 2 H, 
CH2CI. J = <,,5 Hz): 3.42 it, 2 H, C"~H,. d = 6.6 Hz). 

3-(2-ChioroethylIpyrazole hydrochloride (Sh). Dry gaseous 
HCI under  a slow streqm of  Ar was passed through a solution 
o faz idopyrazo l ine  6 !see Re(. 4) (0. J0 g. 0.75 mmot) in dry 
dioxane (2 mL) at 0--5 :C /'or 3 mitt. A colorless precipitate 
termed as the I lC[ was passed. Then this precipitate was 
filtered olTand washed with cooled dioxane, and hvdrochloride 
5b was obtained in a yield o f  0.10 g !:52%,L The tH N M R  
spect rum is in complete agreement  with the published data x as 
well as with the signals assigned to compound 5b in the 
previous experiment. The partial mass spectrum, m/z  (Ire ! (%)): 
t30 t26J and 132 19) IM - HCII+. 95 (78), 81 (t00). Found 
(%): C, 36.28: H, 4.93; C1, 42.91. C51tvCIN 2 - HCI. Calculated 
(%J: C, 35.95, It, 4.83: C1, 42.45. 

I -Aeetyl-3-(2-bromoethyl)pyrazole  ( 7 )  AcBr i16 mg, 0.13 
retool) was added to a solution of  bromopyrazoline 4 (20 nag, 
011 retool) (see Re(. 41 m CDCI3 (0.4 mL) at 20 +C, The 
reaction mixture ~<ts kept for 3 It and then the ril N M R  
spectrum was recorded The signals in this spectrum demon-  
strafed that compounds  7 and 5a were present in approxi- 
mately equal amounts. Then the reaction mixture was treated 
with II~O. CH2C! ? (I mL) was added, the orgamc layer was 
dried with Na2SOa. the solvent was removed, and a yellow 
wax_,,' substance was obtained in a yield of 16 mg (-50%),  
which,  according to the iFI NMR spectral data, contained 
-94% of  compound 7. IH N M R  (CDCI3L 6:8 19 (d. I H. H c. 
J = 25  l-lz); 6,38 (d, I H, H e , J = 2.5 Hz); 3.67 (t. 2 H, 
CH,Br .  J = 7.0 Hz): 3.28 it, 2 H, C#H> J = 7.0 Hz); 2.70 (s, 
3 H, Me). The partial mass spectrum, m/z (/.,,-I 1%t): 216 (5) 
and 218 (4) tMI% 174 1171 and 176 {18), 137 (29). 95 (100), 
81 192). 

4- Benzoyl-6-cyano-4,5-diazaspirolZ.4]hept-5-ene (9).  
PhCOCI {of chemically pure grade; 0. II g. 0.83 mmol), which 
was freshly distilled in vacuo, was added to a solution of  
cyanopyrazoline 8 (see Rel: 3) (0. I0 g, 0.83 retool) and Py 
(0.06 g, 0.83 retool) in CH~CI 2 (3 mL) at 20 ~ over I0 rain. 
The reaction mixture was kept for 2 h and then treated with 
water. The organic layer was ~eparated and dried with Na2SO 4. 
The solvents were removed and the residue was rec~'stallized 
from ?vleOil Pyrazoline 9 was obtained as yellow-orange c~s- 
tals in a yield of 0. I0 g (55%), m.p. 155--157 ~ IH N M R  
(CDCIs), ,3:764 and 7.42 (both m. 2 14 and 3 H, Ph); 321 is. 
2 H, C'~Hg: 2.35 (m, 2 H. H ' / a n d  H e, directed toward the N 
atom o f  the helerocycle): 0.85 c m . 2  H, H 'i and H e, directed 
away from the N atom of  the heterocyclel.  The partial mass 
spect rum,  m/z (/r,.I t'%)): 225 (31 [M] ~, 173 (13), 105 1100). 77 
(62). Found I%): C, 69.63: H, 4.80: N. 18.47. Ct,+HIrN30. 
Calculated (%): C. 69.32; t4. 4.92: N. 18.66. 

6-Cyano- I -eyclopropyicarbonyl-4,5-diazaspiro[ 2.4]hept-5- 
ene (10).  A tnixture of cyanopymzoline 8 (32 rag. 0.26 retool) 
and cyclopropanecarboxylic acid chloride (~ee Re(. I I) (32 mg, 

0.3 retool) in benzene (0.5 mL) was kept at I0 ~ for I0 11. 
Then the solvent was removed in vacuo and the residue was 
recustallized from MeOl-l. Product I0 was obtained as color- 
less crystals in a yield of 32 mg 160%), m.p. 72--74 "+C. 
tH NMR (CDCI;L & 3.21 (s, 2 H, HI'); 2.52 (it. I H, CH in 
cvclo-C:HsCO, d,.~ = 7,9 Hz, d,'mm = 4.6 Hz): 2.11 (m.  2 H. 
H d and H e , directed toward the N atom of  the heterocycle) ,  
0.72 (m, 2 H. H a and H e, directed away from the N a tom of  
tile heterocyclev 0.98 and 0.88 (both m. 2 H, each,  CH~ in 
cvclo-CsilsCO). The partial mass spectrum, m/z (/re! (%)): 189 
17) [MI +, 69 (100), 41 158). Found (%1: C, 63.39, H, 5.80; N, 
22.17. Cf3HjIN'-O. Calculated (%): C, 63,48; It, 5.86; N. 
22.21_ 

6-gromo-6-eyano-4,5-diazaspiro[2.a]hepl-4-ene (13). N BS 
r g, 2.0 retool) was added to a solution of  cyanopyrazol ine 
8 (0.245 g, 2.11 retool) in dr5,' CCI 4 (2 mL). The reaction 
mixture was stirred at 5 ~ Ibr I h and then filtered. The 
solvent was removed in w, cuo and the waxy residue was treated 
with ether (4 mL~. After the removal of the ether, c o m p o u n d  
13 was obtained as yellow cry'stals in a yield of  0.316 g 179%). 
m.p. 72--74 ~ IH NMR (CDCI3L 6:2.81 and 2.50 (both d. 
t Il each, H '~, 2j = 14.9 Hz); 2,04 and 1.89 (both m, I H each,  
H 't and IlL directed toward the N = N  group); 1.42 ~m, 2 H, 
H '1 and H e, directed away from the N=N group}. The partial 
mass spectrum, m/z (Ire ~ (%)): 201 (0.3) and 199 (0.3) [M]'- ,  
t84 (10) and 186 i9). 120 197), 106 (100). Found 1%): C, 
36,40; It, 3.!9: Br. 39.71. C~,H~,BrN 3. Calculated (%): C, 
36,03: H, 3.02: Br, 39.94. 

3(5)-(2-Bromoethyl)-5(3)-eyanopyrazole 114). A sample 
of  ps, razoline 13 (0.22 g) was kept at 20 :C lot 3 days and then 
di.s,soNed in CH2C12 (2 ro l l ,  and CCI 4 (4 mL) was added.  The 
crystals that precipitated were filtered off and dried in vactto. 
Pyrazole 14 was obtained in a yield of 0.14 g 164%), m . p  
83--84 ~ (with decomp.).  IH N M R  (CDCI3), fi: 8.80 (br.s, 
I H, Nil):  664  is, I H. It'5); 3.62 and 3.34 (both t. 2 H each,  
CH,CH2Br, J = 6.5}. The partial mass spectrum, m/z:. (/rei 
t%)): 201 (28} and 199 ~32} [M] +, 120 (100). 106 (98). 

3-Bromo-3-cyano-4,5-dihydropyrazole 115). NBS ( l .07  g. 
6.0 mmol) was added with intense stirring to a solut ion of  
3-cyano-2-pyrazoline i l l )  <see Re(. 12) (0.57 g, 6.0 retool) in 
C}t2C12 (10 mL) at 0 ~ The solution immediately turned red. 
The solvent was removed m vacuo, the residue was treated with 
ether, the precipitate was filtered off, and the e the r  was 
removed in vactto. Pyrazoline 15 was obtained in a yield of  
0.55 g (52%): the purity was ~93% (according to the IH N M R  
spectral data), iH NMR.  ~5:5.08 and 4.71 (both m, I H each.  

- )  ,~  + 
Ceil2): 2.01 and _.~8 (both m, I H each, CbH,L The  partial 
mass spectrum, m/z  (/tel (%)): 175 (3) and 173 (2) IMI +. 149 
(4) and 147 13), 94 124), 40 (100). 

The resulting pyr'azoline 15 is rather stable in solut ions at 
temperatures below 0 ~ However, compound 15 comple te ly  
decomposed  in the absence  of  solvents  du r ing  I h 
3-Cyanopyrazole (16~ was isolated in -65% yield fron-t tile 
decomposiiion prbducts upon their treatment with CH2CI 2. 
The IH NMR spectrum and tile melting point o f  tile resulting 
compound correspond to the published data. 13 Tile partial 
mass spectrum, m/z  Ilr~ I (%)): 93 (82) {M[ +, 66 (25). 4-3 (100). 

This  work  was f inanc ia l ly  s u p p o r t e d  by  the  R u s s i a n  
F o u n d a t i o n  fo r  Basic R e s e a r c h  ( P r o j e c t  N o s .  9 9 - 0 3 -  

32980 and  96 -15 -97323) .  
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