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CuO catalyzed additons of ethyl cyanoacetate, initiated thermally and 
by di-tert-butyl peroxide, to 1-decene and ethyl 10-undecylenoate were 

investigated. The CuO catalyzed reaction proceeds already at 80 ~ at a 

high rate, produces 1:1 adducts in high yields and represents the first 
example of catalysis in radical addition reactions of non-halogenated 

compounds. 

EblylO HCC.FIe~OBaHO npHCOe~.HHeHHe aTHn~aHoaReTaTa I< 1-~eReHy H aZHn 10-yH~eRHneHo- 
aTy, ~aTa.~3HpOBaHH0e CuO, TepMHqeCKH H ~H-'rpeT.-6yTHnHepeKHcMO. PeaKmm, KaTa- 
nli3HpOBaHHaff CuO, IIpOTeKaeT C BI,ICOKO~ cKopoCTMO y~e IlpH 80 o C, ~aBaff a,IlllyKTbl 
c COCTaBOM I : 1 C SUCOKeM SUXO~OM. 3za peaKmL~ npe/Iczasn~ez coSoi~ nepasiit npH- 
Mep KaTaHH3a B peaK~im~x pajIHx<an~oro HpHcoe~IHHeHH~ HeranoreHHpoBam~IX cOeKH- 
HeZ-mi~. 

Ethyl cyanoacetate (1_) has been reported to give no EPR signa ! when heated 

in the spectrometer cavity at temperatures up to 200 ~ It has also been stated 

that the thermally initiated addition of I to methyl 10-undecylenoate does not occur 

and only the photochemically or di-tert-butyl peroxide (DTBP) initiated reaction 

give~ the expected 1:1 adduct in an acceptable yield/I, 2/. 

We now report a successful thermally initiated and copper(ll) oxide catalyzed 

addition of I to 1-decene (_2) and to ethyl 10-undecylenoate (3__) chosen as model corn= 

pounds. 
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EXPERIMENTA L 

Reactions on a 2 mmol scale of 2 or 3, monitored by GLC, were carried out 

in the dark in a stirred 50 ml glass reactor, under normal pressure, in an atmosphere 

of nitrogen and at 50-180 ~ The reactants (Fluka, Switzerland) were carefully 

degassed, 2- and 3 w e r e  freed of peroxides and distilled before use. 

RESULTS 

As confirmed by analytical and spectral d a t a / 3 / ,  the product resulting 

from the thermally initiated addition of 1 to 2 at 150 ~ (6 hrs, mole ratio of 1 to 

2 = 50:1; conversion of 2-: 95%) is ethyl ~-cyanododecanoate (4._) (59%). A similar 

reaction of 1 with 3 at 160 oC (14 hrs, mole ratio of I to 3 = 10:1; conversion of 3: 

86%) gave 43% of the new diethyl ~ -cyanotridecanedioate (_5) (Sp. 189  ~  Tort; 

IR (neat): VC= O 1740(vs), ~C~Iq 2255(w), VCH 3 1370(m) e ra - l ;  1H NMR (in CDC13; 

TMS): methine triplet (1 H) centered at 3 .4 ppm). 

NCCH2CO2C2H 5 + CH2=CHR > NCCHCH CH R 
I 2 2 

CO 2 C 2 H 5 

_4 R = (CH2)7CH 3 

5 R = (CH2)8CO2C2H5 

The addition of I to 3 in the presence of CuO (5. ? wt. % of 3_) at 85 ~ 

(4 hrs, mole ratio of I to 3 and CuO = 10:1:0.1~ conversion of 3_: 98%) yielded 73% 

of the 1:1 adduct 5. From a comparison of the initial rates for the conversion of 2 

(Fig. I),  it follows that the addition of I to 2 catalyzed by CuO (5.7 wt.% of 2) 

proceeds about fifteen time.s, and the DTBP initiated reaction /4-6[ about five 

times, faster than the thermally initiated reaction. The thermally initiated addition 

of I to 2 producing adduct 4, which starts above 120 ~ and attains its maximum (62%) 

at 180 ~ (Fig. 9.), is accompanied by substantial telomer and resinous product forma- 
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Fig. 1. Time dependence of the conversion of 1-deeene (2) in a thermally initiated 
(A), DTBP initiated (B) and CuO catalyzed (C) addition reaction with ethyl 
cyanoacetate (1_) at 140 ~ Initial mole ratios of the reaction components: 
(A) [1 ]o :  [2]o  =50:1, (B) [1_]o: [2_]o: [DTBP]o =50:1:0"1' 
(C) [1_.]o: [2_]0 : [CuO] = 50:1:,0.1 
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Fig. 2. Temperature dependence of the yield of ethyl ~-cyanododecanoate (4) in a 
thermally initiated (A), DTBP initiated (B) and CuO catalyzed (C) addition 
of ethyl cyanoacetate (1) to 1-decene (2) at 50-180 oc. The numbers in 
parentheses denote reaction time (hr) and total conversion of_2 (~ For 
reaction conditions, see legend to Fig. 1 
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tion. The temperature dependence of the peroxide initiated addition (Fig. 2) is in 

accordance with the known half-lives of DTBP at 100-145 ~  Thermal initia- 

tion contributes, however, to an appreciable extent to the overall conversion of 2 

in the DTBP initiated reaction (Fig. 1). The addition of 1__ to _2 in the presence of a 

catalytic amount of CuO (Fig. 2) proceeds already at 80-85~ at a high rate, with 

high selectivity, without participation of thermal initiation and gives 1:1 adduct 

in 90% yield (GLC). Copper(II) oxide used in this work, and prepared by heating 

metallic copper in a stream of oxygen (240 ml hr-1), exhibits a markedly higher 

activity and selectivity than the oxide obtained by precipitation from an aqueous 

CuSO 4 solut ion/3 ,8/ .  Unlike DTBP, which disintegrates completely while generat- 

ing the starting tert-butoxy and methyl radicals, CuO is not consumed significantly 

during the addition reactions and its activity remains essentially unchanged after the 

first and following cycles. To our knowledge, this is the first example of catalysis 

in radical addition reactions of non-halogenated compounds. 

Thermolysis of carboxylio acid esters is generally assumed to follow a 

unimolecular c y c l i c / 9 /  or free-radical mechanism /10/ .  Detection of traces of 

CH3CN, C2HsOH and CO 2 in the product of our thermally initiated addition reac- 

tions indicates the intermediacy of NCCH 2 radicals. Presumably, these radicals 

as well as the radicals NCCHCO2C2H5 starting the propagation step cannot be 

detected directly in situ; their involvement is, however, clearly evidenced by: 

a) complete inhibition of the addition reactions by traces of ~-naphthol; b) disap- 

pearance of the EPR signal exhibited by a solution of 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) (4x10 -4 tool 1"1) in 1 and simultaneous discoloration of the solution at 130 o 

after 19.0 s in the absence and immediately in the presence of CuO (2x10 "2 mol 1"1). 

As  confirmed by a paratlel experiment, CuO alone does not interact with DPPH. 
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