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Stereochemical and Mechanistic Aspects of the Base-promoted Cyclis- 
ation of o-Vinylphenylhydrazonyl Chlorides under Phase-transfer Condi- 
tions 

By Luca Bruchd, Paola Del Buttero, Luisa Garanti," and Gaetano Zecchi, lstituto di Chimica lndustriale 
dell'Universit8, Centro del C.N.R. per la Sintesi e Stereochimica di Speciali Sistemi Organici, 201 33 Milano, 
Italy 

The title hydrazonyl chlorides react with sodium azide in benzene-water at 40 "C to give 1,2-benzodiazepines and/or 
cyclopropa [clcinnolines, the product distribution being dependent on the substituents at the ethylenic bond. All 
products probably result from a common intermediate via different reaction paths. 

ARYLHYDRAZONYL CHLORIDES with oc,P-unsaturation at  Dehydration of tlie latter either with phosphorus pent- 
tlie ovtho-position have been shown to undergo base- 
promoted cyclisation leading to 1,2-benzodiazepines 
and/or cyclopropa~c]cinnolines depending on the olefinic- 
bond subst i t uen t s and t lie esperinien t a1 condi t i0n5.l-~ 
I n  a previous paper,2 we reported that the reaction of 
hydrazonyl chlorides of type (1) with anionic nucleo- 
philes under phase transfer conditions give directly 4,5- 
dihydro-lHi-l,2-benzodiazepines (2) functionalised at  the 
&position. The high efficicncv of this reaction, particu- 
larly, with sodium azide as the nucleophilic reagent, 
makes it of synthetic importance; however, its stereo- 
chemical and mechanistic aspects merit a deeper explor- 
ation. In this context, we now describe some interesting 
new results :in treating the hydrazonyl chlorides (8a--f) 
with sodium azide under phase-transfer conditions. 

CL 

( 3 )  

a ;  R 1 = R 2 = R 3 = H , R L = M e  

b ; R ' = R 2 = R L = H ,  R 3 = P h  

c ; R 1 = R 2 = R 3 = H , R L = P h  

d ; R ' = C I , R 2 = P h , R 3 = M e , R L = H  

e R ' = C I , R 2 = P h , R 3 = H , R L = M e  

oxiic or with toluene-~-sulplionic acitl lct~ to mixtures of 
( R d )  and (h), both of which could be o1,tained in the 
pure st at  c after repeat ed fraction a 1 cyrst allisations. 
The assigned stereochemistry came from examination of 
the n.ri1.r. spectra of (:Id) and (3e) an(1 ('omparison of 
these with tliose of (3a) and (3f) R S  wcll as o f  R qimilar 
pair of olefinic  isomer^.^ 

All the hytlrazonyl chlorides (3a--f) were treated with 
2 mol equiv. of sodium azidc in lm-mne-water at  40 "C 
by using hexadecyltributylplios~lio~~i~im lx-omidc as a 
pliase-transfer catalyst. Rcac t ion times, products, and 
yields are shown in Table 1 .  While compound (6a) was 
recognized by comparison with an authentic sample,' the 
new structures (fib-d), (7a,b), @a,b), and (9) were es- 
tablished on the basis of analytical and spectral data 
(see Table 2). The stereochemistry of (titl) was un- 
equivocally shown by the n.m.r. signal a t  6 0.39 which is 
only compatible with a methyl group located in the 
shielding region of the -N=N- moiety, i .e. in the t d o -  
position. On the other hand, the distinction between the 
two stereoisomers (6b) and (6c) was easily made on the 
basis of both the chemical shifts and the coupling 
constants of the cyclopropyl protons: in fact, in accord 
with the literature data,5 the cis-coupling constant is 
larger than the tmns. For the stereoisomers (8a) and 
(8b), the assigned configurations were inferred from the 
following n.m.r. evidence : while the 4-H chemical shift 
is practically unchanged on going from (7a) to (sa), the 
analogous proton of (8b) resonates at  much lower field; 
this marked influence by the phenyl group is justified for 
a &-relationship. Unfortunately, because of the lack 
of a suitable model, the stereochemistry of (7a) and (7b) 
remains undetermined, though the identity of the vicinal 
coupling constants indicates that the spatial relationship 
between the hydrogens is the same in both cases. 

Control experiments on the stability of the tricyclic 
products (6a-d) under the above phase-transfer con- 

f ; R'= H I  R 2 =  Ph, R 3 =  R L =  Me ditions showed some interesting features. In fact, while 
(6a) was totally unchanged after 2 days, (6b) and (6c) 
reacted within 4 and 3 h respectively, both giving the 
same azido-compound (7b). In the case of (6d), 80% of 
the starting substrate was still unchanged after 5 h ;  
however, a slow reaction occurred during 3 days to 
afford a mixture of (8b) and (9) in the approximate ratio 

RESULTS AND DISCUSSION 

The hitherto unknown compounds (3d) and (3e) were 
accessible from the substituted aniline (4) via diazotis- 
ation of the latter and coupling of the product with ethyl 
2-chloroacetoacetate to give the hydrazonyl chloride (5 ) .  
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of 5 : 2. It was also ascertained that the reaction mix- 
ture arising from (3b) contained, after 2 h, some (6b). 
It was not possible to obtain similar evidence for the 
presence of cyclopropa[c]cinnolines for compounds (3a) 
and (3e). 

Ri;! 'R 

(6 1 
a ; R' =H,R2=Ph,R3=RG=Me 

b ; R ' = R 2 = R L = H , R 3 = P h  

c ; R ' = R 2 = R 3 = H . R 4 = P h  

d ; R ' =  CI ,R2=Ph,R3= Me,RL=H 

( 7 )  ( 8 )  

a ; R = M e  

b ; R = P h  

a ; R ' = H , R 2 = M e  
b ; R 1 = M e , R 2 = H  

( 9 )  

The results described above indicate an intriguing 
complexity and variability in chemical behaviour for the 
series of hydrazonyl chlorides (1) and (3). In  an effort to 
reconcile all the experimental evidence within the frame 
of a common mechanistic picture, the following con- 
siderations and hypotheses will now be put forward. 
First, it seems very likely that the initial stage of the 
overall process is the formation of the nitrile imines (lo).* 
These intermediates would undergo an intramolecular 
ring-closure, involving participation of the neighbouring 

* It is known that sodium azide is capable of promoting the 
formation of nitrile imines from hydrazonyl halides. 

ethylenic bond, which can be viewed as 1,7-electrocyclic 
change of an 8x-electron system. At present, while 
1,5-electrocyclisations are common reactions of O C , ~ -  

unsaturated 1,3-~lipoles,~ few reports deal with 1,7- 
electrocyclisations of 1,3-dipoles having both a, p- and 
y J  8-unsaturation .8 

The cyclic intermediates (1 1) would then evolve 
according to one or more of the following concurrent 
pathways: (i) intramolecular reorganisation by way of a 
disrotatory 1 ,6-electrocyclic collapse resulting in cyclo- 
propa[c]cinnolines ; (ii) intermolecular reaction with the 
azicle ion to provide 5-azido-4,5-dihydro-lH-lJ2-benzo- 
diazepines; or (iii) prototropic rearrangement to fully 
unsaturated lH-l,2-benzodiazepines. The relative ex- 
tents of these pathways would be mainly dictated by the 
stability of the tricyclic products (6), a property strongly 
dependent on the degree of substitution on the cyclo- 
propane ring; this would be similar to the results ob- 
tained for norcaradienes l1 and diazanorcaradienes.g,12 
Since the first pathway is a $riori reversible, by analogy 
with the valence isomerisation of diazanorcaradienes to 
1,2-~liazepines,~~12 the formation of cyclopropa[c]cinno- 
lines may well be favoured on kinetic, but not thermo- 
dynamic grounds; this has actually been found for 
compounds (3b) and (3c). Since complete planarity 
near the carbocationic centre of (1 1) implicates steric 
strain, particularly in the case of encumbering substitu- 
ents, it seems reasonable to assume that some energy 
barrier opposes the flipping motion of the seven-mem- 
bered ring. Thus, any further reaction of compound (1 1) 
could occur either, with retention of configuration if i t  
were faster or loss if it were slower than the ring flipping. 
The observed changes on going from one substrate to 
another may, therefore, be plausibly rationalised. 

In conclusion, the results here presented point to a 
general pattern of behaviour in which, as outlined in the 
Scheme, all nitrile imines (10) generate the cyclic species 
( l l ) ,  irrespective of the nature of the final products. 
The alternative hypothesis that  formation of cyclo- 

(10) 

(11) 

SCHEME 
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propa[c]cinnolines might represent the primary mode of 
evolution of (lo), eventually followed by ring enlarge- 
ment to 1,2-benzodiazepines, is not in harmony with our 
findings, being contradicted by the proven inertness of 
(Otl). The latter mechanism has, however, been recently 
shown to operate in the reaction of a few hydrazoiiyl 
chlorides o f  type (3) with silver carbonate in b e n ~ e n e . ~  

E XPE R I M 17 NT.4 1, 

h1.p.s were talien with a Buchi apparatus and are uncor- 
rected. Ili.ii1.r. and i.r. spectra were recorded with Varian 
EM-90 and Perkin-Elmer 377 instruments, respectively. 
Chemical shifts are given in p.p.ni. relative to internal 
SiMe,. 

Compounds (h), (k), and ( 3 f )  were prepared as previoiisly 
described .* 

Preparation of the Hydvazonyl Chloride (31)) .-Sodium 
nitrite (1 .75  g )  in water (15 inl) was added dropwise to a 
solution o f  (%)-2-aminostilbetie l3 ( 3 . 9  g) in 1 N-hydrochloric 
nc.icl (60 mi) with vigorous stirring ancl ice-cooling. Aftcr 
15 mi l l ,  tlie solution was atljusted to pH 4 with sotliiiiii 
;ic.ctate a n t 1  cthyl 2-chloroacetoacetate (3.5 g)  in mctliaiiol 
(15 nil) was added slowly with stirring a t  0--5 "c'. Tlie 
iiiisturc was stirred a t  room temperature €or 2 11, mid then 
c3utracted with chloroform. 'The organic solution was dried 
(Na,SO,) and evaporated, ancl the residue was chroniato- 
graphed on a silica gel column with light petroleuni-diethyl 
ether ( 1  : 1) as eluant to give the chloride (3b) in 25O/; yicld; 
m.p. 72---73 "C (from n-pentane) (Found: C, 65.5; H, 5.3; 
N, 8.4. C',,H,,C'lN,O, requires C, 65.7; H, 5.2; N, 8.Fi0/,,), 
B(CI)('I,) 1.36 ( 3  H, t), 4.35 (2  H ,  q ) ,  6.53, 6.82 (2 H, AT3 
1\T1 type, 12 H z ) ,  6.9-7.7 (9 H, i n ) ,  and 8.5 ( 1  H, br s). 

Preparation of the Hydvazonyl Chloride (5) .--The aminc 
(4) l4 was tliazotised and coupled with ethyl 2-chloroaceto- 
acetate according to the procedure described in the pre- 
ceding preparation. Recrystallisation of the crude product 
from chloroforni-ethanol gave the chloride (5) (7g04), 1n.p. 
Ii4 "c' (Fourid: C, 57.8; H, 5.2; N, 6.9. CI9H,,,Cl,X,O3 
rcquires C ,  57.7; H, 5.1; N, 7.1%);  G(CDC1,) 0.90 (3 H, t), 
1.35 ( 3  H, t) ,  2.31 (2 H,  q) ,  2.8 (1  H, br s), 4.38 (2  H, q), 5.9 
( 1  H, br s), antl 7.2-7.6 (8 H, ni). 

Preparation of the Hydvazonyl Chloride (3d) .-A solution 
of compound ( 5 )  (9.8 g) in toluene (250 ml) was treatecl 
with phosphorus pentosicle (15 g) and stirred overnight a t  
room temperature. The undissolved material was filtered 
off and the solution was washed with water, dried (Na,SO,), 
ancl evaporated to give a 3 : 1 mixture of (3d) antl (3e)  (4.3 
g). Rccrystallisation from n-pentane afforded a 1 : 1 

TABLE 1 
Reaction of hydrazonyl chlorides (3) with sodium azide 

in benzcne-water a t  40 "C 
Time Yields Tsolation 

Compound (11) Products (yo) procedure a 
85 A 
73 A 

( 3 4  7 ( 7 4  

I 34 * I3 
5 (7b) (3b) 

( 3c)  

(3d) 3 (6d) 7 €3 
(7b) 

(9) 

5 (9) 12 I! 
(W 

( 3c) 
( 8 4  

(31') 12 (0a) (i 9 A 

') 

43 

10 
52 

(i 7 

[E;} 

' I  A,  treatment ol' the crude product with di-isopropyl ether 
and subsequent liltration ; B, coliiinn chromatography on silica 
gel with 50 : 45 : 5 light p"troleiiiii-diethy1 ether triethylamine 
as eluant [protlncts art? giveii in order of elution]. * Overall 
yield of a mixture of coinpoiincls (($1,) and ((ic) in  the approxi- 
inate ratio of 1 : 1. 

isomcric mixture (2.0 g). The residue from tlic mother- 
liqiior was recrystallisetl twice from n-pentanc to give the 
pure clrlovide (3d) (1.3 g), m.p. 101 "C (I;ountl: C, 60.7; 
H, 5.0; N, 7.4. C,,Hl,C1,N202 requires C, 60.5; H, 4.8; 
N, 7 . 4 O 4 , ) ;  G(C1)Cl.J 1.33 (3 H, t), 1.69 ( 3  H, d), 4.33 (2 H, 
q),  6.48 (1 H, q), 7.0-7.8 (8 €3, m), and 8.3 ( 1  H, br s). 

Preparation of tlie Hydrazonyl Chlovide (3e) .-A solution of 
(5) (8 2 g) in benzene (200 ml) was treatecl with toluene-+ 
sulplionic acid (2 g) and refluxed unclcr a Dean-Stark ap- 
paratus for 1 h. The niisture was washed with aqueous 
sodium hydrogen carbonate, dried (Na,SO,) , and evaporated 
to give a 2 : 1 mixture of (3e) and (3d). 'I'ivo fractional 
recrystallisations from n-pentane-di-isopropyl ether afforded 
the pure chloride (3e) (3.3 g), n1.p. 135 "C ( F o i i n t l :  C, W.7 ;  
H, 4.9; N, 7.3. CloH,,C1,O, requires C, CiO.6; 11, 4.8; N, 

TABLE 2 
Physical, spectral, and analytical data of compounds (6)-(9) 

Elemental analysis (yo) 
M.p.  Found (required) 

Con1pd. ("C) vmaY. (Nujol) /cni-l G(CDC1,) C H N 
(01)) 03 1740  3.60 (1 H, d,  J 9), 4.10 (1 H, d,  J 9), 6.6-7.6 74.1 5.4 9.6 

(8 H, m), 7.8-8.0 (1 H, m) (73.9) (5 .5)  (9.6) 
(( ic) 105 d 1750 1.79 (1 H, d, J 6.5), 3.79 (1 H, d,  J 6.5), 73.8 5.7 9.6 

7.2-7.6 ( 8  H, m), 8.2-8.4 (1 H, m) (73.9) (5.6) (9.6) 
((id) 108 I 735 0.39 (3 H, d,  J 6.5), 3.73 (1 H, q, J 6.5), 66.8 5.1 8.1 

6.7-7.7 (7 H, m), 8.27 (1 H, d,  J 8) (67.0) (5.0) (8.2) 
( 7 4  148 3 300, 2 100, 1715  0.90 (3 H, d,  J 7), 3.90 (1 H, dq, J 7 and 6)' 57.0 5.6 26.4 

4.74 (1 H, d,  J 6), 6.9-7.5 (4 H, m), 9.1 (1 H, br s) (57.1) (5 .6 )  (25.6) 
134 3 280, 2 090, 1710  4.93 (1 H, d,  J 6), 5.18 (1 H, d,  J 6), 6.6-7.3 64.7 5.0 20.8 

(9 H, m), 9.5 (1 H, br s) (64.5) (5.1) (20.9) 
(84 169 3 280, 2 090, 1710  1.02 (3 H, d, J 7), 3.88 (1 H, q,  J 7), 7.0-7.6 59.3 4.8 18.0 

(8 €1, m), 9.5 (1 H, br s) (59.4) (4.7) (18.2) 
(81)) 176 3 280, 2 090, 1710 0.98 (3 H, d, J 7), 4.60 (1 H, d, J 7), 6.8-7.6 59.5 4.5 18.1 

(7 H, m), 7.85 (1 H, d, J 2.5), 8.7 (1 H, br s) (59.4) (4.7) (18.2) 

J 8), 6.9 (1 H, br s), 7.0-7.6 (8 H, m) (67.0) (5.0) (8.2) 

(71)) 

(0) 101 3 310, 1720 1.87 (3 H, s), 6.65 (1 H, d,  J 2.5), 6.78 (1 H, d ,  66.9 5.1 8.1 

The signals of the ethyl group are not given. * J in Hz. From di-isopropyl ether. From n-pentane. From n-hexane- 
chloroform. 
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7.4%); G(CDC1,) 1.32 (3 H, t), 1.95 (3 H, d), 4.35 (2 H, q), 
6.06 (1 H, q), 7.1-7.6 (8 H, ni), and 8.3 (1 H, br s). 

Treatment of the Hydrazonyl Chlovides ( 3 )  with Sodium 
Azide.-A solution of compound (3) (5 mmol) in benzene 
(100 ml) was treated with a solution of sodium azide (10 
mmol) and hexadecyltributylphosphonium bromide (0.25 
mmol) in water (50 ml) a t  40 "C with vigorous stirring for 
the time given in Table 1. The organic layer was separated, 
washed with water, dried (Na,SO,), and evaporated. The 
residue was then worked up as indicated in Table 1. Both 
isomers (6b) and (6c) were obtained in the pure state by 
chromatography on a silica-gel column and fractional re- 
crystallisations. Chromatographic separations without tri- 
ethylamine in the eluant mixture caused partial decoinpo- 
sition of compounds (6). 

Tveatment of the Cyclo~ropn[c]ciiznoli~z~s (Ob) and (6c) with 
Sodizcm Azide.-Compounds (fib) and (0c) were treated with 
sodium azide according to the phase-transfer conditions 
described above (4 and 3 h, respectively). In both cases, the 
usual work-up procedure gave practically pure compoiind 
(7b) (n.m.r. analysis). 

Treatment of Cyclopvopn~c]ci~znoliize (6d) with Sodazmi 
A,-ide.-Compound (6d) was treated with sodium azirle 
under the above phase-transfer conditions (00 h). After the 
usual work-up procedure, the product mixture was chro- 
matographed on a silica-gel column with chloroforni-diethyl 

ether (4 : 1) as eluant to give compounds (9) (21%) and (8b) 

Received, 26th January, 19821 
(49%). 
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