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Electrocyclic ring closure of 47 electron 1,3-dipolar species 1,
leading to the corresponding three-membered ring isomers 2, is
permitted both by thermal and by photochemical processes accor-—
ding to symmetry selection rules (1). These latter ones should be
preferred, since three-membered rings are usually unstable when
heated, although some exceﬁtions are known (2), In view of their
aromatic counterparts three types of 1,3-dipoles 1 were of inte-
rest to us: azomethine ylides (X=CR,)}; azomethine imines (X=NR)

and nitrones (X=0}. Electrocyveclic ring closure would lead to the
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corresponding three-membered rings 2: aziridines (X=CR2), diaziri-
dines (X=NR) and oxaziridines (%=0).

Stable azomethine imines lead photochemically te the corresponding
diaziridines as was shown by Schultz (3) and by Moore (4). For

example azomethine imine 3 leads to the bicyclic diaziridine A(3)
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Merely as a working hypothesis we postulated several years ago
that pyridinium ylides 5 namely pyridinium methylides (X=CR2),
N-iminopyridinium ylides (X=NR) and pyridine-N-oxides (%=0),
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should undergo photoinduced electrocyclic ring closure to the

corresponding norcaradienes 6 in the same way the non-aromatic
1,3~dipolar species 1 underwent ring closure to their isomers 2
(5). Rapid thermal and disrotatory valence tautomerism of com-
pounds'é wag expected to lead to the corresponding cyclohepta-
triene analogues 7. Predicting a similar behaviour for pyridi-
nium ylides 5 and for 1,3-dipoles 1 in their excited state see-
med reasonable in view of the fact that both types of compounds
lead to 1,3-dipolar cycloaddition reactions (6): in the aromatic
series pyridinium dicyanomethylide reacts with methyl acetylene
dicarboxylate leading to the aromatic adduct 8 after HCN elimi-
nation (7). Likewise the non-substituted and rather unstable
l-iminopyridinium ylide reacts with methyl propynoate and gives
adduct 2(7).Pyridine—N—oxide reacts with phenylisocyanate and
leads to 2-phenylaminopyridine 20 via an oxadiazolidinone inter-

mediate which expells €0, (7).
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UV excitation of l1-iminopyridinium ylides leads to the expected
1,2-diazepines 7 . Pyridinium methylides and pyridine-N-oxides
give pyrrole derivatives, the formation of which is best explai-
ned by assuming the intermediate occurence of 2H-azepines 7

(X=CR,)} and 1,2-oxazepines 7 (X=0) respectively.
2 ’ £

1-Iminopyridinium ylides 2 proved to be the most interesting py-
ridinium ylides 11 in terms of preparative organic photochemis~
try. Furthermore the major photoproduct had the predicted seven-
membered 1,2-diazepine structure 13 (8). According to our hypo-

thetical mechanistic scheme 1l,7-diazanorcaradiencs 12 are suppo-
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sed to be intermediates on the reaction pathway leading from 11
to 13 (5 and ¢), although there is no clearcut proof in favour

of such short-lived compounds as vyet.
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The synthesis of the zwitterionic and colourless pyridinium ylides
11 is based on nitrogen-nitrogen coupling reactions. They involve
nitrene derivatives, which are obtained from azido compounds like
ethyl azidoformate (10) or O-sulfonylated hydroxylamines, like
hydroxylamine-0-sulfonic acid (11), or, even better, mesitylsul-

fonylhydroxylamine (12),

Various chromophores have been attached to the pyridine nitrogen
atom: alkoxycarbonylimino-, benzoylimino- and tosylimino-groups.
Ylides 11 all lead in high chemical yield to the corresponding
1,2-diazepines 13 when irradiated by means of high pressure mer-
cury vapour lamps through Pyrex glass.

LCAO-SCF-CI calculations of the Pariser-Parr-Pople type predict
m-1% transitions for the photoactive part of the absorption spec-
trum: energies, relative intensities and polarization directions
agree quite well with the experimental results, assuming an ex-
cited singlet state to be responsible for the photoisomerisation
process (13). Experiments carried out so far suggest that this is
indeed.the case, The results obtained from theoretical calcula-
tions are that on excitation negative charge is being trénsferred
from the exccyclic ylide nitrogen to the ring, In vieﬁ of the

strong negative solvatochromism, one may assume that intramolecu.-

lar charge transfer cccurs, leading to some sort of a diradical

species. In its singlet this diradical could ring clese to the
diazanorcaradiene 12; intersystem crossing would lead to a trip-
let and thence to homolytic N-N bond cleavage.
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The photochemical synthesis of 1,2-diazepines as described above
is of preparative interest to organic chemists (14). Large bat-
ches of diazepines are prepared by using a 2000 watt dynamic thin
film photoreactor,

Ring monosubstituted pyridinium ylides are of interest to test
substituent effects mnpon their photochemical reactivity. From
data collected on Table 1 we deduce that the mesomeric effect of
substituents attached to C~4 of the pyridinium ylide ring is pro-
nounced indeed: electron-donating groups like dimethylaming chlor-
ine and phenyl permit photoinduced ring expansion, whereas elec-
tron-attracting groups like ketones, esters or nitriles inhibit

this process (14).

Table 1 Photochemical behaviour of 4-substituted
l~iminopyridiniwm ylides.

&b O A o

N A = CH,, 75%
Y = COPh or CO,Et A= cgi, 90%
A = CL 80%
s’ 28R he A=N Me 65%
iy o W z
B = COzEt
Y = COPh or CO,Et B = CK
B = COAr

Substituents attached to C-2 or to C-3 of the pyridinivm ring

could lead to two isomeric diazepines depending upon the cyclisa-
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tion direction of the exocyclic notrogen atomsy toward C-2 or to-
ward C-6, 2-Chloro- or 2-methoxypyridinium ylides could not be
synthesized, 2-Cyancpyridinium ylide 14 (X=CN) undergoes in high
yield a regiospecific ring enlargement leading exclusively to 3=
cyano-l-ethoxycarbonyl-1,2-diazepine 15 (X=CN) (14). Rather unex-
pectedly the 2-methylpyridinium ylide i&_(XﬂCH3) leads to the
same type of result: again one observes a regiospecific ring en-
largement to 1,2-diazepine 15 (X=CH3). Methyl groups having no
pronounced electronic effect wpon m electrons, it is assumed that
the regiospecific ring enlargement is mainly due to a steric ef-~
fect which would prevent ring closure of the exocyclic nitrogen

atom to occur toward C-2,
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As can be seen from Table 2 electron-attracting groups like es-
sters, amides and nitriles lead regiospecifically and in high
yield to only one type of photoiscmer, namely 4-substituted 1,4-
diazepines.

Table 2 Regiospecific photochemical ring expansion

of 3-substituted pyridinium ylides (Y = 1
electron-attracting groups)
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N\COPh COPh COPh
Y = CO,Et 80%
Y = CONH, 86%
¥ = CN 84%

To the contrary, electron-donating C-3 substituents, which do

not bear any acidic hydrogen atoms, lead in a non-~regiospecific

way in high yield to a mixture of the corresponding 4- and 6-
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substituted 1,2~-diazepines.

1,2-Piazepines being easily available by the aforementioned
photoinduced ring expansion process, proved to be interesting
synthons for the preparation of various polycyclic systems: acid
catalysed dimerisation leads to tricyclic compounds (15); 1,3~di-
poles add either to the Aﬂ or to the A? double bond leading for
example to pyrazolino-diazepines and thence to homodiazepines (16)
or to oxadiazolines (17); potential antibiotics have been synthe-
sized in excellent yields starting from 1,2-diazepines, acyl
chlorides and triethylamine (17, 18), to guote but a few examples.
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