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Photochemical Reactions of Chlorobenzene Derivatives in Benzene 

By G. E. Robinson and J. M. Vernon,* Department of Chemistry, The University of York, Heslington, York 
YO1 5 D D  

U.V. irradiation of a variety of substituted chlorobenzenes in benzene gives the corresponding biphenyls, accom- 
panied in some cases by products of reductive dechlorination. rn-Chlorofluorobenzene and p-bromochloro- 
benzene react with selective replacement of the heavier halogen. Isomer ratios have been measured for the 
photochemical phenylation of anisole with chloro-, bromo-, and iodo-benzenes. The excited singlet state of the 
chloro-compound is implicated in the mechanism of these reactions. Chloronitrobenzenes, which are photostable 
in benzene, are slowly reduced to nitrobenzene on irradiation in ethanol. 

AROMATIC chloro-compounds have been described as 
photochemically unreactive,l in contrast to bromo- 
and iodo-compounds, by virtue of the greater strength 
of the carbon-chlorine bond. There are indeed numerous 
examples in the literature in which an aromatic chlorine 
substituent survives unchanged some other photo- 
chemical transformation in a substrate molecule,2 
and other reports contrasting the photostability of 
aromatic chloro-compounds with the reactions under- 
gone by the corresponding bromo- and iodo-compounds 
on irradiation under the same  condition^.^ Most 
remarkable is the use of chlorobenzene as solvent 
for photochemical reactions of iodobenzene and its 
derivatives with organic ph~sphines .~ 

However, recent work has shown that all types of 
photochemical reaction known for bromo-aromatic 

1 R. K. Sharma and N. Kharasch, Angew. Chem. Internat. 
Edn. ,  1968, 7, 36. 

2 (a) W. D. Cohen, Rec. Trav.  chim., 1920, 39, 243; (b )  A. 
Mustafa, W. Asker, and M. E. D. Sobhy, J .  Org. Chem., 1960, 25, 
1519; (c) H. Kobsa, ibid., 1962, 27, 2293; R. A. Finnegan and 
J .  J. Mattice, Tetrahedron, 1965, 21, 1015; ( d )  T. hlatsuura and 
Y. Kitaura, Bull. Chem. SOC. Japa,, 1968, 41, 2483; (e) J. R. 
Plimmer and U. I. Klingebiel, Chem. Comm.,  1969, 648. 

compounds also occur with chlorobenzene derivatives. 
One such reaction is nucleophilic substitution, exem- 
plified by the photolysis of m-chlorophenol in aqueous 
alkali5 or alcoholic solvents,6 and by the formation of 
+-cyanophenol from 9-chlorophenol in aqueous potas- 
sium cyanide5 Photochemical amination of chloro- 
benzene derivatives has also been reported.'. 8 

In less nucleophilic media, or when the chlorine atom 
is less labile to photonucleophilic substitution, homolysis 
of the carbon-chlorine bond may occur, and products 
are obtained resulting from secondary reactions of aryl 
radicals. Reductive dechlorination, the result of 

(a) T. Sato, S. Shimada, and K. Hata, Bull. Chem. Soc. 
Japan, 1969, 42, 766; (b )  E. J. Baum and J. N. Pitts, jun., 
J .  Phys. Chew., 1966, 70, 2066; (c) N. Kharasch, R. K. Sharma, 
and H. B. Lewis, Chem. Comm., 1966, 418. 

* J. E. Plumb and C. E. Griffin, J .  Org. Chem., 1962, 27, 
4711. 

5 J. T. Pinhey and R. D. G. Rigby, Tetrahedron Letters, 1969, 
1271. 

K. Omura and T. Matsuura, Chem. Comm., 1969, 1394. 
7 J. A. Barltrop, N. J. Bunce, and A. Thomson, J .  Chem. SOG. 

( C ) ,  1967, 1142. 
* E. Havinga, R. 0. de Jongh, and M. E. Kronenberg, Helv. 

Chiirz. Acta, 1967, 50, 2550; E. Havinga and M. E. Kronenberg, 
Pure Appl .  Chein., 1968, 16, 137. 
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hydrogen abstraction, occurs predominantly for chloro- 
benzene,' o- and 9-chlorophenols, and chloroanisoles,g 
and for a-o-chloroplienylnaphthalene,10 all photolysed 
in alcoholic solvents. Isolation of pinacolg from the 
photolysis of @-chloroanisole in propan-2-01 is evidence 
of a homolytic mechanism. Other workers have 
measured the quantum yield for formation of chloride 
ion from the photolysis of chloroanilines, chlorophenols, 
chlorobenzoic acids, etc. in alcoholic solvents under a 
variety of conditions,ll but reported less explicitly the 
organic reaction products. When aromatic amines are 
irradiated in the presence of chlorobenzene derivatives, 
electron transfer apparently occurs from the excited 
amine molecule to the chloro-compound, inducing its 
dissociation into an aryl radical and a halide ion.12 

Yet another type of photochemical reaction is arylation, 
whereby chlorobenzene is converted into biphenyl on 
irradiation in benzene.13 Our preliminary work showed 
the generality of this phenylation r e a ~ t i 0 n . l ~ ~  Prior 
to this the only other examples known to us were the 
formation of isomeric chlorobiphenyls as intermediates 
in the photopolymerisation of chlorobenzene itself,' 
and the competition between intermolecular and intra- 
molecular arylation of a-o-chlorophenylnaphthalene on 
irradiation in benzene.lo We now describe further 
details of our photochemical studies involving chloro- 
benzenes. 

Plzotolysis Products .-All the biphenyls encountered 
in this work are known compounds; authentic samples 
of those not commercially available were prepared for 
comparison purposes, some by a photochemical route. 
U.V. irradiation of the appropriately substituted chloro- 
benzenes in benzene gave 2-cyano-, 2-methoxy-, 3-fluoro-, 
4-hydroxy-, and 4-methyl-biphenyls, and ethyl bi- 
phenyl-4-carboxylate, isolated in 5-13% yields after 
conceiitration and column chromatography of the 
photolysates. Difficulties of separation from unused 
starting material on a small scale and wasteful con- 
version into other unidentified products, as revealed by 
the incomplete product balances of other photolyses 
(Table l), partly account for the low yields. For 
synthetic applications, phot olysis of iodo benzenes, 
where available, is a preferable route, by which Wolf 
and Kharasch l4 isolated several biphenyls in 50430% 
yield, although some ortho-substituted derivatives gave 
lower yields. We also obtained 4-methoxybiphenyl 
in 350/0 yield from the photolysis of 9-iodoanisole in 
benzene. 

Photochemical products from a number of substituted 
chlorobenzenes are given in Table 1. Some variation 
in conditions used for different experiments makes 
quantitative comparisons unreliable] but a spread of 
photochemical reactivity is apparent similar to that 

J. T. Pinhey and R. D. G. Rigby, Tetrahedron Letters, 1960, 
1267. 

lo W. -4. Henderson, jun,, R. Lopresti, and A. Zureig, J. Ainer. 
Chpnt. Soc., 1969, 91, 6049. 

11 J.  Szychlinslti, Roczniki Chenz., 1960, 34, 941 ; T. Latowski, 
Zeszyyty Nauk. Mat., Fiz.,  Chem., Wyzsza Szkala Pedagog. Gdansk, 
1964, 4, 95 (Chem. Abs . ,  1966, 65, 8 7 1 0 ~ )  ; Rocziziki Chem., 1966, 
40,231 ; 1968,42, 99; A Basinski and E. Latowska, ibid., p. 1747. 

found for bromo-compounds by Matsuura and 0mura.l5 
a-Chloronaphthalene disappeared only slowly on irradi- 
ation, and u- and $-chloronitrobenzenes, 3- and 4-cbloro- 
biphenyls, and 9-chlorobenzophenone were photobtable 

TABLE 1 
Photolysis a of substituted chlorobenzenes in benzene 

Analysis of pho tolysate 
Substrate (yo remaining or praduced) 

ArCl tlh ArCl ArPh ArH 
Chlorobenzene 24 43 43 b 
o-Chlorotoluene 26 13 14 b 
m-Chlorotoluene 20 26 20 b 

2-Chloromesi tylene 24 0 0 40 
$-Chlorotoluene 24 27 4 s  b 

o-Chlorophenol 84 17 23 8 
m-Chlorophenol 30 45 34 S 
p-Chlorophenol d 22 46 2 7  5 

p-Chloroanisole 22 25 46 5 
p-Chloroaniline 26 77 9 0 
m-Chlorobenzylidyne tri- 24 28 58 0 

o-Chlorobenzonitrile 24 59 15 0 
$-Chlorobenzonitrile A- 99 67 24 0 
Ethyl P-chlorobenzoate 24 42 48 0 
$-Chloroacetophenone 20 76 5 0 

9-Bromochlorobenzene 0.5 89 7' 0 

o-Chloroanisole 21 15 26 4 

fluoride 

nz-Chlorofluorobenzene 24 5 63 b 

3 55 24f Tracer 
24 7 49 f 1 s  

a-Chloronaphthalene d 71 b 4 0 

@ Hanovia 15 W low-pressure mercury-arc lamp : solution 
stirred and exposed to the air (unless otherwise stated). b Not 
determined. C Authentic material not available for compari- 
son. d Hanovia 100 W medium-pressure lamp ; solution stirred 
by bubbling nitrogen. e Solution in contact with a gently stirred 
lower phase of aqueous sodium hydroxide ( 2 ~ )  during photo- 
lysis, which prevented turbidity due to the separation of 
9-chloroaniline hydrochloride. f 4-Chlorobiphenyl, o Bi- 
phenyl. 

in benzene. Additionally, o- and 9-chlorobenzaldehydes 
were consumed on irradiation but the products were 
not identified. 

As well as biphenyls, reduction products froin the 
starting chlorobenzenes were formed in several cases 
(phenols and anisoles) . 2-Chloromesitylene gave only 
mesitylene and no phenylation product, a result attri- 
butable either to  the availability of benzylic hydrogen 
atoms for abstraction, e.g. intramolecularly from the 
o-methyl groups, or to steric hindrance of the free-radical 
attack on solvent benzene; no other products resulting 
from coupling of benzylic radicals were detected. The 
use of benzene as solvent for these photolyses, and the 
presence in it of traces of toluene impurity, precluded 
the estimation of reduction products from chlorobenzene 
or the clilorotolueiies. This limitation is unfortunate, 
particularly in the case of o-chlorotoluene for which the 
occurrence of extensive reduction would parallel the 

l2 (a)  T. Latowski, Rocmik i  Chenz., 1968, 42, 703, 957; 2. 
Naturforsch., 1968,23a, 1127; (b )  T. Tosa, C. Pac, and I€. Salcurai, 
Tetrahedyon Letters, 1969, 3635. 

l3 (a)  G. E. Robinson and J. JI. Vernon, Chenz. Comnz., 1969. 
977; (b)  M. A. Chel'tsova and G. 1. Nikishin, Izvest. Akad. Nazik 
S.S.S.R. ,  Sey. khim., 1967, 456. 

l4 W. Wolf and N. Kharasch, J. Org. Client., 1961, 26, 283; 
1965, 30, 2493. 

l5 T. Natsuura and I<. Omura, Bad. Chenz. SOC. Japait, 1966, 
39, 944. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
71

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 C
ol

le
ge

 L
on

do
n 

on
 0

6/
04

/2
01

7 
11

:2
3:

29
. 

View Article Online

http://dx.doi.org/10.1039/j39710003363


Org. 3365 

behaviour of 2-chloromesitylene and explain the other- 
wise unsatisfactory product balance. Fluorobenzene, 
if formed from m-chlorofluorobenzene, could not be 
satisfactorily resolved from benzene by g.l.c., so it too 
was not detected. In all other cases in Table 1 the 
reduction product was either measured or shown to be 
absent. 

Flash photolysis studies l6 of some dihalogenobenzenes 
in the gas phase indicate the formation of aryl radicals 
by loss of the heavier of two different halogen sub- 
stituents, i.e. by dissociation of the weaker carbon- 
halogen bond. Products obtained photochemically 
from $-bromophenyl-p-chlorophenylmethane l7 in benz- 
ene are consistent with selective loss of bromine, and 
other workers have described l8 the stepwise replacement 
of iodine before bromine or chlorine, and of bromine 
before fluorine, in the photolysis of dihalogenobenzenes 
in trimethyl phosphite. Our studies have included 
two examples illustrating the same type of selectivity. 
nz-Chlorofluorobenzene gave only 3-fluorobiphenyl, and 
$-bromochlorobenzene gave 4-chlorobiphenyl and traces 
of biphenyl, but neither 4-bromobiphenyl nor its 
secondary photolysis p r ~ d u c t , ~ ~  p-terphenyl. o-Di- 
chlorobenzene was converted into 2-chlorobiphenyl and 
its secondary photolysis products,13" biphenyl and 
o-terphenyl (cj'. o-di-iodobenzene 19). 

In view of the photo-isomerisation of S-methylbi- 
phenyls recently reported,20 we have specifically checked 
the photostability of 2-cyano-, 2-hydroxy-, and 2- 
methoxy-biphenyls. We have also carefully analysed 
all photolysates for traces of isomers of the expected 
biphenyl product. We have confirmed the conversion 
of 2-methylbiphenyl on irradiation in benzene into 
3- and/or 4-isomers (these were clearly separable from 
2-methylbiphenyl but not from each other under a 
variety of g.1.c. conditions), but this isomerisation is 
slow compared with the formation of 2-methylbiphenyl 
from o-chlorotoluene. In no other case have we any 
indication of isomerisation of biphenyls, nor of formation 
of rearranged biphenyls by photolysis of substituted 
chlorobenzenes. 

Mechanistic Considerations.-Isonier ratios of phenyl- 
ated products formed on photolysis of iodobenzene in 
isopropylbenzene support a free-radical mechanism, 
although the observed product distribution Is changed 
if diphenylmercury or tetraphenyl-lead replaces iodo- 
benzene as the source of phenyl radicals.21 From the 
unpublished results 22 of photochemical phenylation 

l6 G. Porter and B. Ward, PYOC. Roy. SOC., ( A ) ,  1965, 28'9,457. 
l7 G. E. Robinson and J. M. Vernon, J .  Chem. SOC. ( C ) ,  1970, 

R. Obrycki and C. E. Griffin, Tetrahedron Letters, 1966, 5049. 
I9 J.  A. Iiampmeier and E. Hoffmeister, J .  Amer. Chenz. Soc., 

1962, 84, 3787. 
20 R. A. Abramovitch and T. Takaya, Chem. Comm., 1969, 

1369; U. Mende, J. L. Laseter, and G. W. Griffin, Tetrahedron 
Lettevs, 1970, 3747. 

2 1  J. 31. Blair, D. Bryce-Smith, and B. W. Pengilly, J .  Chem. 
SOC., 1959, 3174. 

22 N. Kharasch, W. Wolf, T. J .  Erpelding, P. G. Naylor, and 
L. Tokes, Chem. apzd Ind., 1962, 1720; N. Kharasch and P. G. 
Naylor, unpublished results cited in ref. 1. 

2586. 

of other aromatic solvents using iodobenzene, it is 
claimed that thermally equilibrated phenyl radicals 
are involved. We have measured proportions of 
isomeric methoxybiphenyls obtained on photolysis of 
chloro-, bromo-, and iodo-benzenes in anisole, and the 
competitive formation of methoxybiphenyls and bi- 
phenyl from chlorobenzene in anisole-benzene. There 
is some variation in product distribution from the 
different halogenobenzenes (Table Z ) ,  and only the 
results from bromobenzene are closely comparable to 
those from phenylation by radicals generated by thermal 
 route^.^^,^* The phenyl radicals produced from chloro- 
benzene photolysis are apparently ' hotter ', i.e. less 
selective, and those from iodobenzene more selective 
in their position of attack. In the cationic phenylation 
of anisole, ortho-substitution also predominates (56-76% 
of biaryl product depending on co-~olvent ) ,~~  but there 

TABLE 2 
Phenylation of misole by various methods 

Reaction 
PhCl photolysis 
PhBr photolysis 

PhI photolysis 

(PhCO,) ther- 
molysis c 

PhN (NO) Ac 
thermolysis d 

Relative Isomer distribution of 
inethoxybiphenyls (%) 

56.0 20.4 23.6 2.3 
68.5, 15.8, 16.7, 
71.1 14.4 14.5 
78.0, 9.4, 12.6, 
78.3 9.9 11.8 
69.8 14.7 15.6 2.0 a 

2- 3- 4- anisole : benzene 

69.3 18.1 12.6 1.7 b 

a Values of 1.2 and 2.5 are given in ref. 23b. b A value of 
2.0 is given in ref. 24b. e Ref. 23. Ref. 24. 

is characteristically greater discrimination between 
attack at wzeta- and para-positions. An ionic mechanism 
has been discounted for photolysis of a-o-chlorophenyl- 
naphthalene lo for reasons which are equally relevant 
here. 

In photolyses of chlorobenzenes (typically ca. 1 0 - 2 ~ )  
in benzene with the low-pressure mercury-arc source 
(emitting principally at 254 nm), most of the incident 
light is absorbed by the solvent [A,,, 255 nm (c 230)] 26 

and only 0.1-1% directly by the substrate. De- 
compositions of the chloro-compounds may therefore 
be due to photo-sensitisation by benzene. Both 
singlet and triplet sensitation by benzene have been 
recorded,27$ 28 although occurrence of the latter in the 

23 (a) R. T. Morrison, J. Cazes, N. Samkoff, and C. -4. Howe, 
J .  Amer. Chem. SOC., 1962, 84, 4152; (b) G. H. Williams, ' Homo- 
lytic Aromatic Substitution,' Pergamon, Oxford, 1960, ch. 4. 

24 (a)  T. Inukai, K. Kobayashi, and 0. Simamura, Bull. Chew. 
SOC. Japa,, 1962, 35, 1576; (b)  D. H. Hey, Adv. Free-Radical 
Cheiiz., 1967, %, 47. 

25 $1. Kobayashi, H. Minato, E. Yamada, and N. Kobori, 
Bull. Chem. SOC. Japan, 1970, 43, 215; M. Kobayashi, H. 
Minato, and N. Kobori, ibid., p. 219. 

26 A. E. Gillam and E. S. Stern, An Introduction to Electronic 
Absorption Spectroscopy in Organic Chemistry,' Arnold, London, 
2nd edn., 1957, ch. 9. 

27 (a) J. T. Dubois and F. Wilkinson, J .  Chem. Phys., 1963, 
38, 2541; (b)  R. B. Cundall and T. F. Palmer, Trans. Faraday 
SOC., 1960, 56, 1211. 

28 N. J. Turro, ' Molecular Photochemistry,' Benjamin, New 
York, 1967, ch. 5. 
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liquid phase has been Singlet-singlet 
energy transfer to the substrate is competitive with 
other processes leading to deactivation of the benzene 
excited singlet, provided the latter has a mean lifetime 
in solution of cn. 10 ns or 10nger.~9 Chlorine substitution 
generally causes only a small bathochromic shift (ca. 
10 nm) of the first absorption maximum (B band) of 
aromatic compounds.26 From the limited data avail- 
able,30g 31 it appears that chlorine substitution causes 
only a slight lowering of the energies of the first excited 
singlet and triplet levels above the ground electronic 
state of an aromatic molecule. In organic compounds 
containing iodine the heavy atom effect makes for a 
high intersystem crossing efficiency from excited singlet 
to excited triplet states (and, for example, the en- 
hancement of phosphorescence at the expense of fluores- 
cence but this effect is much less marked for 
chloro-compounds. 

Some evidence can be adduced against the involve- 
ment of excited triplet states in these reactions (c j .  
ref. 10). The chlorophenols, 9-chloroaniline, o- and 
9-chlorobenzonitriles, and 9-chloroacetophenone are 
all fairly extensively photolysed (see Table 1) .  The 
energies of their first excited triplet states are not 
known with certainty, but they are probably close to, 
but no higher than, the values for the corresponding 
aromatic compounds without chlorine, i . e .  in the range 
74-82 kcal m01-1.28930 It is doubtful whether this 
represents sufficient energy for homolytic dissociation 
of the aromatic carbon-chlorine bond, which requires 
85.6 kcal mol-l for chl~robenzene.~~ Baum and Pitts 3b 

conjectured that loss of halogen atoms from bromo- and 
iodo-butyrophenones on photolysis in toluene occurred 
from vibrationally excited ground state molecules, but 
this seems unlikely in a condensed phase. All things 
considered, we believe the decompositions of chloro- 
benzenes most probably take place from the excited 
singlet states. 

The photostability of 9-chlorobenzophenone and the 
relatively slow photolysis of 9-chloroacetophenone in 
benzene may be due to the high intersystem crossing 
efficiency of aromatic ketones forming the lowest excited 
triplet states (benzophenone 69 and acetophenone 
74 kcal mol-1),28 which then have insufficient energy 
for reaction. Nevertheless, conversion into 4-acetyl- 
biphenyl, even in low yield, contrasts with photo- 
chemical formation of the pinacol from P-chloroaceto- 
phenone in propan-2-01,~ when no dechlorinated 
products were described, and also with the failure of 
9-chlorobutyrophenone to react on irradiation in 
toluene.3b 

Wolf and Kharasch l4 noted incomplete photolysis of 
29 J. B. Birks, ' Photophysics of Aromatic Moleculcs,' Wiley- 

90 G. N. Lewis and 3%. Kasha, J .  Amer. Chein. SOC., 1944, 66, 

31 Z. 12. Grabowski, 2. phys. Chem. ( F r a ~ k f u r t ) ,  1961, 27, 239. 
32 31. Kasha, Radiation Res. Szdppl., 1960, 2, 243. 
33 M. Szwarc and D. Williams, J .  Chern. Phys., 1952, 20, 1171. 
34 C. S. Marvel and S. M. McElvain, Org. Synth., Coll. Vol. I, 

Intcrscicnce, London, 1970, ch. 4.  

2100. 

1941, p. 170. 

9-iodonitrobenzene in benzene even after prolonged 
irradiation, and Matsuura and Omura l5 obtained no 
nitrobiphenyl product from m- or 9-bromonitrobefizene. 
The chloronitrobenzenes are also photostable in benzene, 
although they are slowly consumed giving small yields 
of nitrobenzene on irradiation in ethanol. a-Clhloro- 
and a-bromo-naphthalenes are likewise reduced to 
naphthalene on photolysis in ethanol noticeably faster 
than they give a-phenylnaphthalene in similar con- 
ditions but in benzene. This difference is probably 
due to predominant absorption and inefficient sewitis- 
ation by benzene at  the low concentrations of substrate 
employed, whereas in ethanol the halogen-containing 
compound itself absorbs the incident light (typically 
>90% through a path length of 1 cm). 

EXPERIMENTAL 

G.1.c. analyses were performed using a Pye Series 104 
chromatograph, on 1-5 m x 4 mm columns containing 
either silicone SE 30 (20%) or diethyleiie glycol adipate 
(15%) on Celite. Mass spectra were recorded on an A.E.I. 
MS 12 low-resolution mass spectrometer operating at 70 eV, 
with a direct insertion probe and with facility for rapid 
scanning of g.1.c. peaks. Photolyses were carried out with 
immersion-type Hanovia mercury-arc lamps with quartz 
envelopes, the medium-pressure lamps (100 and 500 W 
rating) being water-cooled. 

Substituted chlorobenzenes were either commercial 
samples or they were prepared by standard methods; in 
every case the purity was checked by g.1.c. 2-Chloro- 
mesitylene was prepared from 2,4,6-trimethyluniline 
(Emmanuel) as described 34 for o-chlorotoluene, The 
crude product in ether was extracted with aqueous sodium 
hydroxide, and the alkaline phase was acidified to give 
2,4,6-trimethylphenol (37y0), n1.p. 71-73' (from light 
petroleum) (lit.,35 71-5-71.8"). The residual ethereal 
solution was fractionally distilled to give 2-chloromesitylene 
(19%) as an oil, b.p. 75-78" at  15 mmHg (lit.,35 103.6" 
at  25 mmHg), 7n/e 154 and 156 ( M f ,  51 and 17%) atid 119 

2- and 3-Methyl-, 2-hydroxy-, $-amino-, and 4-chloro- 
biphenyls were commercial samples. 4-Cyanobiphenyl 
(7  yo) was prepared from 4-aminobiphenyl (Einmanuel) 
via a Sandmeyer reaction using cuprous cyanide solution; 38 

it  crystallised as needles, m.p. 85-86' [from aqueous 
ethanol (1 : 1 v/v)] (lit.,37 85-86O). 4-Acetylbiphenyl 
(45%) was prepared as described 38 from biphenyl and 
acetyl chloride; i t  crystallised as prisms, m.p. 118-120" 
(from ethanol) (lit.,38 120.5"). 

Photolysis of Ch2orobenzenes.The results given in 
Table 1 were obtained by U.V. irradiation of 100-800 ml 
samples of solutions of substituted chlorobenzenes (ca. 
0-1-0-3y0 w/v) in benzene (Fisons AnalaR grade) a t  
ambient temperatures using a Hanovis 15 W low-pressure 
mercury-arc resonance lamp. The extent of reaction was 
monitored by g.l.c., and in most cases after irradiation 
the photolysate was concentrated for g.1.c. analysis. 

35 IT. Brown, J. M. A. DeBruyne, and P. Gross, J .  Amer. Chem. 
SOC., 1034, 56, 1291. 

36 H. T. Clarke and R. R. Read, Org. Sydh. ,  Coll. Vol. I, 1941, 
p. 514. 

37 R. L. Dannley and E. C. Gregg, jun., J .  Ainer. Chenz. SOC., 
1954, 76, 2997. 

38 H. C. Gull and E. E. Turner, J .  Chenz. Soc., 1929, 401. 
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Products were identified by comparison of g.1.c. retention 
times, and in some cases mass spectra, with those of authen- 
tic compounds ; quantitative measurements were made by 
calibrating the flame ionisation detector response with 
authentic samples of the products, and by using appropriate 
internal standards chosen from naphthalene, biphenyl, 
4-bromobiphenyl, bibenzyl, and phenyl benzoate. 3- 
Hydroxybiphenyl [w/e 170 (M+ loo%)] and 3-trifluoro- 
methylbiphenyl [m/e 222 (Mf 100(70)] were identified by 
mass spectra recorded for g.1.c. peaks, in the absence of 
authentic materials for comparison. 

a-Chloro- and cr-bromo-naphthalene (ca. 0.1 yo w/v) in 
ethanol (Burroughs AnalaR grade) in 24 h irradiation 
(15 IV low-pressure lamp) gave naphthalene (7 and 53% 
respectively) ; a-bromonaphthalene in benzene irradiated 
under the same conditions for 24 h gave oc-phenylnaphthal- 
ene (7  yo) and naphthalene (2%). Similarly photolysis of 
o-, m-, and ;b-chloronitrobenzene in ethanol for 24 h (15 W 
low-pressure lamp) gave nitrobenzene (8, 8, and 3y0, 
respectively). 

Photoclaevlzical Pveparat ion of Biphenyls.-The following 
biphenyls were prepared by irradiation (Hanovia 500 W 
medium-pressure lamp) of substituted chlorobenzenes 
(4-0-50 g) in benzene (950 nil) under nitrogen. After 
evaporation of the photolysate, the residue was chromato- 
graphed on alumina (Laporte type H) and the biaryl 

39 0. Honigschmid, Monatsh., 1901, 22, 561. 
40 S. H.  Zaheer and S. ,4. Fahseeh, J .  Iuidian Chein. SOC., 1944, 

21, 27; W. Schlenk and E. Bergmann, Annalen,  1928, 464, 22. 
G. Schiemann and W. Roselius, Ber., 1929, 62, 1810. 
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fraction was eluted with light petroleum (b.p. 40-60") 
(except where otherwise stated), recovered, and recry- 
stallised from a suitable solvent. The extent of photolysis 
and the chromatographic separation were monitored by 
g.1.c. analysis (silicone SE 30). In  this way o-chloro- 
anisole (photolysed 22 h) gave 2-methoxybiphenyl (8yo), 
m.p. 25-27' (from light petroleum) (lit.,39 29') ; o-chloro- 
benzonitrile (32 h) gave 2-cyanobiphenyl ( 13y0), eluted 
with light petroleum-benzene, m.p. 37-39" (from aqueous 
ethanol) 40 30-32", 37", 41") ; m-chlorofluoro- 
benzene (48 h) gave 3-fluorobiphenyl (12%), m.p. 25-26" 
(from light petroleum) (lit.,41 26-27') ; pchlorotoluene 
(24 h) gave 4-methylbiphenyl (9yo), m.p. 46-47" (from 
light petroleum) (lit.,42 46') ; pchlorophenol (20 h with 
100 W medium-pressure lamp) gave 4-hydroxybiphenyl 
( 5 % ) ,  eluted with ether, m.p. 161-613" (from aqueous 
ethanol) (lit.,43 163") ; ethyl pchlorobenzoate (34 h) gave 
ethyl biphenyl-4-carboxylate (6%),  m.p. 42-44' (from 
light petroleum) (lit.,44 45'). In  the same way irradiation 
of irradiation of fi-iodoanisole (12 h) gave 4-methoxybi- 
phenyl (35%), m.p. 8 7 - 4 9 '  (from ethanol) (lit.,42 89"). 
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42 J.  Elks, J. W. Haworth, and D. H. Hey, .J. Chenz. SOC., 

43 L. C. Raiford and J. C. Colbert, J .  Anzev. C h e m  Soc., 1925, 

44 E. Bergmann, J .  Chem. SOC., 1936, 402. 
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