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Ababmct-The title arylhydrazonoyl chlorides treated with EfN and PPh, give arylazomethyl- 
enetriphenylphosphoranes and, in some cases, products of intramolecular cyclizttion (cy- 
clopropacinnolines and benzodiazepines). A high concentration of base and a polar solvent accelerate all 
the observed reactions. In the presence of PPh, a low reaction temperature and a non polar solvent favour 
the formation of the phosphoranes over the cyclization reaction. The steric configuration of phosphoranes 
and cyclopropacinnolines is determined by the relative stability of the two isomers. 

It is known that arylhydrazonoyl halides react with 80” the intramolecular cyclization predominates. It 
PPh, in the presence of Et,N to give the correspond- 
ing arylazomethylenetriphenylphosphoranes.’~ When 

had already been noticed that cyclopropacinnolines 
are not thermally stable, and rearrange on heating to 

an a-1 unsaturated substituent is ortho to the hydrazo other products.3d We have now observed that cy- 
group the intermolecular reaction with PPh, is fa- clopropacinnolines (3a) (e&-Me) and (3b) both 
voured over the alternative intramolecular cy- 
chzation,’ which had never been observed, even as 

endo and exo-phenyl, on refluxing in C6H6, rearrange 
to the corresponding benzodiazepines @a, b), and this 

side reaction, when the reaction with PPh, was car- 
ried out in CH,CN at room temperature.4 

rearrangement is not influenced by the presence of 
Et,N. 

We wanted to check if the synthesis and some 
thermal reactions4 of the arylazomethylenetri- 
phenylphosphoranes carrying an o-alkenyl substitu- 
ent were influenced by the configuration around the 
double bond of the olefinic group. Compounds 
(Is)& (1b)E and (1b)Z reacted with PPhS and Et,N 
in the conditions previously described2 affording a 
high yield of the corresponding phosphoranes, but 
compound (1a)E showed anomalous behaviour. In- 
deed, with an equimolar amount of PPh, and a small 
excess of Et,N it gave only a 30% of a phosphorane 
(29) identical with that obtained from the Z isomer, 
together with a 20% of et&-Me cyclopropacinnoline 
(3~) and a 33% of benzodiazepine (4a). The un- 
expted low reactivity towards PPh, and the un- 
expected steric configuration of both phosphorane 
and cyclopropacinnoline isolated from the reaction 
mixture prompted us to study the reaction of hy- 
drazonoyl chlorides (la) and (lb), E and Z, with Et,N 
with or without PPh,. This paper is concerned with 
factors which in%uence competition between the in- 
termolecular reaction with PPhl and the intra- 
molecular cyclization, and with the stereochemistry 
of both reactions. 

Moreover, in the case of (3h), the end0 and exo- 
phenyl isomers, in solution, interconvert to a 7:3 
equilibrium mixture, independently on the presence 
of base. The reactions of hydrazonyl chlorides (la, b) 
E, Z with PPh,, as well as their intramolecular cy- 
&rations are all accelerated by a high concentration 
of Et,N. But the most striking features of these 
reactions are that from the E and Z isomers of 
hydrazonoyl chlorides (la) one isolates only one 
cyclopropacinnoline, the en&-Me isomer, and the Z 
phosphorane. In one case (see Table 1) the NMR 
spectrum of the crude product mixture, taken just 
after the complete conversion of (la)E, showed also 
a quartet at 5.12 ppm which may be reasonably 
attributed to phosphorane (2a)E. In solution this 
quartet slowly decreased and finally disappeared, 
while that of the Z isomer at 5.40 ppm increased. The 
attribution of the signal at 5.40 ppm to the Z isomer 
and of that at 5.12 ppm to the E isomer has been 
made by analogy with chlorohydrazones (1a)E and 
Z. All attempts to isolate the phosphorane (2a) failed. 

It appears that the intermolecular reaction with 
PPh, competes with the intramolecular cyclization, 
but in some cases does not overcome it completely, 
even in the presence of a large excess of PPh,. It 
appears also that the use of CH,CN as solvent 
strongly accelerates all the examined reactions, allow- 
ing them to be carried out at room temperature 
instead than at 80” as in C,I-&. The reaction tem- 
perature and also the nature of the solvent play an 
important role in product distribution. In fact in the 
case of (la) the formation of phosphorane is favoured 
at room temperature and in benzene solution while at 

The results reported in Table 1 show, once again,7 
the complexity of behaviour of the hydrazonoyl chlo- 
rides (1) in base promoted reactions. Nevertheless, 
the reaction patterns indicated in Scheme 1 might 
account for the observed results. A high base concen- 
tration and the use of a polar solvent should acceler- 
ate the formation of the nitrile imine (5), which is the 
6x9 step of all the observed reactions. The cyclic 
dipolar species (6), generated by 1,7electrocychc 
rearrangement of the 8rst formed nitrile imine (5), 
represents the common intermediate of cy- 
clopropacinnolines and benzodiazepines; indeed cy- 
clopropacinnoline formation is favoured over that of 
benzodiazepine on kinetic grounds, i.e. in CH,CN as 
solvent, which is polar and in which the reaction 
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6) (f) 

B;lse_ a 

N-N=C--CO,El 

R 

R,/c=c 

(6) 

(3) 

Scheme I. 

\ 

(4) 

operates at lower temperatures. The interconversion 
of endo and exo-phenyl cyclopropacinnolines (3h) 
may be explained by assuming that the heterocyclic 
ring in the intermediate (6) flips at a rate comparable 
with that of the formation of the 3,5 bond. The 
trapping of the dipolar species (6) by -reaction 
with N$-) in phase transfer conditions has been re- 
ported.’ 

But the synthesis of the phosphoranes does not go 
through the intermediacy of the cyclic dipole (6); 
phosphoranes are formed directly on reaction of PPhr 
with nitrile imines (S), and PPh, seems to be com- 
pletely unreactive towards the cyclic dipole (6). When 
exo-phenyl cyclopropacinnoline (3h) was reacted 
with 3 mol PPh, there was interconversion to a 3:7 
mixture of exo and et&-phenyl cyclopropacinnoline 
(3b), at the same rate as in the absence of PPhp. 

The competition between the intermolecular reac- 
tion with PPh, and the intramolecular cyclization, in 
the cases where it has been observed, appears to be 
influenced by temperature and solvent polarity. The 
temperature effect may reflect a lower activation 
enthalpy for the formation of the phosphorane with 
respect to that of the cyclic species (6), according to 
the general trend observed when bimolecular and 
monomolecular reactions are compared. 

The solvent effect on products distribution can be 
accounted for by the larger charge separation in- 

/c’ 

valved in the formation of (6) with respect to that of 
the phosphorane. 

In the case of (la) only the Z phosphorane could 
be isolated, both from the Z and E(la) isomers, 
possibly because the Z form is much more stable than 
the E isomer: this statement is consistent with the 
above reported alterations in the NMR spectrum of 
the crude reaction mixture from (la)& PPh,, and 
E&N, and is also consistent with the fact that only the 
Z isomer&z phosphorane @a) is obtained on dehy- 
dration of the hydroxy phosphorane (7) by P,O,, 
while in the same conditions the corresponding chlo- 
rohydrazone (8) gives both E and Z isomers, with the 
former one in major quantity’ (Scheme 2). 

Phosphorane (Za)E, which should be first formed 
in the reactions of (la),!? with PPh,, should then turn 
into its Z isomer. This transformation should be 
made possible by charge delocahzation on a very 
large portion of the molecule of phosphoranes (2), 
which might considerably lower the rotational barrier 
around the olefinic bond. 

Phosphoranes (2a)E and (2b)E and Z have been 
subjected to thermal treatment, in order to make the 
phosphoranyl moiety to react with the o-alkenyl 
group. All the phosphoranes were rather stable to 
elevated temperatures and only reacted at about 110" 
at a reasonable rate (24-34 h) to give in high yield the 
corresponding benzodiazepines, thus preventing the 

NH-N=C’ 
\ ColEt PPhJEbN 

C/H+Ha 

Ph’ ‘OH 

(8) (7) 
Scheme 2. 

(2P) z 
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observation of any possibie iniiuence of the 
configuration around the double bond on their cy- 
clization reaction; on the other hand the stereo- 
chemistry plays an important role in determining the 
nature and the stereochemistry of the products of the 
reaction between nitrile imines and PPh,. 

Mps were taken with a Btichi apparatus and are tm- 
corrected NMR and IR spectra were recorded with a 
Varian EM-90 and a Perkin-Elmer 377 instrument, re- 
spectively. Chemical shifts are given aa 6 values, in ppm 
(Me,Si as internal standard). M.ps (crystallization solvent), 
spectral and analytical data for all new compounds are 
collected in Table 2. 

~ryl~ome~hyle~rr~he~y~hosp~r~ (7) . _ . ._. ._ 
A~ihydr~noylchlo~de (8) (3.14 g) was suspended into 

a soln of PW, (4.17 g) in CH,CN (I IOcmr). A soln of Et,N 
(2.23 ems) in CH,CN (10 cm’) was slowly added during 3 h 
under stirring. The mixture, stirred overnight, became clear 
and did not contain any hvdrazonovl chloride (8) (TLC 
silica gel; eluant C,H6EtbAc 1: I). Afier evaporation of the 
solvent under reduced pressure, the residue was washed 
several times with light petroleum, then with water and 
dried at room temp. to give 4.5 g of (7) as a yellow solid. 

De~y~azion ofphosp~or~ (7) 
To a soln of phosphorane (7) (1 g) in C,H, (50 cm3), P20s 

(3g) was added. The mixture was stirred overnight at room 
temp and then poored on ice. NaOH pellets were added to 
__1._ .L_ -:_..__ __ _.____I.. _11._1~_^ 12_ ____-:.. I,...__ ._.^ ̂ mane tne nn~ture strongly alLanne. ,nt: “1~“‘~ lays1 WaJ 
separated and the aqueous layer was extracted several times 
with Et,O. The collected organic solns were dried over 
Na,SO, and the solvents were evaporated under reduced 
pressure. An NMR spectrum of the crude reaction mixture 
(0.8g) revealed the presence of some unreacted phosphorane 
(7) but no signals which could be reasonably attributed to 
(2a)E isomer. 

Reactions of hydrazonoyl chlorides (1) with PPh, and Et,N 
(a) In CHKN. To a solution of hvdrazonovl chloride (1) 

(3 1 iO- 3 mokz) and PPh, (9. 10L3 moles) in CH,& 
(lOOcrd), Et,N was added under stirring at room tem- 
perature in the ratios indicated in Table I. Reaction 
jXG~iCSS WPS iXiiitGid bj 

TLC ,.xnn "..I. ml..nn. 
\aur\a (IL,, \rlua.., 

Et@-light petroleum 1: I). When (1) was completely reac- 
ted, the solvent was evaporated under reduced pressure at 
room temperature. The residue was taken up with water and 
extracted with Et,O. The organic layer was dried over 
Na,SO, and the solvent evaporated at room temperature. 
The residue was examined by NMR as etude mixture and 
its ~m~nents were separated by column c~omato~aphy 
(silica gel; eluant Et@-light petroleum-Et,N 1: 1 :O.l). 
Phosphoranes (2) were not eluted by the above solvents but 
were recovered by extruding the silica gel at the top of the 
column, extracting it several times with CH2C12 and evapo- 
rating the solvent at reduced pressure. 

(b) fn CJi6 the reactions were carried out as in CH,CN, 
at room temperature or at reflux (see Table I). The solution 
was extracted with water and dried over Na,SO,; the solvent 
was evaporated at reduced pressure and the residue was 

examined by NMR and column chromatographed, 
above. 

Reactions of hydrazonoyf chloriaks (I) wish Et,N 
The reactions were carried out in CHrCN or in C&H, as 

described in the preceding section, without adding PPh3. 
Reactant ratios, reaction temperatures and times are re- 
ported in Table 1. 

T&mud treatment of phosphoranes 
Phosphoranes (4) (1.7 . 10 - 3 moles) were refluxed in tolu- 

ene (36cm3) and ‘the reactions progress was monitored by 
TLC (silica ael: eluant Et&-liaht netroleum 1: 1). Below 
1 IO” the tea&&s were v&y &w *and even at this tem- 
perature the complete conversion of phosphoranes required 
from 24h ((2a)Z) to 34h ((2b)E and 2). Toluene was 
evaporated at reduced pressure and the reaction products 
(PPh, and benzodiazepines) were separated by column 
chromato~aphy (silica gel; eiuant Et@-light petroleum 
1: 1). Benzodiazepines were recovered in yields from 85% 
(4a) to 90% (W. 

Thermal ireatment of cycloproparinnolines 
Cyclopropacinnolin~ (3) (1.4. IO- 4 moles) wem refluxed 

in C,H, (20 cm)). Reactions progress was monitored by TLC 
(silica gel; eluant Et@-light petroleum 1: I). At complete 
conversion the solvent was evaporated at reduced pressure 
and the residue, examined by NMR showed the benzo- 
diazepines to be practically pure. The conversion of (3a) 
required 4Oh, while that of (XI), both endo and exo-phenyl, 
was complete in 6h. The above reactions, carried out in the 
presence of Et,N (7. 10-4moles) gave the same results in the 
same times. 

Isomerization of endo and exe-phenfl cyclopropacinnolines 
(W 

A solution of exo-Ph cyclopropacinnoline (3h) (30 mg) in 
C,D, (0.5 cm3) was left at room temperature. NMR spectra 
recorded every 24h showed a steady tr~sfo~ation into the 
endo-Ph isomer. After 9 days there was a 7:3 equilibrium 
mixture of the endo and exo-Ph isomers, which did not 
change any more in the following days. The same behaviour 
was observed in the presence of DABCO (30mg) whose 
NMR signals do not interfere with those of cy- 
clopropacinnohnes. In CDCI, the same transformation re- 
quired 7 days. The endo-Ph isomer isomerized to the same 
7.1 m;.+..- ;n thn LnmP t;m.. I, J L...r.LYlr ,u “.b -,.* “,&&II. 
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