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The addition of alkyl trichloro- and dichloroacetates to 1,3-butadiene catalysed by copper
complexes has been studied. The reactivity of the chloroacetates increased with increasing
number of chlorine atoms in their molecule and with decreasing number of the carbon atoms
of the alky! of their ester group. The addition of trichloroacetates gave the products (1:1 ad-
ducts) in around 80 per cent yields while the less reactive dichloroacetates afforded the adducts
in 35% yields. The 1:1 adducts were the products of both 1,4- and 1,2-addition, the relative
proportion of which depended especially on the type of the ligand of copper complexes.

Addition reactions of 1,3-butadiene have so far been studied with tetrachlorometh-
ane! "%, halogenoacetic acids® and their esters®:’, chloroacetonitrile®, chloroform®,
and 1,1,1,4-tetrachloropropane!®. The additions were both initiated by organic
peroxides® or UV light® and catalysed by the systems based on copper chlorides®*:
5:8:9 or copper oxides’, Fe chlorides®'® or iron carbonyls'® as well as by dichloro-
tris(triphenylphosphine)ruthenium®. In the presence of organic peroxides or under
UV irradiation, the addition proceeded by radical chain mechanism which has often
been proposed also for the other methods of initiation. The most thoroughly studied
addition was the reaction of 1,3-butadiene with tetrachloromethane which with
dichlorotris(triphenylphosphine)ruthenium* and copper compounds®-® as catalysts
gave 1:1 adducts in high yields (86—90%). However, with organic peroxides as
initiators the addition was accompanied by polymerisation of the diene* and afforded
1 : 1 adduct in only 15% yield. The main product was 1 : 1 adduct which was formed
exclusively by 1,4-addition of tetrachloromethane. The exclusive 1,4-addition has
been observed also in the additions of ethyl tribromoacetate® or trichloroacetate’
to 1,3-butadiene. On the other hand, analogous reactions of chloroacetonitrile®
and 1,1,1,4-tetrachloropropane'® gave also 1,2-adducts in small amounts, the 1,4-
addition being again the main reaction path.

In the present work we report on the investigation of the catalytic activity and
selectivity of copper-amine complexes in the additions of esters of chloroacetic acids
to 1,3-butadiene with respect to optimal conditions for synthesis of 1 :1 adducts.
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EXPERIMENTAL

Chemicals

Ethyl trichloroacetate, methy! chloroacetate, methyl dichloroacetate (all Fluka AG), and di-
ethylamine (Laborchemie Apolda, G.D.R.) were purified by rectification prior to using. Aceto-
nitrile (Croft Laboratories, Ltd.) was distilled twice over P,Og and potassium carbonate. Methyl
trichloroacetate, n-butyl trichloroacetate and ethyl dichloroacetate were prepared by esterifica-
tion of the acids with the appropriate alcohols. Cuprous oxide was obtained by the reduction
of copper(I1) sulphate with glucose1 L Cuprous chloride (Lachema Brno) was purified as described
earlier'?. 1,3-Butadiene (Kau¢uk Kralupy) and 1,10-phenanthroline monohydrate (Lachema
Brno) were used as obtained.

Analytical Methods

GLC analysis of reaction mixtures was carried out on Chrom 4 instrument equipped with FID
detector and CI 100 integrator (Laboratorni pfistroje, Prague). The column was packed with
3% Silicone OV-17 on Gas-Chrom Q (2 mlong, i.d. 3 mm, 80 mesh), over temperature 100 to
140°C. The 1,4- and 1,2-adducts used as standards were isolated by preparative GLC made on
Chrom 3 instrument using 2-4 m-column (i.d. 8 mm) packed with 5% Silicone OV-17 on Gas-
-Chrom Q at 140°C. *H NMR and !3C NMR spectra were recorded on BS 467 Tesla 60 and
Varian XL 200 spectrometers (CDCIl, solutions). Chemical shifts (§) are in ppm relative to
TMS or HMDSO.

General Procedure for Addition of Esters of Chloroacetic Acids to 1,3-Butadiene

In 20 ml Pyrex ampoule closed with a septum, 0-0164 g (0-166 mmol) of cuprous chloride were
dissolved in 3 ml of acetonitrile and aftet cooling with dry ice/ethanol, the liquid 1,3-butadiene
(1-8 g, 33 mmol), an amine (0-332 mmol) and a trichloroacetate (33 mmol) were added. In the
additions with ethyl dichloroacetate, 1-66 mmol of cuprous chloride or cuprous oxide and
3:32 mmol of an amine were used. Then, the reaction mixture was allowed to warm up to room
temperature (in about 20 min), the ampoule was placed in an oil bath heated to the reaction
temperature (45— 130°C) and the ampoule was shaken with a vibration agitator. During the
reaction, samples were withdrawn and analysed by GLC. The reaction products were isolated
after washing the reaction mixture twice with 20 ml of water by vacuum distillation, using mantle
flask.

The rcactivity of individual esters was determined from initial reaction rates at low ester
conversion (x << 0-2). At high ester conversions (x > 0-5), such as in preparative experiments,
butadiene dimerization to 4-vinylcyclohexene was found to be side reaction. However, the
dimerization proceeded only to small extent (less then 5%).

Ethyl 2,2,6-trichloro-4-hexenoate, b.p. 135°C/1-33 kPa. For CgH;;Cl;0, (209-16) calculated:
39-13% C, 4-52%H, 43-32% Cl; found: 39-27%C, 4-57%H, 41-82% Cl. 'HNMR (§) 41
(CH,Cl—), 58 (—CH=CH—), 31 (—CH,—), 43 (—OCH,—), 1:3 (—CHj3). *C NMR (¢)
441 (CH,Cl—), 126'5 (—CH==), 132:7 (=CH—), 47-5 (—CH,—), 82:7 (—CCl,—), 1654
(—CO—), 63:9 (—OCH,—), 13-8 (—CH,).

Ethyl 2,2,4-trichloro-5-hexenoate, b.p. 100— 105°C/1-33 kPa. Isolated in 90% purity by pre-
parative GLC. !H NMR () 52 (CH,=), 58 (<=CH—). 46 (—CHCl—), 3:0 (—CH,—), 4-2
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(—OCH,—), 1'3 (—CHj,). 13C NMR (6) 1181 (CH,=), 136:5 (=CH—), 57-8 (—CHCl—),
52:0 (—CH,—), 819 (—CCl,—), 1651 (—CO—), 64-0 (—OCH,—), 137 (—CH3).

Ethyl 2,6-dichloro-4-hexenoate, b.p. 114—116°C/1-40 kPa. 'H NMR (6) 4-0 (CH,Cl—), 58
(—CH=CH--), 27 (—CH,—), 43 (—CHCl), 4-2 (—OCH,—), 1-3 (—CH3).

TABLE

Reactivity of chloroacetates in their addition to 1,3-butadiene catalysed by CuCl-diethylamine
complex at 100°C

Ester Reaction rate

molh~1g™!
CICH,COOCH;, 0-00¢
Cl,CHCOOCH; 0-02
CI;CCOOCH; 0-94
CI;CCOOC,H; 0:66
Cl1;CCOOC,H, 0-52

% The addition product was not formed in measurable amounts.

TaBLE II

Effect of catalysts on selectivity of additions of ethyl trichloroacetate and ethyl dichloroacetate to
1,3-butadiene

Selectivity, %°

a Ester Isolated
Ester Catalyst . - . °
conversion, x . . yield, %
1.4-addition 1,2-addition
Cl3;CCOOCH;¢ CuCl 0-26 95 5 —
CuCl-DEA 0-95 95 5 80
CuCl-phen? 0-33 94 6 25
Cl,CHCOO. CuCl 0-31 89 11 —
.C,H4* CuCl-DEA 0-37 83 17 —
CuCl-phen 0-50 67 33 27
Cu,O-phen 0-69 75 25 35

9 phen = 1,10-phenanthroline, DEA = diethylamine, ® selectivity (1,4- to 1,2-adduct ratio) did
not depend on ester conversion, € 100°C/1:5h, 0-5 mol % catalyst (with respect to the ester,
41:1 adducts were accompanied by greater amounts of polymers, ¢ 130°C/5 h, 5 mol % catalyst
(with respect to the ester).
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RESULTS AND DISCUSSION

In the reactions of ethyl trichloro- and dichloroacetate with 1,3-butadiene catalysed
by copper complexes, the main route is 1,4-addition. In both cases the addition is
accompanied by formation of the isomeric 1,2-adducts (Equation (4)).

cl COOR COOR
NS+ CLCXCOOR  ——m \/\/>< + />/>< "
d X o o x

X=ClH 14 -adduct 1,2 - adduct

As expected, the rate of the addition increases markedly with increasing number
of chlorine atoms of the acetates (Table I). The reason is obviously the weakening
of the neighbouring C—Cl bond which facilitates the cleavage due to the negative
inducuion effect. The reactivity of the esters decreases with increasing number of
carbon atoms in the ester alkyl group. However, this effect is less significant due to
the greater distance between the alkyl group and the reaction centre.

As for the catalytic activity of copper complexes, the most pronounced effect on
the rate increase in the trichloroacetate addition was exhibited by cuprous chloride-
—diethylamine complex while with phenanthroline this influence was less important.
On the other hand, in the addition of dichloroacetates, 1,10-phenanthroline formed
the most active copper complexes (Table 1I).

The effect of the copper catalysts on the selectivity (i.e. 1,4- to 1,2-adduct ratio)
of the addition of ethyl trichloroacetate and ethyl dichloroacetate to 1,3-butadiene
is presented in Table 11. With cuprous chloride as catalyst, conversions of the esters
were low and with dichloroacetate polymerization of the diene was the main re-
action. The coordination of amine ligands to copper atom increased markedly
activity of the catalysts and supressed polymer formation in ethyl dichloroacetate
addition. While with ethyl trichloroacetate, the 1,4- to 1,2-adduct ratio was around
95 : 5 irrespective of the type of amine ligand, in the addition of ethyl dichloro-
acetate this ratio varied from 89 : 11 to 67 : 33, depending on the ligand.

Of other factors, the reaction temperature exerted much less effect on the selectivity
of additions under study. In the case of ethyl trichloroacetate addition, the increase
in reaction temperature from 45 to 130°C resulted in only 3% increase in the 1,2-ad-
duct formation (from 3 to 67). The same situation has been encountered also in the
ethyl dichloroacetate addition.

In the addition of ethyl trichloroacetate, the catalytic systems used made it pos-
sible to supress completely polymer formation and to obtain the 1 : 1 adduct in 80%
yield. With the less reactive ethyl dichloroacetate, side reactions could not be fully
suprcssed and the isolated yields of the 1 : 1 adducts did not exceed here 35 per cent.

Collection Czechoslovak Chem. Commun. [Vol. 52] [1987]



1284 Vit, Hijek

of

The authors thank Mr V. Blechta for 'H NMR and 13C NMR measurements. The assistance
Analytical Group of the Institute in preparative GLC and elemental analyses is also gratefully

acknowledged.

REFERENCES

. Arbuzov B. A, Nikitina V. I.: Izv. Akad. Nauk SSSR, Ser. Khim. 1960, 1131.
. Hajek M., Silhavy P., Malek J.: This Journal 45, 3488 (1980).
. Asscher M., Vofsi D.: J. Chem. Soc. 1963, 1887.

Matsumoto H., Nakano T., Nikaido T., Nagay Y.: Chem. Lett. 1978, 115.

. Mador I. L., Scheben J. A.: U.S. 33 38 960.
. Leto M. F., Hsia Chen C. H.: J. Org. Chem. 27, 3708 (1962).
. Badanyan S. O., Stepanyan A. N, Sarkisyan K. L.: Arm. Khim. Zh. 27, 479 (1974); Chem.

Abstr. 81, 91015 (1974).

. Julia M., Le Thuillier G., Saussine L.: J. Organometal. Chem. 177, 211 (1979).
. Asscher M., Vofsi D.: J. Chem. Soc. 1963, 3921.

10.
11.
12.

Tshukovskaya E. C., Freidlina R. Ch.: Izv. Akad. Nauk SSSR, Ser. Khim. 1972, 468.
Sandmayer T.: Ber. Dtsch. Chem. Ges. 20, 1494 (1887).

Brauer T.: Handbuch der prdparative organische Chemie, p. 467. F. Enke Verlag, Stuttgart
1954,

Translated by J. Hetflejs.

Cellection Czechoslovak Chem. Commun, [Vol. 52] [1987]





