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Abstract- Synthetic methods of azaazulenes including some of
their hydro and oxo derivatives and the cyclazines incorporating
an azaazulene ring are surveyed. Nucleophilic and electrophilic
substitutions and pericyclic reactions of azaazulenes and their

derivatives are reviewed.

INTRODUCTION
Azaazulenes are a class of the compounds that have been receiving continual inter-
est of chemists particularly for their relationship with the chemistry of azu-
lenes. The studies pioneered by Nozoe and his associates and topics of relevance

were comprehensively surveyed in 1960,1 The last two decades saw enormous devel-

opment in this field, including MO calculations2 and spectroscopic (mass,Sa 13C

n.,m.r.,3b and electronic spectrasc) studies. The azaazulene rings are of impor-
tance in nature, where they are found in zoanthoxanthins (highly fluorescent

2 and pentostatinSb that are

metabolites of colonial anthozoans),4 and coformycin
the powerful inhibitors of adenosine deaminase. They are also a structural fea-
ture of the medicines that are currently used as hypnotics and sedatives.
Neverthelesé, only brief coverage of the literature since 1960 is available.7—10

This review covers the recent progress in the chemistry of fully-conjugated
azaazulenes including some of their hydro and oxo derivatives, with particular
reference to their synthetic methods and chemical reactions, but it leaves out the
chemistry of oxaza- and thiaza-azulenes. Among cyclazines, those incorporating an
azaazulene ring are also referred to in this review.

The nomenclature adopted by CHEMICAL ABSTRACTS is used for the ring systems,
but for the sake of convenience the replacement names (e.g. l-azaazulenes) and the

name of azulane proposed for 1,2-dihydroazulene by Nozoe (see Ref., 1, p. 536) are

frequently used as well.
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I. Syntheses of Azaazulenes

A. Syntheses From Reactive Troponoids
Azaazulenes containing nitrogen atom(s) in the five-membered ring are

conveniently prepared starting from reactive troponoids [e.g. 2-amino- (1) and

2-methoxy-tropones (ﬁ)]-

The Egs.

[1-3] are the representative synthetic methods

of cyclohepta[blpyrroles (l-azaazulenes) (e.g. 5 and 11) and cycloheptimidazole
- o~ ~

(1,3-diazaazulene) (e.g. §).

displaced or removed by the reagents shown.

The substituents of 2, 3, 3, Z, and 10 are readily

These methods were discovered in the
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195031 and have been still held importance even in recent studies. As shown in
Eqs. 1 and 2, 2-amino- (i), 2-methoxy- (g), 2-chloro-tropones, and 2-troponyl-
hydrazides Qg) have been often used as the reactive troponoid in these annelation
reactions, but recent studies have revealed that the tosylate of tropolone11 and
z—dimethylaminotropones12 are used as well.

Some tropones bearing a mobile group at C-2 were found to undergo regiospe-
cific cyclisation with arylamidines to give 2-arylcycloheptimidazoles with loss of
the C(2)-substituent. An electron-attracting group (e.g. Cl and R3N+) at C-2 in-
duces cyclisation at C(7)-C(1), whereas a mesomerically electron-donating group

a 13c

(e.g. MeO) induces cyclisation at C(2)-C(1).13 Cyclisations of 2-ethylthio-

and 2—d:'Lmethylsulphonio-’croponesl3c probably follow the latter course. For
tropones carrying MeO or MeS groups at C-3, regiospecific nuclear hydride replace-
ment at C-7 takes place affording 5-substituted 2-—arylcycloheptimidazoles.13b
4-Methylthiotropone also undergoes regiospecific cyclisation to yield 6-methyl-
thio—2—arylcycloheptimidazole.13c

Although in earlier studies,1 active methylene compounds, amidines, or thio-
urea were employed for the annelations depicted in Egqs. 1 and 2, successful uses
of acylhydrazines,14 ketene dimer,15 and pyridinium ylide16 were subsequently re-
ported. From the reaction of 2-chlorotropone with cyanoacetohydrazide, l-amino-
2-ox0-1,2-dihydrocyclohepta[b]pyrrole-3-carbonitrile was formed, whereas the reac-
tion of i'with ketene dimer gave 2-acetoacetamidotropone (lg), which then cyclised
in the presence of base to 3-acetylcycloheptal[b]lpyrrol-2(1H)-one (lg) [Eq. 4].
Notable is the one-step synthesis of azaazulenes from tropone and pyridinium ylide

in the presence of ammonium bromide, but it leaves much to be desired with respect

to the yield of the product.

CO-Me
Ketene Dimer 0 NaOEt =
[ — 0 [4]

= NHCO-CH,CO-Me

=

12 13

~——

In 1968, Sunagawa et al. found interesting reactions of 6 and 2-ethylisourea
R— ~

hydrochloride. When the reaction was performed in the presence of sodium ethoxide
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equivalent to the hydrochloride, 2-ethoxy-derivative of 5 was formed in a moderate

a

yield.17 However, if an excess of the base was used, the sodium salt of 2-cyan-

aminotropone was produced, from which 2-imino-2H-cycloheptoxazole (14) was ob-
~

tained in a good overall yield.17b The compound 14 reacted with active methylene
~s

17¢c 17c 17d

thiols, and cyanamide to afford 2-amino-

compounds (e.g. malononitrile),
cyclohepta[b]lpyrrole-3-carbonitrile (15), 2-alkylthiocycloheptimidazole, and
~

2-aminocycloheptimidazole (16) [Eq. 5].
~J

6

1. NH20(=NH)0EtoHC1/NaOEt
or
NaNHCN

2., HC1

CN
= CH, (CN) =N NH,,CN =N
2+ 2 5]
D-NH, >=NH >NH, |
N 0 N
13, 14 16

B. Syntheses via Hydroazaazulenes
Dehydrogenation of hydroazaazulenes, if they are readily prepared, may be
very practicable for the syntheses of fully-conjugated azaazulenes. As a supple-
ment to the examples cited in the previous review,1 it will suffice to record
the dehydrogenation of £Z’ obtained from 2-acylcycloheptanone and hydrazine, to

cycloheptapyrazole (1,2-diazaazulene) (18) [Eq. 6].18
~

H
(o) N,H, | NRJ Chloranil ,NN
e Y, 4 (6]
COR
R R

R = H, Me, Ph
17 18
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1,2,3-Tribromopyrrolo[l,2-ajazepin-9-one (3a-azaazulan-8-one derivative) (21)
~/

was prepared by the dehydrobromination of 20 synthesised from N-(4-cyanobutyl)pyr-
~J

role via lg, as depicted in Eq. 7.19a A similar sequence of reactions permitted
an access to ll—methylazepino[l,z-a]indol—lO—one.lgb
0 Br 0 Br Br 0
? % BF  /HC1 = Br,, = Bryic: ~ \
— r
N N BN Br\.N (73
| =
(CHo)4CN Br Br
19 20 21

A~~~ B e A

Inasmuch as Fischer indolisation of the hydrazone (g) derived from 2-hydra-
zino-2,4,6-cycloheptatrien-l-one proved to be a versatile synthetic method of
cyclohepta[b]pyrrol-8(1H)-one ({9) [Eq. 3],1 a number of condensed azaazulanones
have since been prepared by this method in combination with the halogenation-de-
hydrohalogenation or the oxidation of hydroazaazulanones. They are benzo[5,6]-
cyclohept [1,2-b]indol-6(5H)-one (gg)zo and its 11,12-dioxo derivative (23),%!ana
5H-benzo[5,6]cyclohepta[l,2-b]cyclohepta[d]pyrrol-5,9(6H)-dione (33),21 5H-dicy—
cloheptafb,d]pyrrol-5-one (gé),zz cyclohept [b]pyrido[3,4-d]pyrrol-6(5H)-one
(Eg),zz cyclohept[b]indol-6(5H)~one (EZ),zS cyclohept [b]indol-10(5H)-one (gg),23
and benzo[6,7]cyclohept[l,2-b]indol-7-one (%8) derivatives.24

A recent synthesis of 4-ethoxyindeno[l,2-d]azepine (§9) also involves the
bromination-dehydrobromination of 4-oxo-1,2,3,4,5,10-hexahydroindeno[1l,2-d]azepine

as a key s’cep.z5

(D 0 OO

22 23 24

SaAnann
R asasd o~
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H R
R=H.MO;X=C|. Br
28 29 30

C. Syntheses Utilising Intermolecular Condensations
One-step annelation of a seven-membered ring to a five-membered one is fea-
sible by utilising intermolecular condensations of 1,2-dialdehydes with appro-
priate reactants. A utility of this method is obvious from the preparations of
6-ethoxy-1,3-dimethylcyclohepta[clpyrrole (2-azaazulene derivative) (E&)
[Eq. 8],26c benz [elindeno[2,1-blazepine-5-carbonitrile (;g) [Eq. 9],27 and 5,7-di-
methyl-6(2H)-cycloheptapyrazolone (1,2-diazaazulan-6-one derivative) from the

reaction of pyrazole-3,4-dicarboxaldehyde and diethyl ketone.28b

Me 1. Me,CO Me
+ -
- CHO 2. Et30 °BF4 . N/ OEf [81]
=~ ~CHO 7~
Me Me
%l

—552—



HETEROCYCILES, Vol. 15, No. 1, 1981

CN
NH CN
CHO N=
-
asVa
32

If the dialdehyde is replaced with 1,2-diacid chloride or 1,2-diamine, the
hydro and oxo derivatives of polyazaazulenes may be derived, as illustrated by
the preparations of 3,4-dihydro-6,8-dimethyl-3-methylene-2,4,7-triphenylpyrrolo-
{3,4-e](1,3]diazepine-1,5(2H,7H)~dione (Eg) [Eq. lO]29 and 7-amino-4,5-dihydro-2-

methyl-4-oxo-3H-pyrrolo[l,2-b][1l,2,4]triazepine~8,9-dicarbonitrile (34)[Eq. 11].30
N\

Hydro-polyazaazulene rings were also made up from 4,5-—diamino—1,2,3—31 and 4,5~
diamino—1,2,4—triazoles.32
Me Me ,Ph
~~CO-ClI MeC (=NPh) NHPh ~ N
Ph-N > Ph-N Y=CH, [10]
7~ ~CO-Cl =N\ N
Me Me Ph
0
33
CN CN Me
~NH, MeCO- CH,CO,Et s N=
> NC \ [11]
I“Hz h"*z H
34

A polyazaazulene ring is alternatively made up from an adequate seven-mem-
bered compound utilising intermolecular condensations. Cycloheptapyrazole deri-
vatives have been prepared by the reactions of tropones (e.g. 2,7-diaroyltro-

pones,33 S-acetyltropolone,34 3-acetyl—z—methoxytropone,34 and 2-acetyl-7-methoxy-
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tropone34) with hydrazine or methylhydrazine. Although a Claisen condensation
product of 2-methyl-1H-1,5-benzodiazepine (35) with diethyl oxalate was wrong

~
assigned,35a it has since been corrected as a benzo[b]cyclopenta[e] [1,4]diazepine

derivative (36) [Eq. 12].35
~

H
(co Et)z N
| OH [12)

N=
R

R=Me, Ph
35 36

0

D. Syntheses Utilising Intramolecular Condensations
Intramolecular condensations of appropriately substituted esters, amides,

aldehydes, and ketones are another practicalble synthetic method leading to com-
pounds possessing a polyazaazulene ring. Thus, indolo[1l,7-ab][l,5]benzodiazepine
(23),36 5H-isoindolo[2,3-a] [3]benzazepin-5-one (§§),37 5H-pyrrolo[l,2-a]-
azepin-5-one (3a-azaazulan-4-one) (29)’38a 9H-pyrrolo[l,2-a]Jazepin-9-one

(gg),ssb and 4H-pyrrolo[l,2-a]lthieno[3,2-f][1,4]diazepin~-4-one (g})39 were pre-
pared as outlined in Eqs. 13-17. The acid-catalysed cyclisation of 5-arylazo-4-
ethyltropolone to 23 [Eq. 18]40a may be regarded as one of the synthetic method

of cycloheptapyrazoles. Of interest are the thermal cyclisations of 4-(l-hydroxy-
ethyl)- and 4-(l-acetamidoethyl)-5-arylazotropolones to 42.4Ob

~

[13]
PhCO-NH "
37
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H. Ph
ZL‘ 1. PPA
2. Ac,0 7
NCH,COOH —m N [14]
—
o) o) OAc
38
R NaH ~¢ =
MCOZMe — A / R [15]
” N
0]
R =H,Me, Ph
§~9v
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- 7 4
{ S ) / NaOH/MeOH SN / KMnO, . N /
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O HCl1l or Heat N‘
Me l*( 0
OH —
N (18]
Me OH

o
N MeCHX

Me ‘X =H, OH, NHAc 42

A~

The 10b,10c-diazadicyclopenta[ef,kl]lheptalene (44) incorporating a 3a,4-di-
L
azaazulene ring, which is a hydrazine-bridged [l4]annulene, is available by the
dehydrogenation of ég obtained by Thorpe-Ziegler condensation of 2,2’,5,5’-tetra-

kis(cyanomethyl)-1,1’-bipyrrole [Eq. 19].41a

NC
1\ o HN NH,
NCH,C” “N” “CH,CN —
eC | CheC CN
2
43
NC
Pd—C/Ac2O ACZN NAcz -
CN
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Intramolecular cyclisations of 6-(dimethylamino)fulvene derivatives provided
the first syntheses of the azaazulenes possessing nitrogen atom(s) in the seven-

membered ring. Thus, condensation of 6-(dimethylamino)fulvene (ﬁé) with N,N-di-

butylaminopropenal in the presence of oxalyl chloride afforded the salt (gé) from

which cyclopent[clazepine (5-azaazulene) (gZ) was formed as outlined in Eq. 20,42

Similar approaches from 6-(dimethylamino)fulvene-2-carboxaldehyde (gg) and Nl,Nl—

dimethylaminoacetamidine or 1,l-dimethylguanidine furnished 3-dimethylaminocyclo-

pent [c]azepine (ﬁg) and 3-dimethylaminocyclopentale] [1,3]diazepine (5,7-diaza-

azulene derivative) (59), respectively [Egs. 21 and 22].1b’10 Likewise, cyclo-

pent [d]azepines (6-azaazulene derivatives) (Eg) and Qﬁg) were accessible from the

fulvene (;;) as illustrated in Eq. 23.10

CHNMez  ((Zeyy M
2
—_— +
<j =CH-CH=NBuy CIOf
45 28,
1. NaOH 7/ N
2. NH, )
- [20]
ar
CHNMe, _ 7N
g MeC(=NH)Ne,, _ \ NMe, [21]
CHO =
48 b
48 NH,C(=NH)N¥e,, _ 4 Y- NMe, (22]
=N
50
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lﬂhﬁez IVhdee

1. Et30+-BF4' % e Z 3
N-T¢ —.DBase N %, N (23]
— —
0.
OEt
Nhﬂez
5! s2 53,

Cyclopent [4,5]azepino[2,1,7-cd]pyrrolizine (§§)43a and its 2-chloro deri-

vative43b were prepared utilising the condensation of cyclopentadiene with Eé,

or, alternatively, the reaction of the fulvene (Eg) with 3H-pyrrolizine [Eq. 24].

Nh432 /’ -
) O =y e
N+ Q [24]
N +
NM82 NMQz
cio; clo;
54 56 Eési

6,7,8-Triphenylcyclopent [b]azepine (88) appears to be the only 4-azaazulene
so far prepared, which results from treatment of 4-hydroxy-2,3,4-triphenyl-2-cy-
clopenten-l-one with pyrrolidine; an intramolecular cyclisation of an enamine QQZ)

and then an acid-catalysed ring enlargement of the cyclised product appear to be

H

{ +ER
2 (;;k/%sCl 1JQﬂ H

Ph H - Ph

Ph OH
Ph

involved [Eq. 25].%%

[25]

Ph Ph
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There are more examples where an azaazulene ring is made up utilising intra-
molecular cyclisations. The azuleno[l,8-cd]azepine (é&) was synthesised by the
reaction of the sodium salt of guaiazulene (59) with benzonitrile, an intramole-

~S

cular cyclisation of the imine salt (60) being involved [Eq. 26].45 Cyclohept [b] -
~S

indole (62),%%% cyclohept[djazuleno[6,5-b]pyrrole (63),%P cyclohept [d]azuleno-
-~ ~S
[5,6-blpyrrole (64),%P and 2-hydroxy-3H-dicyclohepta[b,d]pyrrol-3-one,26¢ al1 of
~/

which are condensed l-azaazulenes, have been prepared by the method shown in Eq.

27 or by use of a strategy closely similar to it.

Ph
/N N

SO

Ph Ph
CHs C-N-C=N Ph

CHNG
9= 68

Me CHMe,  Me CHMe, Me CHMe,
59 60 6!
Me
H 1. Phyct.c10,”
NH, H . NaHCO,
- <N (271
Me 62
CO,Et _N CO,Et
4 CO,Et COEt
63 64

=599
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E. Syntheses Utilising Cycloadditions
Cycloadditions of fulvenes or pentalenes provide a useful synthetic route to
azaazulenes. Thus, 1,4-diphenylcyclopental[d][1,2]diazepine (5,6-diazaazulene
derivative) (§3) was obtained from a [6 + 4] cycloadduct of 2? and 3,6-diphenyl-
1,2,4,5-tetrazine followed by elimination of nitrogen and dimethylamine, as shown
in Eq. 28,47 whereas the 5H-pyrrolo[l,2-alazepine (3a-azaazulene derivative) (gg)

was derived by the addition of the 2-pyrrolydinylmethylenepyrrolylidene and di-

methyl acetylenedicarboxylate (DMAD) as outlined in Eq. 29.48 o-Benzoquinone-di-

imines also react with fulvene to afford a [6 + 4] cycloadduct possessing the

cyclopenta[b] [1,5]benzodiazepine structure.49

Ph
NN
| il
N§-N Ph
Ph 7\
fl:é —_— l}l [281]
=N
Ph

65

' E
; CHN::‘ _— ~~C. .
Br =N > Br \ N /

HE E
E= COz2Me

Whilst 1,3-bis(dimethylamino)cyclopenta[c]pyrrole (2-azapentalene derivative)

gaveonly a C(5)-substituted product upon reaction with DMAD, a similar treatment
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of the cyclopenta[c]pyrrole (§Z) having a bulky substituent at C-5 was found to
afford the cyclopent([c]lazepine (§§).50 This reaction also involves a sequence of
cycloaddition and ring enlargement of an adduct and is interesting because this
provides an alternative route to simple 5-azaazulenes (see Ref. 10). It has been
proposed that the reaction product of 8-methyl-5,7-dehydro-5H,7H-indazolo[1l,2-a]~
benzotriazole with DMAD has the triazaazulene structure (gg), for which further

51 The reaction of 3H-pyrrolizine with DMAD gave

confirmations will be required.

a 1:2 adduct, for which.the azepino[2,1,7-cd]lpyrrolizine structure (ZB) has been

assigned.52 The compound (70) is a simple cycl[4,2,2)azine derivative and in-
-~/

corporates a 3a-azaazulene ring.

NMe, NMe,
= 7 N\
Me;C N Me,C NMe,,
NMe, g E
E = COMe
67 68

N
I

N-N H Me E

E
E'\ /~E H
1 E E

E= CO,Me E = COMe
69 e

Cycloaddition of 6,7-dehydrotropolone (71) with azide to form 5-hydroxy-
=~ :
4(3H)-cycloheptatriazolone (72) [Eq. 30]53 opened a simple synthetic route to
~/
C-demethylated parazoanthoxanthin (74) from 2-amino-4-bromo-5,6-dehydrocyclohept-
54

imidazole (73) and guanidine [Eq. 31]. Its preparative value is obvious from
la ¥4

comparison with the strategy adopted for the syntheses of natural zoanthoxan-
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thins by Buchi, et al.55

H 9 OH
— 0 N
.. T r\{ (30
0~ N
71 72
Br
N )
HZN_</N’ \ Guanidine iNQN)\ 313
HN"N |I_ﬂ| NH,
63 74

3,5,7-Tribromo-2-methoxy-56 and 2—ch10ro-5—hydroxy-tropones57 afforded halo-
gen-substituted l-methyl-8(1H)-cycloheptapyrazolones upon treatment with diazo-
methane, whereas tropone (Z§) gave l-methyl-4(1H)- (ZE) and 2-methyl-4(2H)-cyclo-
heptapyrazoiones (ZZ) in the ratio of ca. 3:1 [Eq. 32].58 Orientation of the
cycloaddition is the reverse of that of diazomethane to simple o,B-unsaturated
ketones in the latter reaction. Difference in the regiochemistry of these two
pericyclic reactions is very interesting. A [4 + 2] cycloadduct of Zé with di-
phenylnitrilimine was reported to be 6,7-dihydro-1,3-diphenylcycloheptapyrazol-
8(1H)-one.59 The reaction of the 1H-1,2-diazepine (Zg) with diazopropane was
studied and the structure of 3,3a,6,8a-tetrahydropyrazolo([3,4-d]([1,2]diazepine
(1,2,6,7-tetraazaazulene derivative) (Zg) was assigned to the product [Eq. 33].60
However, if there is no substituent at C-4 of the diazepine, a primary [4 + 2]
cycloadduct tends to rearrange to a more conjugated isomer. Some 3,3-dialkyl-
4(3H)-cycloheptapyrazolones are accessible from the pericyclic reactions of 7H-

6la 61b with

benzocyclohepten-7-one or the iron tricarbonyl complex of tropone,

diazoalkane.
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0 0 0

—
Q _CH_ZNi. \l + N —-Me 321
/ ~a,/
: N
Me

75 76 had

Me Me Me Me

B i, N-CO,Et
Me \=p’ “COEt rooen B
Me
78 79

F. Syntheses via a Nitrene Intermediate

A thermolysis product of o-benzylphenyl azide (§g; R1=R2=R3=H), originally
assigned as 11H-azepino[l,2-alindole (23; R1=R2=R3=H),62 was corrected as its 10H-
isomer (83; R1=R2=R3=H),63a and the scope of the reaction was subsequently ex-
panded.ﬁsb_d This reaction obviously proceeds through a nitrene intermediate
[Eq. 34], but yields of §§'are generally unsatisfactory (the only exception is
8,9,10,12-tetrahydro-7H-indolo[1,2-b] [2]benzazepine (§3) obtained in good yield
by the decomposition of 6—(2—azidobenzy1)-1,2,3,4-tetrahydronaphtha1ene).63c Not
only 8H- and 6H-isomers are formed as a consequence of 1,5- and 1,7-hydrogen mig-
rations from 82, but also substantial amounts of acridan and acridine derivatives
are produced through an alternative ring-opening of an azanorcaradiene inter-

mediate (§&). The latter trend is especially remarkable for the decompositions

of 2’-methoxybenzylphenyl a.zides63b and g—azidotriphenylmethanes,63d for which

further clarifications will be required.
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Rl
190°
OO
3 e N

80 8!

R'
—
N IRZ - N Rz [34]
R3

RS
82 83

Thermal decomposition of 5-azido-4-phenyltropolone yielded 9-hydroxycyclo=-
hept [b]indol-8(5H)-one (§§) in a moderate yield.64 Ring-expansion of azido-in-
doles does not generally take place presumably because ring-expansion of an
aziridine intermediate must occur with loss of aromaticity of an annelated pyr-
role ring, but 9-acetyl-7-azido-1,2,3,4,4a,9a-hexahydrocarbazole (§§) was found
to be transformed into 5b,6,7,8,9,9a-hexahydroazepino[3,4-b]indole (§1) under

photolytic conditions [Eq. 35].65
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oy
0

(35]
N3 l;J
Ac
86 14

G. Miscellaneous Syntheses

Photo-induced valence-bond isomerisations of appropriate heterocycles may be
exploited for the preparations of azaazulenes, but studies so far published sug-
gest the reactions to be of only theoretical interest. Thus, a low yield trans-
formation of the 9a-quinolizine (§§) into the pyrrolo[l,2-alazepine (§g) was re-
ported [Eq. 36],66 whereas azaazulanones were detected among the photo-products of
acridine 10—oxide,67a its 2,7-dimethy1,67b and 9-cyano derivatives,67c and benzo-
[a]phenazine 12—oxide.67d Photolysis of acridine 10-oxide with a visible light

in the presence of alumina dyed with eosin afforded a low yield of cyclohept [b]-

indol-10(5H)-one (§§).68

E E
7 xrE hv/MeOH ~7 e (36]
SN ANE \ /
E H
E
E = CO,Me
88 89
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II. Chemical Properties of Azaazulenes

Chemical properties of relatively limited kinds of azaazulenes have been
scrutinised so far in a somewhat unsystematic way. They include l-aza-, 1,3-di-
aza-, 3a-aza-, 5-aza-, 5,7-diaza-, and their oxo-derivatives. Unfortunately and
somewhat surprisingly, the kinetic aspect of their reﬁctions appear to have been
neglected, in comparison with the corresponding chemistry of pyridine and

its related heterocycles. Difficulties attending the syntheses may be one of

the reasons behind these situations.

A. Reactions of Azaazulanones

Little is known on the tautomerism of azaazulanones with the exception of
cyclohepta[b]pyrrol-2(1H)-one (2) which appears to exist predominantly as the
oxo—form.1 The same situation probably obtains in most cases, and it therefore
seems appropriate to write all azaazulanones in this form. As inferred from its
resonance formulas [Egq. 37], zlwould be predicted to be attacked at the seven-mem-
bered ring by nucleophiles and at C-3 by electrophiles. Furthermore, its anion
(29) would be attacked at C- 3, N, and O-atoms by électrophiles [Eq. 38].

These predictions are in agreement with the experimental results so far published.

g \ - ~
N 0 N Y N o etc. [37]
H H H

3 3a 3b

rrm— D aend

- —
0 )0 — 0 ~—— 138
N N =N etc.
20 900 20b
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A-1. Reactions with Nucleophiles

6-Chloro derivative of 3, though inert towards potassium hydroxide, sodium
~

methoxide, ammonia, sodium cyanide, and p-toluidine, was found to undergo a nu-

cleophilic displacement at C-6 with sodium _Q—toluenethiolate.69 A C-6 substitu-

tion also results from the reaction of cycloheptimidazol-2(1H)-one with morpholine

in the presence of copper(II) acetate.7o

A-2. Reactions with Electrophiles
High reactivity of the 3-position of cyclohepta[b]lpyrrol-2(1H)-ones is evi-
7la

dent from Vilsmeier-Haack and Mannich reactions72 of 3, the bromination, nitra-
~

tion, and diazo-coupling of its 6—chloro-derivative,69 and the displacement of

3-(cycloheptatrien-7-yl)cyclohepta [b]lpyrrol-2(1H)-one with bromine to yield a
3-bromo derivative of 2;71b

In common with other potentially tautomeric hydroxy-substituted nitrogenous
heterocycles, acetylation and alkylation take place at either of the nitrogen or
oxygen atoms of azaazulanones. Thus, exclusive N-acetylation was reported for a
number of 6-chloro and 6-bromo derivatives of 3,69 but orientation of alkyla-
tions appears to be directed by the nature of the reagent used. Whilst exclusive
N-alkylation with alkyl halide was recorded for the anions derived from i and its
3-substituted derivatives73 and cycloheptimidazol—z(1H)—one,74 the reactions of
3 with diazomethane or dimethyl sulfate led to both N- and O—alkylations,1 and the
reaction of the sodio-salt of Elwith benzyl chloride gave C(3)- as well as N-benzyl

derivatives.74

Formylation at C-3 resulted from Vilsmeier-Haack reaction of 7-alkyl-5H-pyr-

rolo[l,2-a]azepin-5-one (39).75
~

A-3. Reactivity of the Carbonyl Group of Azaazulanones
Wittig reaction of 39 yielded 91 [Eq. 39].75a The pyrrolo[l,2-alazepinone
~s ~s
possessing an appropriate substituent at C-3 (e.g. 92) undergoes an intramolecular
cyclisation to produce the azepino[2,1,7-cd}indolidine (cycl[4,3,2}azine deriva-
tive) (93) [Eq. 40].%1,75
o~
Condensation of the cyclohepta[c]lpyrrol-6-one (23) with 4,5-dichlorocyclopen-—
tene-1,3-dione produced 95 [Eq. 41]76 and a related reaction of the thioxo deri-
~/

vative (29) with diphenyl diazomethane gave 23 [Eq. 42].77
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The 8(1H)-cycloheptapyrazolones are unreactive towards methylhydrazine.34b

In passing, the hyrdazone of é-methyl—S(1H)-cyc10heptapyrazolone was prepared by
a separate way34a and gave 3,4-dihydro-2,2a,4,5~tetraazabenzo[cd]azulenes upon
reactions with aldehydes or ketones.34a’78 A ring cleavage of azaazulanone; by
hydrazine was observed for ll-methylazepino[l,2-a }indol-10-one, from which 3-meth-
yl—2—(A2—pyrazoliny1)acetyl-S-methylindole was obtained.63a

Reduction, with hydrides (NaBH4 and LiA1H4), of 1ll-methylazepino[l,2-a]lindol-
10-one and of the iron tricarbonyl complex derived from it has revealed that re-
duction of the seven—membered ring takes place as well as reduction of the car-
bonyl group,63a but the tribromopyrrolo|l,2-a]azepinone (Ei) led to simultaneous
reduction of the seven-membered ring and removal of the bromine atoms without

the reduction of the carbonyl group.19a However, the carbonyl group at C-6 of

cyclohepta[c]pyrrole was reduced with LiAlH4 to the corresponding carbinol.26a

B. Chemical Reactivities of Azaazulenes

The m-electron density diagramza’c and resonance formulas [Eg. 43] suggest

that l-azaazulenes are susceptible to electrophilic attack at nitrogen and C-3

and to nucleophilic attack at C-2 and the seven-membered ring carbons (parti-

cularly at C-6 and C-8).

0.855

0.945

0.870 0.931

0.939
0.872

n-Electron Density of Cyclohepta[blpyrrole (g) Calculated by H. Kon2a

= \\ s
CR—ER—Ew Rer N

5 5q 5b 5c

A~~~
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B-1. Reactions with Electrophiles

Nitration and diazo-coupling readily take place at C-3 of §'if there is an
electron-donating substituent at C-2.1 If the position 2 is occupied with an
electron-attracting group, bromination is the only reaction to occur at C--3.69
Quarternisations of 2-chloro- and 2-methoxy-derivatives Of.i was achieved using
dimethyl sulfate, but not with methyl iodide.7? Chemical reactivities of other
azaazulenes including cyclazines have not been studied in detail with the only ex-

ception of 70 reported to undergo electrophilic substitutions (deuteriation, nit-
~s

ration, nitrosation, acylation, bromination, and Mannich reaction) at C-6 and

C—8.43a

B-2., Reactions with Nucleophiles
‘In common with other aromatic systems, halogen or a carboxymethylthio group
can be displaced from azaazulenes by a nucleophile. Examples include displacement

of halogen at C-2 by OR, NR and SR in derivatives of 2,1 of halogen at C-6 by

2}
NR2 in derivatives of benzo[5,6]cyclohept[1,2—b]indole,23 and of SCHzcozH at C-2
by NHNH2 in derivatives of 8.80 For 2,6—69 and 2,8—diha10—derivatives79 of 5

~N

and 2,6-diha10—,81’82 6—bromo—2-ethoxy—,17a and 2—ethoxy-6-nitro—derivatives17a of

8, the substituent on the seven-membered ring is preferentially displaced by a
n
nucleophile.
The reaction of 2-chlorocyclohepta[b]pyrrole (98) with the carbanion derived
~
from active methylene compounds proceeds competitively to give either 99 or
100.83’84 Formations of 99 and 100 highly depend on reaction conditions (inter
~ ~ —~ -
alia, the polarity of the solvent); 99 is preferentially formed in dioxane and 100
~ —~/
in ethanol.84 It is conceivable that there is established an equilibrium between
98 and an anion (98a) and 100 is formed by protonation of 98a, rapidly in a pro-
~/ ~ ~S ~
tic solvent, or more slowly in an aprotic solvent [Eq. 44].
For the reactions presumed to involve the coordination of a reagent with the
ring nitrogen atom, nucleophilic attack at C-8 appears to be preferred. Thus, 98
~s
reacts with Grignard reagents at C-4, C-6, and C-8, their reactivities being in

ba and an increased formation of the C-6-alkylation

product was observed if a bulky reagent was employed.85b Approach of a bulky

the order of C-8>C-4>C-6,°

reagent to the ring nitrogen must be less favourable. A similar trend has been
observed for the reactions of g'with Grignard reagents; Phenylmagnesium bromide

attacks C-4, whereas t-butylmagnesium bromide attacks C-6 more readily.86 Fur-
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thermore, despite an efficient formation of 2-alkylazulenes from the reaction of
2-alkoxyazulenes with Grignard reagents,87 2-alkoxycyclohepta[b]pyrroles were
found to change into cyclohepta[b]pyrrol-2(1H)-ones quantitatively.88 Obviously,
cleavage of an O-Alkyl bond must be assisted by the coordination of the reagent
to the ring nitrogen atom, as shown below. When aryllithium was allowed to re-
act with 6-bromo-2-ethoxycycloheptimidazole, exclusive formation of the corres-

ponding 4-aryl derivative was noted.17a

g -
N)

Mg—R"’
|
X

Only a ylide (101) was produced from the transylidation of 8-aryl-2-chloro-
—~~
cyclohepta[b]pyrroles and methyl (triphenylphosphoranylidene)acetate, but the re-
action of 2-chlorocyclohepta[b]pyrrole-3-carbonitrile produced low yields of its

8-methyl derivative and the cyclohept[hi]indolizine (102), besides a transylida-
s

tion product.89
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B-3. Cycloadditions

Cycloadditions of azaazulenes, first and independently studied by us and
Hafner, are now providing novel features to the reaction of nitrogenous hetero-
cycles with acetylenic esters.90

The reaction of the cycloheptal[b]pyrroles (129) with DMAD afforded the 2H-
cyclohepta[gh]lpyrrolizines (%2?) and the 3H-2a-azacyclopenta[eflheptalenes ({8?),
whereas that of E,With DMAD proceeded rapidly to yield the 3H-1,2a-diazacyclopen-
ta[eflheptalene (387).91 These pericyclic reactions are postulated to proceed

through a dipolar intermediate [e.g. %8? in Eq. 45], and the regiochemistry was

recently confirmed by the reactions of 8 with electron-deficient olefins to give
-~/

£2§'92
R
—
2-Cl
N
R =H, COEt
103
DMAD
R R
| Mci | M-ci
N N
\ ¥
e E rF
E
105 104
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[

R

R=CN, CO,Et
107 108

Periselectivity dependent on temperature was observed for the addition of
cyclopent [c]lazepine (lg?) with DMAD. Whereas the 2H-cyclopenta[c]pyrido[l,2-a]-
azepine (l&?) was produced at 800, two kinds of carbocyclic azulenes (;&?) and
(l&f) were obtained at 1600; they must have formed by loss of a nitrile from
primary adducts (111) and (112) [Eq. 46].93’94 An intermediate like 111 was in

~ ~ ~

fact isolated by heating 12? with cyclooctyne at 170° for 15 sec. and found to
decompose by heating at 250° for 3 sec. into 5,6,7,8,9,10-hexahydrocyclooct [f]-
azulene and 3-phenyl-5,6,7,8,9,10-hexahydrocycloocta[c]pyridine. Likewise, the
azaazulenes {29 and 29 reacted with a ynamine (N,N-diethylamino-l—propyne)}0 Two
aminoazulenes (El?) and (lig) and 4-N,N-diethylamino-5-methyl-2-phenylpyridine
were obtained from {29 [Eq. 47], whereas a cycloadduct (E&Z), the aminoazulene
(E&g), and 4-N,N-diethylamino-2-N,N-dimethylamino-5-methylpyrimidine were formed
from §9 [Eq. 48]. A satisfactory rationalisation for the formation of %&9 from
%99 or §9 has not yet be advanced.

8-E~Styrylcyclohepta[ b lpyrrole (E&?) reacted stereospecifically with
DMAD giving trans-7H-6a-azacyclobuta[j]cyclopent [ed]azulene (;&?). This reaction
is accounted for in terms of a symmetry-allowed thermal ["2S + ﬁza + 1T6a] cyclo-
addition as shown in {23.95 A number of polycyclic heterocycles came to light
from the ensuing reactions of %l?. Thus, thermal rearrangements gave the 3H-2a-
azacyclopent [ecd]azulene (239), the 3H-2a-azadicyclopenta[ef,kl]heptalene (EE}),
the 3H-2a-azadicyclopent[cd,ijjazulene (122), and an oxidation of the last is re-

~

sponsible for the formation of the 2aH-7,10b-methano-2a-azacyclopenta[ablcycloun-
decene (lg?). A thermal rearrangement of %&? to ;29 involves a rapid stereo-

specific cyclisation of the anion derived by the scission of the bond between

nitrogen and benzylic-carbon atoms of 119 as depicted in Eq. 49.
—~
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Noteworthy is the silica gel induced isomerisation96 of l&? into the 3H-2a-

azacyclopenta[ef]heptalene (125), as rationalised in Eq. 50.97
—_~

Cycloadditions of cyclazines and of azaazulanones are known. The cyell4,3,2]-
azine (93) gave [4 + 2] cycloadducts (126) and (127) upon reaction with N-phenyl-
~ _~~ ~s
maleinimide or on self-dimerisation, and the reaction of the 3a-azaazulanone (39)
~

with N-phenylmaleinimide afforded 128

s

126 127 128

WAAAA NAmAA N AAAS
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B—-4. Miscellaneous
Methods, other than cycloadditions, to annelate rings to an  azaazulene are be-

ing sought. The 2H-2a-azacylopent[cd]azulene (139) was produced by the reaction

of 8-methoxy-derivative of 5 with malononitrile,99 and the azepino[7,1,2-cd]lin-
~

dolizine (;29)75b and an azepino[2,1,7-cd]lpyrrolizinium salt43b were accessible
from the reaction of 2} with oxalyl chloride or under Vilsmeier conditions.

An attempt to synthesize cyclohepta[2,3]pyrrolo[5,4-d]lpyrimidine from the reaction
of ethyl 2-aminocyclohepta{b]lpyrrole-3-carboxylic acid with an. excess of formamide

resulted in the unexpected reduction of the seven-membered ring to yield 13}.99

6)
)
\ ggn/
C N ” ,
0]
NH NC
NC 0

129 130 131

—————
— —~

Ring transformation of the cyclopent[c]azepine (109) was reported, which gave
—~

a fair yield of the cyclopent[e][l,3]oxazocine (133) via an oxaziridine inter-
_~
100

mediate (132) upon treatment with hydrogen peroxide [Eq. 51]
~
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