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Different reactivities of regioisomeric azimines,
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The addition of the phthalimidonitrene fragment, resulting from oxidation of
N-aminophthalinide by dead tetraacerate at =20 1o =30 “C. to the N=N-bond of
S-bhromospirof i -pyrazoline-3.t "-eyclopropanci (1) affords. apann from the stable 3-bromo-
N-{spiro] I-pyrazotinio-3. 1 "-cyclopropance |- N-phthalimidoanide tazimine 2). regioisoneric
azimine 3, which is completely transtormed  into 3-acetoxy-AN-{spiro} [-pyrazolimo-3.1"-
cvelopropanc]i- ¥-phthalimidoamide {4) under the reaction conditions. The acetoxy group in
this product casily undergoes nucleophilic substitution on treatment with McOH, NaNy. or
the starting bromopyrazoline 1. The structures of azimines obtained were established using
NMR spectra, and the structure of the product of reaction of ¢ with 1 was additionally proved
by N-ray difraction data.

Key words: S-bromospiro]!-pvrazohine-3. 1 -cyvclopropane}. 3-substituted  N-|spiro}l-
pyrazolinio-3.1 ~cvctopropanc}i- A-phthalimidoamides (azmnnesy. nucleophific substitution.

NMR spectra, X-ray diffraction analysis.

Previously. we showed! that the addition of an
N-phthalimidenitrene  fragment (0 S-bromospiro-
{L-pyvrazoline-3.1 "-cyclopropanc| (1) under the condi-
tons of oxidation of N-uminophthalimide by lcad
tetraacetate at - 20 1o =30 °C affords N-{3-bromospiro] |-
pyrazolinio-3.1 -cyclopropanc|;- V-phthalimidoamide
(2) in ~33% vyicld. About 30—33% of the starting
bromopyrazoline + was recovered unchanged, despite
some variation of the reaction conditions {tie tempera-

turc varied trom —10 to =30 °C; the time of addition of
Ph(OAc), was 20 to 90 min: alternating addition of

N-aminophthalimide and Pb(OAc), was uscd). Judging
from the *H NMR spectra of the reaction mixtures, in
addition to 1 and azimine 2, the products contained one

more compound (A) exhibiting a sct of signals typical of

the three-spin svstem of a pyrazoline ring. We were
unable to isolate and identify this compound, which
formed in 153—~18% vicld. In any case, we could not

assign structure 3 to this product because the signal of

the methine proton of the CHBr group (3 6.61) occured
in a lower field than the corresponding signal in azimine
2 (3 6.44). which is at vartance with the spectral data for
other regioisameric azimines. -2

In this work, we attempted to identity compound A
by converting it
spirofpyrazolinecyclopropanc]; onc derivative was iso-
fated in the crystalline state and characterized by

into more stable derivatives of

X-ray diffraction data. alone with the 'H and ’C NMR
spectra,
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To incrcase the concentration of the unknnown com-
pound A, the rcaction mixture (~0.8 g) resulting from
the rcaction of equimolar amounts of bromopyrazoline
1. N-aminophthalimide. and Pb{OAc), was treated with
~t) mL of cther to separatc most of azimine 2 as a
crystalling product.! The filtrate was concentrated and
the residue was used for the subscquent chemical trans-
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formations. The '"H NMR spectrum of the residue con-
tained a singlet for the acetyvl group at & 2.09 whose
intcgral intensity was corrclated with the protons of the
pyvrazolinc ring of compound A and which was not

obscrved in our previous experiments on the svathesis of

azimines from S-phenyl-or 3-azidospiro| 1 -pyrazoline-
3.1 -cyclopropanes] structuratly related to compound 1.1
Apparcntly. the addition of the N-phthatimidonitrenc
fragment o pyrazoline 1 gives mitally both azimine
regiosomers 2 and 3: however, the latter undergoes casy
nucleophlic substitution of an OAc group for the Br atom
under the reaction condintons, being thus converted mto
N-{3-acctoxyspirof I-pyrazolinio-3.1 "-cvclopropanc];- N-
phthalimidoamide {(4), which is exactly the compound A
detected in the reaction mixture by NMR. This com-
pound proved to be relatively unstable, which precluded
its solation in a pure state. When the reaction mixture
remaiming after separation of azimine 2 is treated with
McOH and scparated by preparative TLC (ALO;, ben-
aene—ACOEL 3@ Do a new compound (R 0.46) contain-
g no o acctoxy group was gsolated instead of acctoxy
derivative 4. The "H NMR spectrum of the resulting
compound also corresponded to the structure of spiro-
{I-pyrazolinio-3.1"-cvclopropanc |- N-phthalimidoamide.
but the low-ticld signai for the methine proton ol the
nvrazoline ring was substantiafly shitted and occurred at
9 3.38 (A8 = 1.06 with respect to the corresponding signal
ol azimine 4). In addition, a signal for o methoxy group
was detected unambiguously in the "H and “C NMR
spectra. Apparcntly. on treatment with McOH, azimine
4 s transformed according 1o the same nucleophilic
substitution pathwav to give more stable methoxy deriva-
tive 5. In addition. in the observed sequence of transtor-
mations of azimines. 3 — 4 — 5. the aminophthalimide
substitucnt remains attached to the N oatom of the
pyrazohne ring adjacent to the cyvclopropane fragment.
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Previousty,3 we have shown that the Br atom in
pvrazoline 1 can be replaced by the azido group on
treatment with NalNa in agueous acctone (20 °C. 18 h).
In order to establish the degree of mobility of the
substituents in the pyrazolinio- N-phthalimidoamide
regioisomers. we studied the recaction off NaN; with u
mixture of azinines 2 and 4 (tmolar ratio ~3 : 1, accord-
ing 1o the 'H NMR spectrunn. isolated as a vellow
precipitate upon the addition of =3 mbL of ¢ther to the
products (~0.8 2) of the reaction of cquimolar amounts
of bromopyrazoline 1. NV-aminophthalimide. and
Pb(OAC),. Analysis of the reaction products by 'H NMR
spectroscopy showed that after 3 h at 20 °C, brominc-
contatning azimine 2 is recovered virtually unchanged,
whereas acetoxy derivative 4 is completely converted
into azide 6. identical 1o the minor product! obtained
upon the addition of the V-phthalimidonitrene fragment
to S-azidosptrof t-pyrazoline-3 .1 "-cyclopropanci at the
N atom remote from the azido group.

The possibility of casy nucleophilic substitution of
the functional groups in regioisomeric azimines 3 or 4
tunlike that in azimine 2) s in good agreement with the
clectron density distribution in the 3-X-1-pyrazolinio-
NM-phthalimidoamide systent present in compounds 3—6,
according to which the substituted N(1) atom of the
pyrazoline ring bcars o partial positive charge. while
negative charge can be transterred on the lcaving group
located 1n position 3.
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An attempted isolation of the hyvpothcetical azimine 4
by TLC on SiO, without pre-treatment of the reaction
mixture with mcthanol led to an uncxpected result. This
gave several chromatographic zones containing, in par-
ticular, the initial bromopyrazoline L. stable regioisomeric
bromoaziminc 2, and the products of tfanstormation of
N-aminophthalimide. which arc formed inevitably dur-
ing its oxidation by Pb(OAc),y (sce Ref. 4). However,
none of these zones exhibited '"H NMR signals corre-
sponding to azimine 4. Instecad, 2 new crystalline com-
pound {benzene—AcOEL 31 1. Ry 0.26) was isolated. In
addition to the spirofl-pyvrazolinceyclopropance| and
phthalimide fragments, it contained the (2-bromo-
cthvh)pyrazole fragment. as indicated by two triplets at
83,19 and 8 3.61 and two doublets at 8 6.17 and 8 7.534.

lin order to determine unambiguousty the structure of
the obtained compound, V-{3-{3-(2-bromocthylipyvrazol-
1-vl|spiro} | -pyrazolinio-S, 1 "-cvclopropanc |} - A-phthal-
imidoamide (7). it was studied by X-ray diffraction
analysis (Fig. 1), The main geometric parameters of the
molccule are presented in Table 1. First. it should be
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noted that the resulting compound is an azimine deriva-
tive 1 which the PhthN substituent is attached to the N
atom of the pyrazoline ring closest 1o the cyclopropane
fragmient. re.. this compound contains the same group
as azimines 4—6. Comparison of the geometric param-
cters of moleeude 7 with the X-ray diffraction daw
obtained previously! for molecule 2 shows that the most
substantial difference between the substituted pyvrazaline
fragments is in the N--C(substitucnt) bond lengths.
Whercas the N(2)—C¢13) bond length in compound 7.
cqual o 1.469 A corresponds to a single bond. the
corresponding bond in compound 2 is substantially
Iengthened and equals 1.520¢10) AL It is noteworthy that
m azimines 7 and 2, the influence of the A-phthal-
imidoamide substituent on the N—C(spiro) bond length
is much less pronounced (1.477(7) and 1.460¢10) A,
respectively).,

The azimine system i compound 7. Like that in 2. s
virtually planar: the N(2)NCDN(GIN(S) torsional angle
is cqual to zero to within the detemination crror. The
N(2)--N(1)y and N(1)—N(3) bond lengths (1. 285(7) and
1.293(7) A, respectively) points to clectron density delo-
calization over the N(2)NCDN(3) fragment due to the
comugation of the N(2)—N(1) double bond with the
lone clectron pair of N(3). The pyrazohne fragment s

markedly thattened: the root-mcan-square deviation of

atoms from the heterocyeie plane is ~0.03 A, The plane
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Fig. 1. General view of molecule 7.

Table 1. Main geometric parameters of molecule 7

Bond dfA Bond diA

Co)—Citn 153248y - Neh=N(D) PR
C—-Cin 1.333(9) N(H—=N{3 [.293(7)
Col)-Ctih 1.322(8) Neh=C(th 1.477(7)
CeIDH—Cety 1.468i9)  NOHY—=Cii 3 1.469(7)
C12)—Ct13 1L.34668)  Nid)y=Cto) 1.3218)
Cei4)-C15) 1.337(8) NiDH—=N6) 1.383(7)
Cit3)~Ci16) 14448y N(6)Y—=C(14) 1.322(7)
Ci3)—C6) 1.387(8) Nio)—C(i) 1.460(7)
Angle w/deg Angle w/deg
ND—=Nh--N(DH 126603 Cilh—=NO=N(S) 1253
NID—=N(O--Citiy 113403 CU1)—NOI—=C13) 12935
NN =Clh ROy NGO -=N®»--C(13y  i17.9h
NEDH—N(H—C(13) 107.4(3) CUy=Colhy=Ndly 10344
ND=N{H-Nh 125 NIDHY—CH—=C(12) 107.%%

Clo)—~NSI—=No) 134604y CIh—-Cd)y—~Ci3) 103.3i)

of the pyrazole substituent is rotated through 93¢ relative
to the plane of the pyrazoline fragment.

The tormation of compound 7 during chromatogra-
phy on Si0, scems to be due o the casy heterolysis of
the C—0O bond i acctoxyazimine 4 and to the addition
of the clectrophilic part of the molecule to the Nel)
atom of the starting bromopvrazoline b, which is present
in o sufficient amount in the reaction mixture. As fol-

lows from the dauta on
bromopyrazoline 1 (sce
atom and cyclopropanc

acvlation and protonation of
Ref. 5, nmugration of the Br
rnng opening giving risc to a

bromocthylpyrazole fragment occur simultancously in
this compound. which ultimatcly yicids compound 7.

Thus. attachment of the N-phthalimidoamide sub-
stituent to different nitrogen atoms of the pvrazoline
ring results 1 azimine regioisomers, i particular, bromo
derivatives 2 and 3. in which the mobility of the sub-
stituent (hromine) located in the a-position relative 1o
the endocvelic NN bond is appreciably different. Un-
like azimine 2,1 azimine 3, nucleophilic substitution of
Br by an acctoay group takes place cven under condi-
tions of its synthesis (=30 °C). The subscquent replace-
ment of the OAc group in the resulting azimine 4 on
trcatment with McOH and NaN . in agueous acerone or
with pyrazoline 1 on the 8i0; surface proceceds equally
casily. lt should be noted that azimine 2 does not enter
mto nucleophilic substitution rcactions of this type un-
der the same conditions.

Experimental

TH and '“C NMR spectra were recorded on Bruker AC-
200 (200 and 3.3 MHz) and Bruker AM-300 (300 MUz
spectrometers for sotutions in CDCly contatning 0.05% Me,Si
as the internal standard. Mass spectra were run on 2 Finnigan
MAT INCOS-30 instrument (EL 70 ¢V, direct injection). IR
speetra were measured on a Bruker 1FS-113v spectrometer in
thin films. The starting 3-bromospiro] | -pyruzoline-3.1 "-evclo-
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propane| (1) and ¥-aminophthalimide were prepared by proce-
dures described previousty:3-® Jead tetruncctate was reerystal-
lized trom ACOH and dricd in a vacuum desicecator prior 10 use.
The solvents were distilied. The preparative TLC was carried
out on 20 % 20 ¢m plates with 4 nontined faver of the adsorbent
(sibica gel L40/100 ey Chemapol. faver thickness 2 mm).

The crvstals of 7 were monochmic. AtHTO K g = 8.571(1) AL
h=84085(1) A e = 12739 AL V= 898 T() AN Z= 2. doye —
1.386 2 com ™ space group Pr. The uait cell parameters and the
intenstties of the S138 retlections were measured on a Bruker
1K SMART CCD automared dittractometer tMoRa radiation.
@ seanning, 20, = 607). The data were processed using the
SAINT program pachage.” Absorption corrections were applicd
by means of the SADABS program package ® The structure was
solved by the direet method and refiaed by the full-matrix Jeast-
sguares micthod in the anisotropic approximation. The hydrogen
atoms i the molecuic are arranged geometrically and included
in cetingment in terms of the “riding” model. The tinal diserep-
ancy factors: wRy = 24.11% over al the 4391 independent
retlections and Ry = 8.43% over 3306 retlections with 1> 2a( /).
All the crystal structure calculations were performed using the
SHELXS-97 program package.?

N-{3-Acetoxyspiro[ I -pyrazolinio-3, 1 -cyelopropane}}-.V-
phthatimidoamide (3) was identificd using 'H und C NMR
spectia of two samples taken tfrom the reaction mixture formed

upon the reaction of cquimolar amounts (2.5 mmol) of

bromopyrazoline t, N-amimophthalionde. and Ph{OAcC); by the
procedure described previously, !

Sample A. The organic residue (0.8 2) resulting from the
removal of the solvents was treated with ~10 mbL of cther; the
major part of azimine 2 was separated as a crvstatline product, !
the filtrate was concentrated, and the residue (=036 g) was
anadyzed by spectroscopy and used in subsequent transforni-

tlons. According to "H NMR spectrum, the mobr ratio of

compounds b 2, and 4 was 1.8 0 (0.5
Sample B. Ether (-3 mL) was added with stirring to the
residue (~0.8 gy obtained after the reaction and removal of the
orzanic solvents, and the precipitate (.28 g) consisting mainiy
of azimines 2 and 4 in =2 ] molar ratio was separated.
Compound 4. 'H NMR (CDClp. 8: 1.29 and 2.07 (hoth m.
cvelo-CiHy) 209 (s0 Me): 2,37 and 293 (both dd. Hed.
132 Hazy 6,61 (dd. HI(3), 3= 6.7 and 2.8 Hz): 7.70 and
7.84 (both m, 0-C Hy. BC NMR(CDCI). & 14.2 and 16 4
(CHYCH,): 202 (Me): 356 (Cidn: 361 (C5n: 88.9 «Cedy:
123515300 and 1380 (CoHy): 163.6 (CO): 169.9 ¢COO).
N-{3-Methoxyspirof| L-pyrazolinio-3,1 -cyclopropane]}- V-
phthatimidoamide (3). Mcthanol (2.0 mb) was added o sample
A 1030 2) (see ubove) containing ~27% azimine 4. The mizture
wis kept for 8 hoat 20 7 C and separated by preparative TLC
(ALO5. benzene-—AcOE 3 1 1) to zive 60 mg (~-83% buased on
azimine 4) of methovy denvative 5 (1R 11.46) as a yellow fincly
crvstalline powder. nmup. 147—130 “C. 'H NMR (CDCly).
8 1.22 and 2.08 (hoth m., cach 2 H, cvelo-CiHy): 2.32 and 2.73
(both dd. cach | H, H(d), 2/ = 13.0 Hz): 342 (s, 3 H. OMe):
338 ddd, 1 H, H(3), S = 6.6 and 29 Hzy: 7.72 and 7.83
(both m. cach 2 H. 0-CoHy). BC NMR (CDCl) 8 1404 and
16.2 (CHLCH i 337 (C))r 358 (OMe): 36.2 (C(3)) 958
(CO3n 1234, 1302 and 134.0 (CoHy): 1640 (CO).
N-{3-Azidospirof l-pyrazolinio-53.1"-cyclopropane}}- V-
phthalimideamide (6). A solution of NaN; (0.08 ¢, 1.2 mmol) in
I mL of water was added 1o a solution of sample B (0.23 gy (sce
above) containing ~0.2 mmol of azimine 4 in 2 mL of acctone
and the mixture was sticred tor 3 b oat 20 °C. Acctone was
removed i vacun. the residue was extracted with CHACly, the
sofvent was evaporated, and the resulting solid material was
separated by preparative TLC {SiQ,. benzene—cther. 3 0 1) to

give the starting azimine 2 (0018 @) (Ry 0.37) unreacted with
NaNy aud azido derivative 6 (0.05 2) (R; 0.46) (~=80% based on
azimine 4) as a vellow finely crystalline powder. mup
143145 °C. The "H and °C NMR spectra of compound 6
were fully identical 1o those of the munor isomer adentified
previously! upon the additton of  N-phthalimidonitrene (o
S-azidospiro] I-pyrazoline-3.1 " -cyclopropane].

N-{3-(2-Bromoethyl)pyrazol-1-yispiro| I -pyrazolinio-5,1"-
cyclopropane}}-N-phthalimidoamide (7). Sample A (018 gy
containing ~27% azimine 4 and ~48% starting bromopyrazoline
1 was applicd oo a 20 % 20 ¢m plate with Si05 and cluted
with o 3 o | benzene—AcOEL mixture to give 42 myg (~037%
based on azimine 4y of compound 7 (R, 0.20) as a vellowish
beige fine orvstals, mup. 38160 "C. 'H NMR. & L 153—1.33
tn, 2 HL HEETY and HE2 Y directed away trom the N atom of
the heterocvele): 202=2.20 (m. 2 H, Hit ") and H(27)y onented
toward the N atom of the heterocyeled; 2.68 ¢dd. 1 H, Hd).
=130 Hzo J = 3.5 Hey: 301 (dd. F HL By 7 = 1300 Ha
JE TS5 Hoo 3009 (1, 2 HOCH, J= 700 Hazy: 5.61 (0 2 H
CHL-Be S= 7.1 Hzpp o 0o id, 1 HL Hea™ o= 2.4 Hz): 6,38 (dd.
ML 3y, J= 7.6 Heo /= 5.5 Hz)o 7.55 «do | HL FHSY).
J= 2470 770 and 782 iboth m, 242 H. C Hy). C NMR,
8 139 and 16.2(C !y and Ce27y): 344 and 323 (BrCHLCHH):
364 (Cihy 36,3 (Cidn: 807 (Cidn 1037 (Cdm 1288
(C{37)0 12350 131 20 and 1340 (C,. C,, and Cy toms of the
penzene ringds 1309 (€30 1638 2 COY. Partial MS.
mS s U (%N 430 and 428 0.3y M+ 307 and 305 (3), 292
CHDL 104 (1), Found ey N 19120 C M- BrN O, Caleu-
tated (7o) N, 19580 X-Ray ditfraction data are histed in Tabic .
The complete tables of the atemice coordinates, therma! param-
cters, bond lengths, aud bond anglex were deposited with the
Cambridge Structural Database
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