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Photocyclisation of 2-Halogenobenzanilides: An Extreme Example of
Halogen Atom, Solvent, and Isomer Dependence.
A Practical Phenanthridine Synthesis

By James GriMmsHAW* and A PRASANNA DE SILVA
(Department of Chemastry, The Queen’s Unwversity of Belfast, Belfast BT9 5AG)

Summary 2-Chlorobenzanilides photocychise to phenan- ASSISTANCE to carbon-halogen bond photohomolysis by
thndones by assisted homolysis of the carbon-chlorine radical complexation' results in a formal lowering of
bond. dissociation energy for the fissioning bond  An important
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corollary of this process 1s that flexible molecules with
suitable excited state and bond energy values will undergo
homolysis only 1n configurations where assistance 1s available
so that exclusive cyclisation would occur and free radical
reactions from an extended conformation and involving
solvent molecules would be avoided Assuming that no
other photoreaction paths are significant, the yields of
cyclised product should be high The 2-halogenoben-
zanilides 1llustrate this point
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Irradiation at 254 nm of (1, X = Cl) 1in deaerated cyclo-
hexane gives nearly quantitative cyclisation to (3) with
1sosbestic points observed by u v spectroscopy, whereas (1,
X = Br or I) gives benzanilide as the initial product with
no detectable (3) Benzamilide gives rise to secondary
products vta the photo-Fries reaction 2 Irradiation of
(1, X = OMe) gives no (3) under stmilar conditions implying
that the electrocyclic path vza (4, X = OMe) 1s slow com-
pared to skeletal decomposition3 This halogen atom
dependent reaction 1s understandable in terms of the possi-
bility of unassisted fission from the trans-configuration of
(1, X = Br and I) (see energy data in the Scheme) but not
from (1, X = Cl) No dimers appear to be involved The
trans-form of benzanilides 1s thermodynamically stablet and
indeed we obtained benzanilide 1n good yield by decomposi-
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tion of the exciplex formed between (1, X = Cl) and photo-
excited diethylaniline according to the procedure of Sakurai,
Tosa, and Pac

TasLE Conversion of 2 chlorobenzanilides mnto phenan-

thridones by 254 nm irradiation of 10-3m solutions 1n cyclo-
hexane under nitrogen

4’ Substituent Phenanthridone2
on (1, - A
X =Cl ¢ Yield/ % Mp /°C
CF, 015 74 291—293
CGO,Et 015 70 271—272
Cl 025 67 326—3270p
H 020 71 292-—-294¢
Me 014 67 250252
OMe 74 x 103 23 228--230

2 All compounds had satisfactory spectral and analytical data
b H Giman and J Eisch J Am Chem Soc 1957 79, 5479, give
mp 327°C c¢L Oyster and H Adkms, | Am Chem Soc, 1921,
43, 208, give m p 293 °C

The photocyclisation of (1, X = Cl) 1s quenched by aur,
piperylene, and naphthalene and can be singlet (benzene) or
triplet (xanthone) sensitised to give (3) mn yields of 669, and
509, respectively, implicating T, as the reactive excited
state  Polar solvents, either neat or as minor additives in
cyclohexane almost completely retard the reaction and very
similar behaviour 1s seen 1n the case of the N-methylated
dervative of (1, X = Cl) Solvation® of the polar 1, state
lowers the available energy thus making the transition state
(2) 1maccessible

Irradiation of (5, X = Cl) at 254 nm leads to photo-
decomposition instead of formation of (3) and under milder
conditions (A > 300 nm, benzene solvent) yields 549, of (5,
X = Ph) In contrast, 4’-chlorobenzanilide 1s relatively
photostable  Weak assistance from the carbonyl group 1n
the trans-form of (5, X = Cl) to the fissioning carbon-
chlorine bond appears to be responsible for this reaction
Of considerable relevance 1s the recent report of benzo-
thiazole photosynthesis from 2-chlorothioacetanilides ?

A series of phenanthridones have been synthesised by
wradiation of 4’-substituted 2-chlorobenzanilides, and the
reaction work-up procedure 1s very stmple  The simplicity
of the method 1s in marked contrast to older syntheses ®
Earlier photochemical methods from (1, X = H)}° (1,
X =1),%3% or (1, X = OMe)? are slow or give substantial
amounts of side products To our knowledge there 1s only
one other 1solated example of a 2-chlorobenzanilide photo-
cychisation and none of the above features of this reaction
was recognised 10

The principal effects of 4!-substitution on the quantum
yield (¢) for cyclisation and on the yield of cyclised product
(see Table) appear to be due to changes in the rotational
barrier about the peptide bond and to changes in the
m-donor strength of the aniline ring
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