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m: Stereochemical studies on the copper(I) halide cleavage of thallium-carbon 
bonds rn acetonitrlle indrcate thzt at 80 C a radical path accounts for approxrmately 
213 of the product, whereas at 60 C an ronrc path predominates The results are con- 
srstent wLth e.s.r measurements by a spin ttapprng technique 

Although there are numerous studies on copper(I1) halide cleavage l-4 of metal-carbon 

bonds, relatively little is known about the action of copper(I) halides on metal-carbon bonds 

It has been reported5 that copper(I) halldes induce cleavage of thallium-carbon bonds, replacing 

thallium wrth halide and it was recently shown6 that alkyl radicals are involved in the cleavage 

process. We have now studled the stereochemistry of this cleavage reactron, usrng speclflcally 

deuterated thallium compounds 1 and 3, and found that a free radical mechanism 1s not the only 

pathway, an ionic pathway being a competitive process that becomes overwhelmrngly predominant at 

lower temperature. 

Reaction of thallium compounds, three-1 and erythro-l,’ prepared by trans-methoxythalla- 

tron of specrfrcally deuterated styrenes , with copper(I) halide/potassrum halide rn acetonrtrile 

for 5 hrs gave in each case a mixture of diastereolsomeric products (21, that was analysed by 

NMR spectroscopy. Reactron of three-1 with CuCl/KCl gave a mixture of thre+2 (X = Cl) (6A = 

3.68 ppm; JAB = 8.1 Hz) and orythro-2 (X = Cl) (sA = 3 59 ppm, JAB = 4.2 Hz) in a ratio of 

2:1, and the reaction of three-1 with CuBr/KBr gave three-2 (X = Br) (6, = 3.45 ppm; JAB = 

8.8 Hz) and ery&c+2 (X = Br) (&A = 3 40 ppm; JAB = 4.0 Ha) in a ratio of 2.3:18 (eq. 1). 

Thus there is a slight preference for retention of confrguratron at carbon in the cleavage pro- 

cess. The configurational assignment of diastereorsomers 2 is based on NMR, and we have assigned - 
the isomers with the larger coupling constants (8 1 and 8.8 Hz) as thmo and the rsomer with 
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the smaller coupling constants (4 2 and 4.0 Hz) as erythro, in agreement with a marn conforma- 

tion m which the phenyl and halide groups are ant%perzpZanar and the methoxy and halide groups 

are gauche.9"0 

1n order to determine the role of the phenyl group in the CuCl-cleavage of 1 (possible 

snchrmeric assrstance), we studzed the analogous cleavage reactron of eqthro-2 (eq. 2). The 

thallrum-compound erythro-2, prepared by truns-methoxythallatron of E-l-deuterro-I-decene 11 was 

a white semrsolid mass that was ldentrfled by Its NMR spectrum, and used without further puri- 

fication. The results from some cleavage experiments, grven m Table 1, show that at 80°C (re- 

flux) a mixture of erythro- and threa-4 is formed in a ratio of 1:2. The configurational as- - 
srgnment of 4 was established by an independent synthesis of erythro-5 (cf Table 1, note d). - 
Thus there IS a preference for lnversron m this case which is in contrast to the preference for 

retention observed in the cleavage reaction of 1 (nzde supa). - 
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Furthermore, the stereochemistry of the cleavage reaction of erythyo-3 - 
temperature dependent. At 60°C the ratio eryt?&-+:t?zreo-5 was I:10 rndicatrng 

predominance of inversron product. No significant change m the stereochemical 

(eq. 2) 

was strongly 

an overwhelmrng 

outcome could 

be observed by running the reaction under nitrogen or by omitting or changing the amount of 

potassium chloride. In a control experrment th~eo-~ was refluxed in acetonltrile in the pre- 

sence of CuCl/KCI for 12 hrs. From this experiment three-4 was quantitatively recovered, indi- 

catrng that three-4 is stable under the reactron conditions. - Thus the lower stereospecificity 

at hrgher temperature cannot be explained by isomerlzation tiia SN2-exchange of chlorrde. 

In a previous study6 rt was shown by the spin trapping technique that the copper(I) 

halrde/potassium halide cleavage reaction of 1 in acetonitrile involved free alkyl radicals, - 
and it was suggested that this was the main path. The stereochemical outcome of the present 

study on the cleavage reactrons of 1 and 2 indicates that there are also other pathways, but 

confirms the earlier conclusion that the reaction proceeds mainly &a a radical path at 80°C. 

Thus the stereochemrcal results obtalned at 80°C for both 1 and 1 are consistent with a mechan- - 
ism in which approximately 213 reacts da a free radical path and 113 ma an ionic path with 

thalllum(III) as a leaving group (Scheme 7). For I_, the tonic path would involve anchrmertc 

assistance by the phenyl group 14 (retention), and for 3, the ionic path would be nucleophllrc 

displacement (inversion). At lower temperature the ionic path predomrnates and in the cleavage 

of 3 at 60°C nmre than 415 of the product 4 is formed by nucleophrllc - 
lum(III) and only a minor part through frea radicals. The rate of the 

ture, however, was quite slow compared with the rate at reflux f5 (cf. 

To obtarn further evidence for a radrcal path in the reaction 

undeuterated 2 was treated with copper(I) chloride or bromide (in the 

drsplacement of thal- 

reaction at this tempera- 

Table 1). 

of 2 with copper(I) halide, 

presence or absence of 



Table 1. Reaction of erythro-2 with CuCl/KCl in acetonrtrrlea 

Temperature 

aC 

Yield of qb Relative yield' - 
% erythro-4d threo-4 - - 

80 48 33 67 

70 28 25 75 

60 22 9 91 

a. Eryrtio-3 (1 nnrol), CuCl (2 mmol), KC1 (2 ml) was allowed to react in acetoni- 
trile (5 ml7 for 5 hrs. b. Based on the amount of Tl(OAc) usedlnthe oxythallatlon. 
c. The relative yield was determined by NMR spectroscopy ( 9 00 MHz Instrument, acetone- 
d6), em&ho-4: 6, = 3.65 ppm (J,2 = 5.1 Hz), thrk?cd_: 6 

1 
= 3.60 ppm (J = 4.6 Hr 

d. IndependenTly prepared by mathylation of3 erythro-I-ch oro-l-deuterro- '3-d ecano141;12 
with dlazomethane using BF3 as a catalyst. 

potassrum halrde) in deoxygenated acetonltrile at i30°C for 1 mln in the presence of the spin 

trap perdeuterronLtrosodurene. Immediate measurement of the e s r spectrum at -35'C shows a 

spectrum similar to that observed in the case of PhCH(OMe)CH2T1(OAc)26 consrstrng of two sets of 

doublets (0.444 and 1.47 mT) further split into a l*l:l trrplet (1.35 mT), 8 factor 2 0060 At 

60°C the same spectrum, but with about l/4 intensity (the quantity of l/4 has only semi-quantr- 

tative significance), was observed. In agreement with these observations, the yield of the pro- 

duct n-C8H,7CH(OMe)CH2Br in the reaction of n-C8H,7CH(OMe)CH2Tl(OAc)2 wrth equimolar amounts of 

CuBr and KRr in acetonltrlle at reflux for 2 hrs was 59% but only 22% 111 the presence of nrtro- 

sobenzene. At 60°C the yield was almost the same in erther the presence or absence of nitroso- 

benzene (14% after 2 hrs). Clearly, the addition of nitrosobenzene stops the free radical reac- 

tlon pathway by trapping a free alkyl radical. 

The role of copper(I) in these cleavage reactions is not wholly understood. However, 

ln the radical pathway It is lrkely that the copper(I) halide acts as a reducing agent by trans- 

ferring one electron to thallium, 
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would undergo fast homolysis to an alkyl radical and thallium(I). Reaction of the alkyl radical 
with the copper halide formed would give the organic halide. A similar electron transfer 
mechanism was recently proposed to account for the free radicals formed in the reductant induced 

cleavage of thallium-carbon bonds by ascorbic acid and N-benayl-1,4-dlhydronicotinamide. l6 In 
the nucleophilic displacement of the thallium(II1) moiety by halide the attacking species seem 

to be both X- and CuX- 
2' since we have found that the reaction of n-C H 8 ,,CH(OMe)CH2Tl(OAc)2 with 

KBr II-I acetonitrile at 60°C for 5 hrs gave 12% of the corresponding alkyl bromide, whereas the 
reaction with CuBr/KBr gave 24% of the alkyl bromide 
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