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The reaction of 3-phenylpyrrolo[2,3-b]tropone (7) with phosphoryl chloride gave 8-chloro-3-phenyl-1-aza-

azulene (5).

When 5 and 7 were treated with N-chlorosuccinimide, 2,8-dichloro-3-phenyl-1-azaazulene (6) and 2-

chloro-3-phenylpyrrolo[2,3-b]tropone (8) were obtained respectively. 6 was also obtained from 8 by treatment

with phosphoryl chloride.
products (14a—m and 15a—m).

The reactions of 5 and 6 with nucleophilic reagents gave the corresponding substituted
8-Hydrazino-3-phenyl-1-azaazulene (14m) and 2-chloro-8-hydrazino-3-phenyl-

l-azaazulene (10), which had been obtained by the reaction of 5 and 6 with hydrazine hydrate, were decomposed
by treatment with copper(II) sulfate in acetic acid to give 3-phenyl-1-azaazulene (2) and 2-chloro-3-phenyl-1-

azaazulene (11) respectively.

I-Azaazulene (1),2 a seven-membered analog of in-
dole, and its 3-phenyl derivative (2),3 were synthesized
a little more than twenty years ago by one of the pres-
ent authors (T. N.) and his co-workers; the molecular
diagram of this interesting compound (1) was calculated
by Kon% (¢f. Fig. 1). As the reactivity of the same
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Fig. 1. Charge density of 1-azaazulene calculated by
H. Kon.»

functional group should be different according to its
position in such a nonbenzenoid nucleus, we first studied
the nucleophilic substitution reaction of 2-chloro- (3)2
and 2,6-dichloro-1-azaazulene (4).® Brief mention was

R
(1): R=H (3): X,=Cl, X,=H
(2): R=Ph @): X;=X,=0Cl

also made of the nucleophilic displacement reaction of
8-chloro-(5)1:3 and 2,8-dichloro-3-phenyl-1-azaazulene
(6),V the results of which have remained unpublished.
We now wish to report on the nucleophilic substitution
reaction of these two compounds (5 and 6).

Results and Discussion

The reaction of 3-phenylpyrrolo[2,3-b]tropone (3-
phenylcyclohept[2,3-b]pyrrol-8-one) (7)3 with phos-
phoryl chloride gives 8-chloro-3-phenyl-1-azaazulene
(5) as reddish purple needles. When 5 and 7 are
treated with N-chlorosuccinimide, dichloro- (6) and
monochloro compound (8) are obtained respectively in
good yields. The same compound (6) is also obtained

**  Present address: Faculty of Science, Korean Uni-
versity, 1-700, Ogawacho, Kodaira-shi, Tokyo 187.
Present address: No. 811, 2-5-1, Kamiyoga,
Setagaya-ku, Tokyo 158.

*ok %

by the treatment of 5 or 7 with thionyl chloride or
sulfuryl chloride, but in poor yields. Compound 6 is
also obtained from 8 by treatment with phosphoryl
chloride. Compounds (5 and 6) afford 7 and 8 re-
spectively on treatment with ethanolic alkali. Similarly,
one of the two chlorine atoms in 6 is easily replaced by
a hydrazino group on treatment with hydrazine hy-
drate to give 10; the latter compound (10) reverts back
to 6 upon treatment with concentrated hydrochloric
acid and copper(I) chloride, while the monochloro com-
pound (11) is obtained when 10 is decomposed by treat-

ment with copper(II) sulfate in acetic acid.
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When 11 is treated with ethanolic alkali, 1,2-dihydro-
3-phenyl-1-azaazulen-2-one (12) is formed as a saponi-
fication product. The structure of 12 was confirmed
by' a direct comparison with the sample obtained by
the reaction of aminotropone with methyl phenylacetate:

(12) : R=Ph
(13) : R=

From the above-mentioned experimental evidence
and the results of elemental analyses, 6 is identified as
2,8-dichloro-3-phenyl-1-azaazulene. The UV and
NMR spectra of 5 and 6 also support the structure
described above (Tables 4 and 5).

8-Hydroxy, 8-amino, and related derivatives of 1-
azaazulene have two tautomeric forms, such as A and
B. It seems that those substances exist mainly in their
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TasLe 3. UV, IR, anp NMR SPEGTRA OF SUBSTITUTION REAQTION PRODUQTS

@

5 4
L=

om- ,
Sound X X lmax,Uer (log ¢) IR (KBr) cm™ ppm in (11\%/10% (100 MHz)
7 (o} H 228(4.51), 290(4.49) 3183, 1619 6.88(1H, ddd, Jj=10.5, 7.3, 2.0 Hz, H-5)
345(3.68), 360(3.77) 1552, 1520 7.28—7.54(7TH, m, H-6, 7 and phenyl)
380(3.78) (MeOH) 7.59(1H, s, H-2)
7.86(1H, dm, J=10.5Hz, H-4)
8 (o) Cl  230(4.42), 287(4.38) 3080, 1621 6.85(1H, ddd, j=10.5, 6.8, 2.8 Hz, H-5)
362(3.76), 373(3.65) 1548, 1513 7.28—7.48(7H, m, H-6, 7 and phenyl)
(MeOH) 7.58(1H, dm, J=10.5Hz, H-4)
14c NH H 243(4.51), 316(4.52) 3460, 3300 6.39(bs, NH)
445(3.03) (MeOH) 1610, 1595 6.88—7.61 (8H, m, H-5, 6, 7 and phenyl)
1548 8.19(1H, s, H-2) .
, 8.28(1H, dm, J=10.5Hz, H-4)
15¢ NH Cl  249(4.48), 312(4.62) 3471, 3316 6.36 (b, NH)
412(3.46) (MeOH) 1614, 1601 6.91—7.56 (8H, m, H-5, 6, 7 and phenyl)
1554 8.04(1H, dm, J=9.8Hz, H-4)
14e S H 257(4.36), 308(4.00) 3280, 1601 7.06—7.52(7H, m, H-5, 6 and phenyl)
407 (4.13) 1496 7.67(1H, d, J=2.7Hz, H-2)
(cyclohexane) 7.89(1H, dd, J=8.0, 2.4Hz, H-7)
8.25(1H, dd, J=9.2, 2.4Hz, H-4)
15e S Cl  256(4.34), 309(3.94) 3248, 1602 7.03—7.72(8H, m, H-5, 6, 7 and phenyl)
413(4.13) (cyclohexane) 1494 8.21(1H, dd, J=9.3, 2.0Hz, H-4)
14k N(CH;), H 252(4.41), 264(4.38) 1612, 1513 3.63(6H, s, N(CHj;),)
329(4.56), 408(3.32) 6.81(1H, ddd, j=10.0, 8.6, 1.0 Hz, H-5)
(cyclohexane) 7.12(1H, dm, j=12.0Hz, H-7)
7.30—7.62(7H, m, H-6 and phenyl)
8.28(1H, dm, J=10.0Hz, H-4)
151 N(CH;), ClI 253(4.38), 265(4.40) 1613, 1518 3.60(6H, s, N(CHj;),)

331(4.54), 390(3.72)
412(3.70) (sh), 447
(3.52) (sh) (cyclohexane)

6.83(1H, ddd, J=10.0, 8.4, 1.0 Hz, H-5)
7.09(1H, dm, J=11.6Hz, H-7)
7.25—7.53 (7H, m, H-6 and phenyl)
7.94(1H, dm, J=10.0 Hz, H-4)

ketonic form (B) rather than in the enolic form (A),
as in the case of 2-hydroxy derivatives of 1-azaazulene
(13)® or its 3-substituted products (12 or other com-
pounds),5 as is shown by their spectroscopic data, pre-
sented in Table 3.

/

(A)

(B)

As for the 8-dimethylamino derivatives (14k and 151),
the visible and PMR spectra indicate that there is a con-
tribution of the zwitterion structure (D),5 as will be
described below. In the absorption spectra of 14k and
151, the absorption maxima in the visible region were
shifted to shorter wavelengths than those of 5 and 6
(Tables 3 and 4). The PMR spectra of 14k and 151
c¢xhibited the signals for H-5 at ¢a, 6,8 PMR, and they

were observed upfield from those of 5 and 6, as in the

case of the 8-hydroxy derivatives of 1-azaazulene (7 and
8) (Tables 3 and 5).

The Cg-positions of Compounds 5

H:C “CHs
©)

and 6 are easily

replaced by the treatment of various nucleophilic re-
agents; the results are summarized in Tables 1 and 2.
Only the chlorine atom at Cg in the dichloro compound
(6) is displaced by the nucleophilic reagent. However,
a strong nucleophile such as p-thiocresol afforded a
disubstituted product (16). This is quite understand-
able in view of Fig. 1 and the electron-releasing effect
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TaBLE 4. ULTRAVIOLET. AND VISIBLE ABSORPTION MAXIMA OF SUBSTITUTED l-AZAAZULENES

Ph
CNM

X2

Compound

Amax, nm (log ¢)

2
5
6
11 Cl H

Qoo
a

H 297 (4.81), 285(4.95), 358(4.14), 512(3.30)
937(4.59), 296(4.61), 528(2.82)
cl 249 (4.58), 298(4.65), 379(3.31), 500(2.89)
932(4.39), 288(4.53), 370(3.40), 500(2.87)

(MeOH)
(cyclohexane)
(cyclohexane)
(cyclohexane)

TaBLE 5. NMR sPEGTRA OF 5 AND 6

Compound

ppm in CDCl; (100 MHz)

7.37—7.65(6H, m, H-5 and phenyl)
7.77(1H, ddd, Jj=10.3, 9.0,.1.0Hz,
8.01(1H, dd, J=10.3, 2.0Hz, H-7)
8.68(1H, dd, J=9.0, 1.5Hz, H-4)
8.89(1H, s, H-2)

7.42—7.86(7TH, m, H-5, 6 and phenyl)
8.02(1H, dd, J=9.9, 2.0Hz, H.7)
8.39(1H, dd, J=9.0, 2.4Hz, H-4)

H-6)

of the reaction products (15).

;{ S-CeHiCHs-p

S - C5H4CH: ‘p
(16)

The reaction of 5 with hydrazine hydrate in methanol
gave 9 besides 14m.?)

Experimental’

All"the melting points are uncorrected.

Phenylacetaldehyde Troponylhydrazone. To a solution of
2-hydrazinotropone (16.7 g) in ethanol (200 ml), phenyl-
acetaldehyde (16.1g) was added, and the mixture was
refluxed for 30 min. After cooling, the separated precipi-
tates were collected and recrystallized from ‘ethanol to give
yellow needles (27.5g, 94%); mp 127—128°C. UV:
AR 252 (log e=4.32), 350 (4.24), and 410 (4.29) nm.
Found: G, 75.33; H, 6.20; N, 11.70%. GCalcd for C;;H,,-
ON,: G, 75.60; H, 5.92; N, 11.76%,.

3-Phenylpyrrolo[2,3-b]tropone (7). A mixture of phenyl-
acetaldehyde troponylhydrazone (23.5g), water (650 ml),
and concd sulfuric acid (32 ml) was refluxed at 110—120 °C
for 8h. After cooling, the reaction mixture was ‘made
shght!y acid 'with 2 M sodium hydroxide and, then extracted
with chloroform: The extract was dried over anhydrous
sodium sulfate, -and the solvent was removed. The residue

t The authors -are grateful to the Sankyo Co., Ltd.,

for the elemental analyses.

was recrystallized from benzene to give pale yellow needles

(15.2 g, 70%); mp 188—189.°C. Found: C, 81.21; H,
5.09; N, 6.24%,. Calcd for C,;;H,;ON: C, 81.43; H, 5.01;
N, 6.339%,.

8-Chloro-3-phenyl-1-azaazulene (5). A mixture of 7
(7.0 g) and phosphoryl chloride (28.0 g) was heated at 105 °C
for 1 h. After cooling, the reaction mixture was poured onto
ice water and the solution was made alkaline with a sodium
hydrogencarbonate solution, followed by extraction with
benzene. The extract was dried, the solvent was removed,
and the residue was recrystallized from cyclohexane to give
reddish purple needles (6.5g, 85%); mp 106—107 °C.
Found: GC, 75.57;H,4.29; N, 6.01%,. Calcd for C,;H,,NCl:
C, 75.17; H, 4.18; N, 5.84%.

Picrate:  Orange micro needles (from ethanol); mp 189 °C
(decomp). Found: C 53.75; H, 2.84; N, 11.34%,. Calcd
for G, H,;;O,N,Cl: C, 53.79; H, 2.78; N, 11.95%.

Hydrolysis of 5. ' A 'solution of 5 (0.3g).in ethanol
(8 ml) containing 2 M sodium hydroxide (4 ml) was refluxed
for 30 min. The solvent was then removed, the residue
was made acid with dil hydrochloric acid, and the solution
was extracted with chloroform. The dried extract was
concentrated, and the residue was.recrystallized. from ethanol
to give colorless needles (0.11g, 60%); mp 187—188 °C.
The IR spectrum was identical with that of 7, and the mixed
melting point with the sample was not depressed.

2,8-Dichloro-3-phenyl-1-azaazulene (6). (a) A mixture
of 5 (0.3 g) in carbon tetrachloride (210 ml), N-chlorosuc-
cinimide (2.6 g), and benzoyl peroxide (0.06 g) was refluxed
for 3h. The solvent was then removed, and the residue
was washed with hot water several times and extracted with
benzene. The dried extract was concentrated to about
30 ml and chromatographed onsilica gel. From the bright red:
effluent, . 6 was obtained as bright red plates (2.5.g, 73%);
mp. 160—161 °C. ‘Found: €, 65.76; H, 3.48; N, 5.58%,.
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Calcd for C;H,N€l;: . C, 65.69; H, 3.28; N, 5.11%.
.+(b) A mixture of 7 (6.0g) in dry benzene (300 ml)
and thionyl chloride (20.0g) was refluxed for .15h with
stirring at 80—90 °C. The solvent was then removed, and
the residue was treated with a saturated solution of sodium
hydrogencarbonate and extracted with benzene. The extract
was dried, concentrated, and chromatographed on alumina.
The red effluent gave bright red needles (1.5 g, 20%), which
were subsequently recrystallized from 'cyclohexane. The
mixed melting point with the sample obtained by Method
(a) was not depressed.

“(¢) A mixture of 5 (6.0 g) in carbon tetrachloride (150 ml)
and sulfuryl chloride (3.4 g) was refluxed for 1 h.. The solvent
was .'then removed, and the residue was treated with a
saturated of sodium hydrogencarbonate and extracted with
benzene. The extract was concentrated and chromato-
graphed on alumina. From the red effluent, 6 was obtained
as bright red plates (1.2g, 35%).

From the purple effluent, a purple powder was obtamed
its structure can not be clarified yet. Mp 193—195 °C.
UV: igics 256, 302, and . 514nm. Found: G, 58.50;
H, 2.64; N, 4.73; Cl, 34.39%. Calcd for C;;HgNCl;: C,
58.38; H, 2.61; N, 4.54; Cl, 34.37%. :
+(d)- A mixtyre of 8 (0.5g) and phosphoryl chloride
(2.6 g) was heated at 105°C for 1h. After cooling, the
reaction’ tixture was poured ‘into’ice water, and the solution
was treated with a saturated, solution of sodium carbonate
and extracted with benzene. The dried extract was concen-
trated, and the residue was recrystallized from cyclohexane
to give red plates (0.37 g, 63%).
with the sample obtained by Method (a) was not depressed.

(e) A mixture of 7 (0.6g) in dry benzene (30 ml) and
thionyl chloride (3.0 g) was heated under reflux for 16 h at
90—100 °C. The reaction mixture was then worked up
as above (Method b). A small amount of 6 was obtained,
and most of the starting material (7) was recovered.

(f) A mixture of 10 (0.1g), concd hydrochloric acid
(2.5ml), and 1M copper(Il) sulfate (3 ml) was heated
for a few min on a water hath. After cooling, the reaction
mixture was neutralized with a 5% sodium hydrogencarbo-
nate solution and extracted with benzene. The dried extract
was concentrated and passed through a silica gel column.
From the red effluent, 6 was obtained as red plates (0.06 g,
54%); mp 160—161 °C.

2-Chloro-3-phenylcyclohept [2,3-b] pyrrol-8(TH)-one (8). A
mixture of 7 (1.0g) in carbon tetrachloride (60 ml), N-
chlorosuccinimide (0.97 g), and benzoyl peroxide (0.06 g)
was refluxed for 3h. The solvent was then removed, and
the residue was treated with hot water and extracted with
chloroform. The extract was washed with water, dried,
and concentrated, and the residue was recrystallized from
benzene to give pale yellow needles (0.52g, 47%); mp
223—224 °C. Found: C, 70.44; H, 4.11; N, 5.58%,.
Calcd for C;;H;,ONCl: C, 70.45; H, 3.91; N, 5.48%.
The spectral data are shown in Table 3.

Hydrolysis of 6. A solution of 6 (0.2g) in ethanol
(8 ml) containing 2 M sodium hydroxide (5 ml) was refluxed
for | h on a water bath. The solvent was then removed,
and the residue was made acid with dil sulfuric acid and
extracted with chloroform. The dried extract was evaporated,
and the residue was recrystallized from benzene to give pale
yellow needles (0.18 g, 949%); mp 224—225°C. The IR
spectrum was identical with that of 8, and the mixed melting
point was not depressed.

The Reaction of 8-Chloro- and 2,8-Dichloro-3-phenyl-1-azaazulenes
(6 and 6) with Nucleophilic Reagents. The mixtures
obtained by the rcaction of chloroazaazulenes (5 and 6)
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with - nucleophilic reagents were worked -up-in the- usual
manner, and the products were purified by chromatography
and recrystallization. The conditions and results are given
in Tables 1 and 2. )

The Reaction of 8-Chloro-3-phenyl-1-azaazulene (5) with Hydra-
zine Hydrate.®) A solution of 809, hydrazine hydrate
(4.0g) in methanol (100 ml) was added, drop by.drop,
to a solution of 5 (1.0 g) in methanol (100 ml), after which
the solution was stirred at room temperature for 2 h. The
reddish purple crystals which precipitated out were collected
and recrystallized from cyclohexane-benzene to give N;N’-
bis(3-phenyl-1-azaazulen-8-yl)hydrazine as reddish' purple
micro prisms (0.55 g) ; mp 277—278 °C.

On the other hand, the solvent was removed from: the
filtrate of the reaction mixture, water was added, and the
solution was extracted with benzene. The extract was dried,
the solvent was removed, and the residue, was recrystallized
from cyclohexane to afford 8-hydrazino-3-phenyl-1-azaazulene
(141) (0.40 g).

3-Phenyl-1-azaazulene (2). A mixture of 8-hydrazino-
3-phenyl-1-azaazulene (0.2 g), acetic acid (5 ml), water (5 ml);
and a 109 copper(II) sulfate solution was heated for a:few
min on a water bath. After cooling, the reaction mixturé
was made slightly- alkaline with 2 M sodium hydroxide-and
the solution was extracted with ether. The dried extract
was concentrated to leave a reddish purple oil. The residual
oil was purified by distillation under reduced pressure:{bp
90 °C/0.01 Torr). Picrate: Orange needles, mp 236 °C (de-
comp.). The results are given in Table 1.

2-Chloro-3-phenyl-1-azaazulene (11). A mixture of 10
(0.7 g), acetic acid (28 ml), 1 M copper(II) sulfate (56 ml),
and water (28 ml) was heated for 15 min on a water bath.
After cooling, the reaction mixture was made slightly alkaline
with 2 M sodium hydroxide and extracted with chloroform.
The dried extract was concentrated and chromatographed
on silica gel. From the red effluent, a red oil was obtained
and subsequently distilled under reduced pressure (bp 100 °C/
1 Torr) (0.37g). The results are given in Table 2.

2-Chloro-8-bromo-3-phenyl-1-azaazulene (15n). A mixture
of 10 (0.12g), 48% hydrobromic acid (8 ml), and 1 M
copper(II) sulfate (9.6 ml) was heated for a few min on a
water bath. After cooling, the reaction mixture was treated
with a 5%, sodium hydrogencarbonate solution and extracted
with chloroform. The dried extract was concentrated and
chromatographed on silica gel. The product obtained from
the red effluent was recrystallized from cyclohexane to give
red plates (0.04 g). The results are given in Table 2.

1,2-Dihydro-3-phenyl-1-azaazulen-2-one (12). (a) A
mixture of 11 (0.37 g) in ethanol (15 ml) and 2 M sodium
hydroxide (30 ml) was refluxed for 5h on a water bath.
After cooling, the reaction mixture was made slightly acid
with a dil sulfuric acid solution and extracted with benzene.
The dried extract was then concentrated, and the residue
was recrystallized from benzene to give micro prisms (0.04 g,
12%); mp 264—265°C. IR(KBr): 1638 cm=' (C-=0).
UV MO 235(log e=4.34), 283(4.41), 420(4.00)nm. Found:
C, 81.33; H, 5.00; N, 6.13%. Calcd for G;;H;;ON: G,
81.43; H, 5.01; N, 6.33%.

(b) To a sodium ethoxide solution prepared from sodium
metal (1.25g) and absolute ethanol (30 ml), aminotropone
(3.0 g) and methyl phenylacetate (7.4 g) were added, after
which the mixture was heated in a sealed tube at 130 °C for
5h. The reaction mixture was concentrated, made acid
with 2 M hydrochloric acid, and then extracted with benzene.
The benzene layer was dried over anhydrous sodium sulfate
and the benzene was removed. From the residual oily
product, a small amount of 12 (0.14 g, 3%) was obtained,
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with the recovery of the starting material. The mixed
melting point with the sample dbtained by Method (a)
was not depressed.

2,8-Di(p-tolylthio )-3-phenyl-1-azaazulene (16). (a) To
a sodium methoxide solution prepared from sodium metal
(0.37g) and absolute methanol (7 ml), p-thiocresol (0.2 g)
and 6 (0.2g) were added, and then the mixture was
heated under reflux for 15 min. The reaction mixture was
concentrated under reduced pressure and extracted with
benzene, and the benzene extracts were washed with
water, dried over anhydrous sodium sulfate, and chromato-
graphed on alumina.. The product obtained from the
benzene effluent was recrystallized from cyclohexane to
give red prisms (0.12 g, 39%); mp 209—210°C. Found:
C, 7746; H, 5.16; N, 3.12; S, 14.26%. Calcd for
CgoH,y3NS,: G, 77.10; H, 5.19; N, 3.04; S, .13.97%. - -

(6) A mixture of 6 (0.2 g) and p-thiocresol (0.18g) in
dimethyl sulfoxide (10 ml) was stirred for 15h at room
temperature. The reaction mixture was diluted with water,
made alkaline with aqueous sodium carbonate, and extracted
with benzene. The benzene extracts were dried over an-
hydrous sodium sulfate and chromatographed on alumina.
The product obtained from the benzene effluent was re-
crystallized from cyclohexane to give red prisms (0.13 g,
42%); mp 209—210°C. The IR spectrum was identical
with that of the sample obtained by Method (a), and the
mixed melting point was not depressed.
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