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Rate constants for reactions of Cl} abstraction from CCly
by CCI;CH, CHR radicals and Br abstraction from CClI;CH,CHBrR
(R = Bu", AcO, OCNC4Hg, CN) by "Re(CO); radicals
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The rate constants for reactions of Cl abstraction from CCl, by CCI;CH,  CHR radicals
and Br abstraction from CCLCH,CHBrR (R = Bu", AcO. OCNC Hy, CN) by "Re(CO)s
radicals were determined by ESR spectroscopy using spin trapping technique. Replacement
of H atoms at the C() atom by O or N atoms reduces the reactivity of the radicals in the
reactions of Cl abstraction from CCl, by approximately an order of magnitude. The presence
of two polar groups at the C(j3) atom results in appreciable decrease in the strength of the

C—Br bond in CCl;CH,CHBrR adducts.
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abstraction reactions, effect of polarity.

Radical adducts formed as a result of addition of free
radicals to unsaturated compounds can differ essentially
in their reactivity in both substitution and addition
reactions depending on the nature of substituents at the
C(a) and C(p) atoms.! Establishment of dependences of
the rate constants for chain propagation and transfer (&,
and k. respectively) for acyclic carbon-centered radi-
cals on polar properties of the substituents at the C(a)
and C(B) atoms will make it possible to use radical
processes for targeted formation of new carbon-—carbon
and carbon—element bonds by directing the process to
telomerization or addition.

Previously,2-3 we studied the dependence of k, and
k,; on the polar properties of the substituents at the C(«a)
atom for (CCI;CH,CHX) , (n = 1-3; X = H, Me. Cl)
radicals formed as a result of addition of polyhalo-
methanes to ethylene. propylene, and vinyl chloride.

In this work the rate constants for reactions of Ci
abstraction from CCly by CCl;CH, CHR’ (R’ = Bu?
(RY. AcO (R?). OCNC4Hg (RY), CN (RY) radical
adducts and their dependence on the polar properties of
the substituents at the C(B) atom were determined by
ESR spectroscopy using the spin trap technique. The
choice of these radicals is due to the fact that acrylic
systems, in particular, amides of unsaturated carboxylic
acids, have been widely used in organic synthesis in the
last few years. %3

Results and Discussion

Photochemical decomposition of Hg(m-C,H,B,oHg-9)
in CH,Cl; containing CCI3CH,CHHalR (R = Bu® (1),

AcO (2), OCNC,Hg (3). CN (4); Hal = [, Br) and a
spin trap (nitrosodurene, ND) under the action of light
with 2 = 366 nm resulted in spin adducts of R’ radicals
with ND detected by ESR spectroscopy:

Ho(m-C,H,B gHg-9),

CCl,CH,CHHalR? » CCIsCH, CHR!, (1)

R+ ND —is RN(Q)AT, )
A
Ar = 2,3,5,6-Me,CgHa.

The hvperfine interaction (HFI) constants of these radi-
cals calculated from the ESR spectra obtained coincide
with the reported data.%? If CCly.is added to these
solutions, then, depending on its concentration, the
signals of nitroxyls B are also observed in the ESR
spectra in addition to the signals of nitroxy! radicals A:

R+ CCl, —2s RCI+ "CCly, (3)
"CCly + ND ——a Cl3CN(O " )Ar. (4
B

The following equation for the yields of radicals A in
the absence and in the presence of CCly in the reaction
mixture ({A}y and ([A],. respectively) is valid in linear
portions of the curves of changes in the intensities of
ESR signals?:

d(Alg/dfA], = | + k/k; - [CCl]p/INDla. 5)

where [CCl,}y and {ND], are the initial concentrations
of CCl, and the spin trap, respectively.
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Changes with time in the signal intensities in the
ESR spectra of the spin adducts of R! and R3 radicals
with ND at different concentrations of CCly are shown
in Fig. 1. Analogous dependences were also obtained for
the signals of R? and R* radicals (Table 1). The kq/k,
ratios for R'-—R% radicals (7.820-107% 1.052-1074,
0.619- 1074, and 0.637- 1074, respectively) were calcu-
lated by approximating the dependence of the signal
intensities for nitroxyl radicals A on the CCl, concentra-
tion (sce Table 1) at a constant initial concentration of
ND. The rate constants for addition of different second-
ary radicals to ND are virtually independent of the
nature of the substituents at the C(B) atom.2-8 Assuming
that k; = 2-107 L mol™' s7" at 22 °C (see Ref. 2). one
can determine the rate constants for CI abstraction from
CCly by R/ radicals (k> = k). The results are presented
in Table 1.

From the data listed in Table 1 it can be seen that
the &, values for R! radicals coincide with the rate
constant for Cl| abstraction from CCl; by
CCl;CH. CHMe radicals.® which means that the re-
placement of a hydrogen atom at the C(8) atom by an
alkyvl group has no effect on the reactivity of secondary
radicals. However, the substituents containing heteroat-
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Fig. 1. Kinetics of changes in the intensity of the doublet
signal of the spin adducts of CCI3CH, CHR (R = Bu® {/—3),
OCNCyH; (6—10)) radicals with anitrosodurene ([ND], =
6.9712-10™* mol L™y at different concentrations of CCl, in
the reaction mixture: {CClyly/mot L=' =0 (/, 6); 1.039 (2. 7):
2,078 (3. &; 4.156 (4. 9. 8.314 (5. 10).

oms decrease the activity of secondary radicals by an
order of magnitude. The reactivities of R2—R* radicals
in the reaction of C! abstraction from carbon tetrachlo-
ride are close to that of (CCI;CH,CHCI)," radicals (see
Ref. 3). Hence, oxygen or nitrogen atoms at the C(B)
atom have the same effect on the reactivity of secondary
radicals in the reaction of Cl abstraction from CCl, as
the chiorine atom at the C(a) atom3 (without consider-
ing steric factors). This makes it possible to suggest that
the rate constants for chain propagation (kp) for R*—R*
radicals are of the same order as for CCI3(CH,CHCl) 5
radicals (10° L mol™! s7!). Hence, obtaining
CCI3CH,CHCIX adducts by adding CCl, to CH,=CHCX
(X is electrophilic substituent) in the case of free-radical
initiation at close telogen/monomer ratios is impossible.
This assumption is in agreement with numerous experi-
mental results,® according to which peroxide-initiated
addition of CCl, to methyl acrylate or acrylonitrile
results in telomers only.

The reactivity of radical adducts in reactions of
halogen atom abstraction from telogens should be asso-
ciated with the strength of the carbon—halogen bond
that formed, which can be assessed knowing the rate
constant for halogen atom abstraction from the adducts
of CCI;CH,CHHalCR by radicals for which the reactiv-
ity scale is known.

We determined the rate constants for Br abstraction
from compounds 1—3 by "Re(CO); radicals formed

" upon photochemical decomposition of dirhenium
decacarbonyl. The reactivity scale of these radicals in
halogen abstraction reactions depends on the strength of

Table 1. d[Aly/d[A], values for reactions of Cl
abstraction from CCly by CCl3;CH, CHR radicals
in the presence of nitrosodurene ([ND]p, =
6.9712- 1074 mol L™)*

R [CCL]  dldly/didl, ko 1073
/mol L1 /L mol™! s71
Bu" 1.102 2.5808 13.6
2.345 3.8929
4.515 5.5984
8.267 10.6729
AcO 1.052 1.1358 2.1
2.078 1.3477
4350 1.6532
8.178 2.2518
OCNC,Hy 1.039 11471 .2
2.078 1.1844
4.145 1.6525
8.314 1.7840
CN 2.20t 1.1105 I.3
4.458 1.4476
6.915 1.5456

* Monomeric form of ND.
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Fig. 2. ESR spectrum of the spin adducts of CCLCH, CHC Hy

and " CCl; radicals with ND ({NDJy = 1.104-107> mol L™,
[CCly} = 4.13- 10~ mol L™Y).

the carbon—halogen bond, as was established for a wide
range of substances. %11

Signals of two nitroxy! radicals A and B are observed
in the ESR spectra (Fig. 2) on photochemical decompo-
sition of Rey(CO)yp under the action of light with
2 = 300 nm in CH,Cl; containing ND, adducts 13,
and CCly.

ccly . ,
=t "CCl; + CIRe(CO);

"Re{CO)5 —
(CO)s CC1,CH,CHBICR
A .

CCl,CH," CHCR + BrRe(CO);

_'CCi 8
ND
] CClyCH; CHCR_

Taking into account the rate constants for reactions
of Cl abstraction from CCl, and those for reactions of
addition of the radicals to ND., we chose the initial
concentrations of CCly and the spin trap ([CCly)y =
4.13-1074 mol L' and [ND]g = 1.104- 1073 mol L™,
respectively) in such a way that the rate of reaction (2) is
much higher than that of reaction (3). Assuming that the
rate constant for Cl abstraction from CCl; by "Re(CO);
radicals is 3+ 107 L mol™! s7! (see Refs. 10 and 11), the
rate constants for Br abstraction from compounds 1—3 by
"Re(CO)s radicals (7109, 8- 107, and 2 108 L mol™Ls7L,
respectively) were determined from the ratio of the
integrated intensities of the signals of nitroxyl radicals A
and B. As can be seen, the strength of the C—Br bond
decreases on going from compound I to 2 and 3 in
parallel to the decrease in the reactivity of R’ radicals in
the reactions of C! abstraction from CCly (see Table 1).

The rate constants for Br abstraction from com-
pounds 2 and 3 by “Re(CO); radicals are several times
higher than the corresponding rate constant for ailyl
bromide and are nearly equal to that of benzyl bro-
mide.1® |n view of this fact one can suggest that the

yields of adducts formed in the addition of
bromotrichloromethane to methyl acrylate or to mono-
substituted amtides of unsaturated carboxvlic acids
are controlled by thermodynamic factors rather than
by kinetic factors. This is favored by the values of the
rate constanis for Br abstraction from bromo-
trichloromethane by R’ and R’ radical adducts, which
are likely 2—3 orders of magnitude higher than that
for ClI abstraction from CCl; by telomeric radicals?
and. hence, are of the order of 105 L mol™! s™!. The
addition stage is accompanied by substantial decrease in
entropy and, therefore, must be favored by low tempera-
ture. In turn, the cleavage of the C—Br bond is accom-
panied by an increase in entropy and, hence, becomes
predominant at elevated temperatures.!? This assump-
tion is in agreement with experimental results 13—15
Thus. the reaction of bromotrichloromethane addition
to (2R,5R)--acryloyl-2,5-dimethvipyrrotidine at 9 °C
results in the adduct and telomers,!3 whereas no forma-
tion of adduct and telomers was observed in the perox-
ide-initiated addition of the same telogen to methyl
methacrviate™ or to (R)-3-acryloyl-4-phenvioxazolidine-
2-onels at 80 °C.

Experimental

The procedures for recording ESR spectra and processing
experimental data were described earlier.!5 Adducts 1—4 were
obtained by addition of iodotrichloromethane and
bromotrichloromethane to corresponding unsaturated com-
pounds following the known procedures.!?
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