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%mmary* "he addition of organic haloge- r:onpourdo to oleflns in the 

presence of cuprous chloride under TJ.':. irradiation gave 7.1 adducts. 

,Fome transition zeta1 salt.; or -0lplexes such as Cu(l), Y L Fe(II), Ru(II), 

as well as Co2(C3) 8 and "~lo2(C?!q0 have been known to be effective catalysts In 

addition of polyhalogen coapoundn to oleiin3.l I_Ynfortunately, the reactions 

are limited to rather strongly activated halogen compounds ( or those having 

relatively weak halogen-carbon bonds > such as CClic, CIICIJ, CHCl2CJ etc. 

A notable exception is the dddiiion of' dichloromethane catalyzed by 

‘TiC12(X3h J 
2 

3‘2' 
although the yields of ?:I adducts are low. 

In this paper we report a new methodology for the addition of organic 

halides to olefins. We used cuprous chloride 1: combination with U.V. irradi- 

ation so that the reducing ability of the copper salt c0d.d be enhanced. by 

employing this new oystcm, the additl.on of unactivated halogen compounds such 

as dichloromethane and even bromobenzece to olefins has been realized. The 

results are listed in the Table 3 and the reaction conditions are given in the 

footnote of the Table. 
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Thus, chloroform reacted with acrylonitrile in the presence of a cataly- 

tic amount of cuprous chloride under U.V. irradiation for 30 hr using 
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Table. Photo-assisted addition of halogen compounds to olefinsa 

Fun IIalogen Olefrn ?'=C b and(or) Adduct 

compound 30lvent' 

Yield' 

(%) 

1 

2 

3 

4 
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6 
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10 

11 

12e 

13c 

14 

1' J 

IGf 

17f 

EC1 
3 

C?Cl 
3 

CFT*C12 

CII*C12 

c-T2 Cl * 

CE2C12 

DhBr 

Phsr 

PhRr 

PhBr 

K3(CH2)33r 

C)Er 

PhBr 

PhAr 

acrylonitrlle CBCl2CY2CHClCN 3 75 

acrylonitrile _-,A_ my; A 1 91 

acrylonitrile T'A3 CR2C1CJ2CHClCN 2 90 

acrylonitrile TE3AC 2 31 

acrylonitrile T"B"3 2 15 

ethyl acrylate TEAY C72C1CH2CHClCOOEt 3 93 Cv 

acrylonitrile VA3 PhCS2CHBrCN 5 43 

acrylonitrile THla/T?AZ A 23 

acrylonitrile DGDM/TBA> 4 47 

acrylonitrile DYS3 A 60 

ethyl acrylate DYSO "hCH2CHBrCOOEt 
2 77 

diethyl fumarate DMSO EtO~CCI-I(Ph)CHBrCOOEt~ 75 

ethyl crotonate DMSO CH3CH(Ph)CHBrCOOEt z 40 

acrylonitrile DMSO CHJ(CH2)4CHBrCN 8_ 20 

ethyl acrylate DYSO 0 CH2CHBrCOOEt 2 15 

acrylonitrile DMSO x 94g'h 

styrene DMSO PhCH2C:iWh 2 95g,i 

a 7.v. source; low-pressure He; lamp, reaction trme; 30 hr, CuCl (0.1 mmol) 

and an olefin (3 mmol). Run 1-7; a halogen compound (20 ml), run 8-17; a 

solvent (20 ml) and a halogen compound (9 mmol). b PTC:CuCl=Y:l (molar ratio). 

' Abbreviation; T'EAB=(n-7u)4N*~Br-, TFBAC=PhC'-r2N+Et3&, TPBPB=PhCH2P+Ph3. 

Br- and DGDM=(Me'3CH2C42)20. d Based on charged olefins and determined by GLC. 

e Reaction time; 40 hr. f t-Butylcatechol (0.2 mmol) was added. g Based on 

consumed olefins. 
h 

Consumption of olefin; 52%. 1 Consumption of olefin; 38%. 
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chloroform itself as a solvent to give the I:1 adduct (3) ~_n 75% yield (Table 

run I). 'Ihe photochemlcal reaction of dlchloromethane or bromobenzene in the 

presence of olefins and cuprous chloride gave only the telomers of the olefins. 

The failure of the photo-asslsted addition reaction of these di- and mono- 

halogen compounds to olefiys may be due to the poor solubility of cuprous 

chloride in these halogen compounds, We have overcome the solubillty problem 

of the catalyst by using phase transfer catalysts (PTC).4 WC found that 

dichloromethane or bromobenzene reacted with olefins in the gresence of cuprous 

chloride solubillzed by TN' under -7.7. irradiation to give 1 :I adducts. The 

organic halides wore used in large excess in order to avoid telomerlzation of 

olefins in these reactions (Table runs l-7). The possibility of addition 

reactions In other solvents was ,also investigated, and DVSO was found to be a 

good solvent for copper(?) catalyzed photo-assIsted addition reactions. 

Zesides the formation of 1.1 adducts with the halogen compounds, oleflns were 

consumed in competing telomerization reactions (for example, *fable run 10). 

When the photo-reaction was carried out in the presence of a radical lnhibltor 

(e.g. t-butylcatechol) to suppress tclomerizatlon reactions, the oleflns were 

consumed almost completelg in I:1 addrtion reactions (Table runs '!6 and 17)- 

An unactlvated olefin gave a different product. I-'or example, I-octene reacted 

photochemlcally with chloroform in the presence of cuprous chloride to give a 

product (12) in 55" yield. 

Concerning the reaction mechanism, two possible pathways were considered; 

(1) a free radical chain pathway and (2) a photo-redox pathway. The former 

mechanism, however, seems unlikely because our adclit~on products were not 

produced in the radical-induced reaction systems. 

CHCl CH2=CH-CK 
hv 

3 * Br2 

// > 
I/ 

PhBr + CTT2=CH-CN + TPO 
A ,, 

N > k 
Thus, we prefer the photo-redox pathway to explain the photo-addition reactions 
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It is not certain which substrate cuprous chloride iritlally reduces photo- 

them ically, an olef1n or a halo,~cn co:~poL!"d. inie prcfcr the Pathway in whxch 

the halogen compound is rnitially reduced photochemically by cuprous chloride.5 

A mechanism in which the species derived from reduction of the olefin selecti- 

vely abstracts halogen rather than hydrogen seems to be less plausible. 
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