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k'K
v = k’a[phenol] = ~K—N[phenolate—]
where K is the dissociation constant of the phenol, «
is the fraction of the nucleophile in the anionic form,
and Ky is the dissociation constant of the nucleophile,
vig.

Kx = [HF][N-]/[HN] = [H*][N~]/[N Jwtal

Experiments are now in progress to distinguish be-
tween these two possible rate enhancement mechanisms.
Hydroxyl groups, quite remote from a susceptible
bond, when properly oriented can cooperate with a
vicinal peptide group to very markedly enhance the
reactivity. In some enzymes, such as pepsin’ and
carboxypeptidase,!® where tyrosine groups are involved
in the activity, the role of the phenolic group may be
related to one or the other of the above-mentioned
mechanisms. It should follow that the esters as well
as imides of the 0-OH phenyl derivatives should exhibit
enhanced reactivity. The hydrolysis of monocin-
namoylcatechol (V) was followed spectrophotometric-

Ce¢HsCH=CHCOO @

HO
\%

ally utilizing the change in optical density at 3000 A.
accompanying the hydrolytic reaction. The second-
order specific rate of OH ~ catalyzed hydrolysis is 2 X
10* M~! min.~! near neutral pH. This is 300 times
greater than the specific rate of phenyl cinnamate
hydrolysis; another manifestation of the marked effect
of an adjacent hydroxyl on reactivity. Similar results
have been recently reported for monoacetylcatechol.!!

A detailed report of these kinetic results, and of
their potential pertinence to specific examples of
enzymic catalysis, will be presented shortly.
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Neighboring Group Effects on Ester Hydrolysis. IIL
Neighboring Carbonyl Groups
Sir:

Previously,! and in an accompanying communica-
tion,? large rate enhancements in ester hydrolysis have
been demonstrated in compounds containing a neigh-
boring hydroxyl group. These results may be of
pertinence to the mechanism of enzymic hydrolysis of
acyl derivatives, wherever a serine hydroxyl residue
is a constituent of the catalytically active site. Other
neighboring functional groups may possibly exert rate

(1) S. A. Bernhard, A. Berger, J. H. Carter, E. Katchalski, M. Sela, and

Y. Shalitin, J. Am. Chem. Soc., 84, 2421 (1962).
(2) Y. Shalitin and S. A. Bernhard, ibid., 86, 2291 (1964).
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enhancement effects as well. Carbonyl groups have
been shown to increase the rate of hydrolysis of a
neighboring ester.®* Likewise, we have found that
the aldehyde analog of I, cinnamoylsalicylaldehyde
(II), undergoes very rapid hydrolysis. The rate is
first order in OH~ concentration. The second-order
specific rate is approximately 7 X 105 M~! min.~.
The activity is presumably due to the hydrated alde-
hyde or its conjugate base. This is indicated by the
fact that in 0.002 A KCN solution, where the reactive
species is probably the cyanohydrin (III), the rate of
hydrolysis is increased tenfold. The catalysis may
proceed similarly to either Scheme A or B of ref. 2,
or via a nucleophilic attack on the carbonyl ester as
suggested for the hydrolysis of o-formyl benzoate
esters.*
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A related ester containing a neighboring ketone, the
cinnamoyl ester of o-hydroxyacetophenone (IV), is
hydrolyzed with a specific rate of 2.6 X 10° M/~*
min.~!; very much slower than the hydrolysis of III,

|
(@ElCCHs

O_(I}CH =CHCHs

IV
but nevertheless 40-fold faster than the hydrolysis of
phenyl cinnamate. Rate enhancement by CN~™ is
similar to that found with II.

Carbonyl groups of aldehydes and ketones, especially
the former, can have a great influence on the rate of
hydrolysis of neighboring ester groups. The available
evidence indicates, however, that the rate enhance-
ment is, in reality, exerted by the hydroxylic adduct
or its conjugate base.
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Search For Accidental Degeneracy in Purines
Str:
The strong adenine absorption at 260 mu (38.5
kk.) appears to be asingle electronic transition. Mason’
(1) S. F. Mason, J. Chem. Soc., 2071 (1854).
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using substitutional perturbations has suggested that
there might actually be two transitions superimposed—
accidental degeneracy. Recently, Clark and Tinoco?
have examined a most appropriate perturbation series:
purine and the 6-chloro, 6-methoxy, and 6-amino
derivatives. Their work seems to corroborate Mason'’s
suggestion, though they find that one band in the 260-
myu region for 6-aminopurine (adenine) may be con-
siderably weaker than the other. Stewart and David-
son® have measured the pleochroism of a very thin
single crystal of 9-methyladenine, and find a change in
dichroic ratio toward the short wave length side of
the 260-mu é.bsorption band’ which they have attrib-
uted to a second transition having an extinction about
one-tenth that of the stronger band.

It cannot be absolutely guaranteed that correlation
of electronic transitions between members of a perturba-
tional series will go smoothly; moreover, granted that
the correlations are correct, quantitative interpreta-
tions are not inherent to the method. Absorption
measurements on molecular crystals of the weak and
intermediate coupling type can be quantitative; how-
ever, constancy of dichroic ratio is not to be expected
with more than one molecule per unit cell and with
intermediate coupling,* so that departures from
constancy of dichroic ratio cannot always be used to
show the existence of more than one molecular elec-
tronic transition.

Polarized fluorescence of dilute (rigid) solutions has
been most useful as a way of detecting two transitions,
oppositely polarized and nearly superimposed.® Here
briefly is the idea: if one uses polarized light to excite
to a particular upper electronic state, which excitation
then disappears by fluorescence, one finds that the
emitted light is strongly polarized in the same direction
as the polarization of the exciting light. This is under-
standable because, for molecules which are rigidly held,
only those having their transition moments lined up
along the polarization direction of the exciting light
will be (maximally) excited. In the case of two
perpendicular transitions, if the higher energy state
is the one excited, it internally converts to the lower
state prior to fluorescence, which is from the lower
excited state. Again in this case the molecules which
are excited are those whose transition moments are
lined up with the polarization direction of the exciting
light. However, the emitted light comes from a tran-
sition which is polarized perpendicularly to the absorb-
ing transition. Fluorescence from the same fixed
molecules is then polarized oppositely to that of the
exciting radiation. The polarization ratio is defined
as (I;| = I.)/, + I7), where, e.g., I}, is the fluorescence
intensity taken with a polarizer parallel to the polari-
zation of the exciting light. This ratio theoretically
is +0.5 when the absorbing and emitting levels are
the same, or polarized the same, and —0.33 when the
absorbing and emitting levels have perpendicular
transition moment directions.®

We have measured the polarized fluorescence of
guanine and 9-ethylguanine in the region from 230
to 300 mu with the results shown in Fig. 1 and 27
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(4) Apparent weak coupling cases may show intermediate coupling in-
tensity behavior (R. L. Fulton and M. Gouterman, J. Chem. Phys., in press).

(5) F.C. Adam and W. T. Simpson, J. Mol. Spectry., 8, 363 (1959).

(6) F.Doérr and M. Held, Angew. Chem., T2, 287 (1960).

COMMUNICATIONS TO THE EDITOR

2293

GUANINE

~
v
s /\
-
T A\
3
L3
5 Hos
] \
H \ o4
- \ 2
2 N\ 4039
- N, =
° N o2
\ 3
Jor
4
0.0
1 {o
11 1 oz

34
KK{emx 107?)

Fig. 1.—Absorption (solid line), fluorescence (dashed line), and
polarization ratio of guanine.
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Fig. 2.—Absorption (solid line), fluorescence (dashed line), and
polarization ratio of 9-ethylguanine.

Note that the polarization ratio goes negative in the
middle of the second band; this shows that there are
two approximately perpendicular transition moments.
Note also that the fluorescence is approximately the
mirror image of the first absorption band. The
polarization ratios are around 40.4 and —0.2, which
according to experience is about as close to the theo-
retical as one might expect. We have included 9-
ethylguanine because here especially the bands are
close together, and considering 9-ethylguanine by itself
one might conceivably think that he is looking at a
single electronic transition.

We have also studied adenine (Fig. 3) and one sees
right away that there are not two electronic transitions
in the sense that there are in guanine. The polariza-
tion ratio has the full positive value typical for a
single transition over most of the absorption band.

A close study of Fig. 37 will show, however, that some
weak perpendicular absorption on the blue side of the
260-myu band can possibly be inferred because the
polarization does not stay up at the normal high value
all the way across the band. The molecule p-dimeth-
oxybenzene? is not expected to have a weak transition
underlying the first band, but has an oppositely
polarized transition nearby though not overlapping.
The dichroic ratio determined for the (001) crystal

(7) Experiments were conducted using dilute (10~% M) ethylene glycol—
water (7:3) glasses at —78°. In all cases the fluorescence appeared in-

dependent of exciting frequency.
(8) A. C. Albrecht and W. T. Simpson, J. Chem. Phys., 38, 1480 (1855).
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Fig. 3.—Absorption (solid line), fluorescence (dashed line), and
polarization ratio of adenine.

face changes toward the high frequency side of the
first band, which may indicate intermediate coupling.
An additional possibility is that high vibronic transi-
tions in the first band can be perpendicularly polarized
owing to the nearness of a second band. We have
measured the polarized fluorescence here as a sort of
blank and find that the polarization ratio stays up at
around —+0.4 considerably farther across the band
than in the case of adenine. Apparently selective bor-
rowing for dimethoxybenzene is absent; perhaps also
then for adenine. The ratio could be changed by
the overlapping tail of the next strong band, but
quantitative consideration from this point of view re-
quires postulating a tail having an implausible shape.
Thus there appears to be a weak second transition.
According to our quantitative consideration of the
depolarization, the second transition would have a
maximum extinction coefficient about one-tenth that
of the first transition. All this harmonizes with, and,
we believe, tangibly reinforces the conclusions of
Mason, Stewart and Davidson, and Clark and Tinoco.
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their paper prior to publication.
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The Tetrameric Structure of Anhydrous, Crystalline
Cobalt(II) Acetylacetonate
Sir:

Structural investigations of B-ketoenolate complexes
of various transition metals have sometimes revealed
interesting and unsuspected complications.’? We
report here the rather novel and complicated structure
of anhydrous, crystalline bis(2,4-pentanediono)cobalt-
(II). It was recently reported that this compound
in solution in noncoordinating solvents exists in poly-
meric equilibrium, with oligomers at least as large as
[Co(AA):]s. The monomer was considered to be
tetrahedral but the oligomers were believed to have
the metal atoms in distorted octahedral environments.?
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Fig. 1.—A schematic diagram of the structure of {Co(AA)}.
The O-C-C-C-0 rings are indicated by curved lines.

The anhydrous crystals are prepared only with dif-
ficulty by sublimation* (~2 mm. at ~100°) and we
have yet to discover a crystal which is not twinned
and/or cracked.® From one crystal which was twinned
but not seriously cracked, all data were obtained.

The triclinic unit cell has the dimensions: ¢ = 8.61,
b = 1038 ¢ = 1372 A; o = 93°50’, 8 = 90°25,
98°35’; there are four Co(AA), groups in the unit
cell. The intensities of 880 reflections were visually
estimated from precession photographs on which the
interpenetrating reciprocal lattices could be separately
indexed. The accuracy of these data is not as good as
would normally be expected because of the poor quality
of the crystal. A Patterson function showed the
positions of the cobalt atoms and indicated that the
space group is the centric one. A first Fourier map
phased on the cobalt atoms revealed the oxygen
atoms, and a second Fourier map phased on both
cobalt and oxygen atoms provided trial positions for
all of the carbon atoms. In the course of five cycles
of least-squares refinement, the residual dropped
steadily from 37 to 259.

The structure is that of a tetramer (Fig. 1), which
is centrosymmetric. There are three distinct types
of rings: those with both oxygen atoms bonded to
only one terminal cobalt atom, those with one oxygen
atom serving as a bridge between two cobalt atoms,
and those with both oxygen atoms serving as bridges.
In a general way, though not in detail, the structure
can be thought of as consisting of two fragments of the
[Ni(AA):]; structure! with a common octahedral edge.
This structure is consistent with the previously re-
ported® study of solutions. The apparent leveling
off of the polymerization number at a value of 2 at
high concentrations at CCly at 77° may represent a
genuine stability of the dimeric unit [Co(AA)s]s, or
it may show that the presence of traces of coordinating
impurities (e.g., alcohols, ether, H,O) tends to split the
tetramers into dimers in which each metal atom achieves
a coordination number of six.

On the basis of the structure reported here for [Co-
(AA),]s and that previously found for [Ni(AA),ls
the structures of the [M(AA)::py (M = Co, Ni)
compounds prepared by Fackler® might very well cor-
respond, in general if not in detail, to one-half of the
[Co(AA):]: molecule, with one of the nonbridging
coordination sites filled by the pyridine molecule.
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