Tetrahedron, Vol. 53, No. 16, pp. 5755-5766, 1997
Pergamon © 1997 Elsevier Science Lid

All rights reserved. Printed in Great Britain

0040-4020/ K X
PII: S0040-4020(97)00283-4 97 $17.00 + 0.00

On the Reaction of 1,3-Diaza-2-azoniaallene Salts with 1,3-Butadienes and
Cumulenes

Wolfgang Wirschun, Gerd-Michael Maier, Johannes C.Jochims*

Fakultit fir Chemie der Universitit Konstanz, Postfach 5560-M733, D-78434 Konstanz, Germany

Abstract - 1,3-Disubstituted triazenes 3 are oxidized with rert-butyl hypochlorite to N-chlorotriazenes
4, which at low temperatures with antimony pentachloride afford 1,3-diaza-2-azoniaallene salts 5 as
reactive intermediates. Cations 5 undergo cycloadditions to one or both double bonds of 1,3-butadienes
to furnish 4,5-dihydro-7H-1,2.3-triazolium salts (6a-k) (1,3-dipolar cycloaddition with inverse electron
demand). With an allene, a butatriene, and a pentatetraene the 4,5-dihydro-/H-1.2 3-triazolium salts
61-n were obtained. Some of the products undergo consecutive reactions to 1,2.3-triazolium salts
(8a,b). The constitutions of 6n and 8b were secured by X-ray structural analyses. 4,5-Dihydro-/H-
1,2,3-triazolium salts (6) and IH-1,2,3-triazolium salts (8) are aza analogues of Arduengo's
nucleophilic carbenes (imidazolidine-2-ylidenes, imidazole-2-ylidenes). © 1997 Elsevier Science Lid.

While 1,3-dipolar cycloadditions of electrically neutral 1,3-dipoles are widely used in preparative
organic (:hemistry,1 reports on cycloadditions of cationic four-electron-three-center components to
multiple bonds seem to be scarce.

An interesting inorganic example of a cationic "1.3-dipole” is the S=N+=S ion prepared by
Passmore et al.2-4 In contrast to the well-known nitronium ion O=N*=0, which reacts as an
electrophile effecting, for instance, aromatic nitration, the ion §=N*t=S acts as a four-electron
component in cycloadditions to alkenes such as ethene to afford 1,3,2-dithiazolium salts.

In a short communication without experimental details Shatzmiller et al. reported stereoselective
cycloadditions of cations RIR2C+-C=N-R3 10 olefins.>

Recently, we reported cycloadditions of 1-aza-2-azoniaallene cations 2 to nitriles, 6.7 acetylenes,8
carbodiimides, 9 -isocyanates,10 and alkenes.1l Cations 2 behave as positively charged 1,3-dipoles
undergoing cycloadditions to electron-rich olefins with complete conservation of the configuration of
the alkene. At least reactions of 2 with alkynes and alkenes are believed to be concerted 1,3-dipolar
cycloadditions with inverse electron demand,12 a view. which is supported by semi empirical AM1
calculations. 13 Corresponding cycloadditions are not to be expected and have not been observed
experimentally for 2-azoniaallene cations 1.14-17 However. 1,3-diaza-2-azoniaallene cations § bearing
a lone pair in conjugation to a double bond similar to cations 2, should be qualified to undergo
concerted cycloadditions to multiple bonds. Recently, we reported in situ preparations of first
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cumulenes 5 reacting with both electron-rich and electron-deficient alkenes to afford 4,5-dihydro-1H-
1,2,3-triazolium salts 6 with complete conservation of the configuration of the alkene (Scheme 1). This
was regarded as an argument for a concerted process, in agreement with results of AM1 calculations. 18
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1,3-diaza-2-azoniaallene salts
Scheme 1

In this study we set out to extend this work to cycloadditions of salts 5 to 1,3-butadienes, an allene, a
butatriene, and a pentatetraene.

Oxidation of the triazene 3(R! =R2=2,4,6-C13C6H2) with terr-butyl hypochlorite afforded the
yellow N-chlorotriazene 4(R1 =R2:2,4,6—C]3C6H2). On addition at -609C of antimony pentachloride
to a solution of this compound in dichloromethane a red-orange solid 5(R1=R2=2,4,6-CI3C6H2)
precipitated, the 1H NMR spectrum of which (at -350C in CD3CN) showed only one singlet at 7.93
ppm. In the 13¢ NMR spectrum four resonances for two equivalent aryl substituents were found. The
IR spectrum (at -500C in CH3CN) is dominated by a very strong band at 2018 cm-! assigned to the
asymmetric stretching vibration of the N=N+=N unit. These data together with a correct elemental
analysis support the proposed structure. At -80°C the cumulene is stable over months but above -250C
it decomposes into equal amounts of the diazonium salt 7 and azo(2.4,6-trichlorobenzene). 18

On addition of 1,3-butadiene to a cold (-60°C) suspension of S5(RI =R2=2,4,6-CI3C6H2) in
dichloromethane the cumulene went into solution. Warming up to room temperature and workup
afforded the cycloadduct 6a in 59% yield (after recrystallization). The crude product was contaminated
by a small amount of the diazonium salt 7. When pure 6a in dichloromethane was treated with the
cumulene S(R! =R2=2,4,6-C13C6H2) the pale yellow bistriazolium salt 6b was formed in 67% yield
showing that even the vinyl group of a cation is able to add a cation 5.

Correspondingly, from 2,3-dimethyl-1,3-butadiene the vinyl triazolium salt 6c (52%) and the dimer
6d (59%) were prepared. Formation of 6d suggests that moderate steric constraints do not prevent the
cycloaddition. However, in solution the hexachloroantimonate 6d slowly decomposed into two
molecules of the triazolium setrachloroantimonate 8a. We believe that homolytic cleavage of the bond
connecting the two rings of 6b led to free radicals, which were oxidized by the Sb(V)-counterion.
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7: ArLN SOl Al 246-CisCH, A% @ 4-ClCgH,

Scheme 2. Products prepared

With cyclooctatetraene not more than twofold cycloaddition to 6e could be achieved. Large amounts
of 7 were formed as byproduct. The symmetries of the NMR spectra suggest point group Cay or Cpp
for the dication 6e. According to AM1 calculations the cis form (Cyy) is 75 kJmol-! more stable than
the trans form (Cpp). With no better arguments at hand we assign the cis form drawn to 6e.

The salts 6f-h were prepared by reactions of equimolecular mixtures of S(R1=R2=2,4,6-Cl3CgH7)
and the corresponding butadienes (55-81%). Preparations of 2:1 adducts were not attempted. With
isoprene an almost equimolecular mixwre of the regioisomers 6g,h was obtained. With 2,3-
dimethylbutadiene the unsymmetrically substituted heterocumulene 5(R1=p-tolyl; RZ=Me)!19 afforded
a 1:5 mixture 6i,j of the regioisomers in respect to the triazenium ion. By reason of better
crystallization the counterion SbClg™ of 6i-k was exchanged against PFg~. No reactions were observed
between hexachloro-1,3-butadiene and cumulenes §.
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Only occasionally 4,5-dihydro-/H-1,2,3-triazolium salts have been mentioned in the literature. 20,21

In addition to 1,3-butadienes we studied reactions of S(R1=R2=246-CI3C¢Hp) with a few
cumulenes. Tetraphenylallene afforded the triazolium salt 61. With (E)-1,4-bis(4-bromophenyl)-1,4-di-
tert-butylbutatriene22 the allene 6m was formed. No cycloaddition across the central double bond of
the butatriene was observed. According to AM1 calculations 6m is 12 to 46 kJmol-1 more stable than
any stereoisomer, which could have been formed by cycloaddition onto the central double bond of the
butatriene. Recrystallization of 6m resulted in loss of isobutene and formation of the triazolium salt 8b.
AMI calculations suggest elimination of Me3C+ from the 4-position of 6m leaving back an ylide. The
cation MC3C+ decomposes to isobutene and a proton, which protonates the ylide to give 8b. The
cation 8b was calculated to be 75 kimol-! more stable than the cation 6m.

Table 1. Selected bond lengths [pm], bond angles, and torsional angles [deg] for the cation 6n24

Atoms X-ray AM1 Atoms X-ray AM1
NI-N2 130(1) 129.4 N1-C1-C14 (D) 120.9
N2-N3 130(1) 130.2 C1-C14-Cl15 176(1) 173.3
N3-C2 145(1) 147.9 N1-N2-N3-C2 -1(1) 2.2
C2-C1 147(2) 150.0 N2-N3-C2-C1 2(1) -0.2
CL-N1 143(1) 148.2 N3-C2-C1-Nl -1(1) -1.6
C2-C3 135(2) 135.6 C2-C1-NI-N2 1(1) 3.1
Ci1-Ci4 131(2) 130.6 C1-N1-N2-N3 o) 3.4
Ci4-C15 134(2) 131.3 N1-N2-N3-C26 -172(1) -179.8
N1-C20 144(1) 143.5 N1-C1-C2-C3 -179(1) 178.4
N3-C26 143(1) 143.9 N2-N3-C26-C27 90(1) 86.6
N1-N2-N3 108(1) 110.1 N2-N1-C20-C21 80(1) 80.4
N2-N3-C2 114(1) 113.0 N2-N1-C1-C14 -172(1) -175.5
N3-C2-C1 102(1) 101.8 N2-N3-C2-C3 180(1) 179.8
C2-C1-N1 104(1) 102.7 N3-C2-C3-C4 -11(2) 2.9
CI-N1-N2 113(1) 112.4 N3-C2-C3-C10 175(1) -175.2
C20-N1-N2 119(1) 122.3 N3-C2-C1-Cl4 169(2) 176.7
C20-N1-C1 128(1) 125.2 C2-C3-C4-C5 104(2) 90.8
C26-N3-N2 114(1) 117.9 C2-N3-C26-C27 -78(2) -95.9
C26-N3-C2 132(1) 129.1 C1-N1-C20-C21 -92(2) -93.6
N3-C2-C3 123(1) 125.1 C1-C2-C3-C4 167(1) -177.1
C2-C3-C4 121(1) 122.4 C10-C3-C4-C5 -81(2) -91.0

C2-C3-C10 123(1) 124.3 Cl16-C15-C32-C33 -96(2) -87.8
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Figure 1. SCHAKAL Plot of the Cation 6n Figure 2. SCHAKAL Plot of the Cation 8b

Table 2. Selected bond lengths [pm], bond angles, and torsional angles [deg] for the cation 8p24

Atoms X-ray AMI1 Atoms X-ray AM1
N1-N2 132.9(6) 132.0 N1-N2-N3-Cl -0.2(5) 0.2
N2-N3 132.4(6) 132.2 N2-N3-C1-C2 0.8(6) -0.6
N3-C1 136.6(6) 142.4 N3-Ci-C2-N1 -1.0(5) 0.7
Ci-C2 137.9(7) 141.9 CI1-C2-NI1-N2 0.9(6) -0.7
C2-N1 135.6(6) 142.0 C2-N1-N2-N3 -0.5(5) 0.2
C1-C3 146.8(7) 144.0 N1-N2-N3-C27 180.0(4) -177.6
C3-C4 134.4(7) 134.7 N1-C2-C1-C3 170.7(5) 173.0
C2-C15 146.9(7) 144.9 N1-C2-C15-C16 51.7(7) 33.9
NI1-C21 143.9(6) 143.9 N2-N3-C27-C32 -77.0(6) -76.1
N3-C27 144.6(6) 143.9 N2-N1-C21-C26 -100.9(6) -95.1
NI1-N2-N3 102.5(4) 107.2 N2-N1-C2-C15 -178.2(4) -178.5
N2-N3-C1 114.5(4) 112.0 N2-N3-C1-C3 -171.9(5) -173.6
N3-C1-C2 103.8(4) 104.2 N3-C1-C3-C4 -116.2(6) -111.5
CI1-C2-N1 105.6(4) 104.6 N3-N2-N1-C21 176.0(4) 179.8
C2-N1-N2 113.6(4) 112.0 N3-C1-C2-C15 178.1(5) -178.3
C21-NI-N2 117.4(4) 122.1 C1-C3-C4-C5 -175.5(5) -177.1
C21-NI1-C2 128.9(4) 125.9 C1-C3-C4-C11 (1) 2.5
C27-N3-N2 117.0(4) 122.2 C1-N3-C27-C32 103.3(6) 106.3
C27-N3-C1 128.5(4) 125.7 C1-C2-C15-Cl6 -127.2(6) -117.3
N3-C1-C3 123.0(5) 124.3 C2-N1-C21-C26 74.9(7) 84.5
C1-C3-C4 130.6(5) 130.4 C2-C1-C3-C4 73.5(9) 77.6
C15-C2-N1 123.2(5) 125.1 C11-C4-C5-C10 103.9(7) 91.7

C15-C2-Cl1 131.2(5) 130.2
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In contrast to the butatriene, the central double bond of 1,5-di-ter1—butyl-1,5-diphenylpentatetraene23
was attacked by sR! =R2=2,4,6-C]3C6H2) to afford the allene 6n. The cycloaddition of the
butatriene leading to 6m was calculated (AM1) to be exothermic by 80 kJmol-1, while the formation of
6n is even more exothermic (169 kJmol-1).

The structural assignments of the triazolium salts 6 and 8 are based on their 'H,13C NMR, and the
IR spectra (Experimental Section). In most cases the assignments were straightforward. However, no
allene bands could be observed in the IR spectra of 6m,n. Also, the configurations of the isolated
double bonds of 6n and 8b could not be established. Therefore. X-ray structural analyses were carried
out for these two compounds. The results are shown in Figures 1,2. Selected molecular data are
collected in Tables 1,2.

The crystal structures of both 6n and 8b show planar 1,2 3-triazolium rings. In 8b the olefinic
double bond C3=C4 has (E)-configuration (C1 and C5 trans with respect to each other). Due to the
poor quality of the crystal the structural analysis of 6n led to rather poor agreement factors [Re(l > 2c
(D)) = 8.38%; Rp(all data) = 16.14%]. However, there is no doubt about the structure of the cation,
which has an exocyclic double bond C2=C3 with (Z)-configuration (C4 and N3 cis with respect to each
other). The allene unit is almost linear (C1-C14-C15: 176(1)9). For reason of comparison structural
data calculated by the AM1 method are included in the Tables. While agreement between most of the
calculated and measured parameters is satisfactory, the C-N and C-C bond lenghts of the triazolium ring
of 8b were calculated too long (ca 6 pm). For 8b the (Z)-form was calculated to be 16 kJmol-1 more
stable than the (E)-form found in the crystal, while for 6n the (E)-isomer should be 38 kJmol-! less
stable than the (Z)-form found by X-ray crystallography.

i i " i | | i |
N N N N N N N N
N+ \Y \ AN - -
[NIH[ NI<——>|: N1 [r\u [>I<—>[\>I<——>[/>I E>|
/ / 4 /
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Recent publications of Arduengo et al. on stable nucleophilic carbenes 9 and 10 attract much
attention.25-30 The work is based on earlier observation of Wanzlick et al., who postulated carbene
character for 9 and 10 but did not isolate such compounds.31-36 1,2 3-Triazolium cations 6 and
1,2,3-triazoles 8§ are isoelectronic to Wanzlick-Arduengo carbenes 9, 10. Arguments put forward in
favor of the singlet carbene character of 9,10 and against important ylidic contributions 9' 9" etc are
small bond angles N-C-N (9: 105°,25 10: ca 1020 27), and long nitrogen bonds to the carbene center
(132-137 pm). It is of some note that rather small bond angles were observed also for 6n [N1-N2-N3:
108(1)], and 8b [NI1-N2- N3: 102.5(4)]. These angles and the N-N bond distances in 6n (N1-N2:
130(1) pm) and 8b (N1-N2: 132.7(6) pm) may be compared with those of 1-substituted 4,5-dihydro-
1,2,3-triazoles (N1-N2-N3: 112-1130; NI-N2: 135-136 pm; N2=N3: 125-126 pm37.38) and 1-
substituted 1,2,3-triazoles (N1-N2-N3: 106-1080; N1-N2: ca 135 pm; N2=N3: ca 130 pm39.40).
Thus, while n-interaction (6',6" etc) is certainly important in compounds 6 and 8, the smail N-N-N -
bond angles may suggest some singlet nitrenium character of these compounds.
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Experimental Section

X-Ray Diffraction Analyses of 6n and 8b:24 Reflections were measured with an Enraf-Nonius CAD4

diffractometer (graphite monochromator, AMo-Ka = 71.069 pm). Solution by direct methods with
subsequent difference-Fourier syntheses and full-matrix least-squares refinement using programs
SHELXS-86 and SHELXL-93, respectively. 6n, [C37H32Cl6N3]+SbC]6"CCI4; MW = 1219.6;
crystal size [mm]: 0.40 x 0.40 x 0.20; space group P2{/c; Z = 4; monoclinic; a = 1309.0(4) pm, b =
1516.5(2) pm, ¢ = 2558.4(7) pm; B = 96.79(1)°; V = 5043.106 pm?3: degled = 1.61 Mg m3; o-
scan; scan width (in @) 1.0 + 0.35 an®: 3 <20 < 500; F(000) = 2416; pu(Mo-Ka) = 1.426 mm-l; T
= 153(2) K; 8892 reflections collected: 8478 independent reflections; 5152 observed reflections (I > 2
o(1)); positions of 8 hydrogen atoms were located by difference Fourier synthesis. The other hydrogen
atoms were included in calculated positions. Anisotropic refinement of all non-H atoms with exception
of disordered CCly converged to RE(1 > 26(1)) = 8.38% and R(all data) = 16.14%.

8b, [C32H22Br2Cl3N3]+SbCl6'; MW = 1155.6; crystal size [mm]: 0.40 x 0.20 x 0.21; space group
P21/n; Z = 4; monoclinic: @ = 943.1(3) pm, & = 1954.7(6) pm, ¢ = 2274(1) pm; B = 94.34(2)0: V
= 4181(3)-108 pm3; dgyicq = 1.84 Mg m-3: 0/20-scan: scan width (in ©) 0.9 + 0.35 tan®; 3 < 20
< 500; 3.6 < 20 < 569; F(000) = 2240; p(Mo-Ka) = 3.367 mm-1.T = 153(2) K: 10624 reflections
collected; 10032 independent reflections; 6201 observed reflections (I > 2o(1)): positions’ of five
hydrogen atoms calculated; the other hydrogen atoms were located by difference Fourier synthesis;
CH3 groups were refined as rigid groups (riding model) with idealized geometry. The anisotropic
refinement of all non-H atoms converged to R(1 > 20()) = 4.91%: Ri(all daa) = 12.37%.

All experiments were carried out with exclusion of moisture. 'H, 13C NMR spectra: Bruker AC-250
and WM-250 spectrometers; CD3CN:; 295 K: internal reference TMS:; 8-scale; coupling constants J in
Hz. IR spectra: Perkin-Elmer FTIR 1600 spectrometer; CHpCly: absorptions in cm-l. m: multiplet;
br: broad; dd: doublet of doublets: t: triplet; sh: shoulder: w: weak.
4,5-Dihydro—1,3-bis(2,4.6-trichloronhenvl)-4—vinvl—lH—1.2‘3-triazolium Hexachloroantimonate (6a): A
solution of SbCls (2.99 g, 10 mmol) in CH)Cly (20 ml) was added dropwise to a cold (-60°C) solution
of 4RI=R2=24.6-Cl3C4Hy)!8 (4.39 g, 10 mmol) in CH)Cly (40 ml). Excess of 1,3-butadiene
(2 ml) in CHCly (20 ml) was added to the resulting orange-red suspension. The reaction mixture was
warmed to -309C over the course of the next 1 h. Stirring was continued at 0°C for 30 min, then at
230C for 15 min. Addition of CCly (120 ml) afforded a yellow precipitate. which was contaminated by
7 (IH NMR: singlet at 8.11 ppm!18), Crystallization at 239C from CH»3Cly (20 ml)/MeCN (48 ml)/
Et0 (360 ml) afforded colorless prisms (4.64 g, 59%); mp 175-1779C (dec). IR: 1559, 1571. Iy
NMR: 4.88(m,1H), 5.25(m,1H), 5.63(m,2H), 6.11(m,2H)(vinyl,H4,5.5"). 7.81. 7.82@ryl). 13C
NMR: 60.9, 73.6(C4,5), 128.2, 128.6, 129.6, 130.3, 130.9, 131.1, 135.0, 135.3(br), 140.7,
140.8(vinyl.aryl). (Found: C, 24.34; H, 1.50: N. 5.20. Calcd for C1s5H1gCl12N3Sh (MW = 791.5):
C.24.28; H, 1.27; N, 5.31%). '
4.4'-Bis[4.5-dihydro-1_3-bis(2 .4 6-trichlorophenyl)-7H-1.2. 3-triazolium] Dihexachloroantimonate (6b):
A solution of SbCl5 (2.99 g, 10 mmol) in CH)Cly (50 ml) was added dropwise to a cold (-600C)
solution of 4(R1 =R2=2,4,6-Cl3CgH7) (4.39 g, 10 mmol) in CHCly (50 mi). At -60°C a solution of
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6a (7.92 g, 10 mmol) in CH2Cly (50 ml) was added. The reaction mixture was warmed to -30°C over
the course of the next 1 h. Stirring was continued at 0°C for 30 min, then at 239C for 15 min.
Evaporation of the solvent and precipitation of the residue from CHyClp (500 ml)/MeCN (120
mi)/Et)O (1500 ml) afforded a pale yellow powder (10.20 g, 67%); mp 164-165°C (dec). IR(KBr):
1558, 1567. 1H NMR: 5.17(dd,J=10.9 and 15.9, 2H), 5.63(t,J=15.9, 2H), 6.31(m,2H), 7.91(4H),
7.83-7.94(m,4H). 13C NMR: 59.6, 67.8(C4,5.4'.5'), 127.7, 129.4, 131.2, 131.8, 134.5, 134.7,
135.4, 135.6, 141.8, 142.1(aryl). (Found: C, 22.29; H, 1.04; N, 5.82. Calcd for CygH4Cl24NgSby
(MW = 1528.8): C, 22.00; H, 0.92: N, 5.50%).
4,5-Dihydro-4-isopropenyl-4-methyl-1,3-bis(2,4.6-trichlorophenyl)-/H-1,2 3-triazolium Hexachloroan-
timonate (6¢): From 2,3-dimethyl-1,3-butadiene (0.83 g, 10 mmol) as described for 6a. The brown
reaction mixture was evaporated to furnish a yellow-brown foam, which was suspended in CH»Clp (60
ml). Addition of CCly (60 ml), filtration from 7, addition of further CCly (200 ml) to the filtrate, and
storing at -159C for 12 h afforded a yellowish powder (4.92 g, 60%), which was precipitated at 230C
from CH3Cly (20 ml)/CCly (80 ml) to furnish a pale yellow powder (4.28 g, 52%); mp 168-170°C
(dec). IR: 1558, 1569. IH NMR: 2.07. 2.08(CH3), 4.88(d,J=15.1). 5.26(d,J=15.1)(H5,5"), 5.38
(m), 5.51(m)(vinyl), 7.76(br), 7.82(aryl). 13C NMR: 22.2, 26.5(CH3), 65.0, 85.4(C5.4), 123.7-140.6
(11 lines: vinyl,aryl). (Found: C. 26.08: H, 1.76: N, 5.03. Caled for C;gH{4Cl1pN3Sb (MW =
819.5): -C, 26.38: H. 1.72; N, 5.13%). '
4.4'-Bis{4,5-dihydro-4-methyl-1,3-bis(2,4.6-trichlorophenyl)-/H-1,2 . 3-triazolium]__Dihexachioroanti-
monate (6d): From 6c (8.20 g, 10 mmol) as described for 6b. The product crystallized during the
reaction and was isolated by filtration. Yield: 9.19 g (59%) of a colorless powder; mp 135-1360C
(dec). IR(KBr): 1561(sh), 1570. lH NMR (333 K): 2.56(CH3), 5.16(d.J=16.2), 5.56(d.J=16.2)
(CHp), 7.81, 7.89%(aryl). 13C NMR (333 K): 23.2(CH3), 65.0, 84.3(CH3,C), 128.7. 129.9, 131.5,
132.7, 133.1, 134.2, 135.9, 139.0, 141.5, 142.4(aryl). (Found: C, 23.23: H, 1.22;: N, 5.59. Calcd
for C3gH18Clp4NgSby (MW = 1556.9): C, 23.14; H, 1.17; N, 5.40%). Evaporation of the filtrate
of the isolation of 6d afforded almost pure 6¢c.

(3aR.5aS.8aR . 10a8,47.97)-1,3a,5a.6.8a,10a-Hexahydro-1,3.6.8-tetrakis(2.4.6-trichlorophenylicyclo-
octa[1.2-d:5.6-d'|bis(-/H-1,2,3-triazolium} Dihexachloroantimonate (6e): A solution of SbClg (2.99 g,
10 mmol) in CHpCly (10 ml) was added dropwise to a cold (-60°C) solution of 4R!1=R2=246-
Cl3CgH2) (4.39 g, 10 mmol) in CH2Cly (50 mi). At -609C a solution of cyclooctatetraene (0.52 g, 5
mmol) in CHCly (5 ml) was added. The reaction mixture was warmed to -30°C over the course of
the next 1 h. Stirring was continued at 0°C for 30 min, then at 239C for 15 min. Filtration afforded a
grey powder (5.16 g, 65%), which contained considerable amounts (ca 30%) of 7. Stirring for 5 min
in MeCN (15 mi) and filtration furnished 6e as pale yellow powder (2.41 g, 31%); mp 177-1780C
(dec). IR(KBr): 1450, 1558, 1569. H NMR: 6.25, 6.60(vinyl), 7.86(aryl). 13C NMR(gated decoup-
ling): 70.0(br,m,J=162.4,CH), 126.5(br.d,J=173.3 vinyl). 127.4(t,J=9,i-C), 130.3(dd,J=178.1 and
5.7,m-C), 134.1(1,J=2.4,0-C), 140.5(t,J=4.3,p-C). (Found: C, 24.61; H, 1.03; N, 5.46. Calcd for
C372H16Clp4NgSby (MW = 1578.9): C, 24.34: H, 1.02; N. 5.32%).
¢-3a.4.5.7a-Tetrahydro-1,3-bis(2.4.6-trichlorophenyl)cyclohexafd)-/H-1,2 3-triazolium Hexachloroan-
timonate (6f): From 1,3-cyclohexadiene (0.96 g, 12 mmol) as described for 6a. Addition of CCly
(120 ml) to the brown reaction mixture, filtration from a small amount of 7, and addition of further
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CCly (100 ml) to the filtrate furnished a pale brown precipitate (5.48 g, 67%). Reprecipitation from
CH»Cl, (40 ml)/Ety0 (140 ml) afforded a pale yellow powder (5.12 g, 63%), which had to be dried at
60°C for 7 d at 10-! torr: mp 198-1999C (dec). IR: 1558, 1571. 1H NMR: 2.11-2.46(m,4H), 5.78
(m.3H), 6.53(m,1H)(H3a,7a,6,7), 7.81, 7.82(aryl). 13C NMR: 20.9, 21.5(CHp), 66.9, 68.5
(C3a,7a), 115.3(vinyl), 129.2, 129.3, 131.1, 131.3, 135.0, 135.4, 139.7, 140.4, 140.7(vinyl,aryl).
(Found: C, 26.47; H, 1.72; N, 5.13. Caled for C gH(2Cl{2N3Sb (MW = 817.5): C, 26.45; H,
1.48; N, 5.14%).

4,5-Dihydro-4-methyl-1,3-bis(2,4,6-trichlorophenyl)-4-vinyl-/H-1,2, 3-triazolium _Hexachloroantimon-
ate (6g) + 4.5-Dihydro-4-isopropenyl-1.3-bis(2.4.6-trichlorophenyl)-/H-1,2,3-triazolium Hexachloro-
antimonate (6h): From isoprene (0.82 g, 12 mmol) as described for 6a. Evaporation of the reaction
mixture afforded a brown oil, which was suspended in CHyCly (40 ml). Addition of CClg (120 ml),
filtration from 7, and addition of further CClg (120 ml) to the filtrate resulted in precipitation of a pale
brown powder (4.92 g, 61%). Reprecipitation from CH>Cly (20 ml)/EtpO (60 ml) gave an orange-
brown powder (4.44 g, 55%); mp 183-1849C (dec). IR: 1559, 1571. 1H NMR: mixture (ca 1.3:1) of
6g,h: main component: 2.03(CH3). 6.45(dd.J=10.6 and 17.1,1H,vinyl); minor component:
2.01(d,J=0.4, CH3), 6.24(dd,J=11.8 and 14.8,1H,vinyl). 13C NMR: 19.0, 23.5(CH3y), 58.9. 66.2.
75.7. 83.7(C4.5), 124.5-140.7(18 signals: vinyl,aryl). (Found: C, 25.31; H, 1.59: N, 5.20. Calcd
for Ci4H12Cl1pN3Sb (MW = 805.5): C, 25.35: H, 1.50; N. 5.22%).
4.5-Dihydro-1.4-dimethyl-3-(4-methylphenyl)-4-isopropenyl-/H-1,2.3-triazolium _Hexafluorophosphate
(6i) + 4.5-Dihydro-3.4-dimethyl-1-(4-methylphenyl)-4-isopropenyl-/H-1,2 3-triazolium _Hexafluoro-
phosphate (6j):  With exclusion of light ferr-butythypochlorite (1.52 g, 15 mmol) was added to a cold
(-60°C) suspension of 2,3-dimethyl-1,3-butadiene (1.64 g, 20 mmol), 3(R1=4-MeCgHy4. R2=Me)!9
(1.49 g, 10 mmol) and KPFg (3.68 g, 20 mmol) in CHCly (100 ml). The reaction mixture was
warmed to -100C over the course of the next 2 h. Stirring was continued at 0°C for 30 min, then at
230C for 15 min. The orange suspension was filtered and the filtrate was evaporated. The residue was
dissolved in CHCly (15 ml). Slow addition of EtpO (100 ml) afforded an oily precipitate, which was
dried at 60°C i. vac. to give an orange sirup (3.04 g, 81%). IR: 1508, 1525. IH NMR (CDCl3): 1:5
mixture of 6i,j: main component: 1.79, 1.87, 2.37, 3.88(CH3). 4.44(CHp). 5.28(br), 5.32(br)(vinyl),
7.23(m), 7.33(m)(aryl); minor component: 1.78, 3.69(CH3). 4.65(AB-q.CH>), 7.39(m 2H.aryl). 13C
NMR (CDCI3): main component: 18.2, 21.1, 22.4, 40.1(CH3), 65.7(CHp), 77.6(?X(C). 117.8, 120.8,
130.5, 132.2, 140.4, 141.4(aryl,vinyl); minor component: 17.8, 21.0, 34.9(CH3), 61.3 (CHj),
76.9(C), 118.0, 118.5, 130.7, 133.6, 138.7, 140.1(aryl,vinyl). (Found: C, 44.78; H, 5.35: N, 11.16.
Caled for C14Hp0FgN3P (MW = 375. 3) C.44.81: H5.37; N, 11.20%).

(6k): From 3(Rl1=R2 =4-CIC6H4)41 (2.66 g, 10 mmol) as described for 6i,j. The orange suspension
was evaporated and the residue was suspended in CH2Cly (60 ml)/MeCN (15 ml). Filtration and
addition of EtpO (100 ml) to the filtrate afforded an orange-yellow powder (4.28 g, 87%), which was
reprecipitated from MeCN (20 ml)/Et70 (100 ml) to give a dark yellow powder (3.90 g, 79%); mp
218-2200C (dec). IR: 1475, 1489. 1H NMR: 1.90(br), 1.97(CH3), 4.91(AB-q,J=14.2, H5,5"), 5.47
(vinyl), 7.57-7.75(m,aryl). 13C NMR: 18.7, 23.2(CH3), 64.5, 80.0(C4.,5), 119.7, 121.6, 123.7,
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131.2, 131.3, 134.6, 135.9, 136.7, 137.1, 141.8(aryl.vinyl). (Found: C, 43.85; H. 3.70; N, 8.53.
Caicd for C{gHgClaFgN3P (MW = 492.2): C, 43.92; H, 3.69; N, 8.54%).
4.5-Dihydro-4.4-diphenyl-5-(diphenylmethylene)-1,3-bis(2.4.,6-trichlorophenyl)-/H-1,2.3-triazolium
Hexachloroantimonate (61): From tetraphenylallene‘*2 (3.44 g, 10 mmol) as described for 6a. The
solvent of the reaction mixture was evaporated. The green residue was suspended in MeCN (20 ml).
Slow addition of EtyO (240 ml) afforded a green precipitate (6.85 g. 61%). Crystallization from hot
MeCN (80 ml) afforded yellow prisms (5.61 g, 50%); mp 146-1489C (dec). IR: 1552(sh), 1567. 14
NMR (CD3Cl,258K): 2.01(MeCN), 7.30, 7.37(Ci3CgH7), broad lines for one phenyl group
(rotational hindrance). 13C NMR (CDyCl1,,258K): 2.5, 117.5(MeCN), 94.7, 126.2. 126.9, 128.1,
128.2, 128.3, 129.0, 129.2. 129.59, 129.63, 129.69. 129.9. 130.3, 130.4. 131.6, 132.0. 133.4,
133.8, 135.5, 135.6, 136.1, 138.1, 139.7, 139.8, 140.8(C=,aryl). (Found: C, 43.76: H. 2.43; N,
4.97. Calcd for C3gH»4C11pN3Sb-CH3CN (MW = 1122.9): C, 43.85: H, 2.42; N. 4.99%).
4-(4-Bromophenyl)-5-[2-(4-bromophenyl)-3.3-dimethylbut-1-en- 1-ylidene]-4-tert-butyl-4,5-dihydro-1,3-
bis(2.4.6-trichlorophenyl)-/H-1.2 3-triazolium Hexachloroantimonate (6m): A solution of SbClg
(2.99 g. 10 mmol) in CH7Cly (20 ml) was added dropwise to a cold (-60°C) suspension of 1,4-bis-
(4-bromophenyl)-1,4-di-ter-butylbutatriene22 (4.74 g, 10 mmol) and 4(R!=R2=24,6-Cl3CgHy)

© (4.39 g. 10 mmol) in CHpCly (40 ml). After stirring between -40 and -30°C for 1 h and at -10°C for

another h, then at 0°C for 30 min. and finally at 23°C for (S min, CClg (40 ml) was added. The
mixture was filtered from 7, and the filtrate was cooled to -20°C. Further CClyq (160 ml) was added.
The suspension was stirred at -20°C for 1 h, then at 239C for 2 h. A pale yellow powder (8.84 g,
73%) was isolated by filtration; the color of the compound disappeared at 180-1859C: mp 294-2970C
(dec). Attempts to recrystallize the product from MeCN resulted in decomposition. FAB-MS (3-nitro-
benzy! alcohol, m/e): 876(100%. M - SbClg). 820(63%. M - SbClg - MepC=CHpj). IR: 1549(sh),
1567, 1586(sh), no allene band. 'H NMR (350 K): 1.14(br.9H), 1.19(9H)(tert-butyl). 6.87(m.2H),
7.51-7.97(10H)(aryl;some lines br). 13C NMR (350 K.slow decomposition to 8b): 28.3, 29.7, 29.8(7).
39.9, 45.8(CH3.C), 96.9(C4), 191.3(allene). 120.0-142.3(25 lines:aryl.allene). (Found: C. 35.36; H,
2.53; N, 3.54. Calcd for C36H3BrpCljpN3Sh (MW = 1211.6): C, 35.69; H. 2.50; N. 3.47%).

5-(3.3-Dimethyl-2-phenylbut-1-en-1-ylidene)-4-[(Z)-2,2-dimethyl- 1 -phenylpropyl-1-idene]-4,5-dihydro-
1,3-bis(2.4.6-trichlorophenyl)-/H-1,2 3-triazolium Hexachloroantimonate (6én): From 2.2,8. 8-tetra-
methyl-3,7-diphenyl—3,4,5,6—nonatetraene23 (3.29 g, 10 mmol) in CH7Clp (20 ml) as described for 6a.
The solvent of the dark red reaction mixture was evaporated, and the red residue was dissolved in
CH;Cl; (80 ml). Addition of CCl4 (200 ml) and filtration of the precipitate afforded a red crystalline
powder (7.60 g, 71%), which was dissolved in CHpCly (20 ml). After slow addition of Et0 (20 ml)
a small amount of 7 was removed by filtration. Addition of EtpO (60 ml) to the filtrate furnished a red
crystalline powder (6.44 g, 60%); mp 140-170°C (dec). Crystals of low quality but suitable for X-ray
analysis were obtained by crystallization at -150C from MeCN/CCly. For 6n a correct elemental

analysis could not be obtained because of easy loss of isobutene. - FAB-MS (3-nitrobenzyl alcohol,
m/e): 731(65%. M - SbClg). IR: 1561, 1906(w allene?). 'H NMR: 1.11, 1.17(CH3), 6.92-8.10(14
H.aryl). 13C NMR: 26.6, 28.8(CH3), 38.1, 40.7(C), 194.2(allene), 117.5-149.8(23 lines: aryl,
C4,5,allene). (Found: C, 40.30; H, 2.80; N, 4.12. Caled for C37H33C112N3Sb (MW = 1065.9):
C, 41.69; H, 3.03; N, 3.94%).
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4-Methyl-1,3-bis(2,4,6-trichlorophenyl)-/H-1.2 3-triazolium Tetrachloroantimonate (8a): A solution of
6d (1.56 g, 1 mmol) in MeCN (50 ml) was boiled under reflux for 24 h. The solvent was evaporated
and the brown residue was dissolved in CHCly (25 ml). Slow addition of CClyg (150 ml) afforded a
pale brown crystalline powder, which was recrystallized from hot MeCN (15 ml) to furnish a colorless
crystalline powder (1.25 g, 88%); mp 186-1880C (dec). IR(KBr): 1563, 1572. IH NMR (323 K):
2.55(CH3), 7.86, 7.90(aryl), 8.88(H-5). 13C NMR (323 K): 9.91(CH3), 127.8, 130.2, 130.9, 131.4,
134.0, 134.5, 134.8, 141.3, 141.8, 146.6(aryl,C4,5). (Found: C, 25.43; H, 1.19; N, 6.06. Calcd for
Cy5HgCl1gN3Sb (MW = 706.5): C, 25.50; H,1.14; N, 5.95%).
4-(4-Bromophenyl)-5-[(E)-2-(4-bromophenyl)-3.3-dimethylbut-1-enyl]-1,3-bis(2,4,6-trichlorophenyl)-
1H-1.2 3-triazolium Hexachloroantimonate (8b): A solution of 6m (1.21 g, 1 mmol) in MeCN (30 ml)
was boiled under reflux for 12 h. After cooling to 23°C EtpO (40 mi) was added and the colorless
precipitate (0.75 g, 65%) was isolated by filtration; mp 303-3059C (dec). Crystals suitable for X-ray
analysis were obtained by crystallization from boiling MeCN. IR(KBr): 1564, 1598(sh). IH NMR
(CD3CN/Dg-DMSO(2:1)): 0.79(CH3), 6.07(vinyl), 8.04(br), 8.12(CI3CgH7), 6.92(m.2H), 7.51(m,
4H), 7.89(m,2H)(BrCgHy). 3¢ NMR(CD3CN/Dg-DMSO (2:1)): 29.3(CH3), 38.4(C). 106.3. 170.6
(vinyl), 120.5-143.4(16 lines: aryl,C4,5). (Found: C., 33.28; H, 1.98: N, 3.72. Calcd for
C32H27BryCl1pN3Sb (MW = 1155.6): C, 33.26; H, 1.92: N, 3.64%).
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