
Tetrahedron Letters No.41, pp. 5049-5052, 1966. ~ergamon press Ltd. 
Printed in Great Britain. 

R. Obrycki and C. E. Griffin 

Departient of Chemistry, University of Pittsburgh 
Pittsburgh, PennBylmlia 152l3 

(Received 28 July 1966) 

The fonmtion of aryl radicals by the photolytic homolyeee of - 

bon-halogen bonds in aryl iodide~,'-~ bromides2*4-6 and chlorides4'5'7 hae 

been demonstrated and it has been shown that the ease of hmolysis parallelcl 

the carbon-halogen bond streqthn of the aryl halides.5 Synthetic utilira- 

tion of radicals generated fmm aryl iodide6 was first achieved by Kharagch 

In the a~nthesia of biphenyle la; the r8action now constitutes the basis of 

procedures for the arylation of aroma tic systelas1*3 and organophosphonxe 

OOQOUlldl% 
2 Similar synthetic procedures based on aryl bromides have been 

reportad,2b'3b'6 although product yields are lower than for aryl iodides. 

A further dxwp in reactivity is observed with aryl chloride6 4,597 and attempt- 

ed synthetic reactions with these halides are generally unsuccessful. 3,5b 

Recent studies have shown that eryl fluorides are eesentially unreactive 

under these photolytio conditions. 5 

We now wish to report three examples of aryl halide photolyses in 

which synthetically important carbon-chlorine and carbon-fluorine bond labil- 

ity is observed. Studies in this laboratory have shown that photolyses of 

iodo- and bromo-benzene6 in the preeence of trlalkyl phosphites result in 

the formation of dial@1 phenylphosphonates in good yield2; the reaction has 

hv C6H5X + P(ORj3 F C6R5P(0)(OR)2 + RX 
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also been shown to be effective with substituted iodobenwnea. 2c In an ex- 

tension of these synthetic studies, the photolyaes (Table I) of P series of 

dihalobenwnes in tbthyl phospbite hare been exemiaed. As expected, pho- 

tolyses of the isomeric bromoiodobenwnes (Is-c) led to the formation of 

mixtures of the bromophenyl (1Ia-c) and pheuyleuebisphosphouates (III). 5e 

reaction is presloled to be sequential with II se- as precursor to III 

end it was showa that photolysis (53 hr.) of the uylphosphonate 

(IIb) in trimethfl phosphite yielded the bisphosphonate (e-111, 85$). 

!!he results obtained with ortho_chloroiodobenwne (Id) were unexpected; the 

carbon-chlori~ bond of the anticipated product (III) proved to be quite 

labile and the biephosphonate ( III) was the major product. In a con- 

trol experiment, IId was converted to e-111 (17%) by photolysis (24 hr.) 

in trimethylphosphite. The corresponding m-is-r (If) also gave bi6- 

phosphonate, although the chloropheuylphosphonate (IIf) was the major product. 

The anticipated lack of reactivity of the carbon-chlorine bond was observed 

in the case of the e-isomer (Ie) and the chlorophenylphosphonate (IIe) 

Was the sole product. !5le results of the photolysis of~-blWofluoroben- 

wne (Ig) were alao -ticipated. '&e expectedpara_nuorophenylphoaphonate 

(IIg) was themajorproduct, but a significant degree of carbon-fluoriae 

bond lability was observed with the formation of the biaphosphonate (E- 

III). A louger reaction time was employed in the photolysis of Ig, siuoa 

thecarbon-bromiue bond is less labile than the carbon-iodine bonds of Ia-f. 

'Ihe unexpected degree of carbon-chlorine and carbon-fluorine bond 

lability shoti by IId,f,g must be attributed to an activating influence of 

the dimethoxyphosphono group. Under camparable conditions, chloro- and 

fluoro-benw.ues fail to react with trimethyl phosphite. l¶~e yields of bi.s- 

phosphonates obtained in the bromoiodobenwne eeries also provide evidence 

for au activation effect. The yields of photolysis products from IIa-c 

range from 23 to 87$; under comparable conditions, photolysis of bnxnobenwne 
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TABLE1 

PhotolJtic Formation of Halopbeuylphosphonates and PlleaylenebA@umpbozmtes* 

C&I4YY + P(OcH3)3 + Yc6H4P(owxE3)2 + c(jH4cP(o)w13~212 

I 

(a) 

(b) 
Cc) 
(d) 
(e) 
(f) 

(8) 

II 

xn?z PII k% 

ortho I Br 44 87 23.5 
meta I Br 57 23 24 

para I * 17 39 24 
ortim I Q ll 28 24 
meta I Cl 92 0 24 

para I Q 72 10 24 

para*F 39 29 117 

III 

%nditions: O*, 450 watt Henovis high pressure lamp, five-fold excess of 
trimethyl phospbite, no solvent, quarts apparatus. Yields cited are based 
on isolation. 

intrimetbylpbospbite gives only a 23%yield of pbenylphosphonate. 2b This 

activation Is also dependent upon substituent orientation with carbon-hslogen 

bond lability decreasing in the order ,~>meta for IIa-f. similar 

orIentatIonal effects hare been observed In the photolyses of other substi- 

tuted balobensenes. 4,5%7,8 

'Ihe products obtained in these photolyses have not been previously 

described in the literature, but the structures were fully supported by ele- 

mental analyses, infrared and NMR spectrs. Ihe following physical constants 

were obmrvedr IIe, b.p. 113ll5* (0.2 mn.); IIb, b.p. 104-105. (0.2 me.); 

Xc, b.p. 95-96' (0.1 arm.); IId, b.p. 106-107. (0.3 me.); IIe, b.p. 109_llOe 

(0.5 em.); III, b.p. 95-96* (0.1 mm.); 116, b.p. 80-81' (0.2 ma.); &&-III, 

m.p. 80-81'; &-III, high boili.sg liquid; a-111, m-p. lOO-101.. l%rtber 

work in this ama is in progress and full detaila of these end other reactions 

with substituted aryl halides will be reported. 
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