ISSN 1070-4280, Russian Journal of Organic Chemistry, 2006, Vol. 42, No. 11, pp. 1630-1635. © Pleiades Publishing, Inc. 2006.
Original Russian Text © I.E. Mikhailov, G.A. Dushenko, G. Reck, B. Schulz, O.l. Mikhailova, and V.I. Minkin, 2006, published in Zhurnal

Organicheskoi Khimii, 2006, Vol. 42, No. 11, pp. 1643-1648.

Structure and Rearrangements
of 3-1so(thio,seleno)cyanato-1,2,3-triarylcyclopropenes

|.E. Mikhailova, G. A. Dushenko?, G. Recke, B. Schulzc, O. |. Mikhailovab, and V. |. Minkinb

aSouthern Scientific Center, Russian Academy of Sciences, Rostov-on-Don, 344006 Russia
e-mail: mikhail @ipoc.rsu.ru
bResearch Institute of Physical and Organic Chemistry at Rostov Sate University, Rostov-on-Don, Russia
cBundesanstalt flir Materialforschung und -prufung (BAM), Richard-WIstatter Srasse 11, 12489 Berlin, Deutschland

Received September 23, 2005

Abstract—A seriesof new fluctional 3-iso(thio,seleno)cyanato-1,2,3-triarylcyclopropenes was synthesized. The
structure of compounds was proved by 1H and 13C NMR, IR, and mass spectra, and that of 3-(1,2,3-
triphenylcyclopropenyl) isothiocycnate was confirmed by X-ray crystallography. In compounds under
consideration by means of 1H and 13C NMR was discovered and investigated a fast reversible migration of
isocyanato, isothiocyanato, and isoselenocyanato groups along the perimeter of the theree-membered ring
proceeding according to the dissociation-recombination mechanism.

DOI: 10.1134/S1070428006110066

Migrations in the three-membered ring of cyclo-
propene were formerly found for a number of carbon-
and element-centered groups (allyl [1-3], trimethylsilyl
[4], azido group [5], and chlorine [6]). Aiming to study
the migration ability of isocyanato, isothiocyanato, and
isoselenocyanato groups we synthesized by treating
triarylcyclopropenylium bromides| and |1 with KOCN,
KSCN, and KSeCN at boiling in acetonitrilefor 15 min
3-iso(thio,seleno)cyanato-1,2,3-triarylcyclopropenes| 11—
VII (Scheme 1).
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According to the dataof IR and 13C NMR spectrosco-
py and X-ray crystallography compounds|11-VII posess
covalent iso(thio,seleno)cyanate structure bothin the solid
state and in solution. Themolecular structure of compound
IV according to X-ray diffraction analysis proving that
the molecule exists in a covalent isothiocyanate formis
presented in Fig. 1.

IR spectra of isocyanates and their thio- and seleno-
analogs| |-V lack absorption bandsin the region 1400—
1430 cm-1 characteristic of cyclopropenylium cataions;
strong absorption bands in the region 1970-2250 cnrt
correspond to the stretching vibrations of -N=C=X groups

Fig. 1. Molecular structure of 3-(1,2,3-triphenylcyclopropenyl)
isothiocyanate (1V).
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(X =0, S, Se). 13C NMR spectra of compounds I11—
VIl give rise to signals of iso(thio,seleno)cyanate
guaternary carbon atomsat 6 125.37-132.82 ppm, typical
for such compounds, whereas the reported signals of
carbon atoms of (thio,seleno)cyanate groups appear in
the 13C NMR spectrain the range 110-114 ppm [7]. The
resonances of cyclopropenyl sp3-hybridized carbons of
compounds I 1-VI1 are observed at 45.60-48.79 ppm.
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Thisupfield shift of signalsisdueto the anisotropic effect
of -N=C=X groups (X = O, S, Se).

13C NMR spectrum of isothiocyanate derivative |V
at room temperature together with assignment of signals
ispresented in Fig. 2. On heating the solutionin CgDg the
carbon signals both of the theree-membered ring and of
all the phenyl groups of compound IV synchronously
suffer reversible broadening and coalesce at 50-80°C.
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Fig. 2. 13C NMR spectra (75.47 MHz) of a solution of 3-(1,2,3-triphenylcyclopropenyl) isothiocyanate (1V) in CgDg at 25 (), 35 (b),
49 (c), and 80°C (d). The assignment of signals was performed using monoresonance 3C NMR spectra and APT procedure. Solvent

signals are subtracted from the spectra.
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1632 MIHAILOQV eta.
Table 1. Kinetic and activation parameters of migration of -N=C=X groups(X = O, S, Se) incompounds|I1-VII
Compound no. | Solvent Process type kogec, ST | AG s, kcal mol™ | AH?, keal mol™ AS, eu.
Il CeDsCDs | I =2 111" =2 1" 0.45 17.9 158+ 04 6.9+ 0.6
v CsDs V= IV 2|V 21.9 15.6 143+0.3 -44+04
v CDCl; V= IV =2 IV'| 139 14.5 10.7+£0.3 -12.8+04
\Y CDCl; V=2 V" 100 14.7
V-V 70.9 14.9
V' =V 83.2 14.8
Vi CDCl; |VI= VI'=2 VI"| 890 134 125+ 04 -31+£05
VIl CDCl; VII'=2 VI 638 13.6
VIl = VII' 539 13.7
VII'— VII 755 135

The spectra of compounds |11 and V-VII behave
smilarly.

The observed dynamic pattern of NMR spectra is
duetofast reversible migration of iso(thio,seleno)cyanate
groups along the perimeter of the cyclopropane ring
(Scheme 1); therewith the appearance of the dynamic
1H and 13C NMR spectra does not depend on solutions
concentration (0.01-0.5 mol 1-1) indicating the intra-
molecular character of the rearrangement.

Fromtheanalysisof peak form of theindicator signals
inthe dynamic 13C NMR spectrawe calcul ated the kinetic
and activation parameters of degenerate and nondegener-
ate rearrangements of -N=C=X groups (X = O, S, Se)
aong the perimeter of triarylcyclopropene ring that are
compiledinTable 1.

This rearrangement can proceed by one of three
possible mechanisms described in Scheme 2.
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Mechanism a involves a dissociation of C-N bond
and a formation of ion pair 1 X whose recombination
occurs by equiprobable coval ent bonding with any of the
ring carbons. According to publications [5, 6] this
mechanism is the most general for cyclopropene
derivatives, for their dissociationisfacilitated by formation
of stable aromatic cations: the migration of azido group
and chlorine occurs with low activation barriers.

Mechanism b consistsin 1,3-sigmatrope shift of NCX
through atransition state X. The nondissociative course
of reaction involving the forbidden suprasurface
1,3-sigmatrope shift isnot characteristic of cyclopropene
derivatives, even when they contain organometallic
groups highly prone to migration by shift along the
cyclopentadienyl ring. For instance, 3-(pentacarbonyl-
rhenium)cyclopropene is a structurally rigid compound
[8], and the migration of trimethylsilyl groupin the 3-tri-
methylsilyl-3-phenyl-1,2-dimethylcyclopropenerequires
going over high energy barrier (~32 kcal mol-1) [9].

Mechanism c residesin a3,3-sigmatrope shift through
an intermediate formation of (thio,seleno)cyanato isomer
VII1. The presence of thelatter (X = S) inan equilibrium
with the corresponding isomers 1V (R=Ph)orV (R=
4-CH;0C4zH,) was not observed in solution, but in the
gas phaseits presence wasfound in trace amounts (0.4%)
by appearance of peakswith m/z299 [C;Ph;SCN —CN]+
(1V) or 329 [Ph,(CH3;0CgH,)C3SCN — CNI* (V),
characteristic of fragmentaion of thiocyanate group. This
mechanism was proved for a derivative of 3-allylcyclo-
propene [1-3]. The mechanism of 3.3-shifts was con-
sidered as an alternative to ionization-recombination for
roundabout migrations of azido group in cyclopropenyl
ring. An argument for this mechanism wasthe conversion
under mild conditions of 3-azidocyclopropenesinto 1,2,3-
triazines[10].

The choice among the mentioned possibilitieswas done
basing on quantum-chemical calculations by MNDO/
PM 3 procedure[11]. The cal culations show the energetic
feasibility of isothiocyanate isomer IV (R=Ph, X =)
compared to its thiocyanate isomer V111, and also attest
the higher probability of theintramolecul ar dissociation-
recombination mechanism. Theenergy barrier to migration
(15.4 kcal mol-1) in chloroform for compound 1V
estimated asarelative energy of ion pair iswell consistent
with the experimental value (14.5 kcal mol-1). The
mechanism of dissociation-recombination is also
supported by the effect of solvent polarity on the rate of
group NCX migration. For instance, in compound IV
(X =S, R=Ph) therate of isothiocyanate group migration
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Table 2. Bond lengths and bond anglesin compound |V

Bond I, A Angle o, deg
sct 1.55(2) C!N'C* 161.1(8)
N*-C! 1.47(2) N'C'C? 114.1(9)
N*-C* 1.13(2) N'C'C? 115.1(9)
clc? 1.51(2) N*ctct 116.1(9)
ct-c? 1.53(2) ccte? 50.3(8)
ctct 1.46(2) ccitct 123.1(9)
c-C? 1.29(2) cicict 123.1(9)
c—c* 1.45(2) cicc? 66.1(9)
cc* 1.52(1) clcc® 147.1(9)
ct-c® 1.42(2) cc’c® 148.1(9)
ct_cr® 1.36(2) cicic? 64.2(9)
ctc® 1.40(3) cicic* 140.1(9)
ckcH 1.32(2) c’cic® 155.1(9)
cH-c® 1.39(3) S'CN? 176.1(9)
ct-ct® 1.39(2) ctctc® 122.1(9)
c*c?® 1.37(2) c'ctce 121.1(8)
ctc® 1.43(1) chcticte 117.1(9)
cz2C® 1.33(2) ctctch 120.1(9)
c2c* 1.38(2) ctzci3c 120.2(9)
c*-c® 1.38(2) c*c*c® 121.1(8)
c»>-c* 1.39(2) cAc*c® 117.1(9)
c¥c*® 1.35(2) cicc® 119.1(9)
c¥c® 1.42(2) cic¥c*® 116.1(9)
c®-c™® 1.35(1) c®cic* 125.1(9)
cEc* 1.39(2) cc*c® 116.1(9)
c¥-C® 1.36(2) chclch 122.2(9)
c¥-c® 1.34(2) ckclce 117.2(9)
ctcec? 123.1(9)
c’c*c® 126.1(9)
c’c*c® 115.1(8)
czcc® 119.1(9)
c*c#c® 124.1(9)
czcxc* 118.1(9)
c3cHc® 121.1(9)
c¥csc* 120.1(9)
c¥c¥c® 123.1(9)
c¥*c®c® 119.1(9)
cHc¥c® 117.1(9)

grew several times on going from deuterobenzene to
more polar deuterochloroform (Table 1).

IntheseriesNCO < NCS< NCSethemigration ability
grew on going to NCSe group; the decreased barrier to
migration in the latter case was apparently due to the
greater lability of system—migrant bond and higher
“linearity” of themigrant making it better departing group.
Thus according to microwave spectroscopy the NCX
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anglesin HNCX (X = O, S, Se) grow in the seriesNCO
(172.7°) < NCS (173.8°) < NCSe (175.0°) [12].

EXPERIMENTAL

IR spectra were recorded on a spectrophotometer
Specord 75IR from mullsin mineral oil in athin film.
IH NMR spectraof compounds under investigation were
registered on a spectrometer Bruker-AM at operating
frequency 300 MHz at concentration of compounds
0.05 moal I-1. 13C and 13C APT spectra were obtained
on a spectrometer Bruker-AM at operating frequency
75.47 MHz at concentration of compounds 0.5 mol -1,
Mass spectra were measured on HP 5995 A instrument
with adirect admission of the sampleinto theion source,
ionizing energy 70 eV, 60°C.

3-1so(thio,seleno)cyanato-1,2,3-triarylcyclo-
propenes (111-VI1). To asolution of 4 mmol of KOCN
(or KSCN, KSeCN) in 20 ml of CH;CN was added at
24°C whilevigorous stirring 4 mmol of powdered 1,2,3-
triarylcyclopropenylium bromidel or |1 [6]. The mixture
was dtirred at this temperature for 30 min and then it
was boiled for 15 min. The solvent was removed at
reduced pressure, the solid residue was washed with
water (10 x 2 ml), and dried in a vacuum-desiccator.
Reaction products were twice crystallized from
acetonitrile. Colorlesscrystals. Yieldsof compounds: 41
(1), 87 (1V), 85 (V), 62 (VI), 65% (VI11).

Compound (I11). mp 54-55°C. IR spectrum, cm-1:
2250 (NCO), 1805 (C1-C3 skeletal), 1600 (C=C).
IH NMR spectrum (CDCl;, 5°C), 8, ppm: 6.90-7.26 m
(9H), 7.49-7.51 m (6H). 13C NMR spectrum (CDCl;,
5°C), 9, ppm: 46.67 (C3), 115.83 (C12), 125.37 (NCO)
126.02, 141.31 (Ci,om), 125.29, 126.62, 127.72, 128.77,
129.93, 130.20 (C4om)- Found, %: C 85.36; H 4.93;
N 4.46. C,,H5sNO. Calculated, %: C 85.43; H 4.85;
N 4.57.

Compound (1V). mp 141-142°C. IR spectrum,
cm-1: 2190-1980 (NCS), 1840 (CL-C3 skeletal), 1610
(C=0C), 1500, 1460, 1320, 1170, 1080, 1040, 970, 920.
IH NMR spectrum (CDCl;, 5°C), 9, ppm: 6.95-7.16 m
(9H), 7.39-7.44 m (6H). 13C NMR spectrum (CDCl,,
5°C): 46.55 (C3), 114.10 (C12), 130.28 (NCS), 124.91,
139.32 (Ci,om), 125.00, 127.12, 128.81, 129.14, 129.90,
129.94 (C,om)- Mass spectrum, m/z (l,o, %): 325
[PhsC5NCS)* = [M]* (21.9), 299 [M — CN]* (0.4), 298
[M —HCN]* (0.4), 293 [M — S]* (0.8), 292 [M — HS]*
(1.1), 291 [M — H,S]* (1.9), 267 [M — NCS]* (100),
266 [M —HNCS]* (10.2), 248 [M — Ph]* (2.3), 247 [M —

MIHAILOQV eta.

CeHel* (0.5), 222 [M — PhCN]* = [Ph,C5(=9)]* (5.4),
221 [M — CgHg—CN]J* (9.8), 214 [M — Ph—H,S* (1.1),
213 [M — CgHg — H,S* (1.5), 190 [Ph,Cql+ (3.0), 178
[Ph,C,]* (5.6), 115 [PhC3H,]* (6.0), 113 [PhCS]* (7.7),
103 [PhC,H,]* (31.2), 101 [PhC,]* (2.1), 89 [C;Hg]*
(10.9), 77 [Ph]* (14.2), 76 [CgH4]* (18.9), 59 [HNCS]*
(4.6),32[9]* (4.2), 27 [HCN]* (9.3). Found, %: C 81.00;
H4.77; N 4.22; S9.68. C,,H;5NS. Caculated, %: C 81.20;
H 4.65; N 4.30; S9.85.

Compound (V). mp 128-130°C. IR spectrum, cm-L;
2190-1990 (NCS), 1840 (C1-C3 skeletal), 1620, 1610
(C=0C), 1410, 1300, 1180, 1020, 860. *H NMR spectrum
(CDCl;, 5°C), 9, ppm: 3.64 s(3H, OMe), 6.82—7.30 br.m
(8H), 7.38-7.53 br.m (6H ,om)- 13C NMR spectrum
(CDClj3, 5°C), 6, ppm: 45.60, 47.75 (C3), 55.00, 55.32
(OMe), 117.51, 118.42, 119.27 (CL2), 128.67, 128.91
(NCS), 127.81, 128.90, 136.23, 140.30, 144.30, 158.90,
161.16 (Ci,om), 115.16-132.50 (C, o) - Mass spectrum,
m/'z (I, %): 355 [Ph,(CH;0CzH,)C;NCS]*+ = [M]*
(28.4), 340 [M—CHgj]* (4.7), 329 [M—CN]* (0.4), 328
[M—HCN]* (0.5), 324 [M—OCHg]* (3.9), 323 [M-S]*
(13.0), 314 [M—CH3—CN]* (0.9), 313 [M—CH4— HCN]*
(2.0), 311 [M-SC]* (0.8), 310 [M-HCS]* (0.9), 309
[M-H,CS]* (1.6), 308 [M—CH3S]* (5.3), 307 [M—
CH3SH]* (1.5), 297 [M—NCS]* (100), 296 [M—HNCS]*
(2.0), 292 [M-CH30-S]* (2.5), 291 [M—CH3;O-HS]*
(2.4), 290 [M—CH30-H,S]* (3.1), 283[M-NCS—CH,]*
(2.7), 282 [M—NCS-CH,]* (7.8), 281 [M-HNCS-
CH3]* (7.3), 280 [M—NCS-CH,]* (6.7), 278 [M—CgH5]*
(6.5), 277 [M—CgzHgl* (4.4), 266 [M-NCS-CH;0O]*
(9.7), 265 [M-NCS-CH30OH]* (21.3), 264 [M—HNCS-
CH3OH]* (4.8), 252 [M—CgH5CN]* (44.3), 248 [M—
CH3OCgH,]* (1.3), 246 [M—CzHs—S]*+ (6.3), 237 [M—
CgH5—CH3CN]* (8.5), 221 [M—CH3;0CzHs—HCN]*
(5.3), 219 [M-CzHs—HNCS]* (1.8), 214 [M-
CH3;0OC¢Hs—H,S]* (4.8), 213 [M—CH;0CgHg—H,S]*
(4.2), 209 [M—H3;0OCH=CC;H]* (6.5), 190 [Ph,C,]*
(4.6), 178 [Ph,C,]* (7.8), 165 [ CH;OCgH,NCS]* (28.9),
151 [HOCzH,NCS]+ (11.5), 135[CgHsNCS]* (14.1), 115
[PhC5H, ] (9.2), 113 [PhC4]*+ (17.4), 108 [CH;OCgHs)*
(4.3), 107 [CH30CgH,]* (3.1), 77 [Ph]* (25.4), 76
[CeHa* (12.2), 59 [HNCS]* (11.1), 32 [S]*+ (11.3), 27
[HCN]* (8.4), 15 [CH4]* (24.2). Found, %: C 77.67; H
4.90; N 4.01; S8.95. C,3H4,NOS. Cdlculated, %: C 77.72;
H 4.82; N 3.94; S9.02.

Compound (VI).mp 131-133°C (decomp.). IR
spectrum, cmr1: 1970 (NCSe), 1810 (C1-C3 skeletal),
1610 (C=C). IH NMR spectrum (CDClj, 5°C), 8, ppm:
7.16—7.65 br.m (15H). 13C NMR spectrum (CDCl,
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—20°C), &, ppm: 46.85 (C3), 107.75 (C12), 130.10
(NCSe), 124.35, 136.96 (Cl 4 om), 125.38, 127.13, 128.82,
129.22,129.94, 130.35 (C,om)- Mass spectrum, m/z (I 4,
%): 372 [Ph;C3NCSe]* = [M]* (8.51), 295 [M—CgH5)*
(1.8), 294 [M—CgHgl* (14.3), 293 [M-Se]* (62.2), 292
[M—HSe]*+ (33.2), 291 [M—H,Se]* (14.6), 283 [M—CgHs—
C]* (0.9), 281 [M—CSe]* (0.8), 279 [M—H,CSe]* (1.6),
278 [M—CH3Sel* (7.6), 277 [M—H3CSeH]* (7.1), 269
[M—CgH5CN]* (2.9), 268 [M—CgHg—CN]* (24.5), 267
[M-NCSe]* (100), 266 [M-HNCSe]* (8.7), 216 [M—
CeHs—Se]* (14.2), 215 [M — CgHg — Se]* (3.7), 214 [M—
CeHg—HSe]* (9.6), 190 [Ph,C4]* (7.3), 178 [Ph,C,]*
(9.9), 115 [PhC3H,]* (4.2), 113 [PhCs]* (3.9), 106
[HNCSe]* (4.0), 105 [NCSe]* (37.4), 89 [C/Hs]* (7.1),
77 [Ph]+* (31.6), 76 [CgH,]* (18.9), 51 [C,H4]* (33.1), 39
[C5H3)* (17.0), 27 [HCN]* (8.3). Found, %: C 70.88;
H 4.17; N 3.66; Se 21.10. C,,H;5NSe. Calculated, %:
C 70.97; H 4.06; N 3.76; Se 21.21.

Compound (VI1). mp. 129-131°C (decomp.). IR
spectrum, cmr1: 1980 (NCSe), 1805 (C1-C3 skeletal),
1610, 1600 (C=C). IH NMR spectrum (CgDg, 5°C), 9,
ppm: 3.20 s (3H) OMe, 6.89-7.10 br.m (8H), 7.34—
7.54 br.m. (6H,om)- 33C NMR spectrum (CDCl 5, —20°C):
46.81, 48.79 (C3), 54.20, 56.10 (OMe), 113.81, 116.01,
116.80 (C12), 132.50, 132.82 (NCSe), 121.42, 127.55,
129.75, 130.30, 130.90, 137.25, 161.50 (Ci 4om), 124.30—
130.59 (C,om)- Found, %: C 68.58; H 4.17; N 3.45;
Se 19.52. C,3H47NOSe. Calculated, %: C 68.66; H 4.26;
N 3.48; Se 19.62.

X-ray diffraction analysis of 3-isothiocyanato-
1,2,3-triphenylcyclopropene(1V). Crystalsmonoclinic.
CxH15NS. M 325.44, space group P 21/n, a 13.104(5),
b 11.644(4), ¢ 12.782(5) A, o 90, B 114.66(3), y 90°. VV
1772(1) A3, Z 4, deqc 1.22 g/cm3, F(000) 680. The experi-
mentswere carried out on adiffractometer Enraf Nonius
CAD-4.T 293(2) K, MoK, radiation, A 0.71069 A, 6/26
scanhing. The structure was solved by the direct method
using SHEXS-97 software. Absorption p 1.75 cm-1. Scan-
ninginterval 6 1.5-20.0°; spherical segment -12<h<11,
0<k<11, 0<I<12. Reflections: 1871/1750/1087 I (hkl) >
16(1). Least-squares approximation gave R0.12, Rww =
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1/[o(1)2 + (0.05F2)2] 0.11, AF,,, 0.38 e A=3. Hydrogen
atoms were placed into the geometrically calculated
positionsand refined intherider approximation. Coordin-
ates of nonhydrogen atoms and their equivalent thermal
parameters are avail able from the authors; bond lengths
and angles are presented in Table 2. The X-ray study
was performed in the Federal Institute of Investigation
and Testing of Materials (Berlin).

The study was carried out under a financial support
of the Russian Foundation for Basic Research (grant no.
06-03-32158), of the Program no.8 of the Presidium of
the Russian Academy of Sciences (project “ Synthesis
and molecular design of new photo- and electro-
luminescent 8-hydroxyquinoline compoundsfor organic
light-emitting diodes (OLEDS)"), and of project of the
Ministry of Education and Science RNP 2.2.2.2.5592.
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