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Optical Spectra and Reactivities of Radical Anions of 4-Nitrobenzyl Compounds
Produced by Pulse Radiolysis of Acetonitrile Solutions
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Electronic absorption spectra are reported for transients formed on pulse radiolysis of acetonitrile solu-
tions of aromatic nitrobenzyl compounds and are assigned to the solute radical anions. Decay of the tran-
sients is fairly rapid but is markedly slower in the presence of tetraethylammonium formate. It is sug-
gested that the :CH2CN radical is responsible for the rapid decay and that formate ion scavenges this
species. With 4-nitrobenzyl chloride, the decay of the transient is observed to be second order, in con-
trast to electrochemical experiments where first-order decay is observed. With 4-nitrobenzyl fluoride or
alcohol, decay of the initially formed transient is accompanied by formation of a new species absorbing
at longer wavelength. Identification of the 4-nitrobenzyl chloride anion is supported by first-order decay
of the species in water with £ = 4 X 102 sec~1! (found by Hayon and Madhavan).

Introduction

Radical anions of 4-nitrobenzyl compounds
02:NCgH,CH:X have been shown by chemical? and elec-
trochemical3® methods to be unusually reactive. Where
the CH2-X bond is weak, as in the case of the halides,39
cyanide,” and thiocyanate,” the predominant fate of the
radical anion appears to be the unimolecular decomposi-
tion.

ONCH,CHX~ — ONCH/CH;y + X~ @

Electrochemical studies indicate that the rate of this
reaction roughly parallels the CH2-X bond energies,5-8
although the absolute rate constants for this decomposi-
tion are not certain. Thus, “single-sweep” cyclic voltam-
metry of 4-nitrobenzyl chloride in acetonitrile containing
0.1 M tetra-n-butylammonium perchlorate indicated a
rate constant for the decomposition of the radical anion of
approximately 50 sec—1,7-10 while other cyclic voltamme-
tric measurements and chronoamperometry suggest the
rate constant to be at least 4 X 103 sec—1.8 The failure to
obtain consistent results by these procedures may indicate
their limitations in studying very fast reactions.

The technique of pulse radiolysis has been shown to be
a valuable method for studying short-lived species. Conse-
quently, we have used this procedure to obtain further in-
formation on the anion radicals of 4-nitrobenzyl com-
pounds, and attempt to resolve this discrepancy in their
decomposition rates.
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In addition to providing a suitable solvent for the elec-
trochemical studies, acetonitrile has been shown upon ra-
diolysis to produce a species capable of reducing anthra-
cene to its radical anion in high yield (G = 1.5511) and
thus provides a good medium for the pulse radiolysis in-
vestigation.

The primary step in the radiolysis of acetonitrile can be
written

CH,CN ~~—> CH,CN* + CHCN' + o )

Pulse radiolysis studies on liquid acetonitrile using naph-
thalene as an acceptor indicate that the yield of excited
states (including excited states formed by solute ion re-
combination) is low, but detectable (G(3N) = 0.30).1* The
nature of the reducing species present in the radiolysis of
CH;CN is not clear at present. An initial reporti2 that a
solvated electron, Amax ~ 700 nm, ty,3 ~ 5 usec, was pro-
duced has been questioned by Hayon,!! who was unable
to detect any absorption in the range 280-800 nm with a
time resolution of 100 nsec.

The oxidizing species formed initially, CHsCN.+, may
be expected to deprotonate to give -CH2CN radicals

CHCNY + CHCON — -CHCN + CHCNH' (3)

Evidence for the presence of CH2CN radicals comes from
steady-state studies,3 and also from the observation of a
weak absorption at wavelengths shorter than 280 nm as-
signed to this species on pulse radiolysis of liquid acetoni-
trile.1? We describe the pulse radiolysis of acetonitrile so-
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lutions of 4-nitrobenzyl compounds, and indicate the reac-
tivities of the resultant species.

Experimental Section

Materials. 4-Nitrobenzyl fluoride, chloride, and bro-
mide and 4-nitrotoluene were purified as described pre-
viously.8 4-Nitrobenzyl iodide was prepared by the meth-
od of Finkelsteini4 and was purified by one recrystalliza-
tion from ethanol, followed by sublimation (in the absence
of light): pale yellow crystals, mp 125.5-127° (lit.14 127°).
4-Nitrobenzyl acetate was prepared as described by
Reid15 and was recrystallized twice from aqueous ethanol:
white crystals, mp 76-77° (lit.15 78°). 4-Nitrobenzyl alco-
hol was obtained by hydrolysis of the acetatel® and was
recrystallized three times from water: white crystals, mp
92.5-93.5° (lit.16 96-97°). Further recrystallization did not
affect the melting point. Acetonitrile was purified by two
procedures. Merck Uvasol grade was dried by standing
over molecular sieves and was redistilled from fresh mo-
lecular sieves. Fluka purum grade acetonitrile was puri-
fied by the method of O’Donnell, et al.2” No difference
was found between the results obtained using these differ-
ent samples.

Tetraethylammonium ferrocyanide was prepared by
neutralizing a cold aqueous solution of hexacyanoferric
acid1® with tetraethylammonium hydroxide. Water was
removed under reduced pressure, and the salt crystallized
as pale yellow needles. Light was excluded from all ma-
nipulations with this compound which was very photosen-
sitive. The salt was added to argon-saturated solutions
immediately prior to pulse radiolysis as it was oxidized in
the presence of oxygen in acetonitrile. Tetraethylammon-
ium dibenzyl phosphate was prepared by neutralizing hy-
drogen dibenzyl phosphatel? in 60% aqueous methanol
with tetraethylammonium hydroxide. Excess solvent was
removed under reduced pressure. The salt was obtained as
an oil. Nmr indicated the presence of 20% water.
Tetraethylammonium formate was prepared by neutraliz-
ing formic acid with tetraethylammonium hydroxide. Ex-
cess water was removed under reduced pressure. The
product was obtained as an oil. Nmr (D30) indicated
peaks at § 8.64 (s, 1 formate hydrogen), 5.03 (s, water),
3.7-3.2 (q, 8 methylene hydrogens), 1.8-1.25 (three over-
lapping triplets, 12 methyl hydrogens). The nmr indicated
the presence of ca. 30% (w/w) water. The observation of
overlapping methyl triplets strongly suggests ion pairing
in the salt. Strong ion pairing has been clearly demon-
strated by infrared spectroscopy in the related compound,
triethylammonium acetate.2® On preparing solutions con-
taining tetraethylammonium formate for pulse. radiolysis,
a small amount of precipitation occurred. Consequently,
solutions were filtered immediately before each experi-
ment. This precipitate was not characterized, but it is
possibly tetraethylammonium carbonate.

Procedure. Pulse radiolysis experiments were carried
out using 0.05-1.5-usec, 5-MeV, 200-mA pulses from the
electron linear accelerator at the Hebrew University of Je-
rusalem. The pulses were of up to 2-krad dose. The irra-
diation cell was 4 cm long with multipass optics such that
the analyzing light traveled three times through the cell.
The details of the experimental setup have beén described
elsewhere.?! Dosimetry was performed using the absorp-
tion of the solvated electron in deaerated ethanol at 600
nm, as described by Land, et al.22 Extinction coefficients
of radical anions were estimated assuming G = 1.55 for
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Figure 1. End of puise spectrum for degassed acetonitrile solu-
tion of 4-nitrotoluene.

the reducing species in acetonitrile, with completé scav-
enging of this species by the solute.

Solutions were degassed by bubbling argon through
them prior to radiolysis, and they were protected from
photolysis by the monitoring light by insertion of a filter
cutting off wavelengths just below the relevant transient
absorption.

Results

Spectra. Pulse radiolysis of a solution of 4-nitrotoluene
(6 X 10-3 M) in acetonitrile resulted in an absorption
with Amax 440 (£10) nm, emax ~1800 M- em-1 (Figure
1) which was completely formed at the end of a 1.5-usec
pulse. A similar absorption was obtained upon pulse radi-
olysis of 4-nitrotoluene in 10% acetone-water. This ab-
sorption was very similar to the reported spectra of the
radical anion of 4-nitrotoluene obtained by electrolysis in
dimethylformamide (Amax 460 nm),23 by pulse radiolysis
in water at pH 3 (Amax 440 nm, emax 400 M- cm~—1),2¢
and by v radiolysis in 4-methyltetrahydrofuran at 77 K
(Amax 470 nm, emax 3500 M~-1 cm~1),25 and is accordingly
assigned to this species. The reason for this large differ-
ence in extinction coefficients is not at present clear. An
earlier report28 that the radical anion (obtained by reduc-
tion by potassium in tetrahydrofuran) possessed absorp-
tion bands at 302, 607, and 875 nm must be viewed with
some caution, as has been previously indicated by Sicda
and Kemula.28 An identical but more intense absorption
was observed on pulse radiolysis of an acetonitrile solution
of 4-nitrotoluene in the presence of tetraethylammonium
formate (0.1 M). An absorption of similar character, al-
though rather broader and weaker, was observed on pulse
radiolysis of a solution of 4-nitrotoluene in the presence of
Tris (5 X 10~ M) in 95% acetonitrile-water.

Pulse radiolysis of a solution of 4-nitrobenzyl fluoride (2
X 10-%3 M) in acetonitrile yielded a species absorbing at
490 (£10) nm emax ~1600-1 cm-1 (Figure 2, circles). The
species responsible for this absorption is rapidly replaced
(t1/2 ~10 usec) by a new species absorbing at ca. 625 nm
(Figure 2, triangles). This new species eventually decays,
leaving a permanent absorption below 410 nm. The ini-
tially formed species is assigned to the radical anion by
analogy with 4-nitrotoluene. Assignment of the second ab-
sorption is more problematical (see Discussion section for
a consideration of possible candidates). Similar behavior
was observed on pulse radiolysis of solutions of 4-nitroben-
zyl fluoride in the presence of tetraethylammonium di-
benzyl phosphate (5 X 10-¢ M) tri-n-butylamine (5 X
10—% M), or tetraethylammonium formate (0.1 M). Pulse
radiolysis of a solution of 4-nitrobenzyl fluoride in 95% ac-
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Figure 3. End of pulse spectrum for degassed acetonitrile solu-
tion of 4-nitrobenzy! chloride.

etonitrile-water in the presence of tris (2 X 10-¢ M) gave
a similar, but rather broader and weaker spectrum.

Tetraethylammonium salts were used because of their
solubility in organic media. Ferrocyanide was used as a
non-nucleophilic reducing agent, dibenzyl phosphate as a
non-nucleophilic proton donor, and formate as a weakly
nucleophilic hydrogen atom donor.

Pulse radiolysis of solutions of 4-nitrobenzy! chloride (4
X 10-3 M), bromide (2.5 X 10-3 M), and iodide (2.5 X
10-3 M) gave rather similar behavior for all three halides,
with an absorption at 530 (%53) nm, emax ~1900 M-1
cm-1, and a shoulder at ca. 420 nm. The spectrum of 4-
nitrobenzyl chloride is illustrated in Figure 3. With the
chloride and bromide, similar but rather broader and
weaker absorptions were observed in the presence of Tris
(2 X 10-4 M) in 95% acetonitrile-water.

Pulse radiolysis of a solution of 4-nitrobenzyl chloride
with tetraethylammonium ferrocyanide (5 X 10-3 M) and
water (2 M) gave a similar but broader and weaker ab-
sorption which decayed to give a permanent absorption
below 460 nm. The absorption was identical in the pres-
ence of tetraethylammonium dibenzyl phosphate (5 X
10-4 M), and similar but more intense in the presence of
tetraethylammonium formate (0.1 M).

Pulse radiolysis of a solution of 4-nitrobenzyl acetate (2
X 10-3 M) in acetonitrile yielded an absorption at the
end of the pulse at 460 (£10) nm, emax ~1700 M-1cm ?
(Figure 4). An identical but more intense spectrum was

obtained in the presence of tetraethylammonium formate
(0.1 M).
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Figure 4. Absorption at end of pulse for degassed acetonitrile
solution of 4-nitrobenzy! acetate.

0.004 T T T
HoOH
+8” SH_;E_N— A/'-E_
2
-~ No /”
% o003 4 Lo / 7
> \ —oEnd of Pulse /
T \ . !
» \a «-=a After Build-up /!
: \ /
=3 .y 0 A
T 0002k Sr—e ; .
~ AN Cp0 7
b \ \ u
e 'S 0, ot
_g \~A_A_g_:\ P de
g
g o.00i- -
o\°/°\
1 Il 1 A
0.00055 450 500 550 566 850
A(nm)

Figure 5. Transients observed upon pulse radiolysis of degassed
acetonitrile solution of 4-nitrobenzyl alcohol with tetraethylam-
monjum formate (0.1 M): ——O——, end of pulse; ~ - -~A- - -,
end of buildup.

Pulse radiolysis of a solution of 4-nitrobenzyl alcohol (2
X 10-3 M) in acetonitrile yielded an absorption at ca. 450
nm. Pulse radiolysis in the presence of tetraethylammon-
ium formate (0.1 M) yielded a similar absorption, A ca.
450 nm, es50 ~1250 M-2 cm~1 which also decayed to give
anew species absorbing at A > 625 nm (Figure 5).

Kinetics. One aim of this work has been to obtain infor-
mation on the lifetimes of radical anions of 4-nitrobenzyl
compounds. However, in the study of the kinetics of the
transient absorptions observed on pulse radiolysis of ace-
tonitrile solutions of these compounds it became apparent
that the species were decaying by a reaction with one of
the primary products of the radiolysis of acetonitrile.
Thus 4-nitrotoluene, which is known from electrochemical
studies to yield a stable radical anion? on pulse radiolysis
in acetonitrile yielded a species Amax 440 nm, which de-
cayed via complex kinetics over a period of hundreds of
microseconds. The rate of decay depended upon the pulse
size. Similarly, the species observed on pulse radiolysis of
4-nitrobenzyl, chloride, bromide, iodide, acetate, and al-
cohol decayed fairly rapidly, the decay rate being depen-
dent upon the pulse size. Of the products produced on ra-
diolysis of acetonitrile, CH3CN:+, CH2CN, and H* ap-
pear the most likely candidates for reacting with the radi-
cal anions. Accordingly, compounds were added to trap
these species. Tetraethylammonium ferrocyanide was
found to have little effect on the decay rate of the species
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obtained from the chloride, although after radiolysis a
new absorption was observed below 460 nm, due to the
ferricyanide. Thus CH3CN.+ was probably not the reactive
species. Similarly, tetraethylammonium dibenzyl phos-
phate, Tris, or tri-n-butylamine did not markedly affect
the decay rate, suggesting protonation was not responsible
for the rapid decay. In the radiation chemistry of water,
formate ions have been used to trap the oxidizing hydrox-
yl radical.2” With -CHzCN, formate ion might be expect-
ed to transfer a hydrogen atom to yield CO2-~, a reducing
species. If -\CH,CN is responsible for the short lifetime of
the species obtained on pulse radiolysis, then formate ion
may be expected to slow down the decay. Further, as a re-
ducing species is produced, if the absorbing species pro-
duced on radiolysis of acetonitrile solutions of 4-nitroben-
zyl compounds is the radical anion, or some species de-
rived from it, then the concentration of this species may
be expected to be increased on pulse radiolysis in the
presence of formate. Pulse radiolysis of acetonitrile solu-
tions of tetraethylammonium formate (0.1 M) revealed
only a very weak absorption at wavelengths shorter than
425 nm,. Pulse radiolysis of a solution of 4-nitrotoluene in
the presence of tetraethylammonium formate (0.1 M)
with 2-krad pulses yielded an absorption which was iden-
tical in shape, but of about double the intensity of that
observed in the absence of the formate. There was a small
(less than 10%) decrease in the absorption at 440 nm, and
a corresponding small increase in absorption at 420 nm
over period of 100 usec. However, after this time, the ab-
sorption was long lived (decayed in greater than 20 msec).
Similar behavior was observed with 4-nitrobenzyl acetate.
A likely explanation for this behavior is that the formate
ion scavenges most, but not all, of the -CH2CN species.
Due to problems of solubility, it was not possible to go to
higher formate concentrations, however, when smaller
pulses (ca. 900 rads) were used there was no decay of the
absorption in times less than 20 msec. 4-Nitrobenzyl bro-
mide and iodide appeared to react with the formate in ac-
etonitrile. Pulse radiolysis of 4-nitrobenzyl chloride in the
presence of tetraethylammonium formate yielded an ab-
sorption identical in shape but enhanced in intensity.
With large (2-krad) pulses, fairly complex decay kinetics
were observed for the first 30 usec. After this time, how-
ever, the decay followed a second-order rate law to greater
than 3 half-lives. As with the 4-nitrotoluene and 4-nitro-
benzyl acetate radical anions, the initial decay probably
arises from reaction of ‘CH,CN with the radical anion.
With smaller pulses (<1 krad) only the second-order
decay was observed. This showed a slight (25%) decrease
in the decay rate for a greater than tenfold decrease in
pulse size. A mean value of 14.4 (£2.3) X 105 cm sec—?
was obtained for k/e. Employing the estimated extinction
coefficient, the second-order rate constant for the decay is
approximately 2.7 X 10° M~-1 sec~1. Under the conditions
of pulse radiolysis where there are comparatively high
(10-% to 10~7 M) concentrations of radical anions it would
appear that a second-order reaction (possibly radical cou-
pling) is the main fate of this species. This contrasts with
the behavior in electrochemical experiments® where, pos-
sibly because of the radical concentration, unimolecular
decay is the favored reaction.

With 4-nitrobenzyl bromide and iodide it was not possi-
ble to scavenge the CH3CN radicals in the same way, as
the tetraethylammonium formate very rapidly reacted
with the halides in acetonitrile solution, probably via nu-
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cleophilic substitution, yielding 4-nitrobenzyl formate.
However, a lower limit of 70 usec could be set for the life-
times of the radical anions from the slowest decays.

The decays of the radical anions from 4-nitrobenzyl flu-
oride and alcohol differed from those of the other deriva-
tives in that new absorptions were observed to grow in on
a time-scale similar to the loss of the absorptions assigned
to the radical anions. In both these cases the decay ap-
peared to be first-order with rate constants 10¢-10% sec~?
for ca. 2 X 10-3 M solute. With the fluoride, however, the
rate of interconversion showed a dependence on 4-nitro-
benzyl fluoride concentration. This reaction was not in-
vestigated further.

Discussion

The objective of this study has been to characterize the
radical anions of 4-nitrobenzyl compounds, both with re-
gard to their optical spectra and reactivities. It is perhaps
surprjsing that few reports exist on the spectroscopic
characterization of these species in view of the large num-
ber of studies on reductions of 4-nitrobenzyl compounds in
which they are claimed as intermediates. With 4-nitrotol-
uene, characterization of the radical anion optical spec-
trum has been achieved by electrochemical,?? pulse radi-
olysis,2¢ and +y-radiolysis?® studies. Our work supports
these previous assignments and indicates that in acetoni-
trile this species has an absorption Amax 440 nm. This
radical anion has also been observed in esr experi-
ments,28:29,:31 Few other reports of spectra of anion radi-
cals of 4-nitrobenzyl compounds exist in the literature.29-33

We tentatively assign the initial spectra observed upon
pulse radiolysis of acetonitrile solutions of 4-nitrobenzyl
fluoride, 4-nitrobenzy! chloride, 4-nitrobenzyl bromide, 4-
nitrobenzyl iodide, 4-nitrobenzyl alcohol, and 4-nitroben-
zyl acetate to the corresponding radical anions on the
basis of the known radiation chemistry of acetonitrile and
the behavior observed with 4-nitrotoluene. With the alco-
hol, acetate, and fluoride similar spectra were observed
with a progressive shift of the maxima to lower energies,
possibly resulting from a o-r interaction similar to the
examples reported by Traylor, et al.3* Assignment of the
absorptions observed with the chloride, bromide, and io-
dide is less certain as, although these all possessed a band
at longer wavelength than the other derivatives as expect-
ed on the basis of ¢-7 interactions, the spectra were very
similar for these three compounds.

A possible alternative assignment of the absorption
which must be considered is the 4-nitrobenzyl radical,
formed by dissociative electron capture (4) as has been

RX + ¢ — R + X 4)
suggested to occur in the reduction of benzyl chloride by
hydrated electrons.35 This process may be expected to be
less important with 4-nitrobenzyl chloride than with ben-
zyl chloride. Further, the decay of the absorbing species is
second order. If the 4-nitrobenzyl radical were produced,
one might anticipate that hydrogen abstraction from the
tetraethylammonium formate would be an important
decay pathway for this species. Finally, although in the
electrochemical studies there is disagreement over the ab-
solute rate of cleavage of the 4-nitrobenzyl halide radical
anions, all workers are agreed that these are actual inter-
mediate species,5-6-8:9 Unless, therefore, different factors
are important in the electrochemical and radiation chemi-
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cal reductions, we feel that the observed behavior can be
best explained by assignment of these absorptions to the
corresponding radical anions.

Further evidence in favor of this assignment comes from
a study of the pulse radiolysis of 4-nitrobenzyl chloride in
aqueous solution (Hayon and Madhavan, unpublished re-
sults). A transient is observed both on pulse radiolysis of
4-nitrobenzyl chloride in water in the presence of tert-
butyl alcohol and on reduction of 4-nitrobenzy! chloride
by (CH3)2COH radical in water. The spectrum of this
species is dependent upon the pH, clearly demonstrating
an acid-base property. Further, the observed pKa (3.5 %+
0.1) is close to that for other substituted nitrobenzene
radical anions.?¢ The most reasonable explanation for this
behavior is that the transient formed initially upon pulse
radiolysis of 4-nitrobenzyl chloride in water is the radical
anion, which in acidic solution protonates at the nitro
group. If the 4-nitrobenzyl chloride radical anion is suffi-
ciently long-lived in water to permit direct observation by
pulse radiolysis (k1 = 4.1 £ 0.6 X 103 sec~1 for decay of
species in water at pH 9.3), it is hardly likely that in ace-
tonitrile the species will decay in a time shorter than that
of the first observation (~1 usec). Thus, we feel that the
transients observed upon radiolysis of the 4-nitrobenzyl
halides in acetonitrile are the radical anions.

Analysis of the decay kinetics of the radical anions,
under conditions in ‘which the species did not react with
solvent-derived radicals (i.e., using low doses, with 0.1 M
tetraethylammonium formate) indicated that while the
radical anions of 4-nitrotoluene and 4-nitrobenzyl acetate
were long-lived (lifetime greater than 20 msec) the species
from the 4-nitrobenzyl chloride decayed by a second-order
process with rate constant ca. 3 X 10° M-1 gec-1, This
reaction may be either dimerization of disproportionation
of the radical anion and is in marked contrast to the elec-
trochemical experiments where, possibly as a result of the
lower radical concentrations, unimolecular decay predom-
inates. With 4-nitrobenzyl bromide and iodide, it was only
possible to set a lower limit of ca. 70 usec for the lifetime
of these radical anions.

A plausible scheme for the second-order disappearance
of the 4-nitrobenzyl chloride radical anion can be formu-
lated on the following principles: (1) 7 radicals can inter-
act to form dimer complexes, which we have termed =-
mers;36 (2) reversible electron transfer, forming 4-nitro-
benzyl chloride and 4-nitrobenzyl' chloride dianion (the
dianion would surely lose chloride ion extremely quickly);
or (3) simultaneous loss of two chloride ions with forma-
tion of a covalent bond between the two rings in the =#-
mer. Charged = radicals are well known to form =-mers,
e.g., dimethylbipyridylium cation radical3? and tetracyan-
oquinodimethane radical anion38 (reactions 5-7).

4-Nitrobenzyl fluoride and 4-nitrobenzyl alcohol showed
rather different behavior from the other compounds inves-
tigated. The radical anions were observed to convert to a
new species possessing an absorption at ca. 625 nm. Fur-
thermore, in the case of the 4-nitrobenzyl fluoride the rate
of this interconversion was found to depend upon the so-
lute concentration. Hawley and coworkers® observed simi-
lar electronic spectra on electroreduction of 4,4’-dinitrobi-
benzyl or 4-nitrobenzyl chloride in acetonitrile, suggesting
that an anionic species derived from dinitrobibenzyl may
be responsible for the absorptions. This assignment would
explain the observed dependence of the interconversion on
the solute concentration in the case of 4-nitrobenzyl fluo-
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T-mer
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NO, NO, NO, NO,

ride. However, a firm proposal for the structure of the
625-nm absorbing material requires further work.
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Using the TiCls-Hz0; radical-generating method within a continuous-flow system at ca. 25°, we have
carried out a comprehensive epr study of the radicals formed from CHy=C(CH3)CHzOH and 14 allyl

compounds, viz.,

-O0CCHCH3, -O0CCH,CH;CH;, -OOCCgHs,

(CHz=CHCH3)>0 and CHy==CHCH,X with -X equal to -OH, -OOCH, -OOCCHj3,

-CN, -NH;, -NHCONH;, -COOH, -OCH>CH20H,

-OCH;CHs, and -OCHzCHCH,0. Generally, water was the reaction solvent. However, the aromatic com-
pound was not sufficiently soluble in this medium and so was run in water mixed with acetone. Each
CH,=CHCH.X compound gave only the HOCH:CHCH,X, 1 (-X), and -CH,CH(OH)CH,X, 2 (-X),
radicals, except that CHo=CHCH:OH also yielded CHz==CH:==CHOH. The CH>==C(CH3)CH20H and
(CH;=CHCHz3):0 each gave only one radical, of structure analogous to 1 (-X), although the spectrum
formed from the ether was broadlined and might contain other radicals. To help characterize some of the
1 (-X) and 2 (-X) radicals, we have carried out a similar investigation where we replaced the HxO in
the TiCls-H02 system with NH20H, five CHa—CHCH:X compounds being so examined, viz., with -X
equal to -OH, -OOCH, -OOCCHzCH:CHj, -NH2, and -OCH,CHCH,0. Each of these compounds gave
only the HoNCH,CHCH,X radical, except that CH,—CHCH2OH, when run at high enough concentra-
tions, also produced a signal assignable to a polymeric radical.

Introduction

The reaction between titanous chloride and hydrogen
peroxide in the presence of a reactive organic substrate
within an aqueous continuous-flow system is the basis of a
well known method of generating transient free radicals in
electron paramagnetic resonance, epr, spectroscopic inves-
tigations.3>¢ In an earlier paper,5 we reported the results
of an epr spectroscopic study of the radicals observed to
be formed from allyl alchohol, CHo=CHCH;OH or AOH,
as substrate with the use of this method. We found this sub-
strate to yield the two conceivable addition radicals HO-
CH,CHCH20H, 1, and -CH,CH(OH)CH;OH, 2, as the
major products. Also observed was the allylic radical
-CH;CH=CHOH <« CH,=CHCHOH, 3, and, when the
allyl alcohol concentration was sufficiently high, there was
noticed a signal attributable to a polymeric addition radi-

cal. On the other hand, when the photodecomposition of
hydrogen peroxide is employed as the radical-generating
reaction, only radical 3 is observed.67

The present paper represents an extension of our previ-
ous investigation to the study of other allyl compounds
with the use of the TiClz-H0s method. In general, our
results with these allyl compounds are similar to those of
our earlier work.®> However, for no allyl compound except
allyl alcohol did we readily observe a signal attributable
to an allylic radical and, consequently, we made no at-
tempt to pursue this aspect. Also, for each allyl compound
studied, the concentration was low enough that we did not
observe a polymeric radical spectrum.5 The resolution we
could obtain under optimum conditions proved to be
much better than before, thus allowing, for example, a
more complete characterization of radical 1 and the obser-
vation of an e-proton coupling in several ether radicals.
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