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Abstract. The 1-aza-2-azoniaallene salt 8 prepared from 3-
acetyl coumarin via the hydrazone 6 and the (chloroalkyl)azo
derivative 7 reacts with nitriles to afford the 3-(3-chromenyl)-
1,2,4-triazolium salts 11a-d. With diisopropylcarbodiimide
the triazolium salt 13 and with norbornene a tricyclic pyra-
zolium salt 14 are obtained. Concurrent to these cycloadditions
the by-product 12 is formed by intramolecular cyclization of
the cumulene 8. Similarly, the intramolecular cyclization pro-
duct 18 is isolated as the sole product when the 1-aza-2-
azoniaallene salt 17a (prepared from the ethyl carbazone of

camphor by chlorination and treatment of the product 16a
with SbCls) was treated with nitriles, carbodiimides or alkenes.
In contrast, 1,2,4-triazolium salts 20a—c, 23c¢, respectively
pyrazolium salts 20d —f, and 1,3,4-thiadiazolium salts 23a,b
are obtained by reaction of the 1-aza-2-azoniaallene salt17b
with nitriles, respectively alkenes, alkynes, diisopro-
pylcarbodiimide, and isothiocyanates. The constitutions of
two of these products (20e, 23a) were secured by X-ray
structural analysis.

The novel heterocumulenes 1-aza-2-azoniaallene salts
1 and 1,3-diaza-2-azoniaallene salts 3, readily prepared
as reactive intermediates from hydrazones, respectively
from 1,3-disubstituted triazenes, have been shown to
undergo cycloaddition to many types of multiple bonds
[1-9]. Thus, compounds 1 react with nitriles [1, 3, 6, 7],
isocyanates [5], carbodiimides [2], as well as with
electron-rich alkenes and alkynes [3, 4, 7] to give pyra-
zolium derivatives 2, which frequently undergo succes-
sive transformations. In contrast, cumulenes 3 neither
react with nitriles, nor with isocyanates. However, es-
pecially smooth reactions were observed with both
electron-rich and electron-deficient alkenes affording
4,5-dihydro-1,2,3-triazolium salts 4 [8, 9]. So far only
salts 1, 3 with simple substituents, such as methyl, phe-
nyl efc. were used as reactants for cycloadditions with
conventional unsaturated compounds (acetonitrile, cy-
clopentene, 3-hexyne etc.). It seemed of interest to study
the applicability of the cycloaddition protocol for hete-
rocumulenes 1, 3 derived from natural products with
more sophisticated unsaturated reactants. Recently, we
reported preparations of C- and N-glycosides by cycload-
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dition of 1, 3 to glycosyl nitriles and a glucosyl alkyne
{10]. In this communication we describe cycloadditions
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of heterocumulenes 1 derived from 3-acetyl coumarin
5 and from camphor.

The hydrazone 6 prepared from 3-acetyl coumarin §
was oxidized to the (chloroalkyl)azo compound 7 with
tert-butyl hypochlorite (Scheme 2) [11-13]. Treatment
of 7 at -60 °C with antimony pentachloride in dichlo-
romethane afforded an orange precipitate 8. On addi-
tion of acetonitrile and warming up to room tempera-
ture the precipitate dissolved and the color of the reac-
tion mixture changed to brown. Workup afforded the
IH-triazolium salt 11a in 71% yield together with a
small amount (8%) of the pyrazole 12. Arguments have
been put forward according to which formation of tria-
zolium salts such as 11a proceeds via nitrilium salts as
intermediates (e.g. 9a) undergoing cyclization to 3H-
triazolium salts (10a) [1, 3]. Wagner—Meerwein type
{1, 2] shift of a methyl group completes the reaction
sequence furnishing /H-triazolium salts (e.g. 11a) [ 14—
18]. Correspondingly, with pivalonitrile, dimethyl-
cyanamide, and methyl thiocyanate the salts 11b—d were
obtained (46—90%). In all cases small amounts of 12
were formed as by-products indicating a concurrent in-
tramolecular reaction of 8, in which the azo group sub-
stitutes the proton in position 4. Compound 12 was ob-
tained in 86% yield when the chloro compound 7 was
treated with antimony pentachloride in the absence of a
nitrile.

A clean reaction took place between 8 and diisopro-
pylcarbodiimide to afford the iminium salt 13 in 87%
yield. The TH NMR spectrum (in CD;CN) of the crude
product showed the presence of two isopropyl groups
with diastereotopic methyl groups (doublets for CH; at
1.17,1.29, 1.79, 1.81 ppm coupled to septets for CH at
3.41 and 4.97 ppm). A singlet for a C-methyl group
was found at 3.00 ppm. Recrystallization at 23 °C from
dichloromethane/ether afforded a clean product, how-
ever, with a quite different 'H NMR spectrum again
showing diastereotopic isopropyl methyl groups and one
C-methyl group but no signal for N-methyl (doublets
for CH; at 0.92,0.89, 1.69, 1.70, septets for CH at 3.13
and 4.71 ppm, singlet for C—CHj; at 2.66 ppm). Accord-
ing to these spectra, the 13C NMR spectra and the ele-
mental analyses the products must be assigned the struc-
tures of geometrically isomeric 3H-1,2,4-triazolium salts
13. Thus, in contrast to earlier results {2], the 3H-tria-
zolium salt 13 does not rearrange to a /H-triazolium
salt by migration of the methyl group from carbon to
nitrogen. The reaction of 1-aza-2-azoniaallene salts with
carbodiimides was shown [2] to be most likely a two-
step process with a cyanamidium salt as intermediate,
which closes the ring stereoelectronically controlled [19,
20] in such a way that in the product the imine isopro-
pyl group and the N-aryl group are cis oriented with
respect to each other. Obviously, in the case of 13 re-
crystallization, even under mild conditions, effects iso-
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merization of the primarily formed cis product to the
more stable trans isomer shown in Scheme 2.

Reaction of 8 with phenyl isocyanate, cyclohexyl iso-
thiocyanate, phenylacetylene, 1-hexyne or 3-hexyne
unisonously afforded the product 12 of an intramolecu-
lar cyclization and no traces (NMR) of the expected
cycloaddition products. In conclusion, compared to re-
actions with nitriles and carbodiimides cycloadditions
of isocyanates, isothiocyanates and acetylenes to 8 are
too slow to compete successfully with intramolecular
cyclization to furnish 12,

Similarly, only 12 was isolated when 8 was treated
with methylene cyclopentane, 2-methyl-but-2-ene, with
vinyl or allyl chloride. However, with the strained alk-
ene norbornene the cycloadduct 14 was obtained as a
mixture of the diastereomers (ca 2:1) in 92% yield. In
the 'H NMR spectrum (in CD;CN) only signals for C-
methy! groups (2.10 and 2.31 ppm) were observed in
agreement with the 3H-pyrazolium structure shown.
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Resonances for the atoms H-5 of the pyrazolium rings
appeared as sharp doublets at 6.10 ppm (J=6.9 Hz),
respectively 6.53 ppm (/=7.9 Hz) indicating cis rela-
tionship to atoms H-4. In the !3C NMR spectrum four
signals between 95 and 101 ppm for saturated carbon
atoms were assigned to C-3 and C-5 of the pyrazolium
rings.

In conclusion, in concert with earlier observations,
the rate of reactions of 1-aza-2-azoniaallene cations such
as 8 with multipie bonds decreases in the order:
nitriles = carbodiimides = strained alkenes >> unstrained
alkenes, alkynes, isocyanates, isothiocyanates.

No difficulties were encountered in the preparation
of the camphor hydrazones 15a,b [21]. Chlorination
with tert-butyl hypochlorite afforded the rather sensi-
tive (chloroalkyl)azo compounds 16a,b as mixtures of
the diastereomers. With antimony pentachloride 16a was
transformed into colorless crystals, which according to
the elemental analysis and the spectra were the oxadia-
zolium salt 18 (62%). In the IR spectrum (CH,Cl,) two
strong bands at 1598 and 1661 cm~! were assigned to
C=N. No absorption between 1690 and 1740 cm™! for
urethane or around 1900 cm™! for a 1-aza-2-azoniaal-
lene salt were observed. In the 13C NMR spectrum (in
CD;CN) two signals at 162.4 and 165.4 ppm assigna-
ble to C=N and two signals at 64.6 and 79.4 ppm aris-
ing from OCH, and C1 as well as nine resonances for
saturated carbon atoms between 13 and 47 ppm are in
concert with structure 18. The 'H NMR spectrum (in
CD;CN) showed three singlets for methyl groups and
signals for an O-ethyl group. Compound 18 must have
been formed from the heteroallene 17a. Attempts to
achieve cycloadditions of 17a with nitriles, alkenes, al-
kynes ezc. failed. In all cases only 18 was isolated.
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Scheme 3 Reagents and conditions: a: R = COOEt; b: R =
2,4,6-C13C4Ho; i, tBuOCIL, CHCl;, —20 °C, 3 h, 92 and 99%:;
ii, SbCls, CH,Cl,, —60 °C.

In contrast, allene 17b, prepared as reactive interme-
diate from 16b with antimony pentachloride, reacted
readily with nitriles, alkenes, alkynes, carbodiimides,
and isothiocyanates to afford products 20a-f, 23a—c
(Scheme 4).

With acetonitrile, dimethylcyanamide and methy] thi-
ocyanate the cycloadducts 20a—c were isolated (67—
90%). With isobutene, respectively norbornene, the di-
hydropyrazolium salts 20d,e were obtained (42,96%),
and phenylacetylene afforded the pyrazolium salt 20f
in 53% isolated yield. Similar to the formation of 11a—
d, compounds 20a —f must have been formed vig inter-
mediates 19. Wagner—Meerwein type [1, 2] shift of the
tertiary alkyl substituent on C-3 of the triazolium ring
furnished 20a—f (Scheme 4).

The structures of compounds 20a—f follow from their
elemental analyses and the 'H and !3C NMR spectra.
However, the stereochemistry of 20e could not be de-
rived unambiguously from the NMR spectra. Therefore,
20e was submitted to X-ray structural analysis (see be-
low) confirming the configuration shown in Scheme 4.
A different course took the reactions of 17b with cy-
clohexyl and benzyl isothiocyanate as well as with di-
isopropylcarbodiimide. In these cases the 5-campholeno
derivatives 23a—c (54-90%) were obtained. Reactions
of 1-aza-2-azoniaallene cations with isothiocyanates
have not been reported so far. Reaction of the isothio-
cyanates could have occurred either across the C=N
double bond giving 1,2,4-triazolium salts or across the
C=S double bond affording 1,3,4-thiadiazolium salts
23a.b. Since we found it difficult to discriminate be-
tween these alternatives by NMR spectroscopy, X-ray
structural analysis was carried out for 23a (see below)
confirming the thiadiazole structure shown.

To explain the formation of 23a—c fragmentation of
the primary cycloadduct 19 is assumed to give the terti-
ary carbenium ion 21.

Wagner—-Meerwein rearrangement of a methyl group
followed by loss of a proton then furnishes the 3-cam-
pholene products 23, which after reprotonation afford
the salts 23a-c.

From 23a the free base 24 was prepared under mild
conditions (82%).

The '3C NMR data for the thiadiazole ring of 24 (C=N
149.7 and 152.0 ppm in CDCl3) are very similar to data
reported by L’abbé and coworkers for other 2,3-dihy-
dro-2-imino-1,3,4-thiadiazoles [22, 23].

Fig.1,2 show ORTEP plots for the structures of the
cations 20e and 23a as determined by X-ray crystallo-
graphic analysis [24]. Selected bond lengths, bond an-
gles and torsional angles are given in Tables 1,2.

The asymmetric unit of the crystal 20e consists of
two independent molecules with rather similar struc-
tural data. In Table 1 structural data for only one of the
cations are collected. A peculiarity is the long b-axis of
3671 pm of the monoclinic crystal (space group P2,).
With Mo-K, radiation the distances between the reflec-
tions along the b-axis became rather small. Only after
putting into the calculations a fragment SbCl; of known
geometry a solution of the crystal structure by the Pat-
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Fig. 1 ORTEP Plot of the cation 20e Fig. 2 ORTEP Plot of the cation 23a

Tab. 1 Selected bond lengths (pm), bond angles (deg), and torsional angles (deg) of the cation 20e [24]

N2-N3 143(1) N2-N3-C20 116.9(8) N2-C10-C9-C8 115(1)
N3-C4 150(2) C4-C9-C10 103.7(9) N2-N3-C4-C5 ~112(1)
C4-C9 155(2) C9-C10-N2 112(1) N2-N3-C20-C21 ~58(2)
C9-C10 148(2) C10-N2-N3 112.89) N2-N3-C4-C9 —4(1)
C10-N2 129(1) C1-N2-N3 122.6(8) N3-C4-C5-C6 ~175(1)
N2-Cl 155(1) N2-N3-C20 116.9(8) N3-C4-C5-C19 76(1)
N3-C20 143(1) C15-C1-N2-N3 163(1) N3-C4-C9-C10 1(1)
N2-N3-C4  107.0(8) C14-C1-N2-N3 —87(1 C20-N3-C4-C5S 117¢1)

N3-C4-C9 104.2(9) C1-N2-N3-C4 169(1) C4-C9-C10-N2 3(1)
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Tab. 2 Selected bond lengths (pm), bond angles (deg), and torsional angles (deg) of the cation 23a [24]

S$1-C7 172.2(3) N2-C8-S1 115.2(3
C7-N1 133.5(4) C8-S1-C7 88.3(2)
NI-N2 138.5(4) S1-C8-C9 121.0(3)
N2-C8 128.1(4) S1-C7-N3 125.6(3)
C8-S1 175.2(4) C7-N3-C18 124.1(3)
C7-N3 131.1(4) C7-N1-C6 125.8(3)
SI-C7-N1  109.9(2) S1-C7-N1-N2 0.4(4)
C7-NI-N2  116.7(3) C7-N1-N2-C8 ~1.0(4)
N1-N2-C8  109.8(3) N1-N2-C8-S1 1.2(4)

N2-C8-S1-C7 ~0.9(3)
C8-S1-C7-N1 0.2(3)
C8-S1-C7-N3 ~179.8(3)
C8-C9-C10-C11  —115.4(4)
S1-C7-N3-C18 3.9(6)
S1-C7-N1-C6 179.8(3)
C7-N1-C6-C1 80.0(4)
C7-N3-C18-C19  —-130.0(4)
S1-C8-C9-C10 64.0(4)

terson method became possible. The structure 20e may
be compared with data for other 4,5-dihydropyrazolium
cations [25-27]. :

The results of the crystal structural analysis of 23a
are comparable to X-ray analytical results for other
1,3,4-thiadiazolium salts [28—31]. The narrow angle
C7-51-C8 of 88.3(2)° is not exceptional.

This work was supported by the Deutsche Forschungsgemein-
schaft, by the Deutscher Akademischer Austausch- dienst, and
by the Fonds der Chemischen Industrie. We would like to thank
Professor Dr. Helmut Fischer and Professor Dr. Gerd Miiller
for their help with the X-ray structural analyses, and Mr. S.
Herzberger for technical assistance.

Experimental

All solvents were dried by standard methods. The experiments
were carried out with exclusion of moisture. The melting points
are uncorrected. — 'H, 3C NMR: Bruker AC-250 and WM-
250 spectrometers; CD;CN; 295 K; internal standard TMS; &
in ppm. — IR: Perkin-Elmer FTIR 1600 spectrometer; cm™!. —
br: broad, d: doublet; dd: doublet of doublets; m: multiplet;
sh: shoulder.

X-Ray Diffraction Analysis of Compound 20e [24]

[Cy3H,5Cl3N,1* SbClg, crystal size 0.1 x0.2 x 0.2 mm?3, mono-
clinic, space group P2, Z=4, 2=808.1(4), b=3670.9(3),c =
1015.6(4) pm, B = 93.11(2), V = 3008(2)x10° pm?, d_,. =
1.71 M gm=3, T=233 K, tUyoxe= 17.34 cm™!, @-scan, 2.01
<20 <£27.02°, 7107 collected reflections, 6649 independent
reflections, 5401 observed reflections [/ > 2o(I)]. The cell
constants and the intensities of the reflections were measured
on a Siemens P4 diffractometer with a graphite monochro-
mator, Ay, ko = 71.069 pm. The structure was solved by the
Patterson method with subsequent difference-Fourier synthesis
(DIRDIF-96) and refined using the program SHELXL-93. The
hydrogen atoms were fixed on calculated positions [d (C-H)
=0.96-0.98 pm] (riding model; refinement together with the
attached C atoms). The anisotropic refinement of all other
atoms (full-matrix least-squares on F?) led to agreement factors
R(F)=0.053 [I >20()], R,(F?%) = 0.078 (all reflections).

X-Ray Diffraction Analysis of Compound 23a [24]

[C23H29C13N3S]+Sbcl6_'CH3CN, Crystal size 0.5x0.4x 0.3
mm?, triclinic, space group P-1, Z=2, a = 1248.1(4), b =
1270.4(5), ¢ = 1385.2(4) pm, or = 100.55(3), B=106.41(2), y

= 114.21(3)°, V = 1806(1) x10° pm?, d. = 1.58 M g m 3,
T=253K, ok = 15.11 cm™, @-scan, 2.02 <20 <27.00°,
8033 collected reflections, 7677 independent reflections, 6583
observed reflections [/ > 20(I)]. The cell constants and the
intensities of the reflections were measured on a Siemens P4
diffractometer with a graphite monochromator, Ay, q =
71.069 pm. The structure was solved by the Patterson method
(DIRDIF-96) with subsequent difference-Fourier synthesis
using the program SHELX1.-93. The positions of nine hydro-
gen atoms were fixed on calculated positions [d(C-H) = 0.95
pm]. The other hydrogen atoms were found by difference-
Fourier synthesis. The anisotropic refinement of all other atoms
(full-matrix least-squares on F?) led to agreement factors R =
0.045 [I > 20(D], R, = 0.053 (all reflections).

3-Acetylcoumarin (2,4,6-Trichlorophenyl)hydrazone (6)

A mixture of 3-acetyl coumarin (18.82 g, 100 mmol) and
(2,4,6-trichlorophenyl)-hydrazine (21.15 g, 100 mmol) in
EtOH (100 ml) and AcOH (2 ml) was heated under reflux for
1 h. Cooling, filtration and recrystallization of the residue from
MeCN (60 ml) afforded a yellow crystalline powder (33.00 g,
87%); m.p. 154—156 °C. - IR (CCly) viem™'= 1668, 1736. -
THNMR (CDCl5): &ppm =2.37 (CHy), 7.35 (trichlorophenyl),
7.25-7.56 (m), 8.07 (H-4), 7.42 (NH). — 3C NMR (CDCl5):
O/ppm = 14.2 (CHs), 116.4, 119.3, 124.6, 126.8, 128.3, 128.6,
128.9, 131.8, 137.7, 140.6, 145.5, 153.9, 160.2 (C=).
C]7H]]C13N202 caled.: C53.50 H291 N7.34

(381.6) found: C53.49 H292 N7.32.

[1-Chloro-1-(2-0x0-2H-chromen-3-yl)ethyl]azo(2,4,6-tri-
chlorobenzene) (T)

In the dark, -BuOCI [32] (1.63 g, 15 mmol) was added drop-
wise to a cold (-20 °C) solution of 6 (3.81 g, 10 mmol) in
CHCl; (30 ml). After stirring at O °C for 3 h the solvent was
evaporated and the residue was crystallized at 15 °C from
CHCl; (8 ml) to afford a yellow powder (3.66 g, 88%); m.p.
159-161°C. ~ IR (KBr): v/cm1=1731. - "THNMR (CDCl,):
S8/ppm = 2.41 (CHjy), 7.40 (trichlorophenyl), 7.27-7.61(m),
8.10 (aryl). — 13C NMR (CDCl;): 8/ppm =27.8 (CH3), 92.3
(CCl), 116.5,118.2,124.7,127.4,127.8, 128.8, 129.1, 132.6,
134.2, 141.4, 145.3, 153.9, 157.7(C=).

C7H(C4N,0, caled.: C49.07 H242 NG6.73
(416.1) found: C48.99 H245 N7.03.

2,5-Dimethyl-3-(2-oxo0-2H-chromen-3-yl)-1-(2,4,6-trichlo-
rophenyl)-1H-1,2,4-triazolium Hexachloroantimonate (11a)

A solution of SbCls (2.99 g, 10 mmol) in CH,Cl, (20 ml) was
added dropwise to a cold (—60 °C) solution of 7 (4.16 g,
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10 mmol) and MeCN (0.41 g, 10 mmol) in CH,Cl, (30 ml).
After stirring at—60 °C for 1 h, then at 0 °C for 1 h, and final-
ly at 23 °C for 1 h the solvent was evaporated. The residue
was suspended in CH,Cl, (10 ml). After stirring for 5 min 12
(0.53 g, 14%) was isolated by filtration. The filtrate was
evaporated and the residue was stirred in CHCl; (30 mi) for
5 min. Filtration afforded a colorless powder, which was
crystallized at 23 °C from CH,Cl, (6 ml)/Et,0 (60 ml) to
furnish a colorless powder (5.40 g, 71%); m.p. 273-275 °C.
— IR(KBr): viem™'= 1608, 1721(br). — 'H NMR (CD;CN):
Olppm =2.62, 3.84 (CH;), 7.97 (trichlorophenyl), 7.49-7.95
(m), 8.75 (aryl). — 3C NMR (CD;CN): &/ppm = 13.6, 37.9
(CH;3),113.5,117.8,118.2,119.0,124.1, 126.7, 131.5, 131.8,
136.8, 142.7, 152.8, 156.1, 156.8, 158.1, 162.1 (C=).

C]9H13C19N302Sb caled.: C 3018 H 173 N 556

(756.2) found: C30.10 H1.68 N S5.44.

S-tert-Butryl-2-methyl-3-(2-oxo-2H-chromen-3-yl)-1-(2,4,6-
trichlorophenyl)-1H-1,2,4-triazolium Hexachloroantimonate
(11b)

From Me;CCN (0.83 g, 10 mmol) in the manner described
for 11a. After evaporation of the solvent the residue (3:1
mixture of 11b and 12) was stirred in CH,Cl, (20 ml) for
5 min. Filtration, evaporation of the filtrate and stirring of the
residue in CHCI; (20 ml) for 5 min afforded a pale brown
powder (11b, 3.98 g, 50%); m.p. 245-247 °C. — IR (KBr):
viem 1= 1610, 1721(br). — 'H NMR (CD;CN): §/ppm = 1.40
(9H), 3.70 (CH3), 7.96 (trichloropheny!),7.49~7.95 (m’s, aryl),
8.78 (H-4). — 3C NMR (CD;CN): &/ppm = 28.9 (3C), 36.8,
37.3(CH,,C), 113.8,117.9,119.1, 126.6, 126.8, 131.5, 132.1,
136.9, 137.1, 142.8, 153.0, 156.2, 156.3, 158.3, 171.1 (C=).
C22H19C19N30zsb caled.: C33.10 H240 NS5.26

(798.2) found: C32.95 H241 NS5.38.

2-Methyl-5-(dimethylamino)-3-(2-oxo-2H-chromen-3-yl)-1-
(2,4,6-trichlorophenyl)-1H-1,2,4-triazolium Hexachloroan-
timonate (11c)

From Me,NCN (0.70 g, 10 mmol) in the manner described
for 11a. Evaporation of the solvent and precipitation of the
residue from CH,Cl, (10 ml)/Et,0 (100 ml) and reprecipitation
at —15 °C from CH,Cl, (10 ml)/Et,O (100 ml) afforded a
yellow powder (7.07 g, 90%); m.p. 156—158 °C. — IR
(CH,Cl,): viem™'=1611, 1655, 1731. — "H NMR (CD;CN):
S/ppm = 3.07 (6H), 3.50 (CH3), 7.88 (trichlorophenyl), 7.47—
7.91(m’s, aryl), 8.66 (H-4). — 13C NMR (CD,CN): é/ppm =
36.1, 40.2 (2C) (CHy), 114.3, 117.8, 119.1, 126.6, 126.9,
131.3,131.6,136.5,138.3,141.7,152.2, 156.2, 157.4, 158.2,
160.1 (C=).

C20H16C19N4028b caled.: C30.59 H205 N7.14
(785.2) found: C30.81 H2.13 N7.3I.

2-Methyl-5-(methylthio)-3-(2-0x0-2H-chromen-3-yl}-1-
(2,4,6-trichlorophenyl)-1H-1,2,4-triazolium Hexachloroan-
timonate (11d)

From MeSCN (0.73 g, 10 mmol) in the manner described for
11a. Some 12 crystallized form the reaction mixture and was
removed by filtration. Et,O (100 ml) was added to the filtrate.
At —15 °C a yellow powder (11d, 3.61 g, 46%) crystallized,
which can be recrystallized from MeCN to yield yellow prisms;
m.p. 262-264 °C. -~ IR(KBn): vem™ = 1608, 1723 (br). - 'H
NMR (CDsCN, 333 K): 8/ppm=2.91, 3.83 (CH,), 7.92 (tri-

chlorophenyl), 7.49-7.94 (m’s, aryl), 8.81 (H-4). - 3C NMR
(CD4CN, 333 K): §/ppm=14.9, 37.1 (CH;), 112.7, 118.3,
123.2,126.0,130.7,131.2,136.1,136.4, 142.4, 152.4, 155.6,
156.4, 157.2, 166.0 (C=).

CyoH5CloN;0,8Sb caled.: € 2895 H 1.66 N 5.33
(788.2) found: C2893 H 1.67 N 5.30.

3-Methyl-1-(2,4,6-trichlorophenyl)-1H,4H-chromeno[4,3-c]
pyrazol-4-one (12)

A solution of SbCls (2.99 g, 10 mmol) in CH,Cl, (20 ml) was
added dropwise to a cold (—60 °C) solution of 7 (4.16 g,
10 mmol) in CH,Cl, (40 ml). After stirring at—60 °C for 1 h,
then at O °C for 1 h, and finally at 23 °C for 1 h the solvent was
evaporated, and the residue was crystallized at 23 °C from
MeCN (15 ml) to afford colorless needles (3.25 g, 86%); m.p.
209-211°C. - IR (KBr): v/em1=1730 (br). - 'H NMR
(CDCly): 8/ppm =2.72 (CHj), 7.63 (trichlorophenyl), 6.80—
7.56 (m’s, aryl). — 13C NMR (CDCls): é/ppm =13.1 (CHj),
106.5,111.4,118.2, 120.9, 124.6, 129.3, 131.6, 133.9, 135.9,
137.6, 143.3, 152.2, 153.3, 157.5 (C=).

C7HoCI3N,0, caled.: C53.78 H?239 N7.38

(379.6) found: C53.85 H250 N7.35.

4,5-Dihydro-4-isopropyl-5-(isopropylimino)-3-methyl-3-(2-
oxo-2H-chromen-3-yl)-1-(2,4,6-trichlorophenyl)-3H-1,2,4-
triazolium Hexachloroantimonate (13)

From ditsopropylcarbodiimide (1.26 g, 10 mmol) in the man-
ner described for 11a. Evaporation of the solvent and cry-
stallization of the residue at 23 °C from CH,Cl, (20 ml)/Et,O
(100 ml) afforded a yellow powder (7.32 g, 87%); m.p. 184—
186 °C (dec). — IR (KBr): viem = 1609, 1722, 1748. -
'H NMR (CD;CN): &ppm = 0.89 (d, /=6.1), 0.92 (d, J=6.1),
1.69 (d, J=7.0), 1.70 (d, J=7.0), 2.66 (CH,), 3.13 (sept, /= 6.1),
4.71 (sept, J=7.0) (CH), 7.44-7.85 (m’s, aryl), 8.21 (H-4). -
13C NMR (CD;CN): dlppm=13.1, 18.8, 19.2, 24.37, 24.41
(CH,), 49.3, 53.1 (CH), 117.98, 118.02, 118.2, 126.9, 129.9,
131.3,131.5,131.7,136.8, 138.1, 139.0, 140.2, 149.6, 155 4,
157.7, 163.6 (C=).

C,4H,,ClyN4O,Sb caled.: C 3426 H2.88 N 6.66
(841.3) found: C34.40 H2.84 N6.55.

5-Methyl-5-(2-ox0-2H-chromen-3-yl)-3-(2,4,6-trichlorophe-
nyl)-4-aza-3-azoniatricyclof5.2.1.0%%]dec-3-ene Hexachlo-
roantimonate (14)

From norbornene (0.94 g, 10 mmol) in the manner described
for 11a. Precipitation at 23 °C from CH,Cl, (40 ml)/Et,O (100
ml) afforded a colorless powder (7.42 g, 92%); m.p. 165—
167 °C (dec). — IR (KBr): viem™'=1711. - "TH NMR (CD;CN}:
&/ppm=ca. 2:1 mixture of the diastereomers: main component:
2.10 (CH3), 3.13 (d, J=6.9, H-6), 6.10 (d, /=6.9, H-2), 8.01
(vinyl); minor component: 2.31(CH,), 2.97 (d, /=7, H-6), 6.53
(d, J=7.8, H-2), 8.36 (vinyl). — 13C NMR(CD;CN):
d/ppm = 20.3, 25.5, 26.0, 27.7, 27.8, 29.6, 35.1, 36.8, 39.8,
41.4,41.38,42.9,504,52.2 (CH;, CH;, CH), 95.3,98.9,99.3,
100.9 (C-2,5), 117.3-154.8 (24 lines, C=C), 159.8, 160.5
(C=0).

Co Hy0ClgN,O,Sb caled.: C35.62 H2.49 N 3.46
(809.3) found: C3595 H 258 N3.81.
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Ethyl Norbornylidenecarbazate (15a)

A mixture of camphor (1.52 g, 10 mmol) and ethyl carbazate
(1.04 g, 10 mmol) in EtOH (10 ml) and AcOH (1 ml) was boi-
led under reflux for 9 h. Cooling to 5 °C, and filtration afforded
a colorless crystalline powder (2.10 g, 88%); m.p. 141-143
°C.— [OC]D23 =-40°; [06]54623 = -48° (c=1.0, CH2C12). -1R
(CCly): viem™1=1757, 1716, 1701. — 'H NMR (CDCly): &
ppm=0.75,0.93,1.07,1.30(t,J=7.1)(CH3), 1.21-2.39 (m’s,
7H),4.24 (q,J=7.1, CHy,), 7.50 (br, NH). — 3C NMR (CDCl,):
S/ppm = 11.1, 14.6, 18.6, 19.6, 27.3, 32.5, 33.3, 44.0, 48.0,
52.6 (CH,, CH,, CH, C), 61.5 (br, OCH,), 154.1 (br), 166.1
(C=N, C=0).

C3H»N,0,  caled.: € 6552 H931 N11.75

(238.3) found: C 65.27 H9.36 N 11.64.

Camphor (2,4,6-Trichlorophenyl)hydrazone (15b)

A mixture of camphor (15.22 g, 100 mmol), (2,4,6-trichloro-
phenyl) hydrazine (21.15 g, 100 mmol) in EtOH (60 ml) and
conc. HC1 (2 ml) was boiled under reflux for 12 h. After cooling
to 5 °C H,0 (100 ml) was added. The mixture was neutralized
with saturated aqueous NaHCOj solution and kept at 5 °C for
2 h. Filtration and crystallization of the residue at— 15 °C from
EtOH (100 ml) afforded a colorless powder (22.40 g, 65%);
m.p. 67-68 °C. - [a]p?> = +29°; [(546°> = +37° (c = 0.5,
CH,Cl,). - IR (CCly): v/em='=1757,1716,1701. - IR (KBr):
viem! =1474, 3334 (NH). — "H NMR (CDCl,): é/ppm = 0.79,
0.93, 1.02 (CHy), 1.18-2.03 (m’s, 6H), 2.48 (m, 1H), 6.68
(br, NH), 7.26 (aryl). — ’C NMR (CDCl,): §f/ppm=11.1, 18.7,
19.5(CHj3),27.4,32.4,33.1,44.1,48.1,52.5(C-1,3-7),126.2,
126.7, 128.6, 139.2 (aryl), 166.0 (C-1).

C¢HoChN; caled.: C5559 H5.54 N8.10

(345.7) found: C 5571 HS5.61 N 8.08.

Ethyl [2-Chloro-2-bornylJazocarboxylate (16a)

From 15a (2.38 g, 10 mmol) as described for 7 (in 10 ml of
CHCl3). Evaporation of the solvent afforded a yellow oil
(2.71 g, 99%), which was used without further purification. —
IR (CCly): viem™'=1745,1765. —'HNMR (CDCl;): mixture
of the diastereomers +impurities. — 3C NMR (CDCl;): main
component: &/ppm =12.2, 14.1, 20.3, 21.1, 26.2, 30.5, 44.0,
46.6,50.7,56.3 (CH,, CH,, CH, C), 64.6 (OCH,), 103.0 (CCl),
162.2 (C=0). — C,3H,;CIN,0, (272.8).

[2-Chloro-2-bornyl]azo(2,4,6-trichlorobenzene) (16b)

From 15a (3.46 g, 10 mmol) in the manner described for 7.
The yellow oily product (3.45 g, 91%j solidified at 5 °C to
give an orange powder; m.p. 57-59 °C. - IR(KBr): v/cm™'=
1553,1577. — 'TH NMR(CDCl,): &/ppm = 2:1 mixture of the
diastereomers: 0.88, 1.00, 1.05, 1.06, 1.14, 1.34 (CHs), 7.38,
7.39 (aryl). — 13C NMR(CDCl;): d/ppm = 10.6, 12.4, 20.4,
21.2, 21.3, 22.4 (CHjy), 104.1, 106.0 (CCD), 126.7, 127.1,
128.8, 128.9, 133.2, 133.4, 145.9, 146.4 (aryl).

CigH gCl4N,  caled.: C50.55 H4.77 N 7.37

(380.1) found: C 50.86 H4.88 N 7.44.

4-Ethoxy-1,11,11-trimethyl-3-aza-2-azonia-5-oxatricyclo
[6.2.1.0>%Jundeca-2(6),3-diene Hexachloroantimonate (18)

From 16a (2.73 g, 10 mmol) — with or without MeCN — in the
manner described for 11a. The product was suspended in
CH,Cl, (20 ml). After slow addition of Et,O (80 ml) the mix-

ture was kept at—15 °C for 12 h. Filtration furnished a colorless
powder (3.56 g, 62%); m.p. 165-167 °C (dec). - [a]p? = -
26°; [0rlsa2® = —29° (¢ = 1.0, CH,Cly). — IR (CCly): viem™' =
1757, 1716, 1701. — IR (CH,Cl,): vicm™'= 1398, 1661. —
"H NMR (CD;CN): é/ppm = 1.00, 1.17, 1.52 (t, J=7.1), 1.55
(CHy), 1.60 (m, 1H), 2.26 (m,3H), 2.49 (m, 1H), 3.03 (dd,
J=2.0and 20.0, 1H), 3.32 (ddd, /=1.9 and 4.5 and 20.0, 1H),
4.69 (g, J=7.1,0CH,). - BCNMR (CD,CN): §/ppm =13.6,
14.3,17.1,23.7, 27.7, 30.0, 40.2, 42.0, 46.7 (CH;, CH,, CH,
C), 74.6, 79.4 (OCH,, C-1), 162.4, 165.4 (C=N).
Cy3H,,ClgN,0,Sb  caled.: C27.31 H3.70 N4.90
(571.8) found: C27.24 H3.72 N5.04.

1,4,11,11-Tetramethyl-3-(2,4,6-trichlorophenyt)-3,5-diaza-2-
azoniatricycle[6.2.1.026 Jundeca-2(6),4-diene Hexachloro-
antimonate (20a)

From 16b (3.80 g, 10 mmol) and MeCN (0.41 g, 10 mmol) in
the manner described for 11a. Crystallization at —15 °C from
CH,Cl, (15 ml)/Et,O (60 ml) afforded a colorless powder
(5.19 g, 72%); m.p. 205207 °C (dec). - [a]p?? = —18°%;
[0]54623 = —20° (¢ = 1.0, CH,CL,). — IR (KBr): vicm™' =1537,
1558, 1569. - 'H NMR (CDsCN): §/ppm = 1.00, 1.20, 1.84,
2.73 (CHy), 1.67 (m, 1H), 2.25-2.46 (m, 4H), 3.03 (dd,
J=18.3and 1.9, H-7), 3.34 (ddd, J=18.3and 4.8 and 1.7, H-
7,7.82(q,J=2.2, aryl). - 13C NMR (CD;CN): &/ppm = 13.6,
16.5, 18.2, 24.5, 27.8, 29.6, 40.2, 41.9, 47.1 (CH;, C-7-11),
80.1 (C-1), 129.6, 130.9, 131.0, 135.3, 135.4, 140.4 (aryl),
154.3, 155.5 (C=N).

C]8H21C19N3Sb calcd.: C30.02 H2.94 N 583

(720.2) found: C 30.14 H3.03 N6.19.

4-(Dimethylamino)-1,11,11-trimethyl-3-(2,4,6-trichlorophe-
nyl)-3,5-diaza-2-azoniatricyclo[6.2.1.028 Jundeca-2(6),4-di-
ene Hexachloroantimonate (20b)

From 16b (3.80 g, 10 mmol) and Me,NCN (0.70 g, 10 mmol)
in the manner described for 11a. Precipitation at 23 °C from
CH,Cl, (15 ml)/Et,0O (60 ml) afforded a colorless powder
(7.09 g, 90%); m.p. 156—158 °C (dec). - [a]p?® = —45°;
[(X]54623 = -57° (C = 1.0, CH2C12) - IR (CHQC]z) V/Cm_1=
1569,1611,1654,1731. ~THNMR (CD;CN): &/ppm =0.95,
1.18,1.75,2.85 (6H) (CH;),1.70 (m, 1H), 2.22—2.45 (m, 4H),
2.93 (m, H-7), 3.29 (ddd, J=18.3 and 5.2 and 2.1,H-7"),7.79
(s, aryl).— BC NMR (CD;CN): é/ppm = 14.5, 18.1, 24.8,28.2,
30.5, 38.6, 40.8, 42.6, 48.2 (CH3, C-7-11), 79.1 (C-1), 1308,
1309,131.2,1353,135.7,140.0 (aryl),153.8, 154.8 (C=N).
CoH54ClgN,Sb calcd.: C30.46 H3.23 N7.48

(749.3) found: C 30.58 H 3.34 N 7.49.

1,11, 11-Trimethyl-4-(methylthio)-3-(2,4,6-trichlorophenyl)-
3,5-diaza-2-azoniatricyclo{6.2.1.0%0 Jundeca-2(6),4-diene
Hexachloroantimonate (20c¢)

From 16b (3.80 g, 10 mmol) and MeSCN (0.73 g, 10 mmol)
in the manner described for 11a. Crystallization at —15 °C
from CH,Cl, (10 ml)/CCl, (60 ml) and recrystallization at
~15 °C from MeCN (15 ml) afforded a colorless crystalline
powder (5.28 g, 67%); m.p. 167-169 °C (dec). — [o]p? =
—21°% [a)5462% =—25° (¢ = 1.1, CH,Cl,). - IR (KBr): viem™' =
1555, 1563 (sh). — '"H NMR (CD;CN): d/ppm = 0.99, 1.20,
2.06,2.50 (CH3), 1.69 (m, 1H), 2.34 (m, 4H), 3.05 (dd, J=18.6
and 1.8, H-7), 3.39 (ddd, /J=18.6 and 4.9 and 1.5, H-7"), 7.83
(q,J=2.2, aryl), 1.97 (MeCN). - "3C NMR (CD;CN): &/ppm=
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16.9, 18.2, 19.8, 24.6, 27.9, 30.1, 40.1, 41.6, 47.5 (CH,, C-7-
11), 82.2(C-1), 130.9, 131.0, 131.2, 135.0, 135.3, 140.5 (aryl),
154.2, 157.6 (C=N).

CgH,,CloN,SSb-CH,CN caled.: C 30.28 H3.05 N 7.06
(793.3) found: C 30.06 H3.18 N 6.89.

1,4,4,11,11-Pentamethyl-3-(2,4,6-trichlorophenyl)-3-aza-2-
azoniatricyclof6.2.1.0%5]-2(6)-undec-2(6)-ene Hexachloro-
antimonate (20d)

From 16b (3.80 g, 10 mmol) and isobutene (1.68, 30 mmol)
in the manner described for 11a. After evaporation of the sol-
vent the dark brown residue was crystallized at —15 °C from
CH,Cl, (20 ml)/Et;O (120 ml) to furnish a pale brown
crystalline powder (3.09 g, 42%); m.p. 176179 °C (dec). —
[o]p® = —137°; [®)s4> = —177° (c=1.0, CH,Cl,). — IR
(CH,Cl,): viem™'= 1543, 1567, 1617. — '"H NMR [CD,CN/
CD,Cl, (2:1)}: &ppm = 1.06, 1.09, 1.18, 1.25, 1.48 (CH>),
1.64 (m, 1H), 2.23 (m, 4H) (H8-10), 2.90 (br, d, /=22.2, 1H),
3.25 (br, d, J=22, 1H) (H-7,7"), 3.45 (AB-q, J=20.1, H-5,5"),
7.64 (AB-q, J=2.4, aryl). -13C NMR [CD-CN/CD,Cl, (2:1)]:
d/ppm = 14.1, 18.3, 24.3 (20), 28.8, 29.3, 36.5, 38.5, 40.6,
47.7,51.9 (CH;, CH,, CH, C), 68.2 (C-4), 83.9 (C-1), 131 4,
131.6, 135.8, 136.6, 137.1, 138.4 (aryl), 179.9 (C=N). - MS
(FAB,DMSO/m-nitrobenzyl alcohol): m/z 399/401/403(M+—
SbClg).

CyoHp6CIoN,Sb - caled.: C32.67 H3.56 N 3.81

(735.3) found: C32.78 H3.15 N4.07.

1,11,11-Trimethyl-3-(2,4,6-trichlorophenyl)-3-aza-2-azonia-
pentacyclo[10.2.1.158.02.10.049 |hexadeca-2(6)-ene Hex-
achloroantimonate (20¢)

From16b (3.80 g, 10 mmol) and norbornene (0.94 g, 10 mmol)
in the manner described for 1l1a. Crystallization at ~15 °C
from CH,Cl, (30 ml)/Et,O (100 ml) afforded a yellow powder
(745 g, 96%); m.p. 173-175 °C (dec). — [a]p® = +110°;
[@s546% = +138° (¢ = 1.1, CH,Cl,). — IR (CH,Cl,): vicm™'=
1547,1567, 1606. —'"H NMR [CD;CN/CD,Cl, (2:1), 313K]:
&/ppm =0.96, 1.05, 1.16 (CH3), 1.20-2.90 (m’s, 14H), 3.14
(dt,J=21.5and 3.3, H-11), 3.80 (br, CH,-16), 7.60 (g, J= 2.3,
aryl). —3C NMR [CD;CN/CD,Cl, (2:1), 313K]: §/ppm =15.2,
18.9,24.5,25.0,28.5, 28.8, 34.8, 35.3,40.8, 42.6, 43.5, 44.6,
47.6,58.9,74.2 (CH;, C-4-9, 11-16), 87.3(C-1), 130.9, 131.7,
135.7, 137.4, 138.1, 140.0 (aryl), 176.4 (C=N). - FAB-MS
(DMSO/m-nitrobenzyl alcohol): m/z 439 (M*-SbCl).
C23H28C19stb calcd.: C35.72 H3.65 N362

(773.5) found: C35.88 H3.70 N 3.79.

1,11,11-Trimethyl-4-phenyl-3-(2,4,6-trichlorophenyl)-3-aza-
2-azoniatricyclo[6.2.1.0%6 Jundeca-2(6),4-diene Perchlorate
(20f)

At—60 °C a solution of 16b (3.80 g, 10 mmol) and PhC=CH
(1.02 g, 10 mmol) in CH,Cl, (30 ml) was added dropwise to
AlCl3(1.33 g, 10 mmol) in CH,Cl, (30 ml). After stirring at
—60 °Cfor 1 h, then at 0 °C for | h, and finally at 23 °C for 1
h the solvent was removed and the residue was dissolved in
MeCN (80 ml). At —5 °C a solution of NaClO,4 (1.84 g,
15 mmol) in MeCN (20 ml) was added. After stirring for 12 h
the suspension was filtered and the solvent was evaporated.
The residue was stirred for 10 min in CHCl; (80 ml). Filtration
and evaporation of the solvent afforded a residue, which was
dissolved in CH,Cl, (10 ml). After addition of Et,O (100 ml)

at —15 °C within 12 h a brownish powder precipitated
(295 g, 53%); m.p. 177-179 °C (dec). — [alp® = -23°;
[s467 = =29° (c=1.0, CH,Cl,). - IR (CH,Cl,): viem™=
1556, 1568. —~ "TH NMR (CD+CN): &/ppm = 1.13, 1.16, 1.18
(CH,), 1.68 (m, 1H), 2.08-2.35 (m, 3H), 2.59 (m, 1H), 3.13
(dd, J=18.8and 1.7, H-7), 3.40 (ddd, J=2.1 and 4.3 and 18.8,
H-7", 7.04 (H-5), 7.35-7.75 (aryl). - 3C NMR (CD5CN): &
ppm =15.6, 18.5, 25.0, 28.4, 31.8, 41.1, 42.2, 49.1 (CH;, C-
7-11), 85.8 (C-1), 111.4 (C-5), 126.1, 129.6, 130.2, 131.1,
131.3, 131.7,132.8, 137.5, 137.9, 141.0, 154.3, 154.4 (aryl,
C-4,6).

CosHo CIyN,Oy caled.: € 52.77 H4.43 NS5.13

(546.3) found: C52.65 H4.47 N 5.00.

2-(Cyclohexylamino)-3-(2,4,6-trichlorophenyl)-5-(2,3,3-tri-
methyl-1-cyclopentenyl)methyl]-1,3,4-thiadiazolium Hexa-
chloroantimonate (23a)

From 16b (3.80 g, 10 mmol) and cyclohexyl isothiocyanate
(1.41 g, 10 mmol) in the manner described for 11a. Evaporation
of the solvent afforded a yellow foam, which solidified when
stirred at 23 °C for 12 h in CH,Cl, (20 ml)/Et,O (120 ml).
Yield 4.06 g (54%) of a pale yellow powder; m.p. 105-107
°C (dec). — Slow crystallization at —15 °C of 23a (0.05 g)
from MeCN (1 ml) afforded crystals suitable for X-ray struc-
tural analysis. — IR (KBr): viem 1= 1555, 1603, 3275 (NH).
— 'H NMR (CD,CN): §/ppm = 1.04 (6H), 1.68 (br) (CH;),
1.09-2.31 (m’s, 14H), 3.31 (br, coupl. to 8.09, 1H), 3.73 (br,
CH,), 7.83 (aryD), 8.09 (br, d, J=7.6, NH). — 3C NMR
(CD;CN): é/ppm = 10.2, 25.3, 25.4, 26.4, 30.8, 32.3, 33.0,
39.4, 48.0 (CH;, CH,, C), 64.4 (NCH), 127.9, 129.7, 131.3,
136.5, 140.6, 147.7, 160.8, 169.6 (aryl, C=C, C=N). — MS
(FAB, m-nitrobenzyl alcohol): m/z 470/471/473(M*-SbCly).
Cy3H 9ClIgN3SSb  caled.: C 33.67 H3.56 N 5.12

(820.4) found: C 34.04 H3.61 N 5.36.

2-(Benzylamino)-3-(2,4,6-trichlorophenyl)-5-f(2,3,3-trime-
thyl-1-cyclopentenyl)methyl]-1,3,4-thiadiazolium Hexachlo-
roantimonate (23b)

From 16b (3.80 g, 10 mmol) and benzyl isothiocyanate
(1.49 g, 10 mmol) in the manner described for 11a. The solvent
of the suspension was evaporated and the residue was stirred
at—15 °C for 12 h in CH,Cl, (20 ml)/Et,O (80 ml). Filtration
afforded a pale yellow crystalline powder (5.63 g, 68%); m.p.
186-188 °C (dec). — IR (KBr): v/em~'=1557, 1605, 3288
(NH). - 'H NMR (CD;CN): §/ppm = 1.00 (6H), 1.61 (t, J=1.9)
(CH,), 1.66 (t, J=7.1), 2.22 (m, coupl. to 1.61 and 1.66),
3.69, 4.64 (br, coupl. to 8.67) (CH,), 7.37 (m, phenyl), 7.85
(aryl), 8.67 (br, NH). — 3C NMR (CD;CN): &ppm = 10.2,
26.3(2C), 30.7,33.1, 39.4, 47.9, 53.9 (CH;, CH,, C), 128.1,
129.4,129.5,130.2, 131.3, 133.4, 136.4, 140.8, 147.8, 161.3,
170.9 (aryl, C=C, C=N). — MS(FAB, m-nitrobenzyl alcohol):
m/z 492/494/496 (M*-SbCly).

C,4H,5CIgN3SSb caled.: C34.80 H 3.04 N 5.07

(828.4) found: C34.54 H 298 N 5.06.

4-Isopropyl-5-(isopropylamino)- 1-(2,4,6-trichlorophenyl)-3-
[(2,3,3-trimethyl-1-cyclopentenyl)methyl]-1H-1,2,4-triazo-
lium Hexachloroantimonate (23c¢)

From 16b (3.80 g, 10 mmol) and diisopropylcarbodiimide
(1.26 g, 10 mmol) in the manner described for 11a. After
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evaporation of the solvent the residue was stirred at 23 °C in
CH,CI, (20 ml)/Et,O (120 ml) to afford a colorless powder
(7.25 2,90%); m.p. 185—187 °C (dec). - [} =0° (c= 1.0,
CH,Cl,). — IR (CH,Cl,): viem1=1570, 1631. — '"H NMR
(CDsCN): §/ppm = 1.00 (s, 6H), 1.15 (d, J=6.5, 6H), 1.57 (d,
J=7.1,6H), 1.65 (m, J=2.1, 3H) (CHy), ca 1.64 (m, 2H), 2.15
(m, 2H), 3.62 (br, 2H) (CH,), 3.29 (m, coupl. to 1.15 and
6.29, 1H), 4.45 (sept, J=7.1, 1H) (CH), 6.29 (br, d, /=9.5,
NH), 7.78 (aryl). — 13C NMR (CD;CN, gated decoupling):
Slppm = 10.2 (q, J=131), 19.7 (q, J=128), 23.4 (q, J=127),
26.5(q, J=125) (CH;), 27.1 (t,J=131),32.8 (t, J=130),39.2
(t, J=128) (CH,), 48.0 (br, C), 50.2 (d, J=140), 51.1 (d,
J=141) (CH), 131.0 (dd, J=177 and 6, m-C), 131.3 (t, J=8,
i-C), 135.9(t,J=3,0-C), 139.8 (t, J=5,p-C), 126.0 (br), 145.3
(br), 150.0 (br), 152.9 (br) (C=C, C=N). — MS(FAB, m-
nitrobenzyl alcohol): m/z 470/471/473 (M*-SbCly).
Cy3H3,ClgNySb  caled.: C 34.30 H 4.00 N 6.96

(805.4) found: C 34.41 H4.08 N 7.20.

2-(Cyclohexylimino)-3-(2,4,6-trichlorophenyl)-5-[(2,3,3-tri-
methyl-1-cyclopentenyl)methyl]-1,3,4-thiadiazole (24)

A solution of 23a (8.20 g, 10 mmol) in H,O (80 ml)/MeCN
(100 ml) containing NaHCQOj5 (8.40 g, 100 mmol) and aqueous
NH; (25%, 20 ml) was stirred between 0° and 23 °C for 4 h.
The solvent was evaporated and the residue was extracted with
CH,Cl, (3x30 ml). Drying of the combined extracts over
Na,S0O, and evaporation of the solvent afforded an oil, which
slowly crystallized at 23 °C from EtOH (40 ml) to furnish a
colorless powder (4.01 g, 82%); m.p. 89-91°C. - IR (KBr):
viem™ = 1644 (C=N). - 'HNMR (CDCl5): &/ppm = 1.02 (6H),
1.61 (t, J=1.9) (CHy), 1.04-1.73 (m’s, 12H), 2.25 (br, 2H),
2.53 (br, 1H), 3.41 (2H), 7.41 (aryl). — 13C NMR (CDCl,):
Slppm = 9.7, 24.9, 25.6, 26.3, 31.9, 32.5, 33.3, 38.6, 47.2
(CH3,CH,, C), 68.4 (NCH), 127.7,128.8,134.1, 135.3, 136.5,
143.8 (aryl, C=C), 149.7, 152.0 (C=N).

C23H28C13N38 caled.: C56.97 H5.82 N 867

(484.9) found: C 56.70 H5.78 N 8.63.
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