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Rate constants have been measured for the coupling between hexenyl radicals and
2,2-dimethylhexenyl radicals and electrogenerated anion radicals of anthracene,
9,10-diphenylanthracene, benzophenone and quinoxaline. The rate constant for all
four reactions in N, N-dimethylformamide is log k, = 9.1(5), which is in accordance
previous results in 1,2-dimethoxyethane for naphthalene and benzophenone anion
radicals and 1-hexenyl radicals. The data indicate that the redox potential of the
aromatic anion radical has only a minor influence on the rate of coupling with alkyl
radicals. The rate constants for anion radicals of 9,10-diphenylanthracene and ben-
zophenone were somewhat lower, 6(1)x10® M~! s~ which for 9,10-diphenylanthra-
cene might be caused by steric hindrance by the two phenyl groups. The conclusion is
that the coupling reaction between aromatic anion radicals and alkyl radicals has all

the characteristics of a radical-radical coupling.

In connection with recent attempts to estimate reversible
redox potentials of alkyl and benzyl radicals from measured
reduction potentials,'? it was desirable to determine rate
constants for the coupling between different kinds of aro-
matic anion radicals and alkyl radicals. Only a few data on
coupling rates between aromatic anion radicals and alkyl
radicals have been reported. Garst et al. have obtained rate
constants for the coupling reactions of naphthalene and
benzophenone anion radicals with the 1-hexenyl radical.?
They found that 1-hexenyl radical couples with sodium
naphthalene with a rate constant k, = 2.4x10° M~!s7! in
1,2-dimethoxyethane (DME)** and with lithium diphe-
nylketyl with k, = 3.6x10® M™! s7! in tetrahydrofuran
(THF).** To our knowledge no other such coupling rates
have been reported. We therefore decided to extend the
available anion radical-radical coupling data in order to
gain knowledge on some of the parameters influencing such
rates.

Radical cyclization probes have been used in many in-
vestigations either to ‘prove’ involvement of radicals or as
‘clocks’ to measure reaction times for very fast reactions
involving radicals.’ The 5-hexenyl radical, the rate of rear-
rangement of which has recently been recalibrated, is now
regarded as a standard ‘clock’ in radical chemistry.® Methyl
substituted 6-halo-1-hexenes are available as faster
‘clocks’.” We have also used cyclopropylcarbiny! radical as
a radical probe but this system also isomerizes rapidly as an
anion or cation. Newcomb recently discussed the use of
radical cyclization probes emphasising the possibility of a
radical chain isomerization sequence where the rate-deter-
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mining step is the halogen transfer from the alkyl halide
(probe) to a radical.® For probes with iodide this reaction
sequence presents a very serious problem because the halo-
gen transfer reaction is faster than most radical termination
reactions. However, the termination step (A™* + R’ £
AR") for even iodides will be around 100 times faster than
the chain isomerization sequence emphasized by New-
comb. For bromides the chain isomerization sequence is at
least 1000 times less important than for iodides.

Here we have measured the rate constant k, for coupling
between electrochemically generated anion radicals of an-
thracene (1), 9,10-diphenylanthracene (2) and quinoxaline
(4) in N,N-dimethylformamide (DMF) with the 2,2-di-
methyl-1-hexenyl radical formed by dissociative electron
transfer to 6-bromo-5,5-dimethyl-1-hexene (6). Benzophe-
none (3) and 4 were reacted with 6-bromo-1-hexene (5) and
finally 4 was reacted with (bromomethyl)cyclopropane (7).

We were interested in reacting 1 and 2 with § but the
initial electron transfer reaction is too fast so homogeneous
reaction conditions can not be obtained. These radical
clocks should elucidate the influence of the potential differ-
ences between aromatic anion radicals and radical clocks
and the influence of steric hindrance on the rate constant
for coupling between aromatic anion radicals and alkyl
radicals.

The mechanism of the reaction between aromatic anion
radical and alkyl halides is well established.® The mecha-
nism is shown in Scheme 1, where RX is a radical probe.
The aromatic anion radical, A*~ is generated either chem-
ically or electrochemically and transfers the electron to the
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radical probe, RX. This latter undergoes dissociation con-
certed with the electron transfer (ET) to give the radical R
and the halide anion, X~, eqn. (2)."° Numerous investiga-
tions have focused on the measurements of k,.!' The gener-
ated radical, R’, can undergo a number of possible reac-
tions. R* can isomerize to R’" in a fast reaction [eqn. (3)],
(e.g. 1-hexenyl radical — cyclopentylmethyl radical b k; =
2.35%10° s7'), and the two radicals R* and R’* can couple
with an anion radical [(eqn. (4) and eqn. (4'), respectively]
or be reduced by the anion radical [(eqn. (5) and eqn. (5),
respectively].

A+e = A" (1)
- k, -
A +RX —A+R +X 2)
ks
R- _) Rl- (3)
i ks _
A"+ R —> A-R 4)
- k4' - '
A~ +R* —5AR 4)
_ ks _
A" +R —SA+R ®)
- kS‘ — ’
A" +R" —HA+R (5"
H+
A-R-,A-R'~ —> A-RH, A-R'H (6)
= o H*
R, R’ —> RH, RH’ (7)
RX
A-R™,A-R'"- —5 AR,, ARR + X~ ®)
R, R'" &g R-R, R'-R + X~ C))

Scheme 1. Mechanism of the reaction between aromatic anion
radicals (A~") and a radical probe (RX).

The competition between coupling (4) and indirect re-
duction (5) of the alkyl radical has recently been discussed
with regard to the possibility of measuring the reduction
and standard potential for various alkyl radicals.'? The
competition parameter g = ks/ (k, + k) is easily measured
by linear sweep voltammetry.'? The generated anions can
either be protonated, [eqns. (6) and (7)] or react in a
substitution reaction with the alkyl halide to form polyalky-
lated products [eqns. (8) and (9)]. However, the percent-
ages of dialkylated products were always less than 10 %.
The dissociative electron transfer from AR~ to RX can
generally be excluded because the oxidation potential of
the former is approximately 1 V less cathodic than the
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standard potential of A™*. The sum (k, + k) relative to k,
can be obtained from a product analysis of the reaction
mixture. It is implicitly assumed in the following that k', =
k4. This assumption can be justified when both radicals R"*
and R° are primary radicals and no serious steric hindrance
is introduced into their f-positions during isomerization.

By measuring the ratio between RH and R'H, Garst et
al.** determined that the sum (k, + k;) is 4.8x10° M1 57!
for the reaction between the naphthalene anion radical (8)
and the 1-hexenyl radical. The amount of coupling prod-
ucts (ARH + AR’H) was found to be the same as the total
amount of reduced products (RH + R’H) which indicates
that k, = k. This observation makes the product identifica-
tion very easy because only the relative amount of RH and
R'H has to be determined after each experiment, but the
accuracy of k, will depend on the exact ratio between k,
and ks. It was thus found that k, = 2.4x10° M ! s7! a
number which has been widely accepted as a plausible rate
constant for this fast radical-anion radical coupling without
charge repulsion. This rate of Garst’s has, however, been
measured between the alkyl radical and a sodium-ion-
paired anion radical in DME and the result might not be
the same in DMF where ion-pairing is of less importance.

A new method for the indirect measurement of standard
potentials for alkyl radicals has recently been published.!?
Here k, was assumed to be equal to 1x10° M~! s7! for all
reactions between aromatic anion radicals and alkyl rad-
icals. It is likely that the coupling reaction between two
radicals without charge repulsion will be fast, probably
near the diffusion limit and it is equally likely that differ-
ences in standard potentials between the two reactants will
be less important than steric hindrance. It is however of
interest to know which parameters influence the rate of
coupling and to determine the importance of the param-
eters. It is particularly interesting to examine the influence
of the standard potential of the electron donor on k, be-
cause we have postulated this dependency to be negligible
in connection with the determination of reduction poten-
tials of alkyl radicals.!?

All the alkyl radicals studied here are primary alkyl
radicals for which it has been shown that the reduction
potential is about —2.20 V vs. SCE and the reorganization
energy for the electron transfer reaction (5) is about 30 kcal
mol~'.? This means that the second ET reaction, eqn. (5),
for all the reactions studied here will be negligible, and the
ratio k,/ks can alone be calculated from the product ratio
between AR’H and ARH. It should be noted that com-
pared with the method of Garst we do not need the as-
sumption that k, = ks, but on the other hand the product
identification is more tedious in this study because cyclized
and non-cyclized coupling products have to be identified.

Results and discussion

The rate constants for the radical isomerization of the three
clocks 5-7 used are given in Table 1. The isomerization
reaction for 5 and 6 is the cyclization of the hexenyl radical



Table 1. The radical clocks employed, their isomerization
reactions and the rate constant of the isomerizations.

RX SO ky/s™" [Ref]

é 2.35x10° [6]

6-Bromo-5,5-dimethyl-1-
hexene (6) M -_— 3.6x10° {7]

(Bromomethyl)cyclo-
propane (7)

6-Bromo-1-hexene (5)

NN

D— —— A/ 13x10°[5]

to form the cyclopentylmethyl radical. For 7 the isomer-
ization is the ring-opening of the cyclopropylmethyl radical
to form the butenyl radical.

The Table 2 the measured rate constants k, for the reac-
tion between the anion radicals of 1-4 and 5-7 are given.
As expected for an ET reaction, the rate constant increases
when the standard potential of the mediator becomes more
negative. The fastest reaction measured is between 1 and 6
where the rate constant is measured to be 13.1 M~'s™!. The
time for complete mixing (1-2 s) is, however, much lower
than the relevant half-life of A= (22.7 s for [A™"], = 1.5
mM and [RX), = 2.09 mM). This means that almost all the
coupling product is formed under homogeneous conditions
and the reactions can be described by the usual coupled
homogeneous differential equations.

The differential equations describing reactions (2)—(4) in
Scheme 1 were solved numerically by the program Bego"
where the concentrations of all six reactants could be fol-
lowed in arbitrary time steps. The ratio of final concentra-
tions of the coupling products AR'H and ARH could thus
be calculated for different experimental parameters [A™"],,
[RX]y, k,, k5 and k,.

The range of the measurable rate constant for the cou-
pling reaction, k,, is primarily determined by the rate of
isomerization of the radical probe, k;, and by the detection
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limits of the coupling products. Accurate determination of
the product ratio [AR’H]/[ARH] can be made in the range
0.05-20. This means that with the applied radical probes
the range of measurable k, is from 2x 10" to 2x 10" M~'s™2,
These limits are obtained from Bego when the appropriate
limits in the experimental parameters are used. As the
diffusion-limited rate constant, kg, is about 1x10° M~!
s™!, depending on the size of the reactants and the viscosity
of the solvent,' even diffusion-controlled coupling of the
aromatic anion radical and the alkyl radical can be obtained
by this method.

In Table 3 the percentage of isomerized coupling product
is given for different concentrations of anion radical
(1'"—4'") and radical probe (5-7). k, was determined iter-
atively employing Bego bys using the experimental param-
eters and varying k, until the ratio [AR'H|/{[ARH] was
equal to that found experimentally by gas chromatography
(GLCQ). The calculated values of k, are included in Table 3.

Our results are shown in Table 4 together with the data
previously reported by Garst for naphthalene (8) and ben-
zophenone anion radicals (3) and 5 in DME. For the pure
aromatic hydrocarbons (1, 2 and 8) the rate constant is
almost equal whereas the two aromatics with heteroatoms
deviate most from an average. The deviation is, however,
less than a factor of 10 between the fastest and the slowest
[log k, = 9.1(5)]. It seems that k, is somewhat larger for 1
and 4 than for 2 and 3 which might be due to steric hin-
drance in 2 caused by the two phenyl groups, but, on the
other hand, a similar value is found for diphenylketyl (3)
and 5, and it is unlikely that there is any serious steric
hindrance in the reaction with diphenylketyl. It was also
observed that k, is insensitive to differences in the redox
potential of the reactants. The difference in redox potential
between 1 and 4 is more than 300 mV and the difference in
k, is less than a factor of three. The same difference for a
fast ET reaction like eqn. (5) would be a factor of approxi-
mately 1000 depending on the specific reorganization en-
ergy (30 kcal mol™!) and the exact location of the donor’s
standard potential on the Marcus curve.

The findings in this study can be summarized in four
points: (a) the rate of coupling between aromatic anion
radicals and alkyl radicals is very high, almost at the diffu-
sion limit, which means that the activation barrier ap-

Table 2. The rate constant k, for the electron transfer between aromatic anion radicals and radical clocks in 0.1 M TBABF, measured

by the potentiostatic method.'®

RX A —-E3/V? K/M™'s7?
6-Bromo-1-hexene Quinoxaline (4) 1.60 7.2
6-Bromo-5,5-dimethyl-1-hexene Quinoxaline (4) 1.60 0.10
(Bromomethyl)cyclopropane Quinoxaline (4) 1.60 6.0
6-Bromo-1-hexene Benzophenone (3) 1.72 <50
6-Bromo-5,5-dimethyl-1-hexene 9,10-Diphenylanthracene (2) 1.78 41
6-Bromo-5,5-dimethyl-1-hexene Anthracene (1) 1.89 13.1

“Measured against SCE.
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Table 3. [AR'H}/[ARH] found for different concentrations (mM) of 1°—4°~ and radical clocks; 57 in DMF/0.1 M TBABF,. T = 25°C.

A [A"Jo/mM RX [RX]o/mM ky/M~1 571 ky/s™ [AR'H]/[ARH] KM~ st
4 6.0 6 18.7 0.10 3.6x10° 0.32 3.5x10°
4 5.7 6 15.9 0.10 3.6x10°8 0.59 3.0x10°
4 3.0 6 19.4 0.10 3.6x10°8 0.82 4.0x10°
4 8.02 5 82.0 7.2 2.3x10° <0.05 >4x10°
4 8.04 7 82.0 6.0 1.3x10% >20 <4x10°
3 1.2 5 2.52 <50 2.3x10°% 1.01 4.8x10°
2 6.3 6 17.5 41 3.6x108 2.35 5.5x108
2 46 6 374 41 3.6x108 2.55 6.8x10°
2 3.3 6 16.4 4.1 3.6x10° 297 8.0x 108
1 1.0 6 2.09 131 3.6x108 6.75 1.1x10°
1 1.2 6 2.09 13.1 3.6x10° 3.53 1.8x10°
1 15 6 2.09 131 3.6x108 4.60 1.1x10°
) .. . diff . )
proaches zero; (b) the rate is insensitive to differences in Experimental

redox potentials between the two reactants; (c) k, seems to
be influenced by steric hindrance although this point needs
further study, and finally (d) k, seems to be insensitive to
the polarity of the solvent. These four observations are,
however, common in radical chemistry.”> We therefore
conclude that the aromatic anion radical behaves like a
radical when it couples with an alkyl radical.

It was assumed in Refs. 1 and 2 that k, was equal to
1x10° M™! s7! for all reactions between aromatic anion
radicals and alkyl radicals. The present study has shown
that this is true to within a factor of 2-3 for reasonably
unhindered reactants. Small jumps in k, will show up in the
q plots [ks/(ks + k,) versus E3] as discontinuities. E9 is,
however, never obtained from a single measurement, but is
determined from reactions of one alkyl radical with a num-
ber of aromatic anion radicals, and there will thus be some
averaging in the determination of E9. If however for some
reason all k, in one g-plot are off by a factor of two the
maximum error in E% will be 75 mV, which is still accept-
able in this kind of measurement.

Table 4. The rate constants of coupling between different anion
radicals of aromatic compounds and alkyl radicals at 25°C.

A —E3/V®2  RX Solvent k,/10°

M 's!

—2.46 5° DME 2.4°
Anthracene (1) -1.89 6 DMF 1.4(3)
9,10-Diphenylanthracene (2) —1.78 6 DMF 0.7(1)
Benzophenone (3) -1.72 5 DMF 0.5
5
6

Naphthalene (8)

Benzophenone (3) -1.72 > DME 0.36°
Quinoxaline (4) -1.60 DMF 3.5(4)

2Measured against SCE. ?Measured in Ref. 3.
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Materials. The mediators were the same as those used
previously. The supporting electrolyte, Bu,NBF,, and the
solvent, N, N-dimethylformamide, were purified by stan-
dard procedures.'

Compound 6 was synthesized according to Ashby et al."
Compounds 5 and 7 and 4-bromo-1-butene (9) are com-
mercially available (Aldrich) and were used as received.
Bromomethylcyclopentane (10) was synthesized according
to Noller.'

Equipment. Instrumentation and data treatment proce-
dures have been described in detail elsewhere.'® The elec-
trolyte solution was dried by being passed through a co-
lumn containing activated alumina just before the experi-
ments. A 10 pm platinum microdisc electrode and a
rotating glassy carbon disc electrode were used in the po-
tentiostatic method."

GLC analysis was performed with a Hewlett Packard
5890A gas liquid chromatograph equipped with a 25 m
OV-101 capillary column or an HP1 12 m capillary column,
flow 1-2 ml min~!, detector temp. 250°C in 5 min to 270°C
rate 8 °C min~'. Mass spectra were recorded with a Hewlett
Packard MSD 5771A instrument.

Procedures. Potentiostatic method. The method has been
described previously."” All the experiments were carried
out in DMF/0.1 M Bu,NBF, at room temperature (25°C).
The determination of k, for 1 and 6 was made with a
rotating glassy carbon disc electrode rotating at 3000 min™"'.
For all the other measurements a 10 pm platinum microdisc
electrode was used.

Preparative method. An H-cell with a 25 ml cathodic com-
partment was filled with DMF/0.1 M n-Bu,NBF,. 2-10
mmol of the aromatic compound were added. A steady-



state voltammogram was recorded at 20 mV s~'. This
voltammogram was S-shaped with a plateau instead of the
peak and the forward and backward trace were coincident.
The basis (i,),) and plateau (i,,) currents were measured.
The aromatic compound was then reduced to the stable
anion radical at a platinum foil electrode until the theoret-
ical amount of charge had passed. Again a steady-state
voltammogram was recorded and the current at the basis
(i,») and at the plateau (i,,) was measured. The actual
concentration for aromatic anion radical was calculated
from eqn. (10). The radical probe was then added to the
stirred solution of aromatic anion radical and the strong
colour of the latter gradually disappeared. When the so-
lution became colourless two drops of acetic acid were
added to protonate the electrogenerated bases.

[A] = [A]- 2= (10)

bp tb.b

To the catholyte were then added 30 ml of water, after
which it was extracted three times with 30 ml of diethyl
ether. The ether solution was washed three times with 50
ml of water and dried overnight with molecular sieves (4
A). Finally the solvent was evaporated and the sample
analysed by GLC or GLC-MS.

Identification of coupling products. The GLC peaks corre-
sponding to the cyclized coupling products AR'H and the
non-cyclized coupling products ARH were identified in the
following way.

The AR'H peaks obtained from the reactions of ben-
zophenone (3) and quinoxaline (4) with 6-bromo-1-hexene
(5) were identified by reaction 3 and 4 with the cyclized
alkyl halide 10. In a similar way, the AR'H peaks from the
reaction of 4 with (bromomethyl)cyclopropane (7) were
identified by reacting 4 with the alkyl halide 9.

For the radical probe 6-bromo-5,5-dimethyl-1-hexene
(6), the cyclized alkyl halide was not available. The AR'H
products were instead identified by performing a prep-
arative electrolysis in the presence of 6 at low current
density (< 2 mA cm™") with rapid stirring. In this way a low
steady-state concentration of anion radical was obtained
resulting in a high ratio (> 10-20) of AR'H to ARH which
was confirmed by 'H NMR spectroscopy and GLC. A high
yield of uncyclized coupling products ARH was obtained
by generating a high anion radical concentration in the
cathodic compartment of the electrolysis cell (10-20 mM)
followed by the addition of the radical probe 6. Analysis of
the product mixture by 'H NMR spectroscopy and GLC,
showed typically a two- to four-fold excess of ARH relative
to AR'H. In all cases the retention times of the AR'H
coupling products were longer than those of the ARH
products, when positional isomers were compared.

Spectroscopic data are shown below for the main prod-
ucts in each of the following preparative electrolyses.
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Reaction between 5 and benzophenone anion radicals 3.
Benzophenone (10.8 mg) in 25 ml DMF/0.1 M TBABF,
was reduced at —1.4 V vs. Ag/Agl. After 5.7C, 10.3 mg §
in 0.5 ml DMF were added. The main products were identi-
fied by GLC-MS: 2-cyclopentyl-1,1-diphenylethanol: MS
(m/z, %): 266 (0.6), 265 (1.2), 248 (1), 195 (6.2), 184 (12),
183 (100), 165 (2), 105 (59), 77 (21), 51 (2), 41 (3). 1,1-
diphenyl-6-hepten-1-ol: MS (m/z, %): 248 (0.7), 184 (13),
183 (100), 165 (2), 152 (8), 105 (43), 91 (2), 77 (15), 51 (2),
41 (2).

Reduction of anthracene 1 and 6 at low current densities.
Anthracene (50 mg) and 100 mg 6 were reduced in DMF/
0.1 MTBABF, at —1.4 V vs. Ag/Agl with a current density
of less than 2 mA cm™2. The main product isolated was
9-(4,4-dimethylcyclopentylmethyl)-9,10-dihydroanthracene
'H NMR (CDCly): & 1.03 (s, 6 H), 1.2-1.7 (m, 7 H),
1.8-2.0 (q, 2 H), 3.84 (d, H,y, Y040 = 18.0 Hz), 3.95 (t,
H,, 3] = 7.3 Hz), 4.18 (d, Hyq., YJ1¢40 = 18.0 Hz), 7.2-7.6
(m, 8 H). MS (m/z, %): 290 (0.7), 191 (0.9), 180 (20), 179
(100), 178 (50), 177 (3.7), 176 (4.5), 152 (2.4), 151 (1.4),
115 (0.7) 69 (1.1), 55 (2.8), 41 (4.1).

Reaction between 6 and high concentrations of anthracene
anion radicals 1-°. Anthracene (75 mg) in 30 ml DMF/0.1
M TBABF, was reduced at —1.5 V vs. Ag/Agl. After 50 C,
6 (100 mg) was added. The main product isolated was
9-(2,2-dimethyl-5-hexenyl)-9,10-dihydroanthracene, 'H
NMR (CDCl,): 6 0.90 (s, 6 H), 1.3-1.47 (m, 2 H), 1.62 (d,
2H,? =5.9),1.75-1.95 (m, 2 H), 3.80 (d, H,o, ¥ = 17.58
Hz),4.10 (t, H9,%J = 5.9 Hz), 4.16 (d, Hy,, ¥/ = 17.8 Hz),
4.82-5.0 (m, 2 H), 5.6-5.83 (m, 1 H), 7.2-7.6 (m, 8 H). MS
(m/z, %): 290 (4.2), 191 (0.9), 180 (23.5), 179 (100), 178
(53), 177 (4.8), 152 (3.5), 115 (1.2), 55 (2.9), 41 (4.0).

Reduction of quinoxaline 4 and 6 at low current densities.
Quinoxaline (50 mg) and 6 (100 mg) were reduced in 25 ml
DMF/0.1 M TBABF, at —1.2 V vs. Ag/Agl at current
densities less than 2 mA cm™2. The main product isolated
was 2-(4.4-dimethylcyclopentylmethyl)quinoxaline, 'H
NMR (CDCl,): 1.02 (s, 6 H), 1.2-1.7 (7H), 3.01 (d, 2 H,
3] =7.6 Hz), 7.6-7.8 (m, 2 H), 7.95-8.1 (m, 2 H), 8.72 (s, 1
H). MS (m/z, %): 240 (6.5), 225 (1.8), 183 (6.2), 169
(12.0), 145 (25.2), 144 (100), 117 (6.6), 102 (8.8), 7.6 (6.7),
55 (6.6), 41 (9.0).

Reaction of 6 with quinoxaline anion radicals 4™ at high
concentration. Quinoxaline (100 mg) was reduced in 25 ml
0.1 M TBABF,/DMF at —1.4 V vs. Ag/Agl. After 122C, 6
(74 mg) was added. The main product isolated was 2-(2,2-
dimethyl-5-hexenyl)quinoxaline, '"H NMR (CDCl,): 6 0.97
(s, 6 H), 1.4 (t, 2 H), 2.1-2.25 (m, 2 H), 2.90 (s, 2 H),
4.9-5.05 (m, 2 H), 5.7-5.9 (m, 1 H), 7.67-7.9 (m, 2 H),
8.0-8.2 (m, 2 H), 8.67 (s, 1 H). MS (m/z, %): 240 (7.8), 225
(7.9), 185 (8.2), 171 (11.0), 145 (18.4), 144 (100), 143 (8.4),
117 (6.5), 102 (11.0), 55 (12.3), 41 (9.2).
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Reduction of 9,10-diphenylanthracene 2 and 6 at low current
densities. 9,10-Diphenylanthracene (33 mg) and 6 (74 mg)
in 25 ml DMF/0.1 M TBABF, were reduced at —1.32 V vs.
Ag/Agl with a current density of less than 0.1 mA cm™.
GLC revealed five coupling products arising from the five
possible coupling positions in 9,10-diphenylanthracene (po-
sitions 1, 2, 12, 13 and 14). The mass spectra of the AR'H
coupling products were characterized by relative high (M*
= 442) molecular ion. The mass spectrum of the major
isomer showed MS (m/z, %): 443 (13), 442 (38), 332 (42),
331(100), 330 (12), 254 (11), 253 (22), 252 (16), 69 (2.3), 55
(4.2), 41 (3.6).

Reduction of 9,10-diphenylanthracene 2 and 6 at moderate
anion radical concentration. Diphenylanthracene (35.9 mg)
was reduced at —1.50 V vs. Ag/Agl in 20.5 DMF/0.1 M
TBABF,. After the consumption of 10 C, 6 (63 mg) was
added. Ten coupling products were detected by GLC, five
peaks identified as AR'H products and five as ARH prod-
ucts. The mass spectrum of the major ARH product
showed MS (m/z, %): 443 (0.09), 442 (0.19), 332 (34), 331
(100), 330 (90), 315 (4.1), 254 (13), 253 (19), 252 (14), 69
(1.6), 55 (1.8).
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