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Abmtr%!t--Reactions of methyl trichloroacetate with olelins catalyzed by dicobajt octacarbonyl, cyclo- 
~nta~~ylrnoly~~~ tricarbonyl dimer and cyclo~n~dienyli~~ dicarbonyl dimer have been studied. 
Products varied de&ding on catalyst nature. Me~yl-~alkyI-2~~~c~orobutyra~ was obtained by 
the cobalt catalyst. 4-Alkyl-2,2-dichloro-y-butyrolactone was the main product by the molybdenum and 
iron catalysts. 

A NCJMBBR OF REPOR’IS on free radical addition reactions of poly~loalkan~ to 
olefins have been given. These reactions are initiated by organic peroxides,’ copper 
or iron salts,3 mononuclear metal carbonyls such as Fe(CO),,4 or photochemically. 
We have found that the dinuclear metal carbonyls such as Co2(CO)e are active catalysts 
for the addition of Ccl, to olefms.5 We assume homolytic fission of the metal-metal 
bond in the dinuclear complexes by Ccl, is the first step of this reaction as shown below. 

M---M + CCL -+ Cl&--M + Cl--M 

It is expected that polyhaloalkanes having the same or higher reactivity than Ccl, 
might also cleave the metal-metal bond in the dinuclear metal carbonyls and add to 
olefins. Based on the fact that trichloroacetic acid is more active toward metal carbonyls 
than Ccl, in polymerization of vinyl monomer, 6 the addition reaction of methyl 
trichloroacetate was undertaken. In this paper results of the reactions of methyl 
trichloroacetate with oleflns catalyzed by dinuclear metal carbonyls are presented. 

RESULTS AND DISCUSSION 

The reaction of methyl trichloroacetate with olefins in the presence of a catalytic 
amount of Co,(CO), was tirst investigated. Addition of methyl trichloro~etate 

to olefins proceeded smoothly to give methyl 4- alkyl-2,2&trichlorobutyrate. Results 
of the reaction of methyl trichloroacetate with 1-hexene are shown in Table I. 

Them are two possible orientations for the addition. Actually, the product formed 
by addition of the Cl,CCO,CH, group to the terminal carbon was selectively 
obtained. 
CH,---(CH,),-CH==CH, + CI,CC02CH3 

- CHJ-(CH2)3--CH-CH2-CC12C0,CH, 
co2om I 

Cl 
29 
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TABU 1. REAC~OHS OF METHYL TRlCEUOROACETATE WITH 
1-HEXJ3NB IN THE PRBWNCE OF cO,(co),’ 

Reaction Temp methyl h&4- trichlorocaprylate 

150 1610 g (73%~~ 
130 3.57 (164) 
110 2.94 (13.5) 

l The reactions were carried out with CCI,CO,CH, 
(203 gb I-hexene (7@ g), and Co&CO), (OS s) for 16 hr. 

b Yields based on I-hcxene. 

Apparent from the table, the reaction should he carried out above 150” to secure a fairly 
good yield. 

Then thereaction ofrnethyl trichloroacetate with olefins catalyzed by [CpMo(CO),], 
and [CpFe(CO)& was investigated and somewhat different results obtained. One 
of the products (minor) was methyl 4alkyl-2,2,4-trichlrobutyrate (i). The main product 
was ~alkyl-2,2-dichloro-y-butyrolactone (II). 

R\ , 
Ii’ 

C==CH, + Cl,CCO,CH, 

CCPMO(CO),]Z 
or 

CCpFe(CO)& 
k 

R’--C--CH, 
I I 

Cl I 

This result differs from the usual free radical addition reaction of trichloroacetic 
acid ester initiated by organic peroxide in which no lactonization occurs and the 
product is 4-alkyl-2,2&trichlorobutyric acid ester.’ Therefore metal carbonyls 
seem to modify the nature of intermediate radical species by coordination or inter- 
action. Results of the reactions of methyl trichloroacetate with propylene are shown 
in Table II. From the Table, it is clear that for the lactone synthesis [CpMo(CO)& 
is superior to [CpFe(CO)& It should be noticed that solvents have marked effect 
on the relative ratio of the products. Benzene is the best solvent for the lactone syn- 
thesis. Results of the reactions of methyl trichloroacetate with other 1-olefins in the 
presence of [CpMo(CO),Jz are shown in Table III. The ratio of the ester to the 
la&one also changed depending on the olefii structure. 
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TALILB II. R@ACXI~S oP METHYL TRICHLOROACBTATE WITH PROPYLENE CATNYZJD BY (CpMdCO),], AND 

ICpFdCWz’ 

Catalystb Solvent 
Products’ 

recoverui 

Lactone Ester 
CCl,CO,CH, 

MO’ 23.11 g (81.5%) 048 g (1.3%) 0.17 g 
FCC 13.48 g (461%) 3.83 g (13.1%) 6.33 
MO McOH 1013 g (88.8%) 0.58 g ( 3.9%) 5.02 
MO CA 13.22 g (98.7%) trace 2.91 
MO THF 12.10 g (75.2%) 430 g (205%) 0 
MO CH,CI, 12.81 g (79.4%) 0.32 g ( 1.5%) 0 
MO n-hexane 9.01 g (70.0%) trace 0 

’ Reactions were carried out with CCl,CO,CH, (170 g), propylene (20 ml), solvent (20 ml), and the 
catalyst (@5 g) at 150” for 16 hr. 

b MO: [CpMc&O),], Fe: [CpFe(CO),],. 
’ Reaction was carried out with 300 g of CCIsCOsCHa, 30 ml of propylene and 05 g of the catalyst at 

150” for 16 hr. 
’ Lactonc: 2,2-dichloro4methyl-y-butyrolactone. Ester: methyl 2.2.4trichlorovalerate. 
* Yields based on the consumed CCI,CO,CH* 

TABLE III. REACTIOFS OF MEIH~ TRIC-IKOROACE-TAT~ WITM I-OL~M IN THE PRESLWCE OF [CpMo(CO)Jz 

Olefm R 

R 

hOdUCt 

R 

\ \ 

/ 
C-CH,CCI,COxCHx 

/ 
C-CH, 

R’ I R’ I I 
Cl CC], 

/ 

R 

CHs-KHdr H 1.49 g ( 68%) 11.96 g (68.3%) 
CH,<Hs- Hb I.17 g ( 4.4%)’ 10.48 g (98%) 
CH,-KHA- H 1.16 g (10.2%) 685 g (73.8%) 

CH, 

\ 
CH-CH,- H 2.06 g ( 9.4%) 1054 g (@3%) 

/ 
CH, 
CH,- CH,b 3.58 g (I 3.6%)d 869 g (42.1%)’ 

’ The reactions were carried out with CCl,COICH, (2OQ g), olefm (70 gl, [CpMo(CO),], (05 B) at 
150” for I6 hr. 

b 20 ml of olclin was used. 
’ Yields based on the olefin 
’ Yields based on the CClxCOsCH,. 
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The disubstituted olefin, isobutylene, showed lower selectivity compared to a 
monosubstituted olefin. This might be due to the steric influence by the two methyl 
group in the lactonization. 

The reaction of methyl t~chloroacetate with cis- and trans-2-butene in the presence 
of [CpMojCO),], was carried out. Methyl 2,2,4-trichloro-3-methylvalerate and 2,2- 
dichloro-3,4-dimethylq-butyrolactone were obtained in about 10 and So”/, yields 
from the butenes. The lactone contained cis (IIIa) and trans (IIIb) isomers. 

CH, CHJ 

t t 
H___C___C___H 

I I 
0 CCI, 
\/ 

The ratio of the trum (IIIb) to the cis (IIIa) lactone obtained from cis- and truns-Z 
butene was 1-39 and 1.61 respectively. This means that the reaction did not proceed 
stereospecifically, namely, free rotation around the C---C bond occurred in the inter- 
mediate, and a larger amount of the thermodynamically mote stable trans isomer 
was formed. 

We propose the following mechanism for these reactions. The first step is the forma- 
tion of the CC&CO&H3 complex (IV) by reaction of the dinuclear metal complexes 
with methyl trichloroacetate. Addition of the CCl,CO,CH, complex (IV) to olefin 
forms complex V. Reaction of complex V with another molecule of methyl trichloro- 
acetate gives methyl 4-alkyl-2,2,4_trichlorobutyrate (I) with regeneration of the 
CCl,CO,CH, complex (IV). 4-Alkyl-2,2-dichloro-y-butyrolactone (II) is formed from 
complex V by cyclization. 

[MefCO),L,], + CC&CO&H, 

- H,CO,CCl,C~Me(C!O),L, + ClMe(CO),L,, 
IV 

R--CH=CH, + H3C02CCl,CMe(CO),I-, 

- R-CH--CH,-CCl,CO,CH, 

W=%,L V 
R-CH-CH,-C&-CO&H, 

. + CI,CCO,CH, 
Me(CO),L 

V 

- R-_CH-CH,-CCl,COzCH, + IV 



TABLE Iv. hOPERTlI?i AND ANALYSB OF MEITWL 4-ALKYL-2,2,eTRl~toROBUrYRATE AND ‘&ALKYL-2,2- 

DICHLORO-Y-WTYROLACTONE 

_-.. _-._.-.. -__ _____.__ _____ 
I, R = -+ZH,),- CHJ 

R’ = H 

I, R = -CH, 
R’= H 

1, R = --CH,-CH, 
R’ = __-H 

II,R=-<H,R’=- H 

II, R = --(CH,), --CH, 
R’ = H 

II. R = - +ZH,),-CH, 
R’ = H 

b.p. c(%) H(X) ‘J(%) MWCHCI,) 
- -.-- -.- .-.- 

96- 98,’ 1 mm Found 41.52 5.93 40.37 253 

Calc. 41.37 5.75 40.61 261 

106-108/23 mm Found 32.93 4.25 48.21 224 
Calc. 32.88 4.11 48.40 219 

llO-113,‘26 mm Found 36.27 4.85 45.21 229 

Calc. 36.05 4.72 45.49 233 

12&125;23 mm Found 35.77 3.77 41.78 173 

Calc. 35.50 3.55 42.01 169 
118-120; 2 mm Found 50.08 692 29.88 232 

Calc. 50.20 6.69 29.71 239 

148,‘23 mm Found 4568 5.82 33.41 205 

Calc. 45.50 5.69 33.65 211 

NMR spectrum 
___ .__-__ .----. ------ 

9.00 (3H, t). 790% 8.80 (6H) 

7.2O(lH,q),6.83(lH.q) 

604 (3H, s), 5.73 (1H) 

8.23 (3H, d), 7Q7 (1 H, q) 

672 (1 H, q), 5.96 (3H, s) 

5.58 (1H) 

844 (3H, d), 7.33 (lH, q) 

670 (lH, q), 5.19 (1H) 
9.12(3H,t), 7.8-89(lOH) 

7.43 (lH, q). 6.81 (IH, q) 
5.42 (1H) 

9.02 (3H, t). 7.9 - 8.8 (6H) 
7.36(IH,q),6.76(1H.q) 

5.38 (1H) 

II. R = -CH,-CH’ 144146/28 mm Found45.72 5.81 33.38 207 9.02 (6H, d), 7.9- 8.7 (3H) 

\ Calc. 45.50 569 33.65 211 74O(lH,q),6.75(1H.q) 
CH3 5.35 (1H) 

R’=- H 

II, R = - -CHI- -CHx, R’ = H 1 IO/5 mm Found 39.52 4.43 3862 179 

Calc. 39.34 4.37 38.80 183 

II, R = R’ = - CH, 118-120,‘29 mm Found 39.61 4.49 38.53 189 8.43 (6H, s), 695 (2H, s) 

Calc. 39.34 4.37 38.80 183 
% 
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R-CH - CH, R-CH-CH, 

I I 
Me(CO),L, 0 cc12 

H,C02C-CCI,~ ic/ II 

II 
H,C-O-CO-CCl, 0 

v CHIC1 
+ 

IV 

The difference between the Co, MO, and Fe catalysts toward the lactonization reaction 
seems to be due to the different degree of coordination or interaction of the methoxy 
carbonyl group with the metal carbonyls in the complex (V) 

EXPERIMENTAL 

NMR spectra were determined on a Varian A-60 spectrometer in CCl, and expressed in r values. 
Analysis ol the products were carried out by gas chromatography (silicone OV 17-108). [CpMo(CO),], and 
[CpFc(CO),], were synthesized from Mo(CO), and Ft(CO), by the. known method.s All experiments were 
carried out using a glass tube equipped with a gas inlet capillary. The glass vessd was placed in an autoclave 
and the reaction was carried out by shaking Only typical examples are shown. 

Reaction oJCCl,CO,CH, with 1-hexene catalyzed by Co,(CO),,. CCl,CO,CH, (200 g), 1-hexene (7Q g), 
and Co,(CO), (O-5 g) were mixed in the glass vessel and placed in an autoclave and shaken at 150” for 16 hr. 
Distillation of product gave 16.10 g of methyl 2,2,4_trichlorocapryrate at lC&lCW,2 mm (IR spectrum: 
1760 cm-‘) 

Reaction $ CCl,C02CH, with propylene catalyzed by [CpMo(CO),],. CCI,COICHs (300 g) and 
[CpMo(CO),], (OS gj were mixed in the glass vessel, which was placed in an autoclave. Propylene (30 ml) 
was introduced and the reaction was carried out at 150” for 16 hr. The produd was distilled to give @17 g 
ofCCl,C02CH, recovered at 5460”/23 mm. A mixture Oc methyl 2,&&trichlorovalerate and 2.2-dichlore 
4-methyl-y-butyrolactone (l:l. determined by gas chromatograph), @% g was obtained at 80-118”/ 
23 mm. Further distillation gave 22.63 8 of 2,2-dichloro4methyl-y-butyrolactone at 1 l8-125”,23 mm. 
(IR spectrum: 1800 cm-‘). 

Reaction oJCCl&O,CH, with cis-Zbutene catalyzed by [CpMo(CO),],. CCI,CO,CH, (20.0 g), MeOH 
(20 ml), and catalyst (0.5 g) were mixed in the glass vessel, and placed in an autoclave. Cis-Zbutene (20 ml) 
was introduced and the autoclave shaken at 150” for 16 hr. Distillation of product gave first 4.47 g of 
CCI,CO,CH,. Then a mixture of methyl 2,2,4-trichloro-3-methylvalerate and 2,2-dichloro-3,4-dimethyl 
y-butyrolactonc (ratio of the ester to the lactone was 1:1.5), 6.15 g. was obtained at 90-128”,‘26 mm Further 
distillation afforded 5.83 g of 2,2-dichloro-3,4-dimethyl-y-butyrolactone at 128-130”/26 mm 2,2-Dichloro- 
3,4-dimethyl-y-butyrolactone contained cis- and tram- isomers. Their conliguration was determined by 
NMR. 

CH’$ CH:” 
I I 

H’d’_ T---T.-H”’ 
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‘Runs-lactone: 8.76 (CH’ji- -, J,: 7 cpsk 860 (CHyi- -, JM: 6-5 cpsl 6.87 (H”). J,: 7 cps, 
(H”‘, Ju: 6.5 cps, J,,: 

J,,: cps) 5.07 7 
7 cps) Cis-lactone: 868 (CH’;‘- , Jar: 65 cps). 853 (CH& J,,: 6 cps). (II@‘, 7.45 

J,: 65 cps, J,: 10 cps) 5.70 (HI’), J,: 6 cps, J,,: 10 cps). The ratio of the rrans to the cis was determined by 
gas chromatography and was 1.39:1. 
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