RATE CONSTANTS FOR ADDITION OF TRIETHYLSILYL RADICALS TO SPIN
TRAPS
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The securing of quantitative data on the unit steps of chemical processes, which are
studied by the EPR pgethod employing the technique of spin traps (ST) [1, 2], is of interest.
To identify the htgsl radicals, which are widely used in chemical reactions, it is customary
to use 2,4,6-(MesC)sCeHNO (NB) [3] and PhCH=N(O)CMes (PBN) [4], which form radicals (I)
and (II), as the ST.

Et;Si + HB g %,6-(MesC)sCsHNOSiEts (T) (1)

i po _add PhCH(Et,SiN(O)CMes (11) (2)

In the present paper the rate constants for the addition of Etaéi radicals to NB and PBN
were determined by the EPR method. Here we used the method of a competing rate (see, for
example, [5]). As the competing reactions we selected either the cleavage of Cl

Et3i -+ RCl Keteay Et,SiCl 4 R - )

or the addition of the C™0 group to the O atom.

dd
EtsSi + RR'CO — I RR'COSIBL, “)

The kcjegy constants from RCl were determined in [6], while the ky4q constants were determined
in {7].
R The simultaneous identification by the EPR method of the spin adducts of the Etséi and
R radicals with either PBN or NB permits determining the rate constant for the addition of
these radicals to ST via Eq. (1)

P [RCI}o [A]

add = cleav [STTo  IBI

where [A] is the concentratjon of eltner radicals (I) or (II), and [B] is the concentration
of the spin adducts of the R radicals with either PBN nitroxyls (III) or NB (IV). It is
obvious that

(i=1,2) (1)

N8 B 2, 4, 6-(MesC)sCoHN(O)R (111)
PBN =, PhCHRN(O)CMes- , (IV)

kadd can also be determlned by the simultaneous identification via the EPR method of the
radicals RR'COSiEts (V) (see [4]) and either (I) or (II) in the reaction of Ets $i with RR'CO
and either NB or PBN by using Eq. (2).

i [RR'CO], [A]
kadr add™ [sT], ’ V] (2)

The HFC constants of the (II) radicals, formed by the UV irradiation of (MesCO)., EtsSiH,
and- PBN solutions are given in Table 1 (expt 1). In Table 1 are also given the parameters of
the EPR spectra of the spin adducts of the R radicals with PBN; and of the (IV) radicals, which
were obtained by the photochemical reaction of Et381 with RCL (R CCly, PhCH,, MesC) in the
presence of PBN (expts. 3-5). The HFC copstants found by us coingide with the corresponding
constants for the spin adducts of the Measl, CCls, PhCHz, and Me3C radicals with PBN [4, 8, 9].
From these results and the data in Table 2 it can be seen that at the selected [RC1] and
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TABLE 1. Parameters of EPR Spectra of Radicals 2,4,6— (Me3C)3
CstN051Et3 (D), PhCH(Etssl)N(O)CMeg SII), 2,4,6- (Me3C) CGH2N—
(0)R (I1I), PhCHRN(O)CMes (IV), and RC(Ph)OSlEts V), Oe

g’ép t. Radicals Generation method aN ay
1 (1) * At 15,3 6,1
2 (D st 10,5 21 ¥
3 (I} +(IV) A+CCl, 15,3; 6,1
(R=CCls) » 138 15
4 (I +(IV) A+PhCH,CI 153 6,1
. (R=PhCH>) 14,0 2.6
5 (ID+(1IV) A+Me;CCL 15,3 6,1
(R=MesC) - 14,1 2,2
6 (I)+ (T11) B-+PhCH,Cl 10,8 21 %
(R=PhCH,) 13 7 14,9
7 %) Ets8iH+ (MesCO) 2+ (PhCO), , ap-H=¢i,,iH=3,0;
Am-0=1,
8 (1) +(V) | B+(PhCO), 10,5 21 %
(R=PhCO0O) - er_H=c;o_H=3,O
Cm-"H=1,

*azeg; = 14.4,

tA = Et,SiH + (Me;CO), + PBN; B = Et;SiH + (Me;C0)2 + NB.
$From m-H of ST.

*%qn-g = 0.9 from hydrogen of trap.

[PBN] o concentrations the (II) and (IV) radicals can be simultaneously recorded by the EPR
method at 25°C. The concentrations of these radicals are given in Table 2. On the basis of
these data and the kglegy values for CCl,, PhCH,Cl, and MesCCl [6] (see Table 2) at known
initial concentrations of PBN and RCl we used Eq. (1) to determine the rate constants for the
addition of Et3Si radicals to PBN (see Table 2).%

To determine the kgdd constants for the addition of Etséi to NB we ran the competing
reaction with NB and PhCH.Cl. The selection of PhCH.Cl, and not, for example, of either CCl,
or Me;CCl as the Cl source, was due to the fact that in the case of CCl, the formeg CCl; radi-
cals, as is known [1, 3], are not fixed by NB, while in the case of MesCCl the Mes;C radicals
should be obtained, whose spin adducts with NB have HFC constants that are close to the cor-
regsponding constants for the (I) radicals [3]. The HFCconstants of the spin adducts of the
PhCH, radicals, formed in the reaction of EtzSi with PhCH,Cl, are given in Table 1 (expt. 6)
and coincide with the corresponding constants for the (III) radicals (R = PhCH,) [3]. Having
calculated the steady-state concentrations of radicals (I) and (III) from the obtained EPR
spectra, by using Eq. (1) at known kpjegy values we obtain: kygq* = 1.4¢10° liters/molessec
(see Table 2, expt. 4).

The kgdq' value was also determined by studying the reaction of Et,Si with NB in the
presence of (PhCO). (see Table 2, expt. 5),

When Et;Si is reacted with (PhCO),, the signals of the PhC(O)é(Ph)OSiEts radicals are
observed in the EPR spectrum, the values of whose HFC constants are given in Table 1 (expt.
7) and they coincide with the corresponding constants of these radicals, studied in [11].
When a solution of EtsSiH and (Me3C0):2, containing NB in {PhC0)., is irradiated with UV
light the signals of radicals (I) and (V) (R = Ph, R' = PhCO) are observed in the EPR spec-
trum (Table 1, expt. 8). Substituting in Eq. (2) the concentrations of the identified radi-
cals (see Table 1, expt. 8), and the initial concentratlons of (PhCO)z and ST when kygqq =
3.3+10° liters/moleesec [7], we obtain for kggq' at 25°C: 1.9¢10° liters/molessec.

'EXPERIMENTAL

The EPR spectra were obtained on an RE-1306 spectrometer. The ampul with the solu-
tions, which were degassed by the vacuum-freezing (at 10™°~10"“ mm) and thawing method
(several cycles), were exposed to the UV light from a DRSp~500 lamp in the resonator of the
spectrometer. When PBN was used as the spin trap the Et,Si radicals were generated by using
EtsSiH and (MesCO). ina 1:1 volume ratio as the source of the radicals. In the case of NB
we took 0.1 ml of EtsSiH in TBP in each experunent. We used CgH¢ as the solvent. The same

*The rate constant for the addition of Et381 to PBN was determined in [10}, which at 25°C is
equal to (7.1 + 2.8)107 liter/moleesec.
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ratios of the reactants were also chosen in the experiments with (PhCO). when generating the
PhC(O)é(Ph)OSiEts radicals, The concentrations of RCl and (PhC0). in the competing reactions
are given in Table 2. As the standar§ for calculating the concentrations of the radicals we
selected [2,2,6,6-Me,~4—(PhCO)2—CeHNO] o = 3010™° mole/liter.

CONCLUSIONS

The rate constants for the addition of triethylsilyl radicals to a—-phenyl-N-~tert-butyl-—
nitrone (kgdd = (11 % 5)e10° liter/moleesec) and 2,4,6-tri-tert-butylnitrosobenzene (kzqq =
(1.5 * 0.3)+10° liter/molessec) at ~20°C were determined by the EPR method.
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IONIC HYDROGENATION IN THE PRESENCE OF SURFACE-ACTIVE
SUBSTANCES

D. N. Kursanov*, G, D. Kolomnikova, UDC 541.128:541.183:542.941
S. A. Goloshchapova, M. I. Kalinkin,
and Z, N, Parnes

The rate of many chemical reactions depends on the presence of surface-active substances
(SAS) in the reaction medium [1]. Frequently this is related to the formation of micelles,
and in this case the accelerating effect of the SAS is called micellar catalysis. The vast
majority of the data on micellar catalysis was obtained for aqueous solutions. Data on
micellar catalysis in organic solvents is very scanty, although it is specifically such reac-
tions that have interest for synthetic organic chemistry.

We studied the possible catalytic effect of the SAS in the ionic hydrogenation reaction
[2]. The key step of this reaction is the formation of the carbocation, and consequently we
used SAS which form micelles that are capable of stabilizing the intermediate carbenium ion,
and specifically the Na salt of the diisococtyl ester of sulfosuccinic acid (I), poly{ethylene
glycol l2-monolaurate) (II), and poly(ethylene glycol 1l0-oleate) (III). The substrates were
olefins of variable structure and acetophenone, as the proton donor we used 68% HC10,,T the
triethyl~ and diphenylsilanes served as the hydride-ion donors, and the solvent was n-octane,
in which (I)~(III) form micellar solutions [4]. It proved that all of the studied SAS sub~
stantially accelerate the ionic hydrogenation of branched olefins and acetophenone (Table 1),

From Table 1 it can be seen that the ionic hydrogenation rules, established using the
standard silane:CFsCOOH system, are retained, and unbranched  olefins, in particular cyclo-
hexene, are not hydrogenated, while acetophenone is reduced to the hydrocarbon.

*Deceased.
tThe use of HC10, as the proton donor in ionic hydrogenation was shown in {31.
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