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decision as to whether these observations are due to a
kinetic factor!s or whether an actual structurally rigid
intermediate is involved would be somewhat premature
at this time. Suffice it to say that, by all analogy pres-
ently available on kinetic secondary deuterium isotope
effects, (2 + 2) cycloadditions of allene, including
dimerizations, appear to proceed via nonsynchronous
pathways.
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Excited States in the Ultraviolet Photochemistry of
Cobalt(III) Complexes. Evidence from Chemical
Scavenger Studies of Co(NH;);0,CCH;%+ at 254 nm!
Sir:

Most of the ultraviolet photochemistry of cobalt(III)
complexes arises from the irradiation of absorption
bands possessing charge-transfer (CT) character and re-
sults in oxidation-reduction processes and, to a lesser
extent, ligand-exchange reactions.?=®  Although radical
transients have been observed under flash photolysis
conditions,™® the precursors of these radicals appear
to be so short-lived as to preclude direct observation
or to affect the formation kinetics of the observable
transients.? Thus, it has been difficult to provide evi-
dence which can distinguish between the radical pair?
and excited-state®* mechanisms that have been pro-
posed to account for the photochemistry of cobalt(III)
complexes. One potentially powerful technique which
has not been exploited to any great extent in the photo-
chemistry of complex ions is the use of nonabsorbing
reactive chemical scavengers to distinguish between the
mechanistic possibilities. We wish to describe the in-
vestigation of short-lived intermediates using chemical
scavenging techniques.

Although it is possible to alter the distribution and
yields of oxidized produects,>®7-10 it has proven very
difficult to find nonabsorbing scavengers which can
alter the primary quantum yield of Co? formation,
dcor+.  We have found?® that ¢c.:+ is often a function
of [H+], implying that excited-state intermediates have
acidities different than those of the ground-state com-
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Table I. Quantum Yields of Products®

Product ¢ Product ¢
Co?t 0.190 £ 0.007¢ C:He 0.07 £ 0.02¢
CO, 0.15 &= 0.02° H, Trace

CH, 0.008 =+ 0.002¢ N Not detectable

o [Co(NH;);0,CCH;2*] = 5.0 X 103 M; [HCIO,] = 0.1 M;
25°, bI, =55 X 10* einstein 1.-1 min—1, Error limits are the
average deviations of four determinations. ¢, >~ 6.5 X 107?
einstein .- min—1.  Error limits are the average deviations of eight
determinations. The ratio ¢cm,/¢c.m, decreases with increased
light intensity but the sum (¢cm, + 2¢c.n,) does not vary signifi-
cantly with I..

plexes. Our observation!! that the addition of [CHs-
OH] > 5 M to Co(NH;);Cl**+ increases ¢coi+ nearly
threefold has led us to apply the use of such nonabsorb-
ing scavengers to systems where the photochemistry is
relatively straightforward.

[Co(NH;);0,CCH;)(ClO,), was prepared as described
in the literature!? and was recrystallized until the ab-
sorption spectrum agreed with that in the literature.
Solutions were prepared with distilled water and reagent
grade chemicals. The photochemical techniques em-
ployed have already been described.®*!® Product
gases were identified mass spectrometrically and yields
were determined by quantitative vpc (molecular sieve
column and thermal conductivity detection).

Table I summarizes our determinations of the quan-
tum yields of product formation in the absence of
scavengers.!® These yields are not noticeably depen-
dent on [H+] Note that Pcort ™ doo, (¢CH¢ -+
2¢c.q,), indicating the accountability of all electron
equivalents.  ¢co:+ is unaffected by [CH;OH] <
2.5 M but is increased in the presence of 2-pro-
panol, reaching a limiting value of ~0.4 at high con-
centrations (Figure 1). ¢co, is not significantly affected
by the presence of either alcohol and, although ¢cu,
is increased and ¢c,u, is decreased as [alcohol] is raised,
dcu, + 2¢c.u, remains relatively unchanged (Figure 2).
Spectral and ion-exchange analyses of irradiated solu-
tions have shown no evidence for photoaguation prod-
ucts.

The stoichiometry demonstrates that the only photo-
redox process occurring involves the acetate ligand and
the cobalt center.

H+
CO(NH;)SOzCCHs L h_>
Co?* + 5NHt 4+ CH;CO;:

l——» gaseous products

Furthermore, it is clear that the precursor excited states
(or, alternatively, radical pairs) leading to the formation
of CO,, CH,, and C;H; are not scavengeable by either
alcohol. It must be concluded, therefore, that ab-
sorption of 2537-A radiation by Co(NHs);0.CCH;%+
leads to two chemically distinguishable intermediates:
X*, which is not scavengeable and leads to the gaseous
products of the reaction, and Y*, which normally re-
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Figure 1. Dependence of ¢¢.2+ on [alcohol]: [Co(NH;);0,CCHj;%+]

=50 X 1073 M; [HY] = 0.1 M; I = 6.5 X 103 einstein 1.-!
min~1, Methanol, O; 2-propanol, @.
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Figure 2, Dependence of the yields of CH, and C;H, on [alcohol]:
@: = ¢oH/ oozt OF PrzHe/Pcoz+; [CO(NH;):0,CCH32*] = 5.0 X
10~ M; [HY] = 0.1 M; I, = 6.5 X 103 einstein 1.-! min~!,
When alcohol = methanol, ——; CH, = 0O, CGHy = =m.
When alcohol = 2-propanol,------ ; CHy = O,CHg = o@.

turns to the ground state and has a sufficiently long
lifetime to be reduced by the alcohols. The indepen-
dence of the equivalent yields of gaseous product on
[alcohol] shows that these two intermediate species are
not interconvertible.

gaseous product + Co*t

\

X" _ateohol

no reaction
Co(NH),0,CCH,**
v*

/N

)
alcoho Co®*

The intermediate leading to the gaseous products
may well be a radical pair; if so, its lifetime is so short
that it is not significantly scavenged by [alcohol] < 10
M. Any precursor to this intermediate could not be
scavenged without affecting the gas yields. Although
the chemically important intermediates X* and Y* could
derive from a common excited state, it is not unreason-
able in this case to postulate that they arise from dif-
ferent excited states. In Co(NH3);0,CCH,2+ the car-
bonyl and the acetate — cobalt CT absorptions would
be expected to occur in the same general spectral re-
gions. Since the e, acceptor orbital at the cobalt(III)
center has approximately ¢ symmetry, interconversions
between carbonyl and CT excited states would be sym-
metry forbidden.
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These results represent the first unequivocal demon-
stration of the generation of more than one intermediate
in the photochemistry of a cobalt(Ill) complex. It
seems clear that the excited states populated do deter-
mine the course of reaction and must be taken into
consideration in any mechanistic speculation.
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Conformational Influences on Antihistamine Activity.
The Crystal Structure of
2-[(2)-Dimethylaminoethyl)-2-thenylamino]pyridine
Hydrochloride, an Antihistamine

Sir:

Antihistamines are believed to compete with histamine
for an ill-defined receptor site.! One of the require-
ments for antihistamine activity was assumed to be a
conformational similarity with histamine. However,
no structural data have been available to test this hy-
pothesis, We have completed the first crystal structure
study of an antihistamine, 2-[(2)-dimethylaminoethyl)-
2-thenylamino]pyridine hydrochloride, Histadyl,? and
have found a conformation similar to that observed
recently in the histamine cation.?

Figure 1. A view down the C-C bond of the dimethylaminoethyl
group in the two molecules in the asymmetric unit. The disordered
thiophene ring atoms are labeled C,S.

Histadyl was reported to crystallize in the monoclinic
space group P2,/n with cell dimensions of a = 27.35,
b = 1038, ¢ = 10.96 A, and 8 = 96°.* The density
calculated for eight molecules (mol wt = 297.85) per
unit cell is 1.281 g/cm?® and the observed density is
1.273 gfem®. We used the standard setting P2,/c with
a = 10.936 = 0.003, b = 10.417 4 0.003, ¢ = 28.256
& 0.008 A, and 8 = 106.21 = 0.02°. The intensity
data were measured using the stationary crystal-sta-
tionary counter method with a G.E. automatic diffrac-
tometer. A total of 3023 nonzero reflections with
26 < 135°(Curadiation) were used in the analysis.
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