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Abstract —— The reactions of sodium salt of 2-methoxy-1-
azaazulene—3-carboxaldehyde tosylhydrazone with styrenes gave
3,8—cyclohexeno—2-methoxy—1-azaazulenes and 3—cyclopropyl—-2—

methoxy—1—-azaazulenes. The formers were afforded through the
diazo compound generated from the tosylhydrazone and the latters
were yielded via the carbene derived from the diazo compound. The
reactions with stilbenes gave the corresponding cyclopropane
derivatives. The similar reactions with sodium salt of azulene-1-

carboxaldehyde tosylhydrazone gave the analogous result.

Sodium salts of tosylhydrazones are effective precursors of diazo compounds, which in
turn generate the corresponding carbenes. Much attention has been paid to the chemis-
try of diazo compounds and carbenes regarding their synthetic utility and chemical reac—
tivities.1 The electronic natures of these species are influenced by conjugation with ole—
finic or aromatic moieties. Extensive research on these conjugated species has been car—
ried out.1 However, to our knowledge, the reports concerning the chemistry of these

species conjugated with hetero aromatic moieties are raELre.l_3
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1-Azaazulenes (la), belong to condensed pyrrole derivatives, show peculiar reactivities as
nonbenzenoid aromatic compounds. The aromaticity of azulenes is a result of a contribu-—
tion of an ionic canonical formula (2).4 It can be expected that these partially zwitterionic
natures influence on the reactivities of carbenes and diazo compounds conjugated with
azulenes. As a part of a study on the reactivities of carbenes and diazo t.:ompcl)unds,:“”b’5
we investigated the reactions of sodium salts of 2—-methoxy—l—-azaazulene—3—-carboxaldehyde
tosylhydrazone (3) and azulene—l-carboxaldehyde tosylhydrazone (6) with = styrenes and
stilbenes.  The results are reported here.

A mixtui;e of 3 and 4 molar equivalent of styrene (9a) in anhydrous diglyme was heated at
110°C for 10 min to give a cyclohexene derivative (10a) in 18% yield and cyclopropane
derivatives (11a) and (12a) in 4 and 3% yields, respectively. Similar reaction with p—chlo—
rostyrene (9b) afforded 11b and 12b in 5 and 3% yields, respectively. The reaction with
p—methoxystyrene (9c¢c} gave 10c (26%), lle (4%), and 12c (2%). The reactions with sodium
salt of azulene—l1-carboxaldehyde (6) gave the analogous results as above; Reactions of 6
with 9a—d gave 13a (11%), 14a (8%), and 15a (3%) from 9a, 13b (11%), 14b (4%), and 15b (3%)
from 9b, 13c (9%), 14c (56%), and 15¢ (2%) from 9c, 13d (12%), 14d (15%), and 15d (2%) from
9d, respectiveiy.

The reactions of 3 with stilbenes proceeded in a stereospecific manner, though the product
yields were low. Thus, the reaction of 3 with trans-stilbene (16a) afforded a cyclopropane
derivative (17) in 9% yield. The reaction of 3 with cis—stilbene (16b) gave two kinds of
cyclopropane derivatives (18 and 19) in 1 and 2% yields, respectively. On the other hand,
the reaction of 6 with 16a gave 20 in 5% yield. Three kinds of cyclopropane derivatives
20 (0.5%), 21 (1%), and 22 (2%) were afforded in the reaction of 6 with 16b.8

The structures of cyclopropane derivatives (11, 12, 14, and 15) were deduced on the basis
of their spectral properties and were confirmed by comparisons of these spectral proper—
ties with those of the analogous compounds.7 The coupling constant values (8.8 Hz)
between H, and Hy in 11 and 14 showed that these two protons are in cis-configuration.
The high—field shift (ca. 6.8 ppm) of the signals of the phenyl groups in 11 and 14 can
be explained by the anisotropic effects caused by the aromatic azulene systems which are
located at the cis—positions to the phenyl groups. The structures of 17-22 were also
deduced mainly on the basis of their nmr spectral properties. The coupling constant
values between H, and H (9.0 Hz) and H,/Hy,
and H, (6.0 Hz) of 17 and 20 are reasonable for
the values between cis— and trans—cyclopropane
protons, respectively. The assignments of the
structures of 18, 19, 21, and 22 are based on
the chemical shifts of the cyclopropane protons
Hb' Compared with the chemical shifts of the
protons Hy, of 19 and 22 (all cis), the chemical
shifts of the protons Hy, of 18 and 21 appeared
at lower fields because of the anisotropic ef-
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fects of the two phenyl groups both located in cis-configurations to the proton Hb‘ The
observed coupling constant values between Hy and Ha/Hc (6.0 Hz) of 18 and 21, which are
reasonable as the coupling constant values between the trans—cyclopropane protons,
supported these structures.

The structures of cyclohexene derivatives were deduced as follows. Ms spectra showed
that these compounds had the same molecular formulae as those of the corresponding
cyclopropane derivatives. An absence of the signals of the protons at 4—position of the
azaazulene moieties and an existence of signals corresponding to five saturated protons in
1H nmr spectra suggested the structures of cyclohexene derivatives. 1H Nmr (400 MHz)
spectra of 10a allowed a detailed analysis of the structure.8 Two large coupling constant
values J,y, (14.8 Hz) and J4qe (14.6 Hz) suggest that these two pairs of protons (H,Hy and
Hd—He) were geminal protons each other. The methin proton H, had twb relatively large
coupling constant values, Jac (10.9 Hz) and Jce (11.9 Hz), which showed that these protons
(Ha’ Hc’ and He) were vicinal protons, each other, with dihedral angles ca. 180°. The
Dreiding Models of 10 and 13 demonstrated that the dihedral angles between Ha_Hc and
H,-H, were all ca. 180°. It is known that the signals in 1H nmr spectra of protons of a
methyl group at 3—position of azulene moiety appeared at higher field than those at 4-
position.g Thus, the higher chemical shifts of the signals of H, (2.92 ppm) and Hy (3.15
ppm) compared to those of Hy (3.35 ppm) and H, (3.26 ppm) showed that the structure and
the assignment of the protons on the cyclohexene ring were determined to be as shown.
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The reaction is considered to proceed as follows. The diazo compound (4 or 7) attacked
the styrenes to give the ionic intermediates (23)) 10 which then cyclized to form 24 releas—
ing nitrogen gas. Hydrogen shift in 24 to form an aromatic system afforded the products
(10, 13). The possible pathway leading to 10 and 13 from the corresponding cyclopropane
derivatives (11, 12, 14, 15) was ruled out by the fact that the cyclopropane derivatives
were recovered unchanged upon heating under the reaction conditions of the sodium salts

(3, 6), Two paths can be proposed for the formation of cyclopropane derivatives. One
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through the carbenes(5, 8) and the other via the jonic intermediates (23). It is hard, at
this stage, to select one form another. However, it can be said that the absence of stere—
ospecificity in the reactions of 6 with stilbenes (16) showed that in these reactions, the
singlet state of the carbene (8) is not involved. Contrary to this, the stereospecificity
observed in the reactions of 3 with 16 may suggest that the reactions proceeded via the
singlet state of 5.- However, the poor material balance in these reactions can not allow to
draw a conclusion. "

In order to investigate the substituent effects the relative rate ratios of the reactions to
the substituted styrenes were measured using the reactions of the tosylhydrazones to 1:1
mixtures of 9a and 8b, 9a and 9c, and 9a and 9d11 to compare the yields of the corre—
sponding cyclopropane derivatives (11, 12, 14, and 15). The ratio of 9a : 9b : 9c was
measured to be 1.0 : 1.3 : 0.8 for 3. On the other hand the ratio of 9a : 9b : 9c : 94
was measured to be 1.0 : 1.0 : 1.0 : 0.8 for 6. Thus the relation of the logalisms of the
relative rate ratios (log kX/kH) against Hammett’s sigma values (O’p) of the substitiuents
gave p-—values, 0.44 for 3 and ca. 0 for 6.11 Considering that the product yields of
these reactions were not so high and the absolute value of the p-values were small, it is

hard to say more than that these reactive species are weak nucleophiles.

0.1 0.1
' m
o S
Foor o0k o o o]
b\ 3
g g
-0.1f -0.11©
ag
P Up
L L 1 L 1 1 L 1 L 1
-0.2 0 0.2 -0.2 0 0.2
EXPERIMENTAL

Nmr spectra were measured with a Varian XL 200 spectrometer with tetramethylsilane as an
internal standard. Uv spectra were measured with a Hitachi 220A spectrophotometer. Ms
spectra were measured with a Hitachi M—2000S spectrometer. Sodium hydride coated by
mineral oil in 60% was used.

A typical reaction procedure is described here. Reaction of 3 with 9a. A mixture of 2-
methoxy—l-azaazulene—3—carboxaldehyde tosylhydrazone (360 mg, 1 mmol), sodium hydride
60% in oil, 40 mg, 1 mmol), and 9a (720 mg, 4 mmol) in anhydrous diglyme (9 ml) was
heated at 110°C for 10 min. After filtration, the filtrate was poured into water, extract-
ed with ether, washed with water and dried over anhydrous sodium sulfate. After filtra—
tion the solvent was evaporated to give an oily residue, which was subjected to thin-
layer chromatography on silica gel using benzene—ether 9:11 as a developing solvent to
give dark red oils of 10a (50 mg, 18%, Rf=0.40), 12a (9 mg, 3%, Rt=0.50), and 11a (11 mg,

4%, Rg=0.54).
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