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The photochemical transformations of the substituted allyl rade&gCH,).CH=—=CH==CH, (m= 0, 1, or

3) and=SiO(CH,)\CH==CH==CH, (m = 0—3) grafted onto a silica surface were studied. The cyclization

of the allyl-type radicals resulting in the formation of the correspongirsybstituted cyclopropyl radicals
=Si(CHy)m-c-Pr or =SiO(CH,)-C-Pr (c-Pr = cyclopropyl) was found to be the primary photochemical
process occurring upon photolysisiat 370 nm. Further transformations of the resulting cyclopropyl radicals
depend crucially on then value. In the case ah = 0 or 1, the thermal isomerization of the cyclopropyl-

type radicals yielding the parent allyl-type radicals is the main reaction pathway at room temperature. For
m = 2 or 3 the reaction of intramolecular hydrogen atom transfer becomes the predominating process. This
reaction results in the corresponding alkyl-type radicaBiCH(CH)n-1-c-Pr or =SiOCH(CHy)y-1-c-Pr
formation. It was shown that the presence of electron-withdrawing substitugftgasition resulted in the
decrease in the thermal stability of the cyclopropyl-type radicals. The experimental data obtained were
compared with the results of quantum-chemical calculations.

Introduction data are in disagreement with the results obtained in the studies

Allvl dical . tant int diates i . of the photochemical transformations of allyl radicals upon
yl-type radicals occur as important intermediates in various photolysis in the range 360410 nm in various frozen matrixes

pLociesEe?ni|n\10IrV|gig tiO;g_%ndlc cgmp:durr;:js,hs?]chha;snith(lerrmal,_at 77 K779 In the latter case, it was concluded that the excited
photochemical, raciatio uced, a echanochemical reac allyl radicals abstracted hydrogen atoms from the matrix

tions. The mechanisms of their formation and reactions of these

: S . - . “molecules.
radicals were commonly studied in the solid phase, i.e., in .
organic glasses or polymers. Under the conditions of restricted 1€ IR spectroscopic studiésrevealed that the photocy-
molecular motion, the allyl-type radicals are rather stable clization of allyl radical to yield pyclopropyl radlcql occurred
because their reactivity in the processes of substitution andUPOn photolysis ai = 410 nm in an argon matrix at 18 K
addition to multiple bonds is comparatively low. (note that the possibility of the secondary intermolecular

A sharp increase in the reactivity of the allyl-type radicals is reactions of the electronically excited radical is g)fgluded in this
observed under the photoexcitation. According to available C@S€). However, to our knowledge, the possibility of photo-
experimental and theoretical datd, the absorbtion of allyl cycllzatlon was still neglected in the discussion of the _mech_a—
radicals is due to two partially overlapping electronic transitions. MiSms of the phototransformations of the allyl-type radicals in
The maxima of the corresponding bands are positioned at ca.hydrocarbon matrixes.

240 and 400 nm. Thus, the photoreactions of the allyl-type radicals in organic
Allyl-type radicals in the electronically excited states undergo Matrixes result in formation of various stable products. How-
chemical transformations. The results of the previous studies €Ver, the specific scheme of the elementary reactions resulting
concerning the photochemistry of allyl radicals in solid organic In the formation of the products observed is still not clear.
matrixes allow for the possibilities of both intramolecular Evidence for the possibility of photocyclization was obtained

reactions and intermolecular processes including the electroni-only for the simplest allyl-type radicaf. The corresponding
cally excited states of allyl radicals and surrounding matrix data for the allyl-type radicals of a more complex structure are
molecules. Under these conditions, the elucidation of the unavailable.
mechanism of the primary photochemical reaction is a rather In this contribution we report the results of the study of the
complicated problem. Several hypotheses about the mechanisnmechanisms of phototransformations of the allyl-type radicals
of the phototransformation of allyl radicals in the systems under of general structure with various (X = =Si or=Si—0) upon
consideration were proposed. In particular, it was sugge$ted photolysis atl > 370 nm and subsequent thermal reactions of
that the principal reaction of the allyl-type macroradicals in the radical intermediates.
polyethylene occurring upon photolysis &> 390 was the As a pattern, we investigated allyl radicals grafted onto a
scission of the €C bond inf-position to the radical site. These  gjlica surface. This technique for preparation of immobilized
radicals and analysis of their thermal and photochemical
E_;;‘I’. Wmhgmifgcréig’gm?fgﬁznih;‘éﬁgf addressed. Fax: 7(095)9328846.r05ctions was developed only recerily? For this reason, we
N. N. Semenov Institute of Chemical Physics. will consider briefly main specific features of the method
#M. V. Lomonosov Moscow State University. applied.
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TABLE 1: Structure and Concentration of the Surface Ab initio SCF MO LCAO calculations were carried out using
Defects Trapped at the Silica Surface upon Using Various Gaussian cod¥. The unrestricted version of the Hartrelock
Activation Techniques calculational scheme (UHF, UMP2) was used. Gradient
structure and concentration of ) ) ) technique with the 6-31CGhasis set completed with 6d polariza-
surface defects, ™ =sr =86 =St =SiF0 tion functions for heavy atoms was used in optimization of the
thermochemical activatioff ~6 x 10' ~9 x 101 geometry of molecules and radicals. Partial account of the

photochemical activatidgh ~ ~10'4 AT x 104 <1013 <10

mechanochemical activatiShaz x 1016 ~2 x 1016 ~ 10t 1017 effects of electron correlation was performed using the Moeller

N _ - Plesset theory of second-order perturbations.
*ESR spectra of the silica samples after termochemical activation  |sotropic hyperfine coupling constants were determined from
show the single line witly = 2.0026, which may be attributed #C-. the values of Fermi contact componehys,(0)|2:

_ 2 _ 2
The structure of defects stabilized on the silica surface 850 = (871/3)358e9r/Bnl Yn(0)I” = 85()1(0)]

activated by various techniques was analyzed in refs1B3 5 . .
Various activation procedures result in the stabilization of the Wnerel¥n(0)* is th;} electron spin density at the nucleus n. If
surface defects of two main types, i.e., the paramagnetic specie§he vallues ofyn(0)*are expreggsgd In atomic units, one should
of the structures¥£Si—0—);Si* and ESi—0—);Si—0O* and the useao(*H) = 159.5 mT andao(*Si) = -31.7 mT.

diamagnetic species of the structuress{—0—),Si* and ESi—
0-),Si=O. The paramagnetic surface defects exhibit high
reactivity in the reactions of addition to unsaturated com-  Table 2 summarizes the chemical reactions used for prepara-
poundstt12which makes it possible to produce various radical tion of the various types of grafted allyl radicals; the reaction
groups grafted onto the silica surface. The resulting intermedi- conditions are also given.

ates are chemically attached to the surface and sterically The differences in the structure of allyl radicals have a
available for the attack of the surrounding molecules. The direct pronounced effect on the shape of the corresponding ESR
environment of the intermediates consists of chemically inert spectra (Figure 1), which allowed us to make unambiguous
siloxane bonds. Using this technique makes it possible to identification of the spectra. The parameters of the ESR spectra
prepare various kinds of intermediates and to study their spectralof allyl radicals|—VII are listed in Table 3.

characteristics by ESR, IR, UV/vis, or luminescent spectroscopy. Photolysis of the samples containing substituted allyl radicals
In addition, it is possible to study the reactivity of the [|—IV results in the multifold decrease in the intensity of the
intermediates in various unimolecular and bimolecular processes ESR signals of allyl radicals and the appearance of a new
For the silica powders with large specific surface (ca. 160 m spectrum. The total concentration of radicals in the system
g), the concentration of the surface defects (or products of theirunder study remains unchanged. Figure 2a shows the ESR

Results and Discussion

modification) may be as high as ¥6-10"° g~ spectrum of the product of phototransformation. The ESR
signals of similar shape were also recorded upon photolysis of
Experimental Section allyl radicals|—IIl . The resulting radicals are stable in the

temperature range 77 to 23@60 K (the upper limit of thermal
Silica powders with high dispersity (aerosil) were used. The stability is different for the different radicals). Measurement
specific surface of the activated samples was-1T&D n¥/g as of the ESR spectra of these radicals at the temperatures near
measured by adsorption of;Mr Ar at 77 K. The techniques  the upper limit of their thermal stability results in the remarkable
of sample preparation and surface activation were describedincrease of a spectral resolution (Figure 2). The changes of
previously!#1° the shape of the ESR signals with temperature are reversible.
The structure and the concentration of the surface defects We have assigned the observed ESR signals t@-tebsti-
trapped at the silica surface prepared using various activationtuted cyclopropyl radicals resulting from photochemical cy-
techniques are given in Table 1. clization of the allyl-type radicals in the region of long-wave
Commercial gases (ethylene, 1,3-butadiene, and cyclopro-absorbtion band (Figure 3):
pane) were used as received (the content of impurities in these
gases did not exceed 2%). Carbon monooxide and formalde- X—CH,CHz== H:CHzLx_CHZ _4' 1)
hyde were prepared by standard procedures (i.e., by interaction

of concenFr_ated formic and sulfuri_c acids, and by thermal  The hyperfine coupling constants fB+substituted cyclopro-
decomposition of paraform, respectively). pyl radicals resulting from photolysis of radicalsll , andIV,
Photolysis of the samples was carried out with a high-pressurealigned with the spectroscopic characteristics of the cyclopropyl
mercury lamp. Glass filters were used to separate the spectrakadical, are given in Table 4.
region of A = 370 nm. ESR spectra were measured with the  Two additional lines of low intensity were detected in the
X-band spectrometers with high-frequency modulation of 100 ESR spectrum of radicaVlll (Figure 4). These extra lines
kHz in the temperature range 7300 K. are due to the coupling of an unpaired electron with g
Isotropic hyperfine splitting constants were determined from isotope nucleus ii-position (natural abundance¥8i is 4.7%).
anisotropic ESR spectra assuming axial symmetry of corre- The value of the corresponding hyperfine coupling constant
sponding tensorsais, = (2ag + &)/3. In some cases, the decreases with increase of the temperature (Table 4). Another
parameters of the spin Hamiltonian were corrected from the feature of the ESR spectrum of radiddll is concerned with
comparison of the experimental and calculated ESR spectra.the doublet structure of the outermost components (Figure 4).
The program used made it possible to calculate the intensitiesThe corresponding coupling constant is ca. 0.1 mT. In our view,
of allowed transitions in the frame of the first-order perturbation this doublet is due to hyperfine coupling of unpaired electrons
theory for isotropic or axially symmetricay and a tensors. with hydroxyl protons. Note that the significant difference of
Lorentzian line shape was assumed in the simulation of the ESRthe hyperfine coupling constants for the varigitprotons is
spectra. characteristic of radicdX. The ESR spectrum of this radical
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TABLE 2: Chemical Reactions Used for Preparing Various Types of Grafted Allyl Radicals

N Radical Reactons
I
— 200K _ _
= -+ =
==8i(OH)CH=2= CH===CH, sio"+ <] F=Fm=sion +<
=si=0 +<] 22K e —sion—<]
. * 200K
=sioH—<] 20K, i (OH)CH===CH===CH,
i
o 200 K _o- .
=gi_ | + —_— =G +
~o < ~oH d
=8i (OH)OCH=== CH==2 CH,
o 200K OH .
R L S R
OH OH
o - 200K 0—<
=si{] + <l = =si_
(e OH
0—< 300K
=i ————= =8 (OH)OCH=:= CH=:=CH,
OH
1 =8+ + CH=—CHCH==CH, 309K o =—§iCH,CH=== CHz==CH
Z=8iCH,CH=== CHz==CH, Sie + CHz 2 : 2
v 300 K
=SiOCH,CH ===CH :22CH, =8i0" + CHF=CHCH==CH;*?2 8w =6 OCH,CH =2=CH ===CH,
v 300K .
=SIO(CH,),CH===CH===CH, | =8 +CH=0>"——= =SIOCH,
ot s e 300K . .
Z=SIOCH; + CHF=CHCH==CH, >+ =S§i0(CH,),CH===CH=== CH,
VI 95K .
=S8i(CH,),CH:22CH=22CH, | =sic+chH,cH, 122K o =sicH,CH;
. o 300K _ o
=SICH,CH; + CHFE=CHCH==CH, 2>+ =§i(CH,),CH=>: CH=2= CH,
v 195K .
=Si0(CH,),CH===CH===CH, | =85j0"+CH,CH,—>——# =SiOCH,CH,
e P 300K . —o
=SI0CH,CH+CHF=CHCH=CH,* L =§iO(CH,),CH=== CH=== CH}

also exhibits an additional splitting of the components of differences in the\Hy(0) values of the conformers do not result

hyperfine structure. Similar to the case of radidall , we from the variations in ZPE. ThAHy(0) values for the allyl
attribute this splitting to the coupling of an unpaired electron radicals with various substituents increase in the following
with the proton of neighboring hydroxyl groups. order: CH < SiHz < F < OH. The trans-conformation was

To assign the experimental hyperfine splitting constants to found to be more stable for silyl-substituted radi€alyhereas
the specific-protons in substituted cyclopropyl! radicals, we the cis-conformation was favorable in the cases of the radicals
have carried out the quantum-chemical calculations of the substituted with F-22or OH (this work).

corresponding characteristics for a series of sinfpdeibstituted Satisfactory results were obtained in the calculations of the
cyclopropyl radicals of the structure X-c*RBrwhere X= H, hyperfine coupling constants for cyclopropyl radi¢alkthese

CH, SiH, OH, or F. The equilibrium geometric characteristics calculations used extended basis sets and took into account the
of these radicals (with the exception of HO-c)Pwere effects of electron correlation. The values of isotropic hyperfine
calculated previously at various theoretical levels=xH,219 coupling constants foo- and S-protons in the cyclopropyl-

CHs and SiH,2° F212). The [$?Ovalues for the optimized  type radicals calculated from the Fermi contact components at
radical structures deviate only slightly from 0.75 (the latter value the UHF/6-31G level are listed in Table 5. In these radicals
corresponds to the doublet state of the system). This resultthe S-protons of methylene groups are characterized by es-
demonstrates that the calculations using the unrestricted versiorsentially different coupling constants. The calculated values
of the Hartree-Fock scheme describe reasonably well the free- of the hyperfine coupling constants for cyclopropyl radical are
radical (doublet) state in the systems under consideration.  ay(o) = —1.96 (—0.57) mT,an(B1) = 2.47 (2.33) mT, andy-
Cyclopropyl-type radicals are known to beradicals??® This (B2) = 1.63 (1.38) mT (the results from ref 19 are given in
implies that the unpaired electron occupies the hybrid orbital parentheses). According to refs 18 and ZAprotons in
of the three-coordinated carbon atom, andAHg/drogen atom cyclopropyl radical exhibit similar hyperfine coupling constants
bound to this carbon is out of the ring plane. As a result, two because of the high frequency of the inversion ofdhpgroton
conformers may exist. Interconversion of the conformers occurs (n > 10° s71). In this casean(B1) = an(B2) = 1/12@u(B1) +
by inversion of thes-hydrogen. According to refs 20 and 22, ay(32)) = 2.05 mT. As a result, the ratios of calculated (UHF/
the difference in the electronic energies of the conformers does6-31G) to experimental hyperfine coupling constants éor
not exceed 1 kcal/mol.AHy(0) values (enthalpies at 0 K) andp-protons are 0.33 and 1.14, respectively. The calculated
determining the thermodynamic stability of the conformers hyperfine coupling constants with- and 3-protons in other
depend also on the zero potential energy (ZPE) of the system.radicals were corrected using these scaling factors (the corre-
The ZPE values are close for cis- and trans-conformers, so thesponding values are given in Table 5 in parentheses). The
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Figure 1. ESR spectra of radicals on activated silica surface at different * ) *
temperaturesi, 470 K (a);Il, 540 K (b);lll , 293 K (c); IV, 293 K nlb ) |
(d); calculated ESR spectra of radid®l, 293 K (e).

L 25mT

TABLE 3: Hyperfine Coupling Constants (mT) in Figure 2. ESR spectra of radical at 77 (a) and 260 K (b).

Substituted Allyl Radicals Grafted onto Silica Surface

radical hyperfine coupling constants (mT) 0.101 r250

| 3H,a=1.40; 1H,a= 0.50; 1H,a=0.20 1e
1] 3H,a=1.46;1H,a=0.34 0.084 | F200
[ 3H,a=1.41; 2H,a=1.07; 1Ha=0.42 = o £
\% 3H,a=1.40; 2H,a= 1.00; 1H,a=0.38 ZRN Y L1505
\% 2H,a=1.37;2H,a=1.19; 1H,a=0.42; 1H,a= 0.38 < \ g
VI 3H,a=1.40; 2H,a= 1.25; 1H,a= 0.38 6 b =
il 3H,a= 1.40; 2H,a = 1.20; 1H,a = 0.40 Eo04] ®Omas L1oo @
aThe hyperfine coupling constants for the radicatere measured © :\. -

at 77 K, for the radical$l —VII at 293 K. 0.02 At - 150

L » A
. . oo N R

corrected parameters were used for the interpretation of the 0.00 . mat? e%eemy,

experimental data. 30000 29000 28000 . 27000 26000 25000
Among the cyclopropyl-type radicals the oxygen-substituted v.em

speciesIX exhibits an essential difference in the hyperfine Figure 3. UV-absorption spectra of allyl-type radical in 3-ethylpen-
splitting constants from other radicals. The comparison of the tene-2 at 77 K.

observed hyperfine coupling constants with the calculated values

for F- and OH-substituted radicals shows that the experimental radical under consideration shows a negative temperature
values are close to the calculated constants for the more stableoefficient. This observation is in agreement with the results
cis-isomer. For this reason, we attribute the constant of 1.85 of quantum-chemical calculations, which predict that the trans-
mT to the CHp-proton and two other constants to €ptotons. conformation with larger coupling constant is more stable.

In the case of silyl-substituted cyclopropy! radis4ll , the Warming of the photoirradiated samples up to 2800 K
constant of 2.86t 0.05 mT may be due to A-proton at the results in irreversible disappearance of the lines of the product
substituted carbon atom, whereas two other constants of roughlyof phototransformation and simultaneous recovering of the initial
the same magnitude may be ascribed te @idtons. The close  intensity of the ESR signal from allyl radicals-IV (Figure
values of the constants associated with two protons of the 6). This result is due to reverse reaction 1 occurring upon
methylene groups indicate that both conformations of the radical warming of the sample. The thermal transformations of this
are characterized by nearly equal energies € 0.2 kcal/mol). kind are typical for cyclopropyl-type radicad. Kinetic curves
The hyperfine coupling constant with the silicon atom in the of thermal transformation of cyclopropyl radicals to allyl radicals
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Figure 4. ESR spectra of radicallll at 77 (a) and 243 K (b).
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Figure 5. Numbering of atoms if-substituted cyclopropyl radicals.

show satisfactory linearity if plotted in the first-order coordi-

Radzig et al.

an electron-withdrawing substituent results in the decrease in
the thermal stability of the cyclopropyl radical. The destabiliz-
ing effect of electron-withdrawing groups on the cyclopropyl
ring was reported previousB#:2” This conclusion is supported

by the results of the quantum-chemical calculations. We have
carried out a comparative study of transitional states (TS) and
activation energies for ring opening in cyclopropy! ghluo-
rocyclopropyl radicals. According to the results of semiem-
pirical (MINDO/3)?° and ab initio (CASSCF/3-21&) calcu-
lations, the transitional state for the transformation of cyclopropy!
to allyl radical is unsymmetric. The rotation of one of the
methylene groups is accompanied by shortening of the corre-
sponding G—Cg bond, whereas the length of the other€Cg
bond remains practically unchanged. Respectively, the change
in the orientation of the latter methylene group relative to the
carbon skeleton plane is negligible.

The calculations at CASSCF/3-2184and UHF/6-31G* (this
work) levels result in close geometries of the transitional state.
However, taking into account the effects of electron correlation
(UMP2/6-31G*) results in significant increase in the difference
of the CG-C bond lengths in the transitional state. In this case,
the angle of rotation of the GHyroup (in the GHs radical) or
the CHF group (in the gH4F radical) relative to the carbon
skeleton plane increases, and the length of the corresponding
C—C bond becomes close to the length of treCdouble bond
in alkenes. Thé®?[values for allyl and transitional structures
are considerably higher than the value of 0.75 corresponding
to doublet state of the system. This result bears evidence for
the contribution of the states with higher multiplicity into the
wave function, which leads to overestimation of the energies
of the calculated structures. The PUMP2/6-31G*//UMP2/6-
31G* calculations using spin-projected wave functions result
in a better agreement between the experimental and the
calculated values of reaction heats and activation energies for
the interconversion between allyl and cyclopropyl radicals.
According to the results of calculations, the presence of fluorine
atom in thep-position of cyclopropyl radical results in the
decrease of the activation energy of ring opening by 6.5 kcal/
mol. In addition, the heat of the reaction increases by ca. 3
kcal/mol for the fluorine-substituted radical (as compared to
cyclopropyl radical).

Therefore, an electron-withdrawing substituent has a larger
effect on kinetic stability of the cyclopropyl radical (decreasing
of the activation energy of ring opening) than on thermodynamic
characteristics (reaction heat).

The experimental data obtained in this work show that in
the case of radicald and Il the total concentration of
paramagnetic species remains constant upon phototransformation
of allyl radical to cyclopropyl radical and back by thermal
reaction; that is the reaction 1 is fully reversible. This result
implies that photocyclization is the predominating pathway of
the photochemical transformations of these radicals.

As mentioned above, we failed to detect the formation of
the products of intramolecular hydrogen transfer as a result of
thermal isomerization of cyclopropyl-type radicals

x——cuz%]' — x—¢H—<

for radicalslll and V. The reason for the absence of this
process is that the 1,3-migration of hydrogen atoms in hydro-
carbon radicals is characterized by the activation energy of ca.

nates. The rate constants of the thermal reactions of radicals40 kcal/mol?® This value is higher than the value of activation
VIII =X and the estimated activation energies are given in Table energy required for the isomerization of cyclopropyl radical to
6. The results presented in Table 6 show that the presence ofallyl radical.
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TABLE 4: Hyperfine Coupling Constants (mT) in Substituted Cyclopropyl Radicals Grafted onto Silica Surface

Radical T,K an(or) ap(B-CHy) | an(B-CH) | au(OH) a(®Si)
] 243 0.69+0.05 | 2.1940.05 | 2.86+0.05 ~0.10 2.5040.10
=si(oH—]
77 2.1940.05 3.0540.15
VIII
] 203 0.84+0.05 | 2.4620.03 | 1.87+0.02
=Si(oH-0—<]
IX 77 3.69+0.04
] 260 0.86+0.03 | 2.45+0.02 | 2.1140.02
=8i0CHr-0—<]
77 2.59+0.02
X
] 143 0.65 234
<
[18]

TABLE 5: Calculated Hyperfine Coupling Constants (mT) with a- and #-Protons in Substituted Cyclopropyl Radicals
Ya CHjs (trans) CH(cis) SiH; (trans) SiH(cis) F (trans) F (cis) OH (trans) OH (cis)

o-H  -1.96(-0.65) -1.98(-0.65) -1.77(-0.58) -1.80(-0.60) -2.50(-0.83) -2.44(-0.81) -2.31(-0.81) -2.18(-0.72)
H(7)  1.64(1.87) 2.49 (2.84) 1.45 (1.65) 2.28 (2.60) 2.23 (2.55) 2.93 (3.35) 2.01 (2.29) 2.74(3.13)
HB)  2.52(2.87) 1.56 (1.78) 2.18 (2.49) 1.47 (1.67) 3.35 (3.82) 2.07 (2.36) 3.05 (3.47) 1.83 (2.09)
H6)  1.53(1.75) 2.63 (3.00) 2.10 (2.40) 2.85 (3.25) 0.83 (0.95) 1.63 (1.85) 0.92 (1.05) 1.90 (2.16)
B-Si 1.75 1.00

a2 The numbering of atoms in substituted cyclopropyl radicals illustrated in Figure 5.

A = 380nm

77 K 293 K

25mT

Figure 6. ESR spectra before (a) and after (b) irradiatidre=( 380 nm) of radicalll at 77 K; (c) after warming of sample (b) to 293 K.

In the case of radicaly—VII, one should expect increase TABLE 6: Rate Constants and Activation Energies of
of the contribution of the process resulting in the formation of Th%r,mflﬂ Tra”Sfﬁflmat'g,nS |0f B-Substituted Cyclopropy!
the product of intramolecular hydrogen transfer. In particular, Radicals into Allyl Radicals

photolysis of radicaV/ results in the formation of a cyclopropyl- radical T.K kst E, kcal/mo*
type radical, similarly to the case of radicals|V. However, Wil 260 (1.4+0.1)x 1078 ~19

the thermal transformations in this system occur at lower IX 214 (9.8£0.5)x 10* ~16
temperatures (from 180 K) and are accompanied by the X 275 (3.5£0.2)x 10 ~20-21
formation of alkyl radicals of the structureSi—O—CH—CHy~. 291 (38+0.2)x 107

The ESR spectrum of the latter radicals (Figure 7) is due to  2According to the dat&2°the value ofk, is equal to 168 s,
coupling of an unpaired electron with oneproton (hyperfine

coupling constant of 1.95 mT) and two magnetically equivalent transformation of radical V occurs via intramolecular hydrogen
p-protons (coupling constant of 2.14 mT). Thus, the thermal atom transfer (1,4-migration). If the reaction is carried out at
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TABLE 7: Energetic Characteristics of the Transformation of Cyclopropyl and #-Substituted Fluorocyclopropy! into Allyl
Radicals (kcal/mol)

CiHs* TS c-Pr CsH4F TS F-c-Pr
—E(UMP2) 116.81022 116.71723 116.77791 215.82746 215.74502 215.79083
& 0.96(0.76) 1.13(0.76) 0.76(0.75) 0.95(0.76) 1.02(0.76) 0.76(0.75)
AE —20.3 38.1 0.0 —23.0 28.7 0.0
—E(PUMP2) 116.82485 116.73513 116.77951 215.84201 215.75978 215.79245
AE —28.5 27.9 0.0 —31.1 20.5 0.0
PP 43.7 41.9 44.9 39.1 38.3 40.5
AHo(0) —29.7 24.9 0.0 —-325 18.3 0.0
AHo(0)° 355 21.9 00

aThe values in parentheses were obtained by using spin-projected wave fuhdimnyvalues were calculated in harmonic approximation at
UHF/6-31G. ¢ The data of ref 21.
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Figure 7. ESR spectra before (a) and after (b) irradiatiéan> 380 23mT,

nm) of radicalV at 77 K; (c) after warming of sample (b) t0 293 K £ 16 g ESR spectra before (a, €) and after (b, f) irradiatibre
before (d) and after () irradiation & 380 nm) of radicaV at 293 K; 3sgo nm) of radica?h/l @, b) and\sll' (g, f) at 293 f(.'c)alculated ES(R
calculated ESR spectra of radicdl (f) and radical product of their  gneyra of radicaVll (c) and the radical product of their photoconversion

photoconversion (g) at 293 K. (d) at 293 K
room temperature (and not at 77 K), radieabi—O—CH- study (radicaldll —VII') might result in the appearance of the
CHz~ is the only observable product. photolytic pathways associated with abstraction or intramolecu-

Increase of the Ien_gth of the aliphatic c_hain by one more |5 migration of hydrogen atoms, e.g.,
methylene group (radicall andVIl ) results in the formation
of radicals of the structurgSi—O—CH—CHx~ (or =Si—CH—
CHz~) immediately after photolysis at 77 K (in addition to small
amounts of cyclopropyl-type radicals). This means that the .
reaction of intramolecular hydrogen transfer occurs even at 77 =S8IOCH,CHz==x CH=2= CH,—— =SiOCH=== CH=== CHCH,
K in this case. It is natural that radicasSi—O—CH—CHy~
or =Sj—CH—CH.~ are the main products of the photolysis of However, even if the processes of this kind occur upon
radicalsVI or VII, respectively, at 300 K (Figure 8). photolysis, their efficiency is less than that of photocyclization,
In our view, the presence of substituents in the radicals under at least by an order of magnitude.

ESiOCHZCHLCH:CHzL =SiOCH=CH—CH=CH, +H ©F
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