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Parent radical cations of nonpolar solvents (alkanes and alkyl chlorides) ionize 9-(trimethylsilyl)xanthenes
and 9-(trimethylsilyl)fluorenes in a diffusion-controlled electron transfer. The actual electron jump as the
deciding part of the process does not require a defined encounter complex, and therefore the reactants are not
subjected to any geometry optimization. Considering the molecule dynamics of the donors, bending motions
of the silyl group are concerted with fluctuations of the highest occupied molecular orbital electrons. lonizing
such a standing conformer mixture creates metastable (microsecond) as well as dissociative donor radical
cations. A mobility restriction of the benzylic silane group in positions vertical to the phenyl plane stabilizes
the radical cations and accounts for a declining amount of dissociative radical cations, which und&igo C

bond fragmentation in the order benzylsilanexanthenylsilane> fluorenylsilane.

1. Introduction SCHEME 1

The high efficiency of electron transfer when radical cations \ /)
of alkanes and alkyl chlorides are employed as oxidants is well- Si
known12 Such solvent radical cations can be generated easily
from radiolysis of their liquid-state solutions. As an example,
the primary products of the radiolysis nfbutyl chloride are C
presented in eq 1.

n-C,HoCl » [n-C,HCI" + e, 1 —
n-C,H,CI"™" + C,Hy + CI™ (1)

. . o . . conformers of the solute is reflected directly on the secondary
Parent radical cations ionize practically all solutes with | oqical cations produced ()67

diffusion-controlled reactions, a behavior that is being classified — ap, interesting phenomenon is observed when benzyltri-

as free electron transfe(FET) (see eq 2). methylsilane (or derivative molecules) is employed as the
N FET electron donor.
N-CHCI™ +D — Pulse radiolysis of solutions of such silanes under condi-

n-C,H,Cl + D" (D = electron donor) (2) tions of FET results in the direct generation of two dif-
ferent transients: (i) an unstable radical cation that is de-

Depending on the solvent and the substrate, the free energysilylated instantly (in the time range of molecular vibrations)
of the reaction can vary from 0.5 to 2.0 é\Hence, FET isa  and (i) a metastable radical cation with a lifetime of a few
very exergonic process that may take place without the microsecond$? The reason for this differentiation is connected
formation of an encounter complex in the typical sense. In such 0 the relative orientation of the SiMgroup with respect to
nonpolar systems, ion solvation plays only a minor role. Then, the phenyl plane. The trimethylsilyl group undergoes com-
every molecular collision leads to an electron jump regardless PI€x vibrational and rotational movement around the benzylic
of the geometry of the reactants. Certainly, the limiting factor Pond, and conformers with all possible arrangements can be
for the reaction is diffusion, which limits the experimental found in room temperature solutions. Experimental observa-
resolution time to the nanosecond time scale. The electron jump,tions and theoretical calculations support this interpretation, but
however, is an early femtosecond event faster than molecularuntil now, there was no possibility for a clear assignment
dynamics motions. Therefore, the distribution of rotational between the structure and chemical activity. In other v'vord's,

we need to know in what way the conformers appearing in

*To whom correspondence should be addressed. E-mail: brede@ Scheme 1 (which are representative border cases of the
mpgag.uni-leipzig.de. . o ~ molecular geometry) are responsible for the two different radical
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TABLE 1: Substituted Xanthenes and Fluorenes Used for
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0.05

FET Experiments
compound R R Rp Re
1x SiMes H H H
2x SiMes H PhCO H 0.00
3x SiMe; H PhCO PhCO
4x SiMes H MeCO MeCO
5x SiMe; Me H H
6x SiPh H H H 0.10- o 2
1f SiMe; -
2f SiPhy
Q ] SiMe;
bonded to the heteroatom resulted in both instant and delaye(p 0.051
deprotonation. However, by restriction through hydrogen bridge VY
bondind! or structural fixatiort? only the stable solute radical )
cation was formed.
In this paper, we report about FET ionization of fluorenyl 000- : : .
(f) and xanthenyl X) derivatives bearing trimethylsilyl or
triphenylsilyl groups in benzylic positions. Here an unrestricted 400 600 800
rotation of the silicon-containing group is impossible because A (nm)

of the molecular frame. In the case of the xanthenyl frame, the
silyl group can only afford a limited bending movement, while
the fluorenyl structure is rigid.
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2. Experimental Section

Materials. n-Butyl chloride has been purified by treatment
with a molecular sieve (A4x13) and distillation under nitrogen
as described in refs 3 and 5. The fluorenyl- and xanthenylsilanes
used (see Table 1) were synthesized according to the litefdture.

Pulse Radiolysis.The liquid samples, purged with nitrogen
or oxygen, were irradiated with high-energy electron pulses
(2 MeV, 12-ns duration) generated by a pulse transformer elec-
tron accelerator ELIT (Institute of Nuclear Physics, Novosibrisk,
Russia). Dosimetry was made using the absorption of the

solvated electron in water as the calibration measurement. The

dose delivered per pulse was usually around 100 Gy (which
generates about 1®mol dn12 of primaryn-BuCI**). Detection

of the transient species was carried out using an optical
absorption setup, consisting of a pulsed xenon lamp (XBO 450
OSRAM, Minchen, Germany), a SpectraPro-500 monochro-
mator (Acton Research Corp., Acton, MA), a R955 photomul-
tiplier (Hamamatsu Photonics, Herrsching, Germany), and a
1-GHz digitizing oscilloscope (TDS 640; Tektronix, Cologne,
Germany). Further details of this equipment are given else-
where® The solutions were continuously passed through the
sample cell. The cell length was 1 cm.

Quantum Chemical Approach. Quantum chemical calcula-
tions were performed with density functional theory (DFT)
Hybrid B3LYP*~16 methods and a standard 6-31G(d) basis set
as implemented in th&aussian 03rogramt’

3. Results

Experimental Approach. Pulse radiolysis ofh-BuCl solu-
tions results in the formation of the solvent’s radical cation; cf.
reaction 1. Its optical absorption spectrum exhibits a broad band
with a maximum around 500 nm and a lifetime of approximately
100 ns. When a quencher is present in millimolar concentration,

Figure 1. Absorption spectra recorded after pulse radiolysis ofxa 2
103 mol dn3 solution of 9-methyl-9-(trimethylsilyl)xanthene in
n-BuCl. Upper spectrum (a) saturated with: Q®) 150 ns and @)
400 ns after the pulse. Lower spectrum (b) saturated with(®) 40
ns, ©) 90 ns, and M) 700 ns after the pulse.

this lifetime is limited to a few nanosecorfd§ as a result of
rapid electron transfer; cf. eq 2.

Pulse Radiolysis of Silylated XanthenesThe transient
UV —vis spectra of a pulsed 2 mmol solution of 9-methyl-9-
(trimethylsilyl)xanthene §x) in nitrogen-purgedn-BuCl are
presented in Figure 1b for characteristic time instances.

The spectrum recorded 40 ns after the electron pulse contains
the absorption of three species. ThBuCl radical cation around
500 nm is overlapped with th&x radical cation, which is
responsible for the broad band with a maximum at-6620
nm (extending to wavelengths higher than 900 nm) and an
additional band at 320 nm. The small sharp peak at 340 nm
(superimposed on the major one at 320 nm) arises from the
9-methylxanthenyl radicdf, which has a limited contribution
at this very early stage.

n-BuCl* is completely quenched 90 ns after the pulse,
making the observation of tfe radical cation with a maximum
at 620 nm clear. A significant buildup of the 9-methylxanthenyl
radical at 340 nm can also be seen.

Finally, 700 ns after the pulse, the absorption of the
9-methylxanthenyl radical is dominant. Its formation takes place
with the same time law as the decay of theradical cation
(see Figure 2).

When an oxygen-saturated solution is used, the radical is
drastically quenched while the bands attributed toGkeadical
cation are marginally affected (see Figure 1a). They can, in turn,
be quenched by the addition of triethylamine, a fact that serves
as a confirmation of our initial assignment.

The kinetics of the electron transfer and the subsequent
desilylation were analyzed at convenient wavelengths, i.e.,
around the transient maxima. The decayneBuCIlt at 500
nm (k = 1.4 x 10 dm?® mol~t s7%) is shown in Figure 2. It is
in good agreement with the formation of tb& radical cation
observed at-750 nm (not shown in this paper). Because the
9-methylxanthenyl radical originates frasm*, the time profile
of the radical formation at 340 nnkfs = 5.5 x 10° s7%) is
expected to be the mirror image of tbet decay at 620 nm
(kobs= 5.0 x 10f s71). Oxygen acts as a quencher of the transient
at 340 nm with a rate constakt= 5 x 10® dm® mol~! s71
typical for a carbon-centered radical reaction. Triethylamine
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Figure 2. Time profiles derived from pulse radiolysis of 2 1073
mol dm~2 solutions ofbx: n-BuCl+ at 500 nm; the 9-methylxanthenyl
radical at 340 nm underNand Q; 5x* at 620 nm in the absence and
presence of 2 1072 mol dnr triethylamine.

decreases the lifetime &fk* (measured at 620 nm) drastically
(see Figure 2). This corresponds to a reaction rate ok410°
dm® mol~1 s72,

In the case of benzoyl- and acetyl-substituted compounds,

pulse radiolysis produces radical cations and, after cleavage of

the C-Si bond, the corresponding radicals. There is a shift of
their red absorption band to the IR spectral region because of
extensive delocalization of the extended system. As an
example, the spectra of the transients derived from 2, p-bis(
acetyl)(trimethylsilyl)xanthene4§) are shown in Figure 3.

The broad band withmaxat 650 nm corresponds to the radical
cation 4x** formed fromn-BuCl**. It decays with first-order
kinetics kos = 8 x 10° s71), which can be accelerated by
triethylamine addition. The sharp peak withax at 340 nm is
assigned to the 2-benzoylxanthenyl radical, though there is a
degree of overlap with the tail afx’t absorption around 400
nm. The radical is formed witkops = 1 x 107 s7%, decaying
slowly with second-order kinetics undep.NDxygen quenches
the radical (see Figure 3a) but has a small influence orxhe
radical cation because of its short lifetime= 100 ns). The
remaining absorption around 380 nm could be caused by the
resulting peroxyl radical.

Pulse Radiolysis of Silylated FluoreneswWhen a 2 mmol
solution of H-fluoren-9-yltrimethylsilane If) in nitrogen-
purgedn-BuCl is subjected to pulse radiolysis, FET to parent
n-BuCI** results in the formation of two absorption bands with
an amplitude ratio of 2:1 anthaxat 355 and 635 nm (see Figure
4). They decay with first-order kinetics, exhibiting an apparent
lifetimes of 1.0us at 635 nm and 1.2s at 350 nm. Because of
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Figure 3. Absorption spectra recorded after pulse radiolysis ofxa 1
1073 mol dn3 solution of4x in n-BuCl. Upper spectrum (a) saturated
with O,: (@) 60 ns, (O) 100 ns, andM) 200 ns after the pulse. Lower
spectrum (b) saturated with,N(®) 60 ns, ©) 100 ns, and) 450 ns
after the pulse. Time profiles taken at 340 nm for the 2-benzoylxan-
thenyl radical and at 670 nm fekxt.

are known, it is estimated that20% of 1f** is decaying by
C—Si bond cleavage.

4. Discussion

The experimental observations regarding FET \Bitliequire
a reaction scheme that takes into account the fact that there are
two separate paths leading to radical formation. This is supported
from the spectra of Figure 1b with a rapid radical buildup (in
the time range of electron transfer) and a slower one that is
synchronized with the decay &k*. This is also evident from
the time profiles at 340 nm, as in Figure 2, with two distinct
generation methods under,Mind quenching of the delayed
formation under @ This complex kinetic situation is presented

the background absorption at 350 nm and the contribution of in Scheme 2. The key idea is the formation of two radical cations
n-BuCl* at 635 nm, we can assume that they have the samefrom 5x: a dissociative one and a metastable one. Both radical
time behavior. Oxygen has no observable effect on them. Thecations desilylate, giving the corresponding xanthenyl radical

addition of triethylamine, a typical radical-cation quencher,
accelerates their decay. Because of these observations an
considering previous reports for the fluorenyl radical caffon,
they are assigned ttf**. As is shown in the inset of Figure 4,
whenlf ** is extinguished, a peak withnaxat 500 nm is visible.
This long-lasting species has a moderate sensitivity to oxygen
(k=4 x 107 dm® mol~t s71). It is attributed to the fluorenyl
radical because its spectrum (see the inset of Figure 4) is
identical with that reported in the literatu#e?? Because the
extinction coefficient of the fluorenyl radical (3600 méldm?

cm )22 and the concentration ofBuCl* (1 x 1072 mol dnt3)

but with extremely different rates.

d In previous reporté?2 it was shown that the rotation of the
SiMe; group in benzyltrimethylsilane has a strong influence
upon the electron distribution of the highest orbitals of the
molecule. This phenomenon is enhanced in the case of radical
cations; therefore, the orientation of the SiMgroup with
respect to the phenyl ring accounts for the generation of radical
cations (after FET) with different stabilities, i.e., metastable or
dissociative ones. Free rotation around the benzylic bond is not
possible for xanthenyl derivatives, but a bending movement of
the central molecular ring allows certain mobility for the SgMe
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Figure 4. Absorption spectra recorded after pulse radiolysis ofxa 2
1073 mol dn12 solution of H-fluoren-9-yltrimethylsilane im-BuCl
saturated with i (H) 150 ns, ©) 600 ns, and®) 7 us after the pulse.
Inset: spectrum of the fluorenyl radical & after the pulse. Time
profiles taken at 350 and 635 nm.
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group. An analogous experimental behavior was found for
compoundlx.

In contrast to xanthenes, after FET with the fluoréhenly
the directly observable metastable radical catidhs™ are

Karakostas et al.

SCHEME 3
+ mBucr” 0.0 delayed 0.0
SiMe,  ~ MBUCl SiMe, | — 77 Te

rapid +  SiMe;

Product Distribution after FET. During the process of
electron transfer tm-BuCI* from trimethylsilylxanthene de-
rivatives the formation of the corresponding radical cations as
well as their desilylation products (neutral carbon-centered
radicals) takes place in a concerted manner. When spectral
transient superposition is absent (which is not the case here),
they can be observed at separate wavelengths. If the metastable
silane radical cations are eventually transformed to radicals, then
calculation of the ratio between rapid and delayed radical
formation is possible. This procedure becomes even more
accurate when simulation of the experimental curves is used
(see Figure 5) instead of a simple amplitude comparison in the
time profiles of the transients. The overlapping transient
absorption profiles were simulated using modified versions of
the numerical integration program ACUCHEM The reac-
tion scheme that was used included egsl@. Light emis-
sion (Cerenkov light) is the reason for the small deviation
between experimental and simulated curves for the first 50 ns
in Figure 5a,b.

n-BuCl~» n-BuCl'* + e, (3)
n-BuCl+e,,, —n-Bu +CI" 4)
n-BuCrI'" — products (5)

n-BuCr'™ + Ar,RCSiMe, —
[Ar,RCSiMe] tapie” + N-BUCl (6)

n-BuCl'™ + Ar,RCSiMe, —

[Ar2RCS|M%]memmIbl + n-BuCl (7)

[Ar,RCSiMe] sane” — ArLRC + SiMe,”  (8)

[Ar ZRCSiMe&] metastabl.eJr — pFOdUCtS (9)
[Ar,RCSIM&] etastanie. + CI~— Ar,RC + SiMe, --CI™

(10)

As can be seen in Table 2, xanthene derivatives have a
maximum degree of rapid desilylation of around 25% in the
cases oflx and 5x, which falls to 15% for the benzoylated
compound®2x and 3x and to 10% for the acetylatetk. The
rapidly formed radicals appear in Figure 5a with the rate of
electron transfer. Thibuorene-type moleculed and2f exhibit
no contribution of rapid radical generation.

This unusual behavior of the substrates can be understood
considering the special aspects of FET. The even distribution
of charge over the-bond skeleton of the parent radical cafion

formed, which are subsequently (and in a delayed manner) (n-BuCl*) in addition to the large difference in the ionization

transformed into the corresponding fluorenyl radicals, as

shown in Scheme 3. This is caused presumably by the rigid sults in a nonhindered electron jump.

molecular skeleton, which restricts the Sivigroup to an
invariable position with respect to the fluorenyl pladierhe
kinetic data forlf and the other compounds are summarized in
Table 2.

potential between the donor and accept > 0.5 eV) re-

It occurs in every
encounter of the reactants as a nonadiabatic long-range interac-
tion without a defined encounter state in the typical sense;
therefore, the molecular geometry is preserved in the products.
Consequently, the distribution of radical-cation conformers does



lonization of Xanthenyl- and Fluorenylsilanes

J. Phys. Chem. A, Vol. 109, No. 51, 20061683

TABLE 2: Spectral and Kinetic Parameters of Product Formation by FET from (Trimethylsilyl)xanthene and -fluorene

Derivatives to n-BuCl**+

silane radical cations

benzyl type radicals

product ratio

k of FET Amax Tdecay krea Kerr Amax ko, of radicals:
(dm*mol~ts™) (nm) (ns) (dm*molts™) (dm*molts™) (nm) (dm*molts™) rapid/delayed
1x 1.4x 10% 660 400 5.8x 1¢° 1.7 x 10% 345 4x 10° 25/75
2X 1.5x 10w 680 220 6.6x 10° 7.0x 1@ 345, 460 4x 10 15/85
3x 1.5x 10% 660 150 6.6x 10° 360 4x 10 15/85
4x 2.3x 10%° 650 100 1.9x 10 340 1x 1C¢° 10/90
5x 1.4x 10w 620 330 4.7x 1@ 2.2 x 10% 340 5x 1C° 25/75
6Xx 1.2x 10% 660 80 2x 10 340 7x 108 20/80
1f 2.5x 10%° 355,635 1000 8.4 10 1.5x 109 500 4x 10 —/100
2f 1.4x 10% 370,600 1000 45 10° 45x 10° 500 —/100
PhCHSiMe; from 5x 10° 530, 310 290 320, 260 10 60/40

refs 7 and 8

not reflect the molecular dynamics of the transient but those of
its precursor, i.e., of the parent molecule. Therefore, even some

TABLE 3: DFT B3LYP/6-31G(d) Calculated Quantum
Chemical Parameters

very unfavorable structures are generated. Instant fragmentation - Csi .
. ? C—Si radical P Eqis{C—Si)

was the result of FET for 60% of the mobile benzyltrimethyl- S.nﬂqlet cation A(C—Si) spinon (vertical, (radical
silane molecule$yeduced to 25% for (trimethylsilyl)xanthene, ~ compound (&)  (A) A = C-si ey cations)
while fluorenyl-type compounds do not show any rapid radi- 1x 1.947 2095 0.148 0.215 7.056 415
cal generation. There is a clear connection betweemtbiglity 2x 1950 2105 0.155 0.227 7.137 40.7
of the C-Si bond and the efficiency of the rapid reaction 3X 1.951 2102 0151  0.220  7.205 39.7
rocess 4x 1950 2.101 0.151 0.222 7.423 33.8
P ' . ) . 5x 1.963 2142 0.179 0.255 6.999 37.7
Effect of Nucleophiles on Delayed Radical FormationThe 6x 1959 2.177 0218 0245 6.902 18.8
observation of radical-cation decay can be associated with i1f 1.942 1986 0.044 0.029 7.319 40.9
2f 1.940 2004 0.064 0.027 7.162 17.3

0.12 PhCHSiMe; 1.91% 2.08% 0.163 0.311  7.953 38.4

) aFrom ref 7.

0.08+

AOD

0.04

0.03+

0.02-

AOD

\radical BuCle+

leculaP* C—Si fragmentation path (eq 12).

time (ps)

: ot+
Figure 5. Time profiles depicting radical formation and simulated [Ar ,CHSIPh] etastapie - N-BUCI—

curves fitting the experiments: (a) at 344 nm and (b) at 600 nm for a
2 x 1078 mol dnr3 solution of5x in n-BuCl under N.

electron transfer (repair reaction), the nucleophilic environment,
and cleavage of the €Si bond. The acceleration caused by
nucleophiles suggests the involvement of \@-$ype reaction

(eq 11). There are numerous reports about similar behavior of
silane radical cations in polar med&2°

[Ar,RCSIMe]erastanie. T+ :NU— Ar,RC + SiMe, --:Nu

(11)

Triethylamine was used both for the purpose of identification
of radical-cation absorption bands and for the evaluation of the
influence of nucleophiles on the various substrates. Its gas-phase
ionization potential (7.47 eV is lower than that of xanthene
(7.65 eV§! and fluorene (7.93 eV¥ Electron transfer from
triethylamine to their radical cations was not observed. This is
in line with the quantum chemical calculations of Table 3 that
predict a reduction of IP~+0.6 eV) caused by the introduction
of the MgSi group into the benzylic position. This phenomenon
is known as th¢-silicon effect3® Considering the data of Table
2, itis evident that substituting SiMevith SiPhs has a stronger
effect onkrea than substituting xanthenyl with fluorenyl. The
SiPhs group of6x and2f is bulkier and delocalizes the charge
of the radical cations. As a result, it reduces the reaction rates
by 50% in comparison witix and 1f.

While the radical catio®x* has the lowest reactivity toward
triethylamine krea = 2 x 10° dm® mol~t s71), its lifetime (in
pure n-BuCl) is the shortest measured (80 ns). Under our
: : : experimental conditions, such a lifetime can only be attributed
0.0 0.2 0.4 0.6 0.8 to the nucleophilic properties of the solvent and to a monomo-

Ar,HC" + SiPh"(n-BuCl) (12)
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Figure 6. Plot of the pseudo-first-order rate constant for decagof Figure 7. Plot of the calculated spin density in the-Gi bond as a
formed after pulse radiolysis of a2 10-3 mol dnr3 solution of2x in function of a change in the bond length.
n-BuCl saturated with B as a function of the concentration of
tetrabutylammonium chloride. respect to the phenyl group because of the low rotdfpf8.8

7 ; ! ;
Absolute rate constants for the second-order reaction of silanelf(Cal r?or )'f AZ.'S lshog(vn n .Sﬂc]htehme 4, FET reSLt'ltS N ;[Ee.

radical cations with nucleophiles are obtained as the slopes of ormation o t:aE'aC? Cg.'l\(/)lns Wlt i € same geotmelr5y7ask Ielr

the plots of the pseudo-first-order rate constants for the decayprecursors, UL, Tor SiViEs rotation increases 1o 15.7 kea

IR, _ o
of the radical cation versus the nucleophile concentration. An mgl C.—;ihll;soﬁgefrrgy ﬂgﬁﬁ? isl'irgi?)ri‘irtrrr]\irgnt\i?;tg;r%r?gufr?{j
amount of Cf is formed fromn-BuCl after irradiation (see eq 9 .

1) and can subsequently act as a nucleophile. Tetrabutylam-in. the _unfa_vorablg position (Sil\égcoplanar V\.'ith t_he phenyl)
monium chloride was used as a further source of the chloride dissociate in the time spale OGS valence vibrations (37 fs)
anion. An increase in the decay rate of the radical cations wastt faster than the rotation of theCH,SiMe; group (0.43 ps].

observed upon Claddition, as shown in Figure 6. In the case To justify the fact that an endothermic reactidiy{{C—Si) =

p . :
of the fluorenylsilanes, it was accompanied by an increase in .38'4 kcal mot-] takes place rapidly, one should consider wo

the amplitude of the fluorenyl radical produced. The xanthenyl :mpqrtant aspects: (i) thles?)ffinit)r/]_oltrlle solvetr;}t for t‘r@iMegf th
derivatives did not exhibit any change in the radical yield. For eaving group (see eq ). which lowers the energy of the

: : o : . duct4? in comparison with gas-phase calculations, and (ii)
fluorenyl radical cations, neutralization (possibly a repair pro . . ?
mechanism) is the major decay reaction and, therefore, CI the fact that a very exothermic process like the FET in eq 13b

enhances the generation of radicals. On the other hand, xanthen)ﬂeslmS in vibrationally excited states of the prodée(ghus

radical cations undergo (already) almost quantitativesthond |ncreasing the energy level of the reactants). As a result, the
fragmentation and the addition of a nucleophile affects the energy difference can be much smaller than 22.7 keafol

process rate only. as depicted in Scheme 4.

Quantum Chemical Calculations on Energetic Relations - )
of FET Channels. Quantum chemical calculations for all of N-BUCI” + PhCHSiMe; — [n-BuCIJ* +
the molecules were performed to justify the proposed reaction [PhCI—|ZSiMes]'+* * = vibrationally excited (13a)
mechanism. It is predicted that the xanthene derivatives have a
“roof-shaped” geometry with a 2@angle between the phenyl [PhCHZSiMe_,,]'** n-BuCl—
groups for the singlet ground state in the optimal conformation '
of compoundLx. The trimethylsilyl group is in the axial position PhCH," + "SiMe,(n-BuCl) (13b)
of the xanthenyl frame and nearly vertical to the phenyl rings
(84°). The radical cations exhibit a similar geometry with & 15 The fluorene molecular frame restricts SiMand SiPh
angle for phenyls. The highest occupied molecular orbital motion, eliminating any beneficial driving force for dissociation.
(HOMO) is mainly sited on the aromatic rings, but it has a strong The xanthenyl moiety exhibits a particular “butterflylike”
contribution to the & Si bond,; therefore, the bond of the radical bending motion, which makes possible a small degree of instant
cation is significantly prolonged (thg-silicon effect)3? bond scission. The energy difference between the planar and
The fluorene moiety olf and2f in the singlet ground state  equilibrium conformations (see Figure 8) was calculated to be
adopts an almost planar configuration. The same observation10.5 kcal mot? for 1x. Clearly, for the rotationally restricted
holds for the radical cations. The trimethylsilyl group forms a molecules studied in this paper, the rapiet & bond fragmenta-
26° angle with the phenyls. The HOMO of fluorenylsilanes is tion is a secondary reaction. Its contribution to the reaction
located on the aromatic rings (see Figure 8), so the formation scheme has been reduced in xanthenes or eliminated at fluorenes
of the radical cations has a small effect on theSTbond length. in comparison with benzyltrimethylsilane.
As is shown in Figure 7, there is a weak correlation between  Conclusions.FET ton-BuCl* is a convenient way for the
the changes of the €Si bond length and the spin density on generation of radical cations. In comparison with the photo-
the two atoms. Considering the great diversity of the molecules sensitized electron, it has two main advantages:
that were studied, this is remarkable. (i) Transient absorption spectroscopy as a monitoring tech-
At room temperature for solutions of Phg&iMe;, the nique can be used for wavelengths starting from 250 nm because
trimethylsilyl group can be found in every possible angle with the parent radical cations are metastable species with short
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lifetimes. In photoinduced electron transfer, the sensitizer or
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SCHEME 4: Dissociation of Benzyltrimethylsilane after
FET
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into an optimal geometry that nullifies all information about
their previous state. On the other hand, FET is not selective
because the electron jump does not require an encounter
complex. That is particularly helpful when the donor molecules
bear groups (substituents) that exhibit marked electron-density
fluctuations during molecular oscillations. The analysis of FET
products is a way to retrieve useful information concerning
electron distribution and molecular conformation.

In the case of benzylsilanes, we were able to prove that
restrictions on the mobility of the benzylic silane change the
reactivity of the molecules. If SiRs vertical to the phenyl plane,
then (after FET) a delayed-€Si bond dissociation occurs. Itis
connected with the presence of nucleophiles such aso@hed
from n-BuCl after irradiation. When SiRis parallel to the
molecular plane, an additional destabilization of the radical
cation causes also instant=Gi fragmentation. This can be
associated with the electron density of the higher occupied
orbitals on the G- Si bond. Bending or rotation motions (in the
early picosecond time scale) drastically change the electron
distribution of the particular bond. The electron jump during
FET is a rapid event that triggers chemical phenomena in the
time scale of molecular vibrations; i.e., it is a femtochemistry
event.
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