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azulene Synthesis 
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Thermal reaction of triphenyl(vinylimin0) phosphorane derivatives with several tropones have been 
studied to provide a short new route to the 1 -aza-azulene ring system. (1 -Phenylvinylimino)-, 
vinylimino-, and a mixture of (1 - butylvinylimino) - and (1 -methylpent-I -enylimino) -triphenyl- 
phosphorane were treated with tropone and alkylated tropones in an enamine alkylation process, and the 
subsequent aza-Wittig reaction resulted in the formation of 1,8-dihydrocyclohepta [b ]  pyrroles. The 
pyrrole derivatives were easily dehydrogenated by nickel peroxide or manganese dioxide to give 1 -aza- 
azulene derivatives. In a similar fashion, the iminophosphoranes were treated with 2-bromotropone or 
with 2-chlorotropone in the presence of triethylamine to give 1 -aza-azulenes in a single step. The 1 -aza- 
azulenes, which were halogenated on the seven-membered ring, were also prepared conveniently by 
the reaction of triphenyl(1 -phenylvinylimino)phosphorane with 2,7-dibromo-, 2,4,7-tribromo-, and 
2,3,5,7-tetrachlorotropone, albeit in modest yields. 

The reaction of a tertiary phosphine with an organic azide to 
produce an iminophosphorane after nitrogen evolution is 
known as the Staudinger reaction.2 Recently, much attention 
has been focused on the synthetic utilities of iminophosphoranes, 
and their hydrolysis to amines or  ketone^,^ oxidation to nitro 
c o m p o ~ n d s , ~  and intermolecular and intramolecular Wittig 
type (aza-Wittig) reactions with carbonyl groups have been 
reported. However, the synthetic versatility of iminophosphor- 
anes is not fully explored compared with that of methylene- 
phosphorane~.~ This fact can be ascribed in part to the poor 
variation of substituent on the nitrogen atom of iminophos- 
phoranes. Recently, we have demonstrated the simple prepar- 
ation of N-( 1 -phenylvinyl)iminophosphoranes,* which were 
found to react with x-bromo ketones, a$-unsaturated ketones, 
and tropone derivatives in an enamine alkylation process 
followed by aza-Wittig reaction to provide convenient routes 
to phenyl-substituted p y r r ~ l e s , ~ ~ '  pyridines, lo,' ' and 1 -aza- 
azulenes. 

have received considerable interest, par- 
ticularly in companion with the chemistry of non-benzenoid 
aromatic azulene hydrocarbons, and have played a major role 
in the advancement of our understanding of cyclic conjuga- 
tion.14 Owing to our interest in the synthesis and chemistry of 
polycyclic systems containing the 1 -aza-azulene nucleus, we 
have embarked on a study of a convenient synthesis of l-aza- 
azulenes. This paper describes our findings regarding a new 
general synthesis of 1 -aza-azulenes, utilizing several N-vinyl- 
iminophosphoranes (3a-d). 

Aza-azulenes ' 

Results and Discussion 
Our synthetic strategy for 1 -aza-azulenes (cyclohepta[b]pyr- 
roles) was, first, to obtain the iminophosphoranes ( 3 a 4 )  
bearing vinyl groups on the nitrogen atom. Triphenyl-( 1 - 
pheny1vinylimino)phosphorane (3a) was prepared easily by the 
reaction of a-azidostyrene (la) with triphenylphosphine (2).' 
Similarly, the new triphenyl(viny1imino)phosphorane (3b) was 
prepared in high yield by the reaction of azidoethylene (lb) ' 
with compound (2). On the other hand, reaction of 2-azidohex- 
1-ene ( 1 ~ ) ' ~  with (2) in benzene at room temperature gave a 
mixture of iminophosphoranes, 1-butylvinylimino(tripheny1)- 
phosphorane (3c) and 1 -methylpent- 1 -enylimino(triphenyl)- 
phosphorane (3d) (see Scheme l).' Since compounds (3c) and 

(1 )  a; R' = Ph ( 2 )  
b ;  R1 = H 

Scheme 1. 

(3d) seemed to be unstable we were not able to separate them in 
pure form. However, preparation of a mixture of (3c) and (3d) in 
CD3CN and the ensuing 'H n.m.r. spectral study showed that 
the initial ratio (1 : 2) of (3c):(3d) was changed to 1 :4 after 
heating of the mixture at 80 "C for 10 min. The ratio was fixed at 
1 : 6  after 30 min or after prolonged heating at 80 "C. Thus, 
thermal isomerization was suggested to occur, and the equili- 
brium between (3c) and (3d) is considered to lie towards (3d). 
The iminophosphorane (3b), and a mixture of (3c) and (3d), 
were very labile toward water, as in the case of (3a),' to give 
acetaldehyde and hexan-2-one in quantitative yields. 

The reaction of the iminophosphorane (3a) with tropones 
( 4 a 4 )  in anhydrous benzene under reflux resulted in the 
formation of 1,8-dihydrocyclohepta[b]pyrrole derivatives (5a- 
c) and triphenylphosphine oxide. Similarly, the reaction of (3b) 
with (4a) afforded 1,8-dihydrocyclohepta[b]pyrrole (6b) in 
modest yield (Scheme 2). The results are summarized in Table 1 
(entries 1 4 ) .  The structural assignment of new compounds 
(5a, b) and (6b) was made on the basis of elemental analyses, and 
high-resolution mass, ir., and 'H n.m.r. spectra, all of which are 
summarized in the Experimental section. Although compound 
(5c) was contaminated with acetophenone, which derived from 
(3a), the 'H n.m.r. spectrum and the following chemical trans- 
formation could confirm the structure of compound (5c). 
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Table 1. Results for the annelation reaction of tropones (4a--c) with iminophosphoranes ( 3 a 4 ) ,  and the dehydrogenation of aza-azulenes (5a--c) 
and ( 6 b 4 ) "  

Annelation reaction Dehydrogenation of (5) and (6) 
A h 

f -l r \ 

Entry (3) (4) Product yield (%) (5)  or (6) Reagent Product yield (oh) 

5 

' Unless stated otherwise, all the reactions were carried out in anhydrous benzene under reflux. The reaction was carried out at room temperature. 
The mixture was not isolated, and it  was subsequently dehydrogenated to give compounds (8c) and (8d). The yields are based on (4a) used. 

R2 H 
t 

(3a,b) + r ( 9 )  

( 7 )  
a; R~ = H 
b; R2 = M e  
c ; R 2  =Bu 

( 5 )  
0 Rb R2 H 

(4) 
a; R* = H  
b ;  R2 = M e  
C ;  RZ = B u  

H H  

( 6b) 

H H  

(5a-c) and (6b) 

H H  

1 (3c) (3d) I 
+ 

Pr 

Pr 

(12 1 

1- PPh30 

(6c)  

Scheme 3. Reagcnf: i, (4a) 

- PPh30 .1 
( 6d) 

Scheme 2. R e q e n f s :  i, (3a); ii, NiO,; iii, (3b); iv, MnO,; v, (3c) + (3d) 

The oxidation of compounds (5a--c) with nickel peroxide 
in benzene under reflux gave the red-coloured 1 -aza-azulenes 
(7a--c) in good yields. Manganese dioxide could also act as 
dehydrogenating reagent, and compound (6b) was oxidized to 
give 1-aza-azulene (8b) in good yield. The results are also 
summarized in Table 1. The compounds (7b and c), with the 
exception of (7a)I9 and (Sb)," are new and have been 
characterized by comparison of their physical data with those of 
known derivatives. 9 3 2  ' 

On the other hand, the in situ preparation of a mixture of 
phosphoranes (3c) and (3d) and reaction with (4a) afforded a 
mixture of dihydroaza-azulenes (6c) and (6d). The mixture was 
difficult to separate, but was purified and subsequently oxidized 
with manganese dioxide to give aza-azulenes (8c) and (8d) 
(Scheme 2 and Table 1). The structures of the products were also 
determined unequivocally on the basis of their physical data. 

The formation of compounds (5a---c) and (6b) is best 
explained by the mechanism in Scheme 3. Nucleophilic addition 
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Table 2. Results for the reaction of iminophosphoranes ( 3 a 4 )  with 
tropones (14a and b) or with (20a-c)" 

4 3 
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Nucleophilic substitution onto a tropone carrying a mobile 
substituent is known to take place at C-2 (usual substitution) or 
at C-7 (abnormal substitution) to give 2-substituted tropones." 
The present reaction of phosphorane (3a) with (14a and b), as 
well as of ( 3 W )  with (14a), does not seem to involve a straight- 
forward displacement of halide ion by the enamine alkylation. 
This was proved by labelling the troponoid ring with deuterium. 
Thus, reaction of 2-bromo-3,5,7-trideuteriotropone (14c) with 
(3a) gave a product to which we assigned the structure (15) 
(Scheme 5). This structural assignment was based on high- 

0 

a All the reactions were carried out in anhydrous benzene under reflux. 
' The reaction was carried out at room temperature. 

onto a tropone nucleus is generally known to take place onto 
the x-position. On the analogy of the reaction of tropone with N -  
ylides,22 the initial step is the enamine alkylation of phos- 
phoranes (3a and b) onto a tropone (4) to give the intermediate 
(9), which undergoes hydrogen migration to give ketone (10). 
The following intramolecular aza-Wittig reaction to give the 
3a,8-dihydroaza-azulene (1 1) and subsequent aromatization to 
construct the pyrrole ring gives products (5a -c )  and (6b). 
Reaction of the mixture of (3c) and (3d) with (4a) is expected to 
give intermediates (12) and (13), respectively, in similar fashion. 
It is reasonable to assume that intramolecular aza-Wittig 
reaction of intermediates (13) and (14), followed by aromatiz- 
ation for construction of pyrrole rings, gives products (6c) and 
(6d). The reaction of 2-alkyltropones (4b) and (4c) gives 
products (5b) and (5c), respectively, in rather low yields (Table 
1,  entries 2 and 3). This fact is attributable to the steric 
hindrance between the alkyl group and the triphenylphosphine 
moiety during the aza-Wittig reaction. 

The iminophosphorane (3b) seemed to be thermally unstable 
and it decomposed gradually in benzene under prolonged 
heating. Therefore, the yield of 1,8-dihydroaza-azulene (6b) is 
rather low (Table 1). 

We next observed that phosphorane (3a) reacts with 2- 
bromotropone (14a) and with 2-chlorotropone (14b) in the 
presence of triethylamine to give 2-phenyl- 1-aza-azulene (7a) in 
good or modest yield in a single step (Scheme 4, Table 2, entries 

0 

(14) 
a; X = Br 
b ;  X = CL 

Scheme 4. Reagents and conditions: i, NEt,, heat; ii, (3b); iii, (3c) + (3d) 

1 and 2). Similarly, reaction of phosphorane (3b) with (14a) gave 
(8b) (Table 2, entry 3). In the reaction of a mixture of 
phosphoranes (3c) and (3d) with (14a), only the product (Sd), 
which derived from the isomer (3d), was obtained (Table 2, 
entry 4). The product (Sc), which derives from the isomer (3c), 
was not detected. The reason for this is unclear at this stage. 

(15) 

- D 5 r  
f------ 

Scheme 5. 

(18) 

- Ph 3PO I 
(19)  

resolution mass and 'H n.m.r. spectral data. The h.r.m.s. showed 
a peak for C,,H,D,N, indicating that enamine alkylation 
occurred at C-7. The ' H n.m.r. spectrum unequivocally showed, 
besides a phenyl group, four other signals, at 6 ,  7.74 (s, 1 H), 
7.76 (br s, 1 H), 8.50 (br s, 1 H), and 8.67 (br s, 1 H). These signals 
are assigned to the C-3, C-6, C-4, and C-8 protons, respectively. 
Therefore the mechanistic pathway for the reaction of the 
tropone (14c) with phosphorane (3a) was deduced as shown in 
Scheme 5 .  The initial enamine alkylation process takes place at 
C-7 to give intermediate (16), and not at C-2 to give (17). The 
intermediate (16) then rearranges to give ketone (18), aza-Wittig 
reaction of which gives compound (19). Elimination of DBr 
easily gives the final product (15). Compound (14b) is expected 
to react in a similar way. Thus, the reaction of (3b) and (3c and 
d) with the tropone (14a) seems to follow this pathway also. 

Furthermore, the reaction of the phosphorane (3a) with 
polyhalogenated tropones (20a-c) was shown to give l-aza- 
azulene derivatives in the presence of triethylamine in a single 
step. The results are also summarized in Table 2 (entries 5-7). 
The enamine alkylation of (3a) onto C-2 (or onto C-7) of (20a) 
and following reactions give the intermediate (21), which derives 
easily from the analogous pathways shown in Scheme 3 and 
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of compound (3a) (1 mmol) and a tropone (4a -c )  (1 mmol) in 
anhydrous benzene (5 ml) was heated under reflux for 24 h. 
After the benzene had been evaporated off, the resulting residue 
was chromatographed on Florisil. The fractions ehted with 
CCl, afforded a compound (5a--c). The fractions eluted with 
CH,Cl, afforded triphenylphosphine oxide (80-90%). The 
results are summarized in Table 1 (entries 1-3). 

For 2-phenyl-1,8-dihydrocyclohepta[b]pyrrole (5a): m.p. 
112--114 "C (from CCl,); 6H (['H6]acetone) 3.27 (2 H, d, J 6.0 
Hz), 5 .3k5 .50  (1 H, m), 5.77-6.05 (2 H, m), 6.42 (1 H, d, J2.7 
Hz), 6.66 (1 H, dt, J 10.2 and 2.4 Hz), and 6.95-7.60 (5 H, m); 
v,,,,(CHCl,) 3 448 cm-' (NH) (Found: M f ,  207.1035. Calc. for 
C,,H,,N: M ,  207.1047). 

For 8-methyE-2-phrnyl-1,8-dihydrocq~cloheptu[b]p~~rrole (5b): 
oil, 6,(CCl,) 1.20 (3 H, d, J7 .1  Hz), 3.25 (1  H, m), 5.10-5.45 (1 
H, m), 5.70-6.20 (2 H, m), 6.35 (1 H, d, J2.4 Hz), 6.50-6.80 ( 1  
H, m), 7.00-7.50 (5 H, m), and 7.70-8.10 (1 H, m); vmax,- 
(CHCl,) 3 472 cm-' (NH) (Found: M ' ,  221.1184. C,,H,,N 
requires M ,  22 1.1205). 

For 8-butyl-2-phenyl- 1,8-dihydrocyclohepta[b]pyrrole (5c) 
was contaminated with acetophenone and the 'H n.m.r. 
spectrum was assigned as follows: G,(CDCl,) 0.80-1.85 (7 H, 
m), 2.10-2.50 (2 H, m), 3.05-3.45 (1 H, m), 5.40-6.80 (4 H, 
m), 6.46 ( 1  H, d, J 2 . 5  Hz), 7.00-7.70 (5 H, m). 

Br 

0 

Br 
(20b) 

Br Br 

Scheme 6. Reagents: i, (3a) and NEt, 

Scheme 5. It then undergoes dehydrobromination to give 
compound (22) in the presence of triethylamine. In a similar 
manner, attack of (3a) onto both C-2 and C-7 of (20b) occurred 
to give the isomers (23) and (24), respectively. The formation of 
5,8-dibromide (23) is favoured over that of 6,8-dibromide (24). 
In the reaction of ( ~ O C ) ,  however, enamine alkylation of (3a) 
took place only onto C-7 to give product (25). The expected 
isomer (26), which derives from enamine alkylation onto C-2, 
was not obtained (Scheme 6). The lack of C-2-attack may be 
ascribed to the large steric hindrance at C-2 as compared with C- 
7, because of the adjacent chlorine atom on C-3. 

In a prelude to synthesis of polycyclic aromatic compounds 
incorporating the 1-aza-azulene unit, the N-vinyliminophos- 
phoranes (3a-d) are confirmed to react generally with trop- 
ones, 2-halogenated tropones, and polyhalogenated tropones. 
The present reactions could serve as a convenient route to 1 -aza- 
azulene derivatives. The preparation and synthetic applications 
of N-vinyliminophosphoranes involved in several cyclic systems 
are in progress. 

Experimental 
1.r. spectra were recorded on a Shimadzu IR-400 spectrometer. 
'H N.m.r. and 13C n.m.r. spectra were recorded on Hitachi R-24 
and Hitachi R-90H spectrometers and the chemical shifts are 
given relative to internal SiMe, standard. Mass spectra or high- 
resolution mass spectra were run on a Shimadzu GCMS-QP- 
1000 or a JEOL DX-300 spectrometer. M.p.s were measured on 
a Biichi apparatus and are uncorrected. The desired tropones, 2- 
methyltropone (4b),", 2-butyltropone ( 4 ~ ) , * ~  2-bromotropone 
(14a),,, 2-chlorotropone (14b),,, 2-bromo-3,5,7-trideuterio- 
tropone ( 1 4 ~ ) , ~ ~  2,7-dibromotropone (2Oa),*' 2,4,7-tribromo- 
tropone (20b),26 and 2,3,5,7-tetrachlorotropone ( ~ O C ) , , ~  were 
prepared by the methods described in the literature. 

General Procedure .for the Reaction of Triphenyl (1-Phenyl- 
viny1imino)phosphorane (3a) with Tropones (4a+).-A solution 

General Procedure j b r  the Dehydrogenation of Compounds 
(5a--c) with NiO,.-A solution of a compound (5a+) (1 
mmol) and NiO, ' (540 mg, 6 mmol) in anhydrous benzene (10 
ml) was heated under reflux for 20 h. After the reaction mixture 
had been filtered through Celite to remove insoluble materials, 
the filtrate was purified by t.1.c. on silica gel with CH,Cl, as 
developer to give the corresponding 1 -aza-azulene derivative 
(7a--c) in the yield indicated in Table 1. 

For 2-phenyl-1 -aza-azulene (7a): m.p. 148-149.5 "C (from 
EtOH) (lit.,19 157-159 "c); SH(CDCl3) 7.35--7.80 (6 H, m), 
7.68 (1 H, s), and 8.20-8.80 (4 H, m); v,,,, 1 583, 1 517, 1469, 
1 441, and 1 412 cm-'; h,,,,(EtOH) 237,285,310,365,371,497, 
and 531sh nm (log E 4.28, 4.67, 4.53, 4.16. 4.12, 3.52, and 3.19) 
(Found: M ' ,  205.0918. C,,H,,N requires M ,  205.0891). 

For 8-methyl-2-phenjll- 1 -ma-azulene (7b): oil, b.p. 1 10 "C 
(bath temp.)/0.5 Torr; GH(CDCl,) 3.20 (3 H, s), 7.30-7.70 (6 H, 
m), 7.60 (1 H, s), and 8.20-8.45 (3 H, m); v,,,~(CHCl,) 1562, 
1466, and 1439 cm-'; h,,,,(EtOH) 240, 291, 309sh, 357, 375, 
482, and 526sh nm (log E 4.51, 4.75, 4.58, 4.24, 4.15, 3.50, and 
3.20) (Found: M ' ,  219.1056. C,,H,,N requires M ,  219.1048). 

For 8-hutyl-2-phenyl- 1-aza-azulene (7c): oil, b.p. 130 "C (bath 
temp.)/0.5 Torr.; 6H(cC1,) 0.80-2.00 (7 H, m), 3.72 (2 H, t, J 8.2 
Hz), 7.10-7.62 (6 H, m), 7.60 (1 H, s), and 8.15-8.40 (3 H, m); 
vn,,,,(CHC13) 1 545, 1470, 1434, and 1 385 cm-'; h,,,.(EtOH) 
241,290,31 lsh, 358,387, and 484 nm (log E 4.24,4.40,4.25,3.92, 
3.86, and 3.09) (Found: M t ,  261.1517. C,,H,,N requires M ,  
261.1 518). 

Reaction of Compound (3b) with Tropone (4a).-A solution of 
compound (3b) (606 mg, 2 mmol) and tropone (4a) (106 mg, 1 
mmol) in anhydrous benzene ( 5  ml) was heated under reflux for 
6 h. The reaction mixture was then chromatographed on 
Florisil. The fractions eluted with benzene gave 1 ,8-dihydro- 
cyclohepta[b]pyrrole (6b) (42 mg, 32%). The fractions eluted 
with AcOEt gave triphenylphosphine oxide ( 1  67 mg, 60%). For 
(6b): 6H(Cc14) 3.07 (2 H, d, J5.8 Hz), 5.05-5.45 (1 H, m), 5.70- 
5.85 ( 1  H, m), 5.90--6.17 (2 H, m), and 6.35-6.70 (2 H, m); 
v,,,,(CHCl,) 3 460 cm-' (NH). 

Dehydrogenation of Compound (6b) with Munganese Dio-u- 
ide.-A solution of compound (6b) (42 mg, 0.32 mmol) and 
activated MnO, l 8  (500 mg, 6 mmol) in anhydrous benzene (20 
ml) was stirred for 45 min at room temperature. After the 
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reaction mixture was filtered through Celite to remove insoluble 
materials, the filtrate was then concentrated and the residue was 
purified by t.1.c. to give l-aza-azulene (8b) (35 mg, 85%), 
G,(CDCl,) 7.30-7.95 (4 H, m) and 8.45-8.90 (3 H, m); picrate: 
m.p. 195-197 "C (lit.,,' m.p. 197-198 "C). 

Reaction of' a Mixture of Phosphoranes (3cj and (3d) with 
Tropone (4a), and Subsequent Dehydrogenation of the Products 
(6c) and (6d).-A solution of a mixture of phosphoranes (3c) and 
(3d) was prepared by the reaction of 2-azidohex-l-ene (lc) (375 
mg, 3 mmol) with triphenylphosphine (2) (786 mg, 3 mmol) in 
anhydrous benzene (10 ml). To this reaction mixture was added 
tropone (4a) (106 mg, 1 mmol), and the mixture was heated 
under reflux for 6 h. After the benzene had been evaporated off, 
the residue was purified by chromatography on Florid. The 
fractions eluted with benzene gave a mixture of adducts (6c) and 
(6d). The fractions eluted with CH,Cl, gave triphenylphosphine 
oxide (80%). The mixture of products (6c) and (6d) and 
activated MnO, (1.3 g, 15 mmol) in anhydrous benzene (10 ml) 
was stirred at room temperature for 6 h. After the reaction 
mixture had been filtered through Celite to remove insoluble 
materials, and the filtrate had been evaporated, the resulting 
residue was separated by t.1.c. on silica gel with AcOEt as 
developer to give 2-butyl-l-aza-azulene (8cj (33 mg, 18%) and 
2-methyl-3-propyl-1-aza-azulene (8d) (78 mg, 42%). 

For compound (8c): picrate: m.p. 174-175 "C (from 
methanol) (decomp.); thefree base had 6,0.98 (3 H, t, J 5.8 Hz), 
1.20-2.10 (4 H, m), 3.08 (2 H, t, J7 .4  Hz), 7.06 (1 H, s), 7.30- 
7.75 (3 H, mj, 8.15-8.57 (2 H, m); v,,,,(CHCl,) 1587, 1481, 
1449, and 1407 cm-' (Found: M ' ,  185.1160. C,,H,,N 
requires M ,  185.1206). 

For compound (8d): picrate: m.p. 18&190"C (from 
methanol) (decomp.); thefree base had 6,0.93 (3 H, t, J 6.5 Hz), 
1.30-1.95 (2 H, m), 2.67 (3 H, s), 2.80 (2 H, t, J 6.8 Hz), 7.2& 
7.60 (3 H, mj, and 7.90-8.40 (2 H, m); v,,,.(CHCl,) 1 582, 
1 466, 1 441, and 1400 cm-' (Found: M + ,  185.1188. C13Hl,N 
requires A4, 185.1206). 

General Procedure ,fbr the Reaction o j  the Phosphorane (3aj 
with the Halogenated Tropones (14a, b) and (2Oa--c).-A 
solution of compound (3a) (379 mg, 1 mmol), a tropone (14a, b) 
or (20a--c) (1 mmolj, and triethylamine (202 mg, 2 mmol) in 
anhydrous benzene (5  ml) was heated under reflux for the period 
indicated in Table 2, until the tropone completely disappeared. 
The reaction mixture was filtered, the filtrate was concentrated, 
and the resulting residue was separated by t.1.c. on silica gel to 
give 1 -aza-azulene derivatives (7a) and (22)-(25), and tri- 
phenylphosphine oxide (80%). The results are summarized in 
Table 2 (entries 1, 2, and 5-7). The new l-aza-azulene 
derivatives were identified on the basis of the following physical 
data. 

For 8-bromo-2-phenyl- 1 -aza-azulene (22): m.p. 102-105 "C 
(from EtOH): G,(CDCl,) 7.20-7.68 (6 H, m) and 7.92-8.42 (4 
H, m); v,,,.(CHCI,) 1 566, 1468, 1440, and 1 308 cm-'; 
h,,,.(EtOH) 258, 295, 315, 366, 373, 492, and 550sh nm (log E 

4.42, 4.42, 4.26, 3.99, 3.99, 3.30, and 2.94); mJz 285 ( M + ,  82%j, 
284 (88), 283 ( M ' ,  72), and 282 (100) (Found: C, 63.1; H, 3.4; N, 
4.95. CISH,,BrN requires C, 63.40; H, 3.55; N, 4.93%). 

For 5,8-dibromo-2-phenyl-l-aza-azulene (23): m.p. 143- 
145 "C (from EtOH); G,(CDCl,) 7.41-7.84 (6 H, m), 8.22- 
8.43 (2 H, m), and 8.56 ( 1  H, d, J 1.2 Hz); v,,,.(CHCl,) 1554, 
1482, 1414, and 1359 cm-'; h,,,.(EtOH) 264, 306, 375, 394, 
506, 520, and 562sh (log E 4.59, 4.65, 4.15, 4.14, 3.40, 3.40, and 
3.07); m/z 365 (M',  6673,363 ( M ' ,  93), 361 (M',  75),  and 203 
(100) (Found: C, 49.5; H, 2.5; N, 3.8. C,,H,Br,N requires C, 
49.63; H, 2.50; N, 3.86%). 

For 6,S-dibromo-2-pheny/- 1 -azu-azulene (24): m.p. 143- 
145 "C (from EtOH); G,(CDCl,) 7.34-7.77 (6 H, m), 8.13- 

8.35 (2 H, m), and 8.35-8.48 (1 H, m); vmax,(CHC1,) 1547, 
1452, 1439, and 1 380 cm-'; h,,,,(EtOH) 267, 302, 330, 377, 
397, 492, 503, and 550sh nm (log E 4.67, 4.63, 4.43, 4.28, 4.32, 
3.53,3.53, and 3.12); m/z 365 ( M ' ,  6879,363 (M' ,  loo), and 361 
( M ' ,  71) (Found: C, 49.8; H, 2.55; N, 3.9%). 

For 5,7,8-trichloro-2-phenyl- l-aza-uzulene (25): m.p. 148- 
149 "C (from hexane); GH(CDC1,) 7.35-7.65 (4 H, mj and 
8.15-8.42 (4 H, mj; v,,,,(CHCl,) 1 580, 1 448, 1 399, and 1 357 
cm-'; h,,,,(EtOH) 267, 312, 328, 363, 398, 524, and 557sh nm 
(log E 4.40, 4.47, 4.40, 4.18, 3.84, 3.00, and 2.85); m/z 313 ( M + ,  
573,311 ( M ' ,  35), 309 ( M ' ,  99), and 307 ( M + ,  100) (Found: C, 
58.5; H,  2.7; N, 4.6. C,,H,Cl,N requires C, 58.38; H, 2.61; N, 
4.54%). 

Reaction of the Phosphorane (3a) with 2-Bromo-3,5,7-tri- 
deuteriotropone (14c).-A solution of compound (3a) (1 14 mg, 
0.3 mmol), the tropone (14c) (56 mg, 0.3 mmol), and tri- 
ethylamine (61 mg, 0.6 mmol) in anhydrous benzene (3 ml) was 
heated under reflux for 24 h. After the reaction mixture had been 
concentrated, the residue was separated by t.1.c. on silica gel 
with hexane-AcOEt (1 : 1) as developer to give 5,7-dideuterio- 
2-phenyl- 1 -aza-azulene (15) (70%): m.p. 149-15 1 "C (from 
EtOH); G,(CDCl,) 7.42-7.58 (3 H, m), 7.74 (1 H, sj, 7.76 (1 H, 
br s), 8.27-8.38 (2 H, m), 8.50 (1 H, br s), and 8.67 (1 H, br s); 
v,,,.(CHCl,) 1 581, 1 517, 1 454, 1 449, 1 407, and 1 396 cm-' 
(Found: M',  207.1007. C1,H,D,N requires M ,  207.1018). 

Reaction of the Phosphorane (3b) with 2-Bromotropone 
(14a).-A solution of compound (3b) (460 mg, 1.5 mmol), the 
tropone (14a) (93 mg, 0.5 mmol), and triethylamine (101 mg, I 
mmol) in anhydrous benzene (3 ml) was heated under reflux for 
5 h. After the reaction mixture had been filtered, the filtrate was 
concentrated, and the residue was separated by t.1.c. on silica gel 
with AcOEt as developer. The first band from the t.1.c. plates 
gave l-aza-azulene (8b) (36 mg, 56%). The second band gave 
triphenylphosphine oxide (80%). 

Reaction o j a  Mixture of Compounds (3c) and (3d) with 2- 
Bromotropone (14aj.-A solution of the phosphoranes (3c) and 
(3d) was prepared by treatment of 2-azidohex-l-ene (lc) (146 
mg, 1.17 mmol) and triphenylphosphine (2) (306 mg, 1.17 
mmolj in anhydrous benzene (3 ml) at room temperature for 2 
h. To this solution were added 2-bromotropone (14a) (152 mg, 
0.82 mmol) and triethylamine (202 mg, 2 mmol), and the 
mixture was heated under reflux for 3 h. After the benzene had 
been evaporated off, the residue was separated by t.1.c. on 
alumina with hexane-AcOEt (3: 1 )  as developer to give 2- 
methyl-3-propyl-1 -aza-azulene (8d) (65 mg, 43%) and tri- 
phenylphosphine oxide (80%). 
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