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TELOMERIZATION OF ETHYLENE WITH DIMETHYLACETAL

0. G. Safiev, U. B. Imashev, and A. B. Terent'ev UDC 66.095.2:547.313.2

A comparison of the results of a study of ethylene telomerization with cyclic and linear
acetals shows interesting features in the behavior of the latter.
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The cyclic acetals RCH react in radical telomerization mainly through the C —H
"~
OCH,

bond in the OCHRO group, even with R =H [1, 2]; linear CH;(OCH.R'), acetals react principal-
ly at the C —H bond of the alkoxyl group, even dimethylacetals with R' =H [3]. It is shown
in the present study that acetaldehyde dimethylacetal, besides reaction at the mobile acetal
hydrogen, reacts to a considerable extent in radical telomerlzatlon also by rupturing the

C —H bond of the CHs0 group.

The telomerization of ethylene with acetaldehyde dimethylacetal was carried out in the
presence of tert-butyl peroxide (TBP) at 140°C. From the reaction mixture, by a combination
of fractionation and preparative gas —liquid chromatography (GLC), three series of telomers
were isolated: the acetals CHgCH(OCHg)OCHz(CHzCH;) H (Tp, n =1-3), the ketones CH3CO(0) -
(CH2CHa)pH (Kp, n =1-3), and the acetates CH3C(O)0CH2(CH2CH2)HH (An, n =1 and 3) (Table 1).
The structure of the compounds isolated was confirmed by their PMR spectra. Each series of
telomers has a characteristic type of proton enabling their reliable identification: the ke-
tones from the acetyl group singlet, the acetals from the CH;0 and CH;CH group signals, the
acetates from the CH3CO, group singlet. Amyl acetate (Ap, n =2) was practically absent in
the reaction mixture (GLC and PMR data). Besides eight telomers (total yield 75-80%), 11 hy-
drocarbons with a total yield of 15-25% were isolated from the mixture (Table 2). Signals
from protons screened by the functional groups were missing from their PMR spectra.

The formation of acetals (T,) takes place by the normal telomerization arrangement with
chain transfer at the OCHs group:

CH,CH(OCH,), + RO - CH,CH(OCH,)OCH, (I)
(I) + nCH;=CH; 2L CH,CH(OCH;)OCH,(CH,CHy)n H

The T,;-T: acetals were isolated as narrow fractions (90-95%). The PMR spectra showed
the presence of typical signals from CHsCH (d), CHsCH (q), OCHs (s), and OCHzCH. (t) groups.
No ketal telomers were detected in the reaction mixture. It can be supposed that one way of
forming K, ketones is the telomerization of existing acetaldehyde in the reaction mixture
(expts. 6 and 7) according to the scheme

CHscHO -+ nCH,—CHz

oo CHCONCH,CHynH, K, n=1—3

or thermal breakdown of the ketals [4].

Methyl ethyl ketone (K;) was identified by GLC with an authentic specimen; the ketone Ka
was isolated individually, and Ks as a narrow fraction (90%). Their structure was confirmed by the
PMR spectra (see Table 1), which contain signals from the CH5CO groups (singlet, 3H) and
CH,CH,CO (triplet, 2H). According to expts. 6 and 7, the reaction mixture contains about
0.5% of acetaldehyde.

In the reaction mixture, in the T,~T, range, besides the telomers T, and K, we identi-~
fied propyl acetate (A,;) and heptyl acetate (As) with the A, acetate absent (see Table 2).
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This selective formation of acetates may be due to a rearrangement of the first and third
growing radicals CH3CH(OCH3)OCH,(CH,CH;)y* with 1,5- and 1,9-migration of H respectively:

CH,CH(OCH,)OCH, + nCH, = CH, - CH,CH(OCH,)OCH,(CH,CH,),"

CH,CH(OCH,) OCH,CH,CH, 2 %™, CH,G(OCH,)OCH,CH,CH,

CH,CH(OCH;)OCH,3 (CHyCHy)s 22, CHyG(OCH,)OCH(GH4CHy),H
CH,C(OCH,)OCHy(CH;CHy), H

—CHy'
— 3 CH,C(0)OCH, (CH,CHy) H

Propyl acetate was isolated individually and its structure was confirmed by the PMR spectra
(see Table 1). Heptyl acetate was identified by GLC with an authentic specimen and also from
the PMR data on a fraction consisting of heptyl acetate (60%) and methylheptylacetal (Ts,
40%) (see Table 1). The absence of amyl acetate (Az;) is connected with the fact that the
CH3CH(OCH;)OCH,(CH,CH,)»* radical does not undergo rearrangement with 1,7-migration of H.

With primary alkyl radicals, 1,10- and 1,l1l-migration of H was observed in {5]. It is
suggested that these rearrangements can also take place as two successive 1,5- or 1,5~ and
1,6-hydrogen transfers. For the 1,9-migration of H, conformations can exist in the transi-
tion state which provide a sufficiently close approach of the radical center to the migrat-
ing H atom. Nevertheless, even in the case under comsideration, two successive H migrations
can occur.

The formation of methyl acetate, up to 5% of the original acetal, can be attributed to
the B breakdown of CH3C(OCH3)OCHz (CHzCH2)pH (n =0, 1, 3) radicals. Methyl acetate is also
formed directly when dimethylacetal is heated with TBP (expts. 6 and 7).

The hypothesis that the A, acetates are formed by the telomerization of methyl acetate
does not accord with the following experimental results: a) the absence of amyl acetate A,;
b) the absence of methyl butyrate in the reaction mixture (GLC on an authentic specimen), al-
though it is known from [6, 7] that, under similar conditions, methyl acetate reacts mainly
at the acyl group (by 70-80%) to form methyl esters of higher acids; c) even when telomeriza-
tion is carried out with pure methyl acetate, its conversion does not exceed 2-3%. As its
content in the reaction mixture is up to 5 or 6% (expts. 6 and 7), the formation of propyl
acetate in a yield of 13% (on total of propyl acetate + methyl acetate) cannot be ensured.

EXPERIMENTAL

The PMR spectra were recorded on Hitachi —Perkin —Elmer R-20 (60 MHz) and Perkin —
Elmer R-12 (60 MHz) instruments. The reaction products were separated by preparative GLC in
a PAKhV-0.2 apparatus and catharometer with helium as the carrier gas. The column was 2600
x9 mm with 207% SKTFT-50 on Chromaton N-AW (0.2-0.25 mm). Quantitative analyses of the re-
action mixtures were made by GLC in an LKhM-8M chromatograph and catharometer. The carrier
gas was helium (3 liters/h); the columns were: 1) 3000 x4 mm with 15% Carbowax-20 m on N-AW
Chromaton (0.2-0.25 mm); 2) 2000 x4 mm with 15% Apiezon L on Chromaton N-AW (0.2-0.25 mm).

Telomerization of Ethylene with Dimethylacetal

Experiment 1. A rotating steel autoclave of 0.5-liter capacity was loaded with 168.1
g of dimethylacetal and 7.9 gof tert-butyl peroxide(TBP), and ethylene was blown in. The ex-
periment was carried out at 140° for 4 h with an ethylene pressure of 40-45 atm, maintained
by pumping in according to its absorption. After distilling off the initial dimethylacetal
the mixture of products (16.2 g) was distilled into fractioms: 1I) 46° (60 mm)-36° (30 mm),
6.2 g; II) 36° (30 mm)-37° (3 mm), 4.4 g; residue 3 g. Fractions I and II were distilled in
a packed tower. The corresponding narrow fractions from four similar experiments were com-
bined and the telomers were isolated with additional purification by preparative GLC. Their
structure was confirmed by the PMR spectra (see Table 1). The hydrocarbons and ethylene
oligomers were similarly isolated.

Experiments 2-5. These experiments were made in stainless-steel autoclaves of 10-cm?®
capacity. Before an experiment the telogen was purified from traces of oxygen by -the well-
known procedure of "freezing —vacuum —nitrogen —thawing." Control experiments showed that
practically no telogen was entrained during evacuation. After filling with the reactants,
the amount of which was determined with an accuracy of up to 0.02 g, the autoclaves were
heated in a bath of silicone o0il with rotation at 8 rpm. The experimental conditions and
the GLC analyses are given in Table 2.
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Experiments 6 and 7. These experiments were conducted similarly to expts. 2-5; a 2,2%
solution of TBP in dimethylacetal was used; 150°, 60 min.

From 6.5 g of TBP solution in dimethylacetal and 0.32 g of ethylene, according to GLC
there was obtained (calculated on the original acetal): methyl acetate — 5.6%, acetalde-;
hyde — 0.6%, propyl acetate — 0.8%. Inr expt. 7, without ethylene, 5% of methyl acetate and
0.3% of acetaldehyde were obtained.

CONCLUSIONS

1. Telomerization of ethylene with acetaldehyde dimethylacetal gives three series of
products: acetals CHSCH(OCHs)OCHZ(CH2CH2)nH (n = 1-3), acetates CHzCO;CHz (CH2CH2)pH (n =
1 and 3), and ketones CHzCO(CHzCHz)pH (n =1-3).

2. To account for the formation of propyl and heptyl acetates a scheme has been pro-
posed which includes the rearrangement of the growing radicals with 1,5-and 1,9-migration
of hydrogen, respectively.
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