ORGANIC CHEMISTRY

TELOMERIZATION OF ETHYLENE BY METHYI METHOXYACETATE

N, &, Ikonnikov, N. I. Lamova, UDC $6.095.2:313.2
%, Terent'ev, and R. Kh. Freidlin

The radical felomerization of ethvleme by telogens of the type XCH,CO,R (X = H, CH,,
C Hes Gl R = H, CH,) is achieved by the rupture of the o-C—H bond and is accompanied by the
regrouping of radicals invelving the 1,5-migratiom of a H atom. To an appreciable extent,
the nature of the substituent X determines the relative reactivity of the telogens and the
radicals formed from them, as well as the structure and distribution of the final telomeriza-
tion products {1]. It was of interest to extend the boundaries of research using as telogens
carboxylic acids and their derivatives containing X substituents of a different type, in-
cluding, in particular, a heteroatom at the «-C atom of the telogen. The present investiga-
tion deals with a study of the pereoxide-imitiated telomerization of ethylene by methyl meth-
oxvacetate (MMA) (I) (Table 1).

After telomerization individual compownds having both linear and branched hydrocarbon
chains were isolated from the reaction mixture and identified {see Table 1). A series of
straight-chain telomers T, (IV)-(VI} is formed according to a general telomerization scheme,
including the rupture of the «-C-H bond of the telogen, the growth of the radicals formed,
and chain transfer by the growing radicals:
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To a comparatively small extent {up te 1.9 mole %}, the direction of the veaction is
also determined by the rupture of the {~# bond in the a-methoxy group, which leads to the
formation of methyl propoxyacetate {I1):

s
B CH—CH, —> {II) {TY)

4 series of a-methoxy-substituted branched telomers {X) and (XIII) is formed as a result of
the regrouping of the radicals C,, involvinmg the 1,5-migration of a H-atom:
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A particular feature of the given system is that the regrouped radicals D are fixed both in

the form of telomers in the series Tj and products from the recombination with the radicals
A, which reflects a fairly prolonged lifetime for the radicals D and indicates the high stab-
ilizing effect of the methoxy group:
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TABLE 1. 'H and '3C NMR Spectral Data and Elemental Analysis

Methoxyacetate
MR
Compound Epec- coo CH,0 &
. - lerum
3 2 1 ‘H -
cHaoc:I(ifg:och, ®) - P A
X 30,8(17)
58,4 (3)
5 & 3. 2 4 v . i ,
CH,CH,CH,0CH,CO.CH ) H 3,675 (1) -
SCHLCHQERC0CH: v $C | 1635 {506
CH,CHzCHZ((::[II{Ig)CHgOCHZCOzGH, ah i 374s (1) _
sg | 1697 [507
OB,CBOHCOLH, H 3725 (1) | -
0CH, ¥ 3,32 s (3)
Iv) 3¢, 1744 50,7 (1)
) o 57.3 (3)
cmmmmmm%mmmn ) - 370's (1) _
0CH, 3,328 (3)
") 130, 174,6 50,7 (1)
“ 57,3 (3)
LHRCHQCHZCH&HZCH?(?’-IG@CI% : o 367 s (1) _
. OCH, 3,29 5 (37)
v 13Q, 1746 |50,7 (1)
57,3 (3)
UECHCHOOR, v H ' 368 s -
OCH,CH,CH, : e 1747 5086
(VID)
H 3,70 s (1') -
CH,0CHCO,CH, . a) g 1685 2,133 ?1(’?)
CH,0CHCOCH, = ) I WA
(VIII) 1 371 5(1/) —
3.37 5(3)
130 168,5 [51.3 (1)
v 58,7 (3)
CH,CH,
CH,CH,CH,CH,CCO,CH, (T 1303 1756 50,5 29,1
ax)CHmHS '
c,mHaa” iH g?g s(g)
. . ,16 5(37) =
cachzcrichzqcoch, (Ty) g 1729 |57 82.3
- CH,CH,
H 3,76 s(4”
3,70 s(19)
3,29 $(3")
" 3,47 5(5”
» 0CH, 3 a) oo | 101 [sbo
CH,CH,0H,CH,CCOCH, - 168,5 gé,i (1, 4")
- (XI 5 (5%)
.c;r,ocgcg;cég. - 346 9 (3(”1) " 86,1
X s I’ v
"+ b) 3,385 (5
3.24 S(3")
3G 1708 1510
168,7 51,3 (1, 4")
58,9 (5)
v . 51.8 (37) 85,0
CH,CH, xin t 13C 176,0  |50,6 489
(CH,CH,CH,CH,),CCO,GH,
(T%)
3, ; 173,2 50,8 (1) 82,2
oty (Ti) 50,6 (3)
(CH,GH,GH,CH,),CCO,CH,
v (XIIn
CH,0CHCO,CH, ) 1685 51,3 (1) -
Ds 168,7 158,2
GO, ] ;
CHOGHO0 S 58,6(3)

*Data are presented for the individual compounds a) and b).
+Compounds (XII), (XIII), and (VIII) are presented in the




of the Products from the

Telomerization of Ethylene by Methyl

form of fractions.

Found
‘ Calc., %
CH CH,CH, CH,
W] H
- - 397 s 843 | 787
69,1 w15 | A
094t 392 5(2), 3,40t (3), 1,53 m (4) - -
- 10,3 728 (2), 67,6 (3), 257 (4) - -
097t 400 5(2), 351t (3), 148m (4,5,6) |
- 138 42 (2), 677 (3), 984 (4) 6022 | 10,03
292 (5), 223 (6) 5907 | 1007
370m 0,89 t 167 m - -
81,2 93 258
3,70m 0,90t 140 m - -
80,1 13,7 32,3 (3), 27,1 (4), 222 (5)
367m 0,89t 128 m 6363 | 1078
804 138 326 @), 209 (9, 58 6), 315 @), 6379 1 1071
3 k) 2‘ 7
3.65m 094t (4,5) | 165 m(3,4), 334m (3) - -
70,8 95 (4), 105 (5) | 706 (3, 250 (3), 228 (&)
3,965 - -
80,9 - -
4,078 - — 46,45 6.89
7660 | 684
808 B B 46,60
- 82 (4),138 (6) {333 (3), 26,3 (3", 26,0 (4), 23,0 (5) - -
0,80 t(4)

0,92 t(8) 166 m (3;3), 1,29 m 63,30 10,84
- 138 (6), 7.3 (&) | 33,0 (3), 26,3 (3'), 25,1(4), 22,8 (5) 63,79 | 10,74
401s 0,89t 1,63 m(3), 4,22 m 5491 | 846

5505 | 84T

84,2 13,7 357(3), 25,6 (4), 22,6 (5)
409 s 091t 1,70 m(3), 1,28 m
838 138 30,6 (3), 25,2 (4), 227 (5)

- 8.4 (4), 137 (6) | 33,7 (3),26:4 (3), 26,0(4), 23,0 (5)

- 137 335 (3), 25,4 (4), 228 (5)

80,9

81,0 - ~
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D A ——>{Xi)
Another important feature of the telomerization of ethylene by MMA is the formation of
products having a branched structure and not containing the methoxy group at the o-C atom

[T,%, (IV), (XII)] accordine to the SCheﬁiﬁ@ | OCH,

! 150 |

D + M — CHCH,CH,CH,LCO.CH,; —> CH,CH,CH,CH,CCO,CH;
o, i
CH,CH, CH.CH;

—» CH;CHLCH,CH,CCO.CH; (E,
~CH,0 {
CH,CH,
GHgCH‘g

g £
E 4 (n — 3)CHy=CH, — CH,CH,CH,CH,CCO,CH;  (TY)
|

{CH,CH,), H ,
Methyl 2-propoxybutancate (VII)* is apparently formed through the stage of 1,5-migration of
the H atom from the methoxy group to the radical C; but without subsequent fragmentation:

OCH, OCH,
o i 1.3H i
CH,CH;CHCO.CHy —— CHCHCHCO.CH; (F)
s .
P+ CHe=CH, — {VI[) T,

The general reaction scheme suggested on the basis of the results obtained provided the pos-
sibility of comparing the reactivity of the radicals at the chain growth and transfer stages.
The particular chain transfer constants for non-regrouped (C,) and regrouped (C}) radicals
are presented in Table 2. The given system is the first example in a series of studies of
the telomerization of ethylene by the methyl esters of carboxvlic acids [1], where the values
of C, and Cf are virtually constant, irrespective of the chain length of the radical. The
contrast between the results obtained with data on the telcmerization of ethylene by methyl
chloroacetate is very clear, where the C; values increase with an increase in n: €, = 0.07;
C, = 0.13; C; = 0.18; C, = 0.18. A similar variation in Cn was always observed for other ex-
amples of telomerization. Tt is caused by a decrease in the polar effect of the functional
group and the substituent on the reactiwity of the radicals at the chain transfer stage.

Thus, based on the constancy of the values of Cy for the telomerization of ethylene by
MMA, it can be considered that in radicals of the type CH,CH,(CH,CH,),.,CR(OCH,)COOCH, (R=H§,
alkyl) the a-methoxyl substituent compensates the polar effect of the carbomethoxyl group.

EXPERTMENTAL

The 'H and *3C NMR spectra of the compounds isolated {n20% solutions in CCi,, TMS) were
recorded on Hitachi-Perkin—Elmer R-12 (68 MHz) and Bruker WP-200 (50.31 MHz) instruments.
Analytical GLC: a 2000 x 3 mm stainless steel column containing 207 SKTFT-50 on 80-100 mech
Chromosorb W; temperature programming from 108°C at a rate of 4 deg/min; helium flow rate 55
ml/min; katharometer. The weight content of the unreacted telogen and reaction products was
calculated from the peak areas of the corresponding components by the internal standard
method (methyl propionate for the telcgen, methyl pentoxyacetate for the reaction products)
followed by normalization. Preparative GLC: stainless steel columns: 1) 1300 x O mm con-
taining 207 SKTFT-50 on Chromaton N-AW, 0.16-0.20 mm, 100, 140°C; 2) 2600 x 9 mm, the same
phase, 152°C; helium flow rate 120 ml/min, katharometer.

Telomerization of Ethylene by Methyl Methoxyacetae {MMA). The experiments to determine
the chain transfer constants C; (calculated from the Mayo equation [2]) were conducted with
Iijl stainless steel autoclaves by the procedure described in [3]. The experimental condi-
tions and the GLC analytical data are presented in Table 2. The telomerization products were
produced in 28-ml stainless steel autoclaves. 1In an experiment we used 15 g MMA, 2.4 g ethyl-

*Other pathways can be suggested for the formation of compounds of the type T, and methyl
2-propoxybutanocate, e.g., from the radicals by a combination of the stages of chain growth
and transfer, fragmentation, and regrouping. However, the absence in the reaction mass of
intermediate products from the stabilization of radicals — esters of the lower acids of 1i-
near structure, and esters of 2-ethylbutanoic and 2-ethylhexancic acids — permits the schemes
indicated above to be considered as most probabie.
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ene, and 1.0 g tert-butyl peroxide (TBP); 140°C, 4 h. The reaction masses of five experiments
were combined, and after distilling of the unreacted telogen 18 g of the product mixture was
separated into narrow fractions (residue 2.3 g), from which the individual products were iso-
lated by preparative GLC (see Expt. 1).

Analysis of the '3C NMR Data. For all the compounds in the T, series signals from the
GH,0 group at the a-C atom (53.7 ppm) and the o-C atom itself (80.1-81.2 ppm) are character-
istic, and a signal from the CH,CH, groupat the tertiary C atom is also characteristic for T;

(9.3 ppm).

Besides linear products, we identified the branched products (X) and (XIII) containing
the CH;0, CH;CH, (7.3 ppm), and C,Hy groups (X) and CH;0 and two C,H, groups (XIII) at the
quaternary o-C atom, which enabled us to assign structures T; and T,, respectively, to them.
In the structurally similar compounds (IX) (T,°) and (XII) (T;°) C,H, is found in (IX) in-
stead of the fragment CH50, while in (XII) the C,Hy group is found. Compound (XI) would seem
to consist of fragments of two components. On the one hand, this is a radical of the initial
telogen [cf. (VIII) in Table 1] and, on the other, it is a grouping of (X), including the
CH,;CO00, CH,0, and C,H, groups at the quaternary o-C atom. Component (VII) contains CH;CH,
(9.5 ppm) and CH5CH,CH,0 [cf. (II) in Table 1] at the tertiary a-C atom and is methyl 2-prop-
oxybutanoate.

CONCLUSIONS

1. The telomerization of ethylene by methyl methoxyacetate takes place principally as
a result of the rupture of the a-C—H bond in the telogen and is accompanied by regrouping of
the radicals (involving the 1,5-migration of the H atom), cross-recombination, and fragmenta-
tion, as a result of which six types of reaction products are formed.

2. The absence of a polar effect from the methoxycarbonyl group on the reactivity of
radicals of the type CH,CH,(CH,CH,),-,CR(OCH;)COOCH, (R = H or alkyl) is caused by the com-
pensating effect of the a-methoxyl substituent.
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