nearly the same endo selectivities for 1 and 4 in the
reactions with a given acrylic or methacrylic compound.
Both dienes are electroneutral, and thus the type of
interactions operative in the determination of endo—exo
stereoselectivity should be analogous for the two dienes.
The fact that the exo adducts are the predominant
products of the reactions of methacrylic dienophiles
with both dienes could best be understood by assuming
that, in the transition state, the methyl substituent
in the dienophile is subject to greater attraction from
the diene sp? carbons than the unsaturated polar sub-
stituents. The attractive force of the methyl group
will be of the van der Waals type (dispersion).

Recently, Houk and Luskus® have argued against our
proposal of the attractive van der Waals interactions of
the methyl group, claiming that the stereoselectivity
observed for 1! should be taken as an indication of the
steric repulsion between the methyl substituent in
dienophiles and the apical hydrogens in 1. They found
that 2,5-dimethyl-3,4-diphenylcyclopentadienone (9),
which has no such apical hydrogen atom, gives major
endo adducts in its reactions with methyl methacrylate
and crotonate. However, their substrate must be
greatly polarized because of the carbonyl group attached
to the reaction center. Apparently, the situation in-
troduces an additional complexity to the otherwise
straightforward understanding of the stereochemical
factors for the reactions of simple, nonpolar diene
moieties. Direct comparison of the endo selectivities
between 1 and 9 thus cannot be clear-cut evidence
against our hypothesis of the van der Waals attractive
interaction. Even though the adverse steric effects can
often be an important factor to control stereochemical
courses, they certainly cannot be a major factor in the
reaction of 4 and probably not in the reaction of 1,
either.

In conclusion, we emphasize that cases can exist in
which the endo-exo stereoselectivity of Diels-Alder
reactions is governed primarily by local London-van
der Waals attraction forces.* The methyl substituent
in dienophiles exhibits rather greater attractive forces
than do the unsaturated polar substituents, e.g., CN,
COOCH;, and CHO. Polar dienes might well be in-
fluenced by dipole-dipole and dipole-induced dipole
interactions and cause changes in potential surface of
reaction, analyses of which would need more thorough
investigations.% 10

endo adducts 5, in contrast to the exo selectivity of the methacrylate,
In the case of 1, the products were mainly exo adducts for all these three
dienophiles. Steric repulsions are thought to be an influencing factor
only in the reactions of bulky dienophiles, in which bulky alkyl sub-
stituents favor the less crowded side; exo in4 and endo in 1 (Y. Kobuke,
T. Sugimoto, T. Shimizu, and J, Furukawa, unpublished data).

(8) K. N. Houk and L. J. Luskus, J. Amer. Chem. Soc., 93, 4606
(1971)

(9) The same type of attractive interaction is reported to determine
the steric course of syn addition of carbenoid to olefins: G. L. Closs
and R. A. Moss, J. Amer. Chem. Soc., 86, 4042 (1964); R. A, Moss, J.
Org. Chem., 30, 3261 (1965).

(10) K. L. Williamson, Y. L. Hsu, R, Lacko, and C. H. Youn, J.
Amer. Chem, Soc., 91,6129 (1969); K. N. Houk, Tetrahedron Lett., 2621
(1970).
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Photochemistry of Ethylenediaminetetraacetate

Complexes. Excited State Reaction Pathways in
Cobalt(III) Complexes!
Sir:

It has become increasingly evident that triplet sen-
sitizers are powerful tools for characterizing chemically
reactive excited states of transition metal complexes. 2~ 1!
Despite the obvious mechanistic potentialities, the
photosensitization of oxidation-reduction decomposi-
tion of cobalt(III) complexes®37 has been fraught with
sufficient ambiguities'? that Adamson’s radical pair
hypothesis!# !¢ can still be vigorously defended as the
only viable model for cobalt(III) photochemistry.!s 16
A particularly puzzling feature of the photochemistry of
cobalt(II) complexes has been the lack of appreciable
photochemical reactivity associated with the irradiation
of ligand field absorption bands?!3-15.17=19 contrasted
to the significant yields of aquation products frequently
observed to accompany irradiation of near-ultraviolet
charge transfer to metal (CTTM) absorption bands, 213-15
To date, the single quantitative study of the sensitized
oxidation-reduction decomposition of a cobalt(III)
complex, the reaction which accompanies Co(NH;)s%*
quenching of the biphenyl phosphorescence,” has re-
sulted in a limiting sensitized yield (of Co?*) about four
times greater than the yield which results from direct
excitation.”® This observation suggests that the prod-
uct yields resulting from the direct excitation of
cobalt(III) complexes may be greatly complicated by
inefficient intersystem crossing from the initially pop-
ulated spectroscopic singlet states to chemically reactive
triplet states.

In this communication we report on the direct and
sensitized photochemistry of some simple acido-
ethylenediaminetetraacetate complexes of cobalt(III),
Co(HEDTA)X- (X = CI, Br, NO).?! As sensitizer
we have chosen Ru(bipy);?* whose emission spectros-
copy?? and utility as a sensitizer® have been well docu-

(1) Partial support of this research by the National Science Founda-
tion (Grant GP 24053) is gratefully acknowledged.

(2) V. Balzani and V. Carassiti, **The Photochemistry of Coordina-
tion Compounds,” Academic Press, New York, N. Y., 1970.

(3) A. Vogler and A. W, Adamson, J. Amer, Chem. Soc., 90, 5943
(1968).

(4) S. Chen and G. B. Porter, ibid., 92, 3196 (1970).

(5) G. B. Porter, ibid., 91, 3980 (1969).

(6) V. Balzani, R, Ballardini, M. T. Gandolfi, and L. Moggi, ibid., 93,
339 (1971).

(7) M. A. Scandola and F. Scandola, ibid., 92, 7278 (1970).

(8) V. S. Sastri and C. H. Langford, ibid., 91, 7533 (1969),

(9) J. N. Demas and A. W. Adamson, ibid., 93, 1800 (1971).

(10) P. Natarajan and A. W. Adamson, ibid., 93, 5599 (1971).

(11) T. L. Kelly and J. F. Endicott, ibid., 94, 278 (1972).

(12) See especially Chapter 11 in ref 2 and the discussion in ref 7.

(13) A. W. Adamson and A. H. Sporer, J. Amer. Chem. Soc., 80, 3865
(1958).

(14) A. W, Adamson, Discuss. Faraday Soc., 29, 163 (1960).

(15) A. Vogler and A, W, Adamson, J. Phys. Chem., 73, 4183 (1969).

(16) R. D. Lindholm and T. K. Hall, J, Amer. Chem. Soc., 93, 3525
(1971).

(17) Important exceptions are the case of Co(NH;)sNQ:2*+ where
direct ligand field excitation leads to reasonably large yields of Co?* and
Co(NH;)sONO2%,18 and the case of Co(NH;);Q:CCHs2* where direct
ligand field excitation leads to Co(NH3)i(OH:2)OCCH ;2,19

(18) V. Balzani, R, Ballardini, N. Sabbatini, and L. Moggi, Inorg.
Chem., 7, 1398 (1968).

(19) E. R. Kantrowitz, M. Z, Hoffman, and J. F. Endicott, J. Phys.
Chem., 75, 1914 (1971).

(20) M. F. Manfrin, G. Varani, L. Moggi, and V. Balzani, Mol.
Photochem., 1, 387 (1969).

(21) The pK, of the free glycinate arm of the chelate is about 6, and
thus it was always protonated under the conditions of our study.

(22) J. N. Demas and G. A. Crosby, J. Mol. Spectrosc., 26, 72 (1968).
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Table 1.

Product Yields Resuiting from Direct and Sensitized Excitation of Co(EDTA)~ and Co(HEDTA)X - ¢

Direct photolysis

—————At 254 nm————— ~———At 450 nm Sensitized photolysis=———
Complex ¢xb ¢Co” 103¢Xb 103¢c°,+ ¢xlim b ¢Co’ +lim
Co(EDTA)" d 0.05 = 0.005 <0.1 d 0.10+0.01
Co(HEDTA)CI- 0.04 &= 0.01 0.18 &= 0.02 101 25+ 3 0.40 += 0.06 0.24 +0.03
Co(HEDTA)Br~ 0.06 &= 0.01 0.12 £+ 0.01 30 + 4 9+ 1 0.10 = 0.02 0.8+0.1
Co(HEDTA)NO;~ ~0.01¢ 0.17 &= 0.02 ~4 ~4 f 0.71 & 0.09
~10¢
e All studies in water at 25°, pH = 3. ? Yield for X~ aquation except as indicated. Based on comparison of absorption spectra. °The
Ru(bipy)s®* sensitizer was irradiated at 450 nm. ¢ No detectable spectral change. ° Approximate linkage isomerization yield. / Not
known.
mented. This is a particularly good sensitizer for  field in character, are chemically very reactive. More

anionic acceptors and this sensitizer has a sufficiently
intense, and characteristic, absorption spectrum that
chemical or photochemical decomposition of the sen-
sitizer is easily ruled out. Simple Stern-Volmer de-
pendence?23 on [Co(HEDTA)X-] of the quenching of
Ru(bipy);*+ phosphorescence and of product yields has
been observed in each case. The quenching rate con-
stants (calculated assuming a lifetime of 2 X 10-% sec
for the Ru(bipy)s** triplet)?? vary, depending on X, in
the range 10%-10° M~1! sec™L.

We find that a combination, depending again on X,
of labilization and oxidation-reduction reactions of
Co(HEDTA)X~ accompany direct and sensitized excita-
tion. In each case the oxidation-reduction photo-
chemistry involves the production of Co? and CO; as
the predominant products. In the case of Co(HEDTA)-
NO,~ the spectral changes which accompany direct
ligand field excitation (at 400 and 540 nm) or CTTM
excitation (at 254 nm; correction made for Co2*
formation) are most compatible with a combination of
NO,~ aquation and linkage isomerization. Although
Co(HEDTA)OH, is easily prepared and characterized,
we have not yet been able to separate and characterize
Co(HEDTA)ONO-; our present identification of this
species as a reaction product is by analogy with Co-
(NH;);ONO?*+ and will be described in detail elsewhere.
It is of considerable significance that, although NO,~
is appreciably labilized following ligand field excitation,
this labilization is not accompanied by the formation of
Co?,

Examination of our observations, summarized in
Table I, demonstrates clearly and for the first time that
ligand labilization (or aquation) and oxidation-reduc-
tion are not coupled processes in the photochemistry of
cobalt(III). This is also the first demonstration of
sensitized ligand labilization reactions in cobalt(III)
complexes with relatively low crystal field splitting
energy.2*

It is to be observed that the total limiting yields
(px"'™ + poo+'™) from our sensitization studies gen-
erally are near unity.?> There seems no reason to
question that the mechanism for Co(HEDTA)X-
quenching of the Ru(bipy)s?* phosphorescence involves
triplet-to-triplet energy transfer,??? and thus that the
triplet states of cobalt(IIl), whether CTTM or ligand

(23) J. B. Birks, “Photophysics of Aromatic Molecules,” Wiley-
Interscience, New York, N. Y., 1970, Chapters 6 and 11.

(24) Aquation of CN~ can be sensitized in Co(CN)s?~, See ref 5.

(25) For the Co(HEDTA)X~ complexes (¢x!im + ¢oo2+'im) averages
0.8. Note that the absorption spectra of Co(EDTA)~ and Co(HEDTA)-
OH; are so similar that we would have been unable to detect sensitized
aquation of the former.

specifically the implicated ligand field triplet states must
have intrinsic yields for product formation greater
than or equal to 0.7, 0.5, and 0.3, respectively, for X =
Cl, Br, and NO..

We infer that the simplest (and probably most gen-
eral) model for the photochemistry of cobalt(III) com-
plexes would have aquation (and other ligand labiliza-
tion) products produced from some ligand field excited
states of triplet spin multiplicity and oxidation-reduc-
tion products produced from CTTM excited states of
triplet spin multiplicity. Since appreciable yields of
both kinds of products result from the sensitization
studies, CTTM triplet-to-ligand field triplet internal
conversion processes cannot be very efficient compared
to reaction processes (the lowest energy ligand field
triplet in these complexes must have an energy less than
10¢cm—1Y),

On the basis of the present study it appears that the
most likely reason for the photoinsensitivity of the
ligand field absorption bands of most cobalt(III) com-
plexes must arise from the relatively rapid rate of ligand
field excited singlet state-to-ground singlet state non-
radiative deexcitation compared to ligand field excited
singlet state-to-ligand field excited triplet state inter-
system crossing. This may be contrasted to the
RhII(NH;);X complexes in which the intersystem
crossing rate between ligand field states appears to be
relatively efficient,!>2¢ This contrast in intersystem
crossing efficiencies between cobalt(III) and rhodium-
(IIT) complexes is a likely manifestation of the larger
spin-orbit coupling parameters of the heavier metal.”
Many of the qualitative features of the excited states of
Co(HEDTA)X~ complexes, as discussed above, are
very similar to the analogous models inferred from the
photochemistry of RhI'(N'H;);X complexes.?

(26) (a) T. L. Kelly and I. F. Endicott, J. Amer. Chem. Soc., 94, 1797
(1972); (b)J. Phys. Chem., submitted for publication,

(27) Reference 23, pp 208-211.
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Use of the O-Trimethylsilyl Group in Conformational
Analysis and in Carbon-13 Nuclear
Magnetic Resonance Spectroscopy

Sir:

Trimethylsilylation of alcohols is widely used ana-
lytically, and the rate of etherification is reported to be
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