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Table 1. Racemization of 2

AG* T., °C
2 14.5 2
2.HgCl, 10.5 —60
2.ZnCl, 10.5 -60
2 + 1 equiv of CF3SO3H 10.1 —65
2 + excess CF3SO;H 16.8 +68

Consider now the corresponding process in bipyridyl 2.
Again, 8 defines the racemization coordinate and the transition
state occurs at # = 0°. The parent 2,2’-bipyridyl has been much
admired for its ability to form chelates with metal ions. X-ray
structures of such complexes reveal near coplanarity of the
aromatic rings; i.e., maximum binding between metal and bi-
pyridyl occurs at 8 = 0°. Chelation and racemization share the

Chelation

same coordinate, and metal ions could apply a binding force
to the transition state for racemization.

We have prepared 2 from the dimethyl ester of 2,2’-bini-
cotinic acid,’ readily available from the oxidation of 0-phen-

50%
:»OaHZSO4

anthroline. Excess MeLi afforded the diol 3 which cyclized to
2 under the influence of hot H,SO.,.

The NMR spectrum of 2 showed the expected temperature
effect; the dimethyl signal appeared as a broadened singlet at
ambient temperature but was resolved into two singlets (A
= 47 Hz) at low temperature. From the coalescence temper-
ature (7. = 2 °C) a barrier of 14.5 kcal /mol can be calculated.
Complexes of 2 with ZnCl, and HgCl, were obtained in
crystalline form and their racemization rates were determined.
The kinetic parameters obtained from 'H or '3C NMR spectra
are presented in Table 1.

As expected, the rate of racemization is enhanced in the
metal complexes. The degree of enhancement reflects the
difference in energy of binding in the ground-state vs. the
transition-state complex. The behavior of 2 in the presence of
protic acids is of special interest since true catalysis of race-
mization occurs. Observed rates increase as acid is added with
the maximum rate occurring at 1 equiv. As more acid is added,
rates decrease and at ~8 equiv the racemization rate is nearly
that observed in neat CF3SO3H.6 Evidently, the dipole-dipole
repulsive forces which contribute to the racemization barrier
of 2 are replaced by stabilizing forces in the monoprotonated
form. On diprotonation, the coplanar arrangement is desta-
bilized and racemization is inhibited.

The present examples demonstrate how remote binding
forces may stabilize a transition state. Applications to chemical
processes are underway.
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Formation and Rearrangement of Ipso Intermediates
in Aromatic Free-Radical Chlorination Reactions!
Sir:

Only during the past decade has the importance of ipso at-
tack in aromatic substitution reactions been appreciated.?
Although replacements of a substituent during aromatic free
radical substitution reactions have been reported by several
investigators during the past 75 years,>4 the substantial volume
of current literature about ipso attack has been largely confined
to electrophilic substitutions.? Cationic ipso intermediates have
been trapped, and their rearrangements have been shown to
account for as much as half of the ortho-substitution products
obtained in some nitrations.2 In this communication, we report
evidence for the formation and rearrangement of an ipso in-
termediate during free-radical chlorination of p-bromonitro-
benzene.

Ipso attack in some free-radical aromatic substitution re-
actions has recently been advocated,>-7 but firm evidence for
any behavior of the proposed ipso intermediate other than loss
of one of the geminal substituents (which might occur by a
mechanism other than formation of an ipso intermediate) was
lacking. Rearrangement of the original bromo substituent in
the present case appears to require the ipso-intermediate
mechanism,

Photoinitiated chlorination of p-chloronitrobenzene (1) in

Cl Cl Cl
Cl
Cl, +
light
NO, al Cl

1 2 3
Cl

l NO.

4

carbon tetrachloride at room temperature produces mainly
p-dichlorobenzene (2) plus a small amount (2% of the amount
of 2 at 57% reaction) of 1,2,4-trichlorobenzene (3).8 The re-
action is mainly one of chlorodenitration, perhaps through an
ipso intermediate (4). Photoinitiated chlorination of p-bro-
monitrobenzene (5) under the same conditions and at about
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Br Br Cl
Cl Br
—— 1 + +2+ 3+
ligh

NO, Cl NO,

5 6 7

the same rate also produces 2 as the major product (49% at
58% reaction) plus some 3 (8% of 2 at 58% reaction), 1, 6, and
7, and traces of other unidentified products.*8 Chlorode-
bromination and chlorodenitration are competitive. During
the reaction, the concentration of 1 continually increased
(followed through 769% consumption of §), but that of 6 passed
through a maximum at about 13% reaction.? The production
of the rearrangement product, 7,8 and the greater proportion
of 3 from the reaction of 5 than of 1 are particularly significant
to the question of ipso intermediates.

The rearrangement product, 7, appears to require an ipso
intermediate, 8. The product proportions reveal that loss of

1

Cl Br -

bromine atom (to form 1) is the principal fate of 8, but some
bromine migration to the ortho position does occur. The sub-
stantially increased ratios of 3:2 from 5 than from 1 strongly
imply that much of 7 reacts further by ipso attacks to produce
3 more readily than 3is produced from 2. The actual amount
of rearrangement of ipso intermediate 8, therefore, probably
exceeds by severalfold the amount of 7 detected in the reaction
mixtures.10

We believe that these data establish the formation and re-
arrangement of an ipso intermediate in these aromatic free-
radical chlorinations.
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in the dark at room temperature for 121 h showed no evidence of reaction
products.

Product 7 and its isomer, 1-bromo-2-chloro-4-nitrobenzene, were not
distinguishable on three different GC columns at several different tem-
peratures. The phenols derived from them by hydrolysis (replacement of
halogen para to nitro) did have different retention times, and hydrolysis of
the product mixture from § produced 2-bromo-4-nitrophenol but no 2-
chloro-4-nitrophenol.

GC analyses of product mixtures from § excluded the presence of 1,2-
dichloro-4-nitrobenzens, 2,4-dichloro-1-nitrobenzene, and 1,4-dichloro-
2-nitrobenzene, compounds which would have indicated chloro or nitro
migration in ipso intermediates.
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Heterogeneous Photocatalytic Preparation of
Supported Catalysts. Photodeposition of Platinum
on TiO; Powder and Other Substrates

Sir:

We recently described the use of platinized TiO; powders
in the heterogeneous photocatalytic decomposition of acetic
(or other carboxylic) acids to methane (or the corresponding
alkanes).! These powders were prepared by a heterogeneous
photocatalytic deposition of metal to produce a supported
metal catalyst. This unique and simple method of preparation
produces materials consisting of finely dispersed metal on a
semiconductor support which have also been found to be useful
catalysts for other processes. We describe here the preparation
of catalysts of this type and discuss possible extensions and
applications. There have been previous reports of photoinduced
metal deposition on semiconductors.?-> For example, the
photovoltaic plating of silver or copper on the n side of a Si p-n
junction has been described.? Photoreduction of Ag* and Pd*+
on n-Ti033# and Cu?* on n-TiO, and n-SrTiO; electrodes®
has also been investigated, frequently in connection with
photographic studies. To our knowledge no previous description
of these processes at dispersed powders or the application of
materials prepared in this manner as catalysts has been re-
ported.

In a typical experiment for photodeposition of metallic
platinum on TiO, powder, 2.02 g of lightly doped anatase
powder produced from undoped anatase (MCB, >99% pure
by X ray; particle size 125-250 um by sieves; grain size ~0.2
um by scanning electron microscopy (SEM)!) was suspended
in a mixture of 10 mL of platinizing solution (0.1 M hexa-
chloroplatinic acid in 0.1 M hydrochloric acid), which had been
neutralized with sodium carbonate and then brought to a pH
of ~4 by addition of acetic acid. This suspension was thor-
oughly flushed with nitrogen to remove oxygen and CO, and
heated to 55 £ 3 °C. The reaction mixture was irradiated with
a 2500-W Hg-Xe lamp, operated at 1600 W, while a slow
stream of N carried the evolving CO, into a saturated solution
of Ba(OH); in 1 M NaOH, to form a precipitate of BaCOs.
After 3.6-h irradiation at 55 °C a considerable amount of
BaCO; was trapped (after workup, 257 mg or 1.32 mmol,
corresponding to an average rate of CO; evolution of ~400
umol/h); the color of the originally bright orange solution had
largely faded and the grayish powder had darkened signifi-
cantly. A black spot of Pt was also noticed at the inside of the
cell wall where the light beam was incident. Transfer of the
reaction mixture, removal of reaction solution followed by
repeated washing of the powder with distilled water, and finally
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