ADDITION OF METHYL TRIBROMOACETATE AND
METHYL MONOBROMACETATE TO
ACRYLIC COMPOUNDS

F. K. Velichko and L. V. Vinogradova UDC 542.955:547.464.2:547.391

The methyl esters of the bromoacetic acids CHsOOCCHyBr;.; = 0—2), with their gradation in the
electrophilicity of the CH,Br;_, group and the stability of the C—Br bond, represent a convenient object
for studying homolytic addition and telomerization reactions, which go under the conditions of an unfavor-
able polar factor, in particular, addition to electrophilic acrylic compounds, Peroxide initiation is inef~
ficient in these cases, since cleavage of a bromine atom from the electrophilic brominated methyl acetate .
by the electrophilic growing CH3;00CCHyBr,_,CH,CHX radical is difficult (see scheme below), as a result
of which the main direction of the process becomes polymerization of the acrylic compound, The use of
initiating systems based on Fe(CO); makes it possible to reduce the difficulties in the chain transfer step
[1-3].

In the present paper we studied the addition of methyl tribromoacetate (MTBA) to acrylonitrile (AN)
and methyl acrylate (MA), and of methyl monobromoacetate to MA, in the presence of coordination com-
plexes (CC) that contain Fe(CO);. The obtained results are given in Tables 1-3, and they fit within the
framework of the general scheme of the chain radical reactions of addition and telomerization involving
CC, both in the initiation step and in the chain transfer step @1.

Initiation
CH,00CCH,Br,_, ——+CH300CCH Bry.n, + (FeBr)** — complex

Addition

CH,00CCH,Br,., -~ CH,=CHX - CH,00CCH,,Br,.,CH,CHX (I)
n = 0,2; X = CN, COOCH,

Chain transfer

(PeBry+—complex

(I) + CH;00CCH,,Br, .,
—»CH,00CCH,,Br,_,CH,CHBrX + CH,00CCH,,Br, » (T3)

Further growth of the (I} radical is also possible, with the formation of the addition product of two mono-
meric units (telomer T,).
CH;00CCH, Brg_,

(1) + CH,=CHX —— = *"CH,00CCH, Br, (CH.CHX),Br (T,)

The reaction result, which depends primarily on the chain transfer steps (they have a higher activa-
tion energy than the chain growth steps), is affected mainly by two factors, namely the electrophilicity of
the two reactants and the stability of the C—Br bond in the addendum. A decrease in the electrophilicity
of the addendum in the series: CBrsCOOCH; > CHBr,COOCH; > CH,BrCOOCH; increases the reactivity of
the addendum toward the acrylic compound. But the stability of the C—Br hond also increases in the same
order, which hinders the reaction. As a result, the extreme members in the bromoacetate series, namely
methyl tribromoacetate, which is characterized by the highest electrophilicity of the reaction center (at
the bromine-carrying C atom), and at the same time the lowest energy of the C—Br bond, and methyl
monobromoacetate, for which the reverse picture is true, are least efficient in the chain transfer step,
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TABLE 1. Reaction of CBryCOOCH; (MTBA) with CH,=CHCN (AN)
or CH,=CHCOOCH; (MA) in Presence of Initiating Systems (CC}. 1
Mole of MTBA, 2 Moles of AN; 2 h, 80°C

: MTBA con~ Yield, % of theory
Exper-|Components of CC (amount, \version, % | adduct* n MDBA
iment {in mmoles)

AN [MA | AN | MA |AN |MA | AN | MA
1 Fe(CO)s(50) 42 | 64 | 26 | 53 31 4 41 4
2 Fe(CO)s(150) 77 95 39 60 11 11 64{ 7
3 Fe(CO)5(300) 64 80 26 49 11 18 4 i
4 | Fe(CO)s(300) + CEHsCN(3000) | 96 | 83 | 35 | 44 | 20 | 19 54(.9
5 Fe(CO)5(150) + DMFA (150) | 97 73 40 50 10 13 6 7
6 Fe(CO)s(150) - DMA (150) | 95 | 88 | 37 | 53 7| 6 | 141 23
7 Fe(CO)s(150) + Iz (75) 92 86 55 66 8 9 6 12
8 Fe(CO)s(150) +- I, {150) 831 93 1 80| 70 5 7 4| 13
9% | Fe(CO)s(50) 29| — | 19| = 6| — |08 ] —
10F | Fe(CO)(50) - DMFA (50) 2| — | 18] — 2| — |05 —
113 | Fe(CO)s(50) + DMFA (30) 0| — | 18] — 1] — 1] —
12% | Fe(CO)s(50) + Iz (25) 30| — | 20| — |05 — 0] — .

*The adduct from acrylonitrile is CH;O0CCBr,CH,CHBrCN; and CH;OOCCBr,CH,CHBr-
COOCH; from methyl acrylate.

'{‘Not determined. Much tarrmg was observed in the experiment.

0 1% of theory.

which is expressed in a comparatively low yield of the adducts and a substantial contribution by the side re-
actions.

In a series of studies involving the use of iron compounds in the chain transfer step, which was car-
ried out on other examples (4], it was observed that the cocatalyst plays an important role when homolytic
addition is initiated by Fe(CO);. It was also shown [2] that the presence of compounds with an ester group-
ing (whether it is the addendum, monomer, or solvent) in the reaction mixture activates Fe(CO); as an
initiator of free-radical addition to the C—Hal bond, so that the addition of an additional cocatalyst (DMFA,
dimethylaniline (DMA)) no longer exerts a noticeable effect on the efficiency of the CC. From Table 1 it
can be seen (Expts. 2, 5, 6, and 9-11) that this phenomenon also takes place in the studied case: when
CBr3COOCH;, is present the addition of DMFA orDMA does not increase the yield of the adduct. As a re-
sult, it can be said that the indicated rule has a general character.

The experimental data obtained by us further show that, as could be expected, starting with the least
stable C—Br bond in methyl tribromoacetate (MTBA), when compared with the C—Br bond in methy! di-
bromoacetate (MDBA) and methyl monobromoacetate (MMBA), methyl tribromoacetate proved to be a suf-
ficiently efficient chain transfer agent so as to not form T, under the conditions of a fivefold excess of AN.
However, both with a fivefold, as well as with a twofold excess of the monomer the yields of the adduct
(Ty) were far from quantitative, due to the contribution by the side reactions, which will be discussed be-
low (see, for example, Expts. 4-7, in which the MTBA conversion is close to 100%). A substantial por-
tion of the reaction MTBA (up to 34% in individual cases, see Expt. 4) is not consumed in the step of trans-
fer of the bromine atom to the growing radical (I), but in various side reactions, in particular debromo-~
dimerization (up to 21%, see Table 1, Expt. 4). Analogoustransformations of bromine-containing compounds

Fe(ZO0)%

CH,00CCBr,

. CH,00CCBr=CBrCOOCH; -+ FeBr, - CO
(II)

under the influence of Fe(CO); were mentioned in (5, 6]. The initiation efficiency also decreases for the
reason that a substantial portion (up to 26% of the reacted MTBA, Expt. 6) of the CH3OOCCBr2 radicals,
which are formed in the initiation and chain transfer steps, is reduced to CHBr,COOCH;, and even to

R )

initiation

CH,00CCBr, — CH,00CCBr,

o)
chain transfer
BrCH,COOCH;, via hydrogen cleavage from the hydrogen-containing components of the reaction medium.

CH,00CCBr, ~2 CH,00CCHBr, —- CH,00CGHBr - CH,00CCH,Br
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TABLE 2, Addition of BrCHy-
COOCH3 (MMBA) to CH, =
CHCOOCH; (MA) in Presence
of System Fe(CO); + DMFA,
MMBA and MA 0,1 Mole Each;

TABLE 3, Ratioof Addition and
Substitution as a Function of Ini-
tial Concentration of Fe(CO);zand
DMA, MMBA and MA 0.1 Mole
Each; 2 h, 135°C

2 h, 135° Fe(CO% lDMA lyield of Amount *
Fe(GO) DMFA Yield ofad~ (1m), % of
duct (I11), % moles theory (I | (1V)
moles of theory* 0.05 | 0,15 4 65 35
0,02 None Traces 8: % 8 :% _02,8 ég 28
| el | ilin| o5 4]
8:8% 8,8[5 g s The sum (I1I) + (IV) was taken as 100,

*Marked tarring of the reaction mass
was observed in all cases.

z

In all of the experiments the addition of MTBA is accompanied to more or less degree by the polymeriza-
tion of the acrylic compound, which is initiated by all of the types of radicals formed in the reaction. A
tarry or glassy residue remained in most of the experiments on distillation. This direction of the reaction
becomes the main one under peroxide initiation conditions, and the adduct is practically not formed.

As the data in Table 1 show, Fe(CO); alone makes it possible to obtain the adduct in up to 60% yield
(Expts. 1-3). The fraction of side products, mainly (II), increases with increase in the Fe(CO); concen-
tration. Consequently, despite the low conversion, the mole ratio Fe(CO)5: (CBryCOOCH; + CH, = CHX)
= 0,015-0.02 (Expt. 1) is practically more feasible than a higher ratio (0.1-0.3). Although the addition of
a solvent (CH;CN) increased the reaction rate (cf. the conversion of Expts. 3 and 4), still it did not ma-
terially change the adduct: (II) ratio in the reaction products.

Besides such known cocatalysts as DMA and DMFA, we also studied iodine. Tt is known [7] that iodine
easily enters into the coordination sphere of iron carbonyls and activates this sphere toward various reac-
tants. In addition, iodine inhibits the polymerization of AN [8]. It proved that in the addition of MTBA,
both to AN and to MA (see Table 1, Exnts. 7 and 8), the addition of iodine to Fe(CO); accelerates the pro-
cess as a whole, increases the yield of the adduct, and reduces the amount of (II) (Expts. 2, 7, 8, and 12).

The data in Table 1 show that the same tendencies are manifested in the case of MA as in the case of
AN, and soecifically: 1) the system Fe(CO); + I, gives the best yield of the adduct (Expts. 7 and 8), and
the use of this system can have preparative value; 2) in the experiments with Fe(CO); alone (Expts. 1-3)
the yield of the adduct depends on the Fe(CO); concentration, and passes through a maximum close to
[Fe(CO);sly = ~5 mole & (Expt. 2); 3) the systems Fe(CO); + DMA and Fe(CO); + DMFA give approximately
the same yield of the adduct, but among the side reactions the formation of (fI) is more strongly expressed
inDMFA, while in DMA it is the reduction of the addendum formation of MDBA (Expts. 5 and 6).

Together with this, mention should also be made of a number of differences between AN and MA in
the reaction with MTBA. Thus, the reaction is more complicated with AN, and gives a relatively smaller
yleld of the adduct and a substantially greater amount of tarry products, which is responsible for the lack
of agreement in the material balance (up to 40%, Expt. 5) between the MTBA conversion and the sum of
identified products. The side processes of reduction are more strongly expressed in the case of MA,
which is an argument in favor of the activity of the COOCH; group of MA as a hydrogen donor in the forma-
tion of MDBA (see Table 1, Expts. 4, 6-8). Dimethylaniline plays an important role in the reduction pro-
cesses (cf. Expts. 2 and 6), but it is not the sole hydrogen source, as can be concluded from the data of
Exots, 6-8.

The efficiency of the above enumerated initiating systems in the case of an addendum that has a fairly
unreactive halogen atom was studied by us on the example of the addition of MMBA to MA. It proved that
CH,00CCH,Br +CH,—CHCOOCH," > - CH,00CCH,CH,CHBrCOOCH, (I1T)
Fe(CO); alone, and the systems Fe(CO); + DMA, Fe(CO); +DMFA, and Fe(CO); + I,, initiate the addition of
BrCH,COOCH; to CH,=CHCOOCH; to give only a slight amount of (III), avparently due to the low activity

of Fe(CO)j; in cleaving a hydrogen atom from BrCH,COOCH;. It was also for the same reason that notice~
able differences were not observed in the activity of the initiating systems when one cocatalyst was replaced
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by another, or when their ratios were varied (see Tables 2 and 3). The side reactions entered first place.
Thus, in the case of using DMA as the cocatalyst the formation of CgH;N(CH3)CH,COOCH; (IV) was pre-
dominant, evidently via the intermediate ammonium salt.

C;H,N(CH;), + BrCH,COOCH, — [CsH,N(CH,),CH,COOCH,|Br~ —
~» CeH,N(CH,)CH,COOCH, (IV)

The initiating system apparently catalyzes the decomposition of the ammonium salt, because the {IV): (III)
ratio in the reaction mixture increases noticeably with increase in the initial concentration of Fe(CO);5 and
DMA (see Table 3).

The reduction products of the intermediately formed radicals (CH3;COOCH;, CH400C (CH,)3COOCHg)
were not found among the reaction products of MMBA with MA, and (CH;0O0CCH,),, the doubling product of
the CH300CCH, radicals, which are formed in the initiation step, is also absent. Together with the low
yield of the adduct, the absence of these compounds is an argument in favor of the slight development of
radical formation processes in general during the initiation of this reaction, since reduction processes
always take place in the homolytic addition reactions of MA and AN at a sufficient concentration of the in-
itiating and growing radicals when using the initiating systems selected by us, as can be seen from Table
1 and was mentioned repeatedly in the literature [9, 10].

EXPERIMENTAL

All of the experiments were run in an inert gas atmosohere (N,, argon). The GLC analysis was run
on a Tswett 1/64 instrument, using the internal standard method. The columns were: stainless steel, 1
m, 5% noly (ethylene glycol adipate)-3000; 1 m, 5% Silicone Elastomer; 2 m, 5% Silicone E-301; Chromo-
sorb (80-100 mesh) was the support in all cases. The temperature was 100, 130, and 150°, the detection
wag based on the heat conductivity, and helium was the carrier gas. The NMR spectra were taken at 60
MHz, the solvent was CCl,, and the chemical shifts are given on the § scale.

Methy! Ester of a,qa,y-tribromo-y-cyanobutyric Acid. To a solution of 1.9 g of iodine in a mixture
of 15.5 g of CBrzCOOCH; and 5.3 g of AN was added 1.47 g of Fe(CO)5. After heating the stirred reaction
mass at 80° for 2 h it was passed through 15 g of Al,O;3 in order to remove the iron compounds. The Al,O;
bed was washed with hot petroleum ether., The wash liquor was combined with the reaction mass. After
distilling off the solvent the mixture was fractionally distilled in vacuo. Here 5.8 g of unreacted CBr;COO-
CH; distilled at 50° (2 mm), and then were isolated: a) 0.9 g (11%) of dimethyl a,f-dibromofumarate; bp
90° (2 mm); nd) 1.5310; d3° 1.9212. Found: C 23.44; H 1.93; Br 53.50%. MR 48.63. CgHBr,0,. Cal-
culated: C 23.84; H 1.98; Br 53.00%; MR 48.20, NMR spectrum (6, opm): 3.84 s (COOCH;). The Raman
spectrum has a band at 1580 cm™!, which is characteristic for a symmetrically substituted double bond.
This compound was also obtained in 30% yieldby heating (1 h, 80°) 3 g of CBrchOCH3 with 1.9 g of Fe(CO)s;
b) 7.4 g (40%) of methyl @,a,y-tribromo-y-cyanobutyrate; bp 130° (2 mm); n¥ 1.5540; 43’ 2.1241. Found:
C 19.91; H 1.70; Br 65.77%; MR 54.92. CgHBrs;NO,. Calculated: C 19.81; H 1.66; Br 65.89%; MR
54.68. NMR spectrum (ABX system) (6, ppm): 3.95 s (COOCHj), 3.15-3.80 (two quartets of CH, with a
center at 3.50), and 4.55-4.85 (two doublets of CHBr with a center at 4.70). The integral intensity corre-
sponds to the formulz CH;00CCHBrCH,CHBrCN.

The other experiments listed in Table 1 were run in a similar manner.

Dimethyl Ester of o,q,y-Tribromoglutaric Acid (adduct of MTBA and MA); bp 122-3° (1 mm); n%)
1.5320; dﬁo 2.0194, Found: C 21.30; H 2,31; Br 60.00%; MR 60.89. C;HyBr;0,. Calculated: C 21.18;
H 2.28; Br 60.40%; MR 61.13. NMR spectrum (6, ppm): 3.78 s and 3.91 s (CH; for CHBrCOOCH; and
CBr,COOCH3;, respectively,

Dimethyl Ester of a-Bromoglutaric Acid (Ill). To a stirred mixture of 7.6 g of BrCH,COOCH, and
1.4 g of DMFA at 135° was added in drops, in 1 h, a solution of 1.9 g of Fe(CO); in 4.3 g of MA, after which
the mixture was heated for another hour, cooled, passed through a bed of silica gel (20 g) to remove the
iron compounds, the silica gel was washed with boiling hot petroleum ether, and the combined filtrate
was vacuum-distilled. We isolated 0.8 g (7%) of adduct (IIT), which, based on the GLC data, is 98.5% pure;
bp 124° (12 mm); n%) 1.4650; di® 1,4504, which agrees with [11]. Found MR 45.56, calculated 45,60. NMR
svectrum (6, ppm): 2.48 m (CH,—CH,), 3.75 s (CH, in CH,COOCH3), 3.85 s (CH; in CHBrCOOCH;), 4.38 t
(CHBr). The structure of (III) was confirmed by counter synthesis from glutamic acid by the following
scheme.
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NaNQ, HBr CH,N,
HOOCCH(NH:2)CHCHCOOH = HOOCCHBrCH.CH.CO0H ———

—— CHs00CCHBrCH.CH2COOCHs.

Methyl Ester of N-Phenyl-N-methylglycine IV). In a N, stream, to a mixture of 15.3 g of BrCH,~
COOCH; and 12,1 g of DMA was added 1.9 g of Fe(CO);. At the end of heat evolution the mixture was heated
at 135° for 1 h and then worked up as described for (III). After a double vacuum-distillation we obtained
9.5 g (50%) of amine (IV), which quickly turned blue in the air, bp 90° (2 mm); n}) 1.5438; d2° 1.1327.
Found: C 66.25; H 7.28; N 8.50%; MR 49.87. Cy¢H3NO, Calculated: C 67.00; H 7.26; N 7.82%; MR
50,37, Picrate, mp 80°. Found: N 13.57%. CyHsNO,- CgH3N3;O;. Calculated: N 13.73%. NMR spec-
trum of @V) (6, ppm): 2.85 s (CHj), 3.47 s (COOCH);3, 3.85 s {CH,C), 6.55 m and 6.85 m (monosubstituted
benzene ring). The structure of IV) was confirmed by counter synthesis from 0.2 mole of CHNHCH; and
0.1 mole of BrCH,COOCH; (3 h, 130°, yield of (IV) = 42%). ‘

CONCLUSIONS

1. Coordination initiating systems that contain iron pentacarbonyl and a cocatalyst (dimethylaniline,
DMFA, iodine) are efficient in the homolytic addition of methyl tribromoacetate to methyl acrylate and ’
acrylonitrile, and are ineffecient in the addition of methyl monobromoacetate to methyl acrylate. In the
addition of methyl tribromoacetate to acrylic compounds the system: iron pentacarbonyl + iodine gave the
highest yield of the adducts. : '

2, The main side processes in the addition of methyl tribromoacetate to methyl acrylate and acrylo-
nitrile in the presence of the above enumerated initiators are polymerization of the acrylic compound, re-
duction of the intermediate free radicals, and debromodimerization of the methyl tribromoacetate. The
greatest contribution by the reduction reactions is observed in the case of the iron pentacarbonyl + di-
methylaniline system.

3. Iron pentacarbonyl catalyzes the alkylation of dimethylaniline by methyl monobromoacetate to
give the methyl ester of N-phenyl-N-~-methylglycine.
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