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An enamine method for the synthesis of 1-azaazulene derivatives.
Reactions of troponimines with enamines 1
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A short new synthesis of 1-azaazulene derivatives consists of the enamine alkylation of troponimines 4–7 with
pyrrolidino enamines, which are derived from cycloalkanones, aliphatic ketones, and heterocyclic ketones, to lead
to formal [8 1 2] cycloadducts and subsequent aromatization under the reaction conditions. The reactions are
quite general, and N-hydroxy- and N-methoxytroponimines, 4 and 5, are less reactive than N-mesyloxy- and N-
tosyloxytroponimines, 6 and 7, which react smoothly even at room temperature. In the reaction of the pyrrolidino
enamine, which is derived from cyclopentanone, forcing conditions are required, probably because of ring strain
in the [8 1 2] cycloadduct 11a. Furthermore, in the reactions of 4–7 with isomeric mixtures of two pyrrolidino
enamines, 15/16 and 20/21, only enamines 15 and 20 can intervene in the cycloaddition reactions, giving 1-azaazulene
derivatives. In the context of the reactivity of 4–7 and pyrrolidino enamines, and the selectivity observed in the
reactions with isomeric mixtures of enamines, minimal neglect of differential overlap (MNDO) calculations on
troponimines 4–7 and pyrrolidino enamines, as well as isomeric mixtures of two enamines, 15/16 and 20/21, were
performed to gain further insight into the reactions via a theoretical interpretation based upon frontier molecular
orbital theory (FMO). Troponimines 6 and 7 have lower LUMOs and they are more reactive than troponimines 4
and 5; the energy level of the HOMO of the pyrrolidino enamine derived from cyclopentanone is relatively higher
as compared to those of other pyrrolidino enamines. Enamines 15 and 20 are less stable and energy levels of the
HOMOs are higher as compared with those of the corresponding isomers 16 and 21, respectively.

Introduction
The chemistry of azaazulenes has attracted considerable atten-
tion for several decades.2–8 In a series of studies concerning
(vinylimino)phosphoranes,5 we have demonstrated convenient
methodology for synthesizing 1-azaazulenes 6,7 and 5-aza-
azulenes.8 Since 1-azaazulenes and 1-azaazulen-2-ones have
also attracted much attention from the viewpoint of their
pharmacological activities,9 we have embarked on the explor-
ation of methodology to synthesize versatile 1-azaazulenes.
Although cycloaddition of troponimines with electron-deficient
acetylene and cumulenes has been studied extensively,10,11

we have found previously that N-diphenylphosphinoyl-,12 N-
phenylsulfonyl-,13 and N-methylsulfonyltroponimines,13 1a–c,
react with enamines 2 leading to 1-azaazulene derivatives in low
to modest yields. In the reactions, the yields of 1-azaazulenes
would be dependent on the aromatization process of the inter-
mediates 3a–c (Scheme 1). In the search for efficient method-

ology for the synthesis of 1-azaazulene derivatives, similar
to the so-called enamine method for synthesizing azulenoid
compounds,14 we studied the reaction of troponimines 4–7, all
of which have a suitable leaving group on the nitrogen atom,
with pyrrolidino enamines to give 2,3-ring annulated and
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2,3-substituted 1-azaazulenes in good to moderate yields. In the
context of the reactivity of compounds 4–7 and pyrrolidino
enamines, and the selectivity observed in the reaction with
isomeric mixtures of two enamines, 15/16 and 20/21, minimal
neglect of differential overlap (MNDO) calculations were also
performed. We describe here the results in detail.

Results and discussion
N-Hydroxytroponimine (tropone oxime) 4 15 was prepared
in 90% yield through the modified reaction of tropone
with hydroxylamine hydrochloride in MeOH for 1 week. N-
Methoxy-,16 N-mesyloxy- 17 and N-tosyloxytroponimines,18 5, 6,
and 7, were prepared by the usual methods. The thermal reac-
tion of 4 and 5 with pyrrolidino enamines 8a–g proceeded in
benzene or xylene under reflux to give 1-azaazulenes 9a–g.
Attempted reaction of troponimines 4 and 5 with piperidino
and/or morpholino enamines afforded 1-azaazulene derivatives
in poor to modest yields. On the other hand, troponimines
6 and 7, reacted with pyrrolidino enamines 8a–g under mild
conditions, as compared with those of 4 and 5 to give 9a–g
(Scheme 2). The reaction conditions and the yields of the
products are summarized in Table 1 (Runs 1–7).

The postulated pathways for the formation of 9a–g are also
shown in Scheme 2. The enamine alkylation of 8a–g to C-2 of
troponimines 4–7 gives the intermediates 10a–g, which undergo
cyclization to give 11a–g. The facile aromatization eliminating
HOR and pyrrolidine results in the formation of 1-azaazulenes
9a–g. The reddish colour of 9a–g and the formation of the
corresponding picrates are characteristic of 1-azaazulenes.12,13

The structures of 9a–c were confirmed on the basis of
comparison of the spectral data with those of the authentic
specimens.12,13 The positions of the alkyl group of compounds,
9f–g, were assigned by the 1H NMR spectra obtained by using
Eu(fod)3. On the basis of the spectral data, picrate formations,
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and their elemental analyses, as well as consideration of the
structural relationship with enamines 8d–g, the structures of
new 1-azaazulenes 9d–g were deduced.

In the cases of the reaction of troponimines 4–7 with 8a,
which is derived from cyclopentanone, forcing conditions were
required as compared with those of other enamines (Table 1,
Run 1). Thus, it is clear that the reaction conditions are sensitive

Scheme 2 Reagents and conditions: i, heat.
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to the ring size of enamines. This feature is presumably ascribed
to the ring strain in the cyclization step of the intermediate 10a,
giving 11a. The ring strain originating from the reaction of 8a
to give 11a is considered to be larger than that for the others
(vide infra). The reason for the forcing conditions required for
the reaction of troponimines 4 and 5 with 8b is not explicable at
this stage.

Azulene derivatives annulated with heterocycles have been
synthesized by the reaction of cyclohepta[b]furan-2-one with
enamines derived from heterocyclic ketones such as 4-piper-
idone, 3-piperidone 14, and 3-oxotetrahydrothiophene 19.19–21

In extension of the synthetic applicability of the present reac-
tion, synthesis of 1-azaazulenes annulated with heterocycles
was accomplished. The reactions of troponimines 4 and 5 with
pyrrolidino enamine 12a,b,21 which are derived from 4-piper-
idone derivatives, gave N-substituted 1,2,3,4-tetrahydrocyclo-
hepta[4,5]pyrrolo[3,2-c]pyridines 13a,b in modest to good
yields (Scheme 3, Table 1, Run 8 and 9). Furthermore, the

reaction of troponimines 4, 5, and 7 with enamine 12c, which
was prepared in situ, afforded 13c in modest yields. (Table 1,
Run 10). On the other hand, the condensation of N-ethoxy-
carbonyl-3-piperidone 14 22 and 3-oxotetrahydrothiophene 19
with pyrrolidine has been clarified to give isomeric mixtures of
two enamines 15/16 21 and 20/21 (Scheme 4 and 5).19 Actually,
the reactions of the isomeric mixtures of two enamines, 15/16
and 20/21 with cyclohepta[b]furan-2-one gave two isomeric azu-
lenoid compounds, azuleno[2,1-c]- and azuleno[1,2-b]pyridine
derivatives, and azuleno[1,2-b]- and azuleno[1,2-c]thiophene
derivatives, respectively. In these azulene syntheses, the product
ratio is not dependent on the composition of enamines but on
the reactivities of these enamines.19,23 However, the reaction of
troponimines 4–7 with the isomeric mixture of two enamines
15/16 gave only N-ethoxycarbonyl-1,2,3,4-tetrahydrocyclo-
hepta[4,5]pyrrolo[3,2-b]pyridine 17 and did not give 18 (Scheme
4). Similarly, the reaction of troponimines 6 and 7 with an
isomeric mixture of two enamines 20/21 (in a ratio of 28/72) 19

Scheme 3 Reagents and conditions: i, heat.

N

N

R3

N
OR

N

N
R3

i

12a R3 = Me
12b R3 = CH2Ph
12c R3 = CO2Et

4-7

+

13a R3 = Me
13b R3 = CH2Ph
13c R3 = CO2Et

Table 1 Reaction of troponimines 4–7 with enamines 8a–g, 12a–c, 15 and 20d

Yield (%) (Reaction time/h)

Run

1
2
3
4
5
6
7
8
9

10
11
12

Enamine

8a
8b
8c
8d
8e
8f
8g

12a
12b
12c d

15
20d

Product

9a
9b
9c
9d
9e
9f
9g

13b
13c
13a
17
22

Method A a for 4

64 (6) c

89 (2) c

100 (2)
83 (4)
98 (4)
65 (6)
42 (6)
24 (24)
20 (24)
33 (24)
33 (24)

none (24)

Method B a for 5

64 (6) c

76 (6) c

77 (3)
100 (12)
100 (12)
59 (12)
55 (10)
78 (24)
47 (24)
60 (24)
4 (24)

none (24)

Method C b for 6

40 (0.5) a

76 (1)
99 (0.2)
90 (0.5)
90 (0.5)
50 (1)
85 (1)
—
—
—
45 (6)
45 (6)

Method D b for 7

40 (0.5) a

61 (1)
100 (0.2)
66 (0.5)
79 (0.5)
50 (1)
85 (1)

—
—
42 (24)
19 (6)
58 (6)

a Heated under reflux in benzene. b Stirred at room temp. in benzene. c Heated under reflux in xylene. d Prepared in situ.
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at room temp. gave only 2,3-dihydrocyclohepta[b]thieno[2,3-d]-
pyrrole 22, and isomeric cyclohepta[b]thieno[3,4-d]pyrrole 23
was not obtained (Scheme 5). Since the reaction of troponimine
4 and 5 with a mixture of 20/21 under reflux in benzene did not
give any product such as 22 but produced only intractable tarry
materials, compound 22, which contains an electron-donating
substituent at the 3-position of the 1-azaazulene skeleton,
seems to be labile and it may decompose gradually under the
reaction conditions of refluxing benzene. Actually, compound
22 as well as its picrate seemed to be labile and decomposed
gradually even at room temp. Thus, on dehydrogenation by
activated MnO2, compound 22 was converted to stable cyclo-
hepta[b]thieno[2,3-d]pyrrole 24 in good yield. The structures of
new 1-azaazulene derivatives, 13a–c, 17, 22, and 24 were con-
firmed on the basis of the spectral data and picrate formation,
and elemental analyses, as well as consideration of the struc-
tural relationship with enamines 12a–c, 15, and 20.

The reactions of troponimines, 6 and 7, with enamines
proceeded under very mild conditions as compared with those
of troponimines, 4 and 5 (Table 1). One useful aspect of the
principle of hard and soft acids and bases is the way in which it
classifies our idea of reactivity.24 The site where most of the

Scheme 4 Reagents and conditions: i, pyrrolidine, TsOH, PhH, reflux;
ii, troponimine, PhH, heat.
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Scheme 5 Reagents and conditions: i, pyrrolidine, TsOH, PhH, reflux;
ii, troponimine, PhH, heat; iii, MnO2, PhH, room temp. 
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charge exists (the hard center) will be the site of attack by a
charged or relatively charged electrophile (hard electrophile)
and the site of the highest coefficient in the highest occupied
molecular orbital (HOMO) of the nucleophile (soft center) will
be the site of attack by an electrophile with a relatively low-
energy lowest unoccupied molecular orbital (LUMO) (soft elec-
trophile). Thus, the reaction of troponimines with enamines
is now explicable in terms of the Frontier Molecular Orbital
theory (FMO).25 The energy levels and coefficient of LUMO of
troponimines 4–7 and tropone, and the heat of formation
(∆Hf), the energy levels of HOMO of isomeric mixtures of two
isomers, 15/16 and 20/21, are presented in Fig. 1 and Fig. 2,
respectively, as obtained by the MNDO method.26 The energy
levels of the LUMO of 4 (20.48 eV) and 5 (20.48 eV) are
higher than those of 6 (20.79 eV) and 7 (20.70 eV) (Fig. 1).
The energy level of LUMO of tropone (20.82 eV), which is
known to react with enamines to give an [8 1 2] cycloadduct,27

is slightly lower than those of 6 and 7. Energy levels of the
HOMO are obtained as 4 (28.57 eV); 5 (28.57 eV); 6 (29.21
eV), 7 (28.75 eV), and tropone (29.25 eV). The charge
densities on the nitrogen and imine-carbon atoms are also
obtained as 4 (21.2 and 10.04), 5 (21.2 and 10.05), 6 (21.2
and 10.11) and 7 (21.6 and 10.09), and they are lower than
those on the oxygen and carbonyl-carbon atoms of tropone
(20.31 and 10.29), respectively, suggesting the less polarized
nature of 4–7 compared with tropone. Generally, the coefficient
of the HOMO on the β-carbon atom of enamines 8a–g is larger

Fig. 1 Coefficients and energy level of the LUMO.
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(∆Hr).

N

N

CO2Et

N

N

CO2Et

S S

N N

20
HOMO : -8.17 eV

(∆Hf = 0.78 kcal mol –1)

-0.55

-0.44 -0.33

-0.41

0.48

0.41 0.36

15
HOMO : -8.08 eV

(∆Hf = -73.55 kcal mol –1)

16
HOMO : -9.29 eV

(∆Hf = -74.19 kcal mol –1)

21
HOMO : -8.67 eV

(∆Hf = 0.89 kcal mol –1)

0.63



690 J. Chem. Soc., Perkin Trans. 1, 1999,  687–692

Table 2 Calculated energy levels of the LUMO and HOMO of enamines

Compound

HOMO/eV
LUMO/eV

8a

28.43
11.16

8b

29.44
10.79

8c

29.47
10.78

8d

29.33
10.80

8e

29.30
10.87

8f

29.34
10.87

8g

29.33
10.89

12a

29.19
10.70

12b

29.26
10.29

12c

28.61
10.91

than that on the nitrogen atom (cf. Fig. 2), Thus, the enamine
alkylation of 8a–g occurs on the C-2 position of the low-lying
LUMO of troponimines 6 and 7, under mild conditions, as
compared with that of 4 and 5 possessing a relatively higher
LUMO. Regarding the energy level of the HOMO of 8a, it is
higher as compared with those of enamines 8b–g, but forcing
conditions are required for the reaction of troponimines with
8a (Table 1, Run 1). This feature would be ascribed to the ring
strain originating from the reaction of 8a to give the intermedi-
ate 11a (Scheme 2). On the other hand, in the reaction of tro-
ponimines with isomeric mixtures of two enamines, 15/16 and
20/21, enamines 15 and 20 could intervene in the reaction to
give 1-azaazulenes, 17 and 22, respectively. Regarding enamines
15 and 20, they are suggested to be less stable (heat of form-
ation: ∆Hf in Fig. 2), and they have higher HOMOs as com-
pared to those of the corresponding isomers 16 and 21, respect-
ively (Fig. 2). Thus, enamines 15 and 20 could react with
troponimines more rapidly than the corresponding isomers 16
and 21, respectively (Table 1, Run 12 and 13). Thus, the present
reactions are rationalized on the basis of the FMO theory.

In conclusion, the present method using troponimines 4–7
and pyrrolidino enamines provides an efficient route to the
synthesis of 2,3-annulated and 2,3-disubstituted 1-azaazulenes.
This methodology establishes the experimental framework for
a new approach to 2,3-annulated and 2,3-disubstituted 1-
azaazulenes, similar to the so-called enamine method synthesiz-
ing azulenoid compounds established by Takase, Yasunami and
co-workers.14 Further studies are underway to explore the scope
and limitations of the enamine method to construct the
1-azaazulene skeleton and to find further useful applications
of the method for the preparation of compounds involving
1-azaazulene of theoretical interest and demonstrated utility.

Experimental
IR spectra were recorded on a Shimadzu IR-400 spectrometer.
The mass spectral and high-resolution mass spectral studies
were run on JEOL Automass 150 and DX-300 spectrometers,
respectively. 1H and 13C NMR spectra were recorded on Hitachi
R-90, JEOL JNM-EX270, and JEOL GSX-400 spectrometers
using CDCl3 as a solvent, and chemical shifts are given relative
to internal Me4Si standard: J-values are given in Hz. Mps were
recorded on a Yamato MP-21 apparatus and are uncorrected.
N-Hydroxytroponimine (tropone oxime) 4 was prepared by a
modification (vide infra) of the literature method.12 Tropon-
imines, 5,16 6,17 and 7 18 were prepared by the usual methods
described in the literature. Almost all of the enamines, 8a–g,
12a,b, and 15/16 were prepared by the usual method and puri-
fied by distillation under reduced pressure. Enamines 12c and
the isomeric mixture of two enamines, 20/21 were prepared in
situ and used for the further reaction with troponimines. All the
thermal reactions were carried out under anhydrous conditions
and dry nitrogen atmosphere.

Preparation of N-hydroxytroponimine (tropone oxime) 4

A solution of tropone (21.3 g, 0.2 mol) and hydroxylamine
hydrochloride (69.5 g, 1 mol) in MeOH (100 cm3) was stirred at
room temp. for 1 week. After the reaction mixture was filtered,
the filtrate was neutralized with aq. NaHCO3 solution,
extracted with CH2Cl2, and the extract was dried over Na2SO4.
After evaporation of the solvent, the residual solid was

recrystallized from CCl4 to give 4 (21.9 g, 90%): purple needles;
mp 76–77 8C (lit.,15 mp 76–77 8C).

General procedure for the reaction of troponimines 4 and 5 with
enamines 8a–g, 12a,b, and 15

Method A or B (Table 1): A solution of 4 (122 mg, 1 mmol),
enamine (2 mmol), and 0.4 nm molecular sieves (100 mg) or a
solution of 5 (135 mg, 1 mmol) and enamine (2 mmol) in
anhydrous PhH or xylene (1 cm3) was heated under reflux for
the period indicated in Table 1. After the reaction was com-
pleted, the reaction mixture was filtered and the filtrate was
concentrated in vacuo. The resulting residue was purified by
TLC on alumina (hexane–AcOEt 1 :1) to give 1-azaazulenes
9a–g, 13a,b, and 17. The reaction conditions and the yields of
the products are summarized in Table 1.

7,8,9,10,11,12-Hexahydrocyclohepta[b]cycloocta[d]pyrrole
9d. Red oil; δH (400 MHz) 1.35–1.40 (2H, m), 1.42–1.47 (2H,
m), 1.73–1.79 (2H, m), 1.83–2.00 (2H, m), 3.11 (2H, t, J 6.4),
3.25 (2H, t, J 6.4), 7.51 (1H, dd, J 9.5, 10.1), 7.61 (1H, dd, J 9.4,
10.5), 7.71 (1H, dd, J 9.5, 10.5), 8.26 (1H, d, J 10.1), 8.49 (1H,
d, J 9.4). Picrate: mp 202–205 8C (from MeOH) (Found: C,
57.1; H, 4.5; N, 12.4. C21H20N4O7 requires C, 57.27; H, 4.58; N,
12.72%).

7,8,9,10,11,12,13,14,15,16-Decahydrocyclododeca[b]cyclo-
hepta[d]pyrrole 9e. Red oil; δH (400 MHz) 1.26–1.60 (12H, m),
1.80–2.10 (4H, m), 3.02 (2H, t, J 7.0), 3.07 (2H, t, J 7.5), 7.54
(1H, dd, J 9.5, 9.9), 7.63 (1H, dd, J 9.7, 9.9), 7.73 (1H, dd, J 9.7,
9.9), 8.33 (1H, d, J 9.9), 8.51 (1H, d, J 9.5). Picrate: mp 177–
178 8C (from MeOH) (Found: C, 60.3; H, 5.8; N, 11.0.
C25H28N4O7 requires C, 60.48; H, 5.68; N, 11.28%).

2-Ethyl-3-methylcyclohepta[b]pyrrole 9f. Reddish orange oil;
δH (400 MHz) 1.42 (3H, t, J 7.7), 2.50 (3H, s), 3.11 (2H, q, J
7.7), 7.52 (1H, dd, J 9.2, 9.9), 7.60 (1H, dd, J 9.5, 9.9), 7.71 (1H,
dd, J 9.5, 9.9), 8.25 (1H, d, J 9.9), 8.49 (1H, d, J 9.2). Picrate:
mp 188–190 8C (from MeOH) (Found: C, 53.8; H, 3.8; N, 14.0.
C18H16N4O7 requires C, 54.00; H, 4.03; N, 13.99%).

3-Ethyl-2-propylcyclohepta[b]pyrrole 9g. Reddish orange oil;
δH (400 MHz) 1.05 (3H, t, J 7.3), 1.25 (3H, t, J 7.3), 1.92 (2H,
tq, J 7.3, 7.7), 2.97 (2H, q, J 7.3), 3.05 (2H, t, J 7.7), 7.51
(1H, dd, J 9.5, 9.9), 7.60 (1H, dd, J 9.5, 9.9), 7.71 (1H, dd,
J 9.5, 10.3), 8.28 (1H, d, J 10.3), 8.48 (1H, d, J 9.5). Picrate: mp
190–191 8C (from MeOH) (Found: C, 56.2; H, 4.6; N, 13.2.
C20H20N4O7 requires C, 56.07; H, 4.71; N, 13.08%).

2-Methyl-1,2,3,4-tetrahydrocyclohepta[4,5]pyrrolo[3,2-c]-

pyridine 13a. Red oil; δH (90 MHz) 2.35 (2H, s, H-1), 2.58 (3H, s,
CH3), 2.80–3.92 (4H, m, H-3, 4), 7.56 (1H, dd, J 9.5, 10.3, H-8),
7.68 (1H, dd, J 9.9, 10.3, H-9), 7.77 (1H, dd, J 9.5, 9.9, H-7),
8.18 (1H, d, J 9.9, H-10), 8.35 (1H, d, J 9.5, H-6); νmax (CHCl3)/
cm21 2930, 2800, 1720; m/z (rel. int.) 198 (M1, 22), 110 (100%).
Picrate: mp 138-144 8C (from CH3CN) (decomp.) (Found: C,
53.3; H, 3.8; N, 16.5. C19H17N5O7 requires C, 53.40; H, 4.01; N,
16.39%).

2-Benzyl-1,2,3,4-tetrahydrocyclohepta[4,5]pyrrolo[3,2-c]-

pyridine 13b. Red oil; δH (400 MHz) 3.03–4.32 (8H, m, H-1, 3, 4,
CH2), 7.31–7.50 (5H, m, Ph-H), 7.52 (1H, dd, J 9.5, 9.9, H-9),
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7.66 (1H, dd, J 9.9, 9.9, H-8), 7.75 (1H, dd, J 9.9, 9.6, H-7), 8.13
(1H, d, J 9.9, H-10), 8.51 (1H, d, J 9.5, H-6); m/z (rel. int.) 274
(M1, 5), 157 (100%). Picrate: mp 156–160 8C (from CH3CN)
(decomp.) (Found: C, 59.3; H, 4.2; N, 14.1. C21H19N5O9 requires
C, 59.64; H, 4.20; N, 13.91%).

Ethyl 1,2,3,4-tetrahydrocyclohepta[4,5]pyrrolo[3,2-b]pyridine-
1-carboxylate 17. Purple oil; δH (90 MHz) 1.42 (3H, t, J 7.2,
CH3), 2.12–2.40 (2H, m, H-2 , 3, or 4), 3.40 (2H, t, H-2 , 3, or 4),
3.96–4.10 (2H, m, H-2 , 3, or 4), 4.36 (2H, q, J 7.2, CH2),
7.52–7.86 (3H, m, H-7, 8, 9), 8.52 (2H, br d, J 9.2, H-6, 10); m/z
(rel. int.) 256 (M1, 93), 181 (100%). Picrate: mp 113–118 8C
(from CH3CN) (decomp.) (Found: C, 52.2; H, 3.8; N, 14.6.
C21H19N5O9 requires C, 51.96; H, 3.95; N, 14.43%).

General procedure for the reaction of troponimines 6 and 7 with
enamines 8a–g and 15

Methods C and D (Table 1): A solution of 6 (199 mg, 1 mmol)
or 7 (275 mg, 1 mmol), enamine (2 mmol) and Et3N (101 mg, 1
mmol) in anhydrous PhH (1 cm3) was stirred at room temper-
ature or under heating for the periods indicated in Table 1.
After the reaction was completed, the solvent was removed in
vacuo, the residue was separated by TLC on alumina (hexane–
AcOEt 1 :1) to give 1-azaazulenes 9a–g and 17. The reaction
conditions and the yields of the products are summarized in
Table 1. The structures of 9a–g and 17 were identical with the
authentic specimens (vide supra).

General procedure for the reaction of troponimines 4, 5 and 7
with enamine 12c prepared in situ

A solution of N-ethoxycarbonyl-4-piperidone (511 mg, 3
mmol), pyrrolidine (456 mg, 6.5 mmol) and TsOH (52 mg, 0.3
mmol) in PhH (10 cm3) was placed in a 20 cm3 round-bottomed
flask fitted with a Dean–Stark apparatus, and the mixture
was heated under reflux for 20 h. After the solvent and excess
pyrrolidine were removed in vacuo, the residual yellow oil of
enamine 12c was used for further reactions with troponimines.

Methods A and B (Table 1): A solution of 4 (183 mg, 1.5
mmol), 12c prepared as described above, and 0.4 nm molecular
sieves (150 mg) in PhH (9 cm3), or a solution of 5 (203 mg, 1.5
mmol) and 12c in PhH (9 cm3) was heated under reflux for the
period indicated in Table 1.

Method D (Table 1): A solution of 7 (413 mg, 1.5 mmol) and
12c in PhH (9cm3) was stirred at room temp. for the period
indicated in Table 1.

After the reaction was completed, the reaction mixture was
filtered, and the filtrate was concentrated in vacuo. The resulting
residue was separated by TLC on alumina (hexane–AcOEt 1 :1)
to give 13c. The reaction conditions and the yields of the
products are summarized in Table 1.

Ethyl 1,2,3,4-tetrahydrocyclohepta[4,5]pyrrolo[3,2-c]pyridine-
2-carboxylate 13c. Red oil; δH (90 MHz) 1.31 (3H, t, J 7.0,
CH3), 1.83–4.30 (8H, m, H-1, 3, 4, CH2), 7.56–7.82 (3H, m,
H-7, 8, 9), 8.19 (1H, d, J 9.2, H-10), 8.51 (1H, d, J 9.1, H-6); m/z
(rel. int.) 256 (M1, 29), 227 (100%). Picrate: mp 113–118 8C
(from CH3CN) (decomp.) (Found: C, 51.7; H, 3.7; N, 14.6.
C21H19N5O9 requires C, 51.96; H, 3.95; N, 14.43%).

General procedure for the reaction of troponimines 4–7 with the
isomeric mixture of two enamines 20/21 prepared in situ

A solution of tetrahydrothiophen-3-one 19 (306 mg, 3 mmol),
pyrrolidine (456 mg, 6.5 mmol) and TsOH (52 mg, 0.3 mmol) in
PhH (10 cm3) was placed in a round-bottomed flask (20 cm3)
fitted with a Dean–Stark apparatus, and heated under reflux for
20 h. After the solvent and excess pyrrolidine were removed in
vacuo, the residual yellow oil contained an isomeric mixture of
two enamines 20/21.

Method A and B (Table 1): A solution of 4 (183 mg, 1.5
mmol), 20/21, and 0.4 nm molecular sieves (150 mg) in PhH (9
cm3) or a solution of troponimine 5 (203 mg, 1.5 mmol) and
20/21 was heated under reflux for the period indicated in Table
1. After the reaction was completed, the reaction mixture was
concentrated, and the residual oil was purified by TLC on
alumina (hexane–AcOEt 1 :1) to give only tarry materials
and the expected product was not obtained.

Method C and D (Table 1): A solution of 6 (299 mg, 1.5
mmol) or 7 (414 mg, 1.5 mmol), 20/21, and Et3N (202 mg, 2
mmol) in PhH (9 cm3) was stirred at room temp. for the period
indicated in Table 1. After the reaction was completed, the
reaction mixture was concentrated and the residual oils were
separated by TLC on alumina (hexane–AcOEt 1 :1) to give 22.
The reaction conditions and the yields of the products are
summarized in Table 1.

2,3-Dihydrocyclohepta[b]thieno[2,3-d]pyrrole 22. Purple oil;
δH (90 MHz) 3.42 (2H, t, J 7.0, H-3), 3.85 (2H, t, J 7.0, H-2),
7.21–7.52 (3H, m, H, 6, 7, 8), 7.89 (1H, d, J 9.2, H-9), 8.18 (1H,
d, J 8.8, H-5); m/z (rel. int.) 187 (M1, 95), 149 (100%). Picrate:
mp 183–185 8C (from CH3CN) (decomp.) (Found: C, 49.7; H,
3.2; N, 12.6. C17H12N4O7S requires C, 49.04; H, 2.91; N,
13.46%).

Dehydrogenation of 22

To a solution of 22 (400 mg, 2.1 mmol) in PhH (50 cm3) was
added activated MnO2 (1.86 g, 21 mmol), and the mixture was
stirred at room temp. for 24 h. After the reaction was com-
pleted, the reaction mixture was filtered and the filtrate
was concentrated in vacuo, and the residual oil was purified by
TLC on alumina (hexane–AcOEt 1 :1) to give cyclohepta[b]-
thieno[3,2-d]pyrrole 24 (324 mg, 82%): purple oil; δH (500
MHz) 7.59 (1H, d, J 5.2, H-3), 7.71 (1H, dd, J 9.5, 9.8, H-8),
7.83 (1H, dd, J 9.8, 9.8, H-7), 7.90 (1H, dd, J 9.8, 10.4, H-6),
7.95 (1H, d, J 5.2, H-2), 8.66 (1H, d, J 9.5, H-9), 8.76 (1H, d,
J 10.4, H-5); m/z (rel. int.) 185 (M1, 100%). Picrate: mp 93–
97 8C (from CH3CN) (decomp.) (Found: C, 49.3; H, 2.3; N,
13.2. C17H10N4O7S requires C, 49.28; H, 2.43; N, 13.52%).

Acknowledgements
Financial support from a Waseda University Grant for a Special
Research Project is gratefully acknowledged. The authors
thank Miss Yuki Shiono for a part of the experimental work.
Thanks are also due to Materials Characterization Central
Laboratory, Waseda University for technical support with the
spectral data and elemental analyses.

References
1 A preliminary account of this paper has appeared: M. Nitta and

T. Takayasu, Heterocycles, 1997, 45, 841.
2 For reviews: T. Nishiwaki and N. Abe, Heterocycles, 1981, 15, 547;

M. Kimura, J. Synth. Org. Chem. Jpn., 1981, 39, 690.
3 K. Hafner, H.-G. Kläs and M. C. Bohm, Tetrahedron Lett., 1980,

21, 41.
4 O. Meth-Cohn, C. Moore and P. H. van Rooyen, J. Chem. Soc.,

Perkin Trans. 1, 1985, 1793.
5 M. Nitta, Rev. Heteroat. Chem., 1993, 8, 87.
6 M. Nitta, Y. Iino, E. Hara and T. Kobayashi, J. Chem. Soc., Perkin

Trans. 1, 1989, 51; M. Nitta, H. Kawaji and N. Kanomata,
Tetrahedron Lett., 1992, 33, 251; Y. Iino and M. Nitta, J. Chem. Soc.,
Perkin Trans. 1, 1994, 2579; M. Nitta, Y. Iino and K. Kamata,
J. Chem. Soc., Perkin Trans. 1, 1994, 2721.

7 M. Nitta, Y. Iino, T. Sugiyama and A. Akaogi, Tetrahedron Lett.,
1993, 34, 831; M. Nitta, Y. Iino, T. Sugiyama and A. Toyota,
Tetrahedron Lett., 1993, 34, 835.

8 M. Nitta, Y. Iino, S. Mori and T. Takayasu, J. Chem. Soc., Perkin
Trans. 1, 1995, 1001.

9 T. Nishiwaki and T. Fukui, J. Chem. Res. (S), 1986, 288;



692 J. Chem. Soc., Perkin Trans. 1, 1999,  687–692

M. Nagahara, C. Ieda, M. Mimura, K. Uchida, S. Sato and
M. Okumura, Eur. Pat. Appl. EP 376233, 1990 (Chem. Abstr., 1991,
114, 23797b).

10 K. Sanechika, S. Kajigaeshi and S. Kanemasa, Chem. Lett., 1977,
861.

11 K. Ito, K. Saito and K. Takahashi, Bull. Chem. Soc. Jpn., 1992, 65,
812; K. Ito, K. Saito, S. Takeuchi and K. Takahashi, Heterocycles,
1992, 34, 1415; and references cited therein.

12 T. Takayasu, K. Itoh and M. Nitta, Heterocycles, 1996, 43, 2667.
13 T. Takayasu, H. Katayama and M. Nitta, Heterocycles, 1997, 45,

567.
14 P.-W. Yang, M. Yasunami and K. Takase, Tetrahedron Lett., 1971,

4275; M. Yasunami, S. Miyoshi, N. Kanegae and K. Takase, Bull.
Chem. Soc. Jpn., 1993, 66, 892; M. Yasunami,T. Hioki, Y. Kitamori,
I. Kikuchi and K. Takase, Bull. Chem. Soc. Jpn., 1993, 66, 2273 and
references cited therein.

15 T. Nozoe, T. Mukai, K. Takase and T. Nagase, Proc. Jpn. Acad.,
1952, 28, 477.

16 K. Ito, Y. Hara, R. Sakakibara and K. Saito, Heterocycles, 1995, 41,
1675; H. Shinozaki, N. Yoshida and M. Tajima, Chem. Lett., 1980,
869.

17 T. Minato, S. Yamabe, T. Hasegawa and T. Machiguchi,
Tetrahedron, 1996, 52, 8439.

18 T. Machiguchi, Y. Wada, T. Hasegawa, S. Yamabe, T. Minato and
T. Nozoe, J. Am. Chem. Soc., 1995, 117, 1258.

19 K. Fujimori, T. Fujita, K. Yamane, M. Yasunami and K. Takase,
Chem. Lett., 1983, 1721.

20 K. Fujimori, H. Fukazawa, Y. Nezu, K. Yamane, M. Yasunami and
K. Takase, Chem. Lett., 1986, 1021.

21 K. Fujimori, K. Yamane, M. Yasunami and K. Takase, Symposium
on Fundamental Organic Chemistry, Tokyo, 1984, Abstr. No. C-23,
p. 513.

22 P. Krogsgaard-Larsen and H. Hheds, Acta Chem. Scand., Ser. B,
1976, 30, 884.

23 G. Pitacco, F. P. Colonna, E. Valentin and A. Risaliti, J. Chem. Soc.,
Perkin Trans. 1, 1974, 1625.

24 T.-L. Ho, Hard and Soft Acids and Bases Principle in Organic
Chemistry, Academic Press, New York, 1977.

25 I. Fleming, Frontier Orbital and Organic Chemical Reactions, Wiley,
New York, 1976.

26 M. Oda, M. Funamizu and Y. Kitahara, J. Chem. Soc., Chem.
Commun., 1969, 737; M. Oda and Y. Kitahara, Synthesis, 1971, 368.

27 The MNDO calculations were carried out by using MOPAC Ver.
6.12 program.

Paper 8/09700C


