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development of optical activity shows that in the trans­
fer step there exists some kind of diastereoisomeric re­
lationship between the systems constituted by one 
enantiomer of trans-DPC or the other and the sensitizer. 
This probably implies preferential orientation of sen­
sitizer and substrate to allow maximum IT overlap.13 

Although the absolute configurations of both are known, 
the extent of the induced asymmetry is too small to allow 
one to predict which enantiomer of trans-DPC is ap­
proached most easily by (R)-( — )-3-methyl-l-indanone. 

(13) P. J. Wagner, J. M. McGrath, and R. G. Zepp, / . Amer. Chem. 
Soc, 94, 6883 (1972); E. F. UUman and N. Baumann, ibid., 90, 4158 
(1968); C. C. Wamser and P. L. Chang, ibid., 95, 2044 (1973). 
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Photochemistry of l-Benzoyl-4-^-anisoylbutane. 
Reaction from Equilibrating Upper Triplets1 

Sir: 

The problem of energetically proximate excited states 
has aroused much interest, both spectroscopic2 and 
chemical,3 but remains puzzling. In the particular 
case of ketones with 7r,7r* lowest triplets, it is difficult to 
differentiate whether n,7r*-like chemical reactivity is 
induced by vibronic mixing with a nearby n,7r* state4 

or actually emanates from low equilibrium concentra­
tions of the upper n,7r* triplet. We have already re­
ported evidence for the latter possibility.5 We now re­
port unequivocal evidence for reaction from at least 
one and probably two upper triplets of a molecule with 
a 7T,7r* lowest triplet. Not only does this evidence 
provide further support for the hypothesis of efficient 
equilibration of triplet excitation within one chromo-
phore, it clearly demonstrates chemical reaction via 
equilibration of excitation between two chromophores. 

Upon uv irradiation in degassed benzene containing 
0.5 M pyridine6 l-benzoyl-4-anisoylbutane (1) under­
goes normal type II photoelimination8 reactions from 
each end, producing acetophenone, /?-methoxyphenyl 

(1) We are grateful to the National Science Foundation, Grant No. 
GP-19850, for support of this work. 

(2) (a) N. C. Yang and S. L. Murov, /. Chem. Phys., 45, 4358 (1966); 
(b) A. A. Lamola, ibid., 47, 4810 (1967); (c) R. M. Hochstrasser and 
C. Marzzacco, ibid., 49, 971 (1968); (d) W. A. Case and D. R. Kearns, 
ibid., 52, 2175 (1970); (e) R. M. Hochstrasser and C. A. Marzzacco 
in "Molecular Luminescence," E. C. Lim, Ed., W. A. Benjamin, New 
York, N. Y., 1969, p 631; (f) Y. H. Li and E. C. Lim, Chem. Phys. 
Lett., 7, 15 (1970); (g) A. M. Nishimura and D. S. Tinti, ibid., 13, 278 
(1972); (h) T. H. Cheng and N. Hirota, ibid., 14, 415 (1972); (i) L. 
Goodman and M. Koyanagi, MoI. Photochem., 4, 365 (1972); (j) M. E. 
Long and E. C. Lim, Chem. Phys. Lett., 20,413 (1973). 
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P. A. Leermakers, ibid., 90, 2246 (1968); (c) P. J. Wagner, A. E. Kemp-
painen, and H. N. Schott, ibid., 90, 5898 (1968); (d) J. N. Pitts, Jr., 
D. R. Bailey, J. C. Mani, and A. D. Broadbent, ibid., 90, 5902 (1968); 
(e) T. J. van Bergen and R. M. Kellogg, ibid., 94, 8451 (1972). 

(4) (a) N. C. Yang and R. Dusenbery, ibid., 90, 5899 (1968); (b) 
C. D. DeBoer, W. G. Herkstroeter, A. P. Marchetti, A. G. Schultz, 
and R. G. Schlessinger, ibid., 95, 3963 (1973). 

(5) P. J. Wagner, A. E. Kemppainen, and G. N. Schott, ibid., 92, 
5280(1970); 95,5604(1973). 

(6) The pyridine maximizes type II yields by suppressing reverse 
hydrogen transfer in the biradical intermediate,7 thus ensuring that 
product ratios actually equal triplet rate ratios. 

(7) P. J. Wagner, I. Kochevar, and A. E. Kemppainen, / . Amer. 
Chem. Soc., 94, 7489 (1972). 

(8) P. J. Wagner, Accounts Chem. Res., 4,168 (1971). 

allyl ketone, ^-methoxyacetophenone, and phenyl allyl 
ketone. The former two are formed in equal yield, as 
are the latter two, with the overall yield of the former 
pair (type II from the benzoyl group) far surpassing 
that of the latter pair (type II from the anisoyl group). 
The benzoyl-anisoyl product ratio is independent of 
excitation wavelength (313 or 365 nm) and decreases 
with increasing temperature, as indicated in Table I. 

Table I. Temperature Effect on Ratio of 
Products Obtained from 1° 

T, 0C* 

25 
30 
90 

116 

Acetophenone/ 
p-Methoxyacetophenonec 

19.4d 

18.4 
11.5 
9.5 

° 0.01 Mdiketone, 0.5 M pyridine in degassed benzene, irradiated 
at 313 nm. 6AIl the temperatures were controlled within ±0 .5° . 
c Product ratios measured by vpc and corrected for different FID 
responses. d Same value obtained with 365-nm irradiation. 

Four further products are formed in 5-6% total yield 
at all temperatures and are assumed to be the expected 
cyclobutanols.9 The total quantum yield of products 
at 25° equals 0.21. Addition of various concentrations 
of 2,5-dimethyl-2,4-hexadiene results in quenching of 
both benzoyl and anisoyl reactions with almost the 
same efficiency, kQr values of 240 and 370 Af-1 being 
measured.10 

Like several other molecules in which two chromo­
phores are separated by more than one methylene 
group,111 manifests no evidence for significant ground-
state electronic interaction between the two aroyl 
groups, i.e., the uv spectrum of 1 is nearly identical 
with the spectrum of an equimolar mixture of valero-
phenone and />-methoxyvalerophenone. The phos­
phorescence of 1 in an ethanol glass at 770K is identical 
in both spectral shape and lifetime with that of p-me-
thoxyvalerophenone (71 kcal 0-0 band, 0.4 sec lifetime), 
indicating that the lowest triplet of 1 is the 7r,7r* state 
of the anisoyl group. The second lowest triplet of 1 
should be the n,7r* state of the benzoyl group, since we 
have shown that such states of simple phenyl alkyl ke­
tones have an excitation energy of 72 kcal in solution.12 

Scheme I depicts our best estimate of the various triplet 
energy levels in 1 (in kilocalories). 

We chose compound 1 for this study because it has 
been shown that exothermic triplet energy transfer11"1 

and charge transfer13 between groups separated by four 
methylenes both proceed with a rate ~ 3 X 109 sec -1. 
This rate is appreciably faster than the 5 X 107 sec - 1 

(9) (a) N. C. Yang and D. H. Yang, J. Amer. Chem. Soc, 80, 2913 
(1958); (b) R. B. LaCount and C. E. Griffin, Tetrahedron Lett., 1549 
(1965); (c) F. D. Lewis and T. A. Hilliard, / . Amer. Chem. Soc, 94, 
3852 (1972); (d) P. J. Wagner, P. A. Kelso, A. E. Kemppainen, J. M. 
McGrath, H. N. Schott, and R. G. Zepp, ibid., 94, 7506 (1972). 

(10) k^r values for 1,4-dibenzoylbutane and 1,4-dianisoylbutane are 
55 and 1000 A/-1, respectively. The observed quenching is triplet 
quenching; supposition of singlet quenching would demand an in­
credibly long singlet lifetime for 1 of at least 10-7 sec. 
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Scheme I 

benzoyl products anisoyl products 

measured for 7-hydrogen abstraction by triplet 1,4-di-
benzoylbutane.8 The slightly endothermic energy 
transfer from anisoyl to benzoyl should then proceed at 
a rate >108 sec-1, much faster than the rate of decay of 
/>-methoxyphenyl ketones.5 Therefore, we expected 
that the lowest triplets of the two chromophores in 1 
might approach thermal equilibrium before undergoing 
significant reaction or decay. The results verify this 
supposition. Most of the photoproducts of 1 clearly 
arise from the molecule's second triplet. Since the 
anisoyl group has double the extinction coefficient of 
the benzoyl group at 313 nm, T2 must be populated by 
thermal activation of the lowest triplet. Furthermore, 
the comparable quenching efficiencies toward the two 
chromophores indicate that the two lowest triplets are 
nearly equilibrated, since they display almost the same 
lifetime.14 

If, for the moment, we ignore the problem of whether 
Ti and T3 are equilibrated, we can first determine whether 
the results are quantitatively consistent with excita­
tion being equilibrated between the two chromophores. 
Under conditions such that Ti and T2 are totally equili­
brated, the relative yields of products derived from 7-
hydrogen abstraction by the two aroyl groups are 
described by eq 1. The various rate constants are de­
fined in Scheme I. The value of the rate ratio kr

n/ 
k0bSd

T has been shown to average 200/1 for several pairs 

$ benzoyl _ xikT
n 

<£ anisoyl x^-kobsd7' 

Xi = 1 - Xi = knlih, + k.n) (2) 

of ketones at 25 °.5 Since the quenching data indicate 
that T1 and T2 are very nearly equilibrated, the observed 
product ratios indicate a x-i value of 0.09 at room 
temperature and thus a 1.4 kcal energetic difference be­
tween T1 and T2, well within the range of uncertainties 
in our Scheme I estimate. 

If we now return to the problem of equilibration of 
excited states within the /7-methoxybenzoyl chromo-
phore, the validity of our previous conclusion5 that 
such ketones react from equilibrium concentrations of 
their n,7r* triplets depends on reversible internal con­
version of the two triplets being much faster than any 
irreversible decay modes of either individual triplet. 
Our present observation that wferchromophore energy 
transfer is sufficiently rapid to allow almost complete 
equilibration before any chemical reaction certainly 
lends support to the supposition of rapid wirrachromo-

(14) P.J.Wagner, MoI. Photochem., 3, 23 (1971). 

phore energy transfer. The temperature effects ob­
served for 1 also are consistent with the interpretation 
that the anisoyl derived products arise from T3. An 
Arrhenius plot of the data in Table I yields a AA H* of 
1.70 ± 0.05 kcal/mol and a AAS* of 0. If all the 
chemistry of triplet 1 arises from two n,7r* triplets 1.7 
kcal apart, each of which abstracts a similar secondary 
hydrogen with the same activation energy (~4 kcal/ 
mol),15 then T3 and Ti are indeed 3 kcal apart, as previ­
ously deduced.6 

Although these temperature effects are nicely consis­
tent with the equilibrium description of reactivity, they 
alone cannot rule out the possibility that Tx actually re­
acts with a coincidental 3 kcal higher activation energy 
than T2. The only evidence against reaction from the 
TV,IT* triplet, perhaps induced by vibronic coupling, is 
that presented in our previous papers.5 

(15) J. C. Scaiano, J. Grotewold, and C. M. Previtali, J. Chem. Soc, 
Chem. Commun., 390 (1972); (b) F. D. Lewis, MoI. Photochem., 4, 
501 (1972); (c) L. Giering, M. Berger, and C. Steel, paper submitted 
to / . Amer. Chem. Soc. We thank Professors Lewis and Steel for in­
forming us of their results prior to their publication. 
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Neighboring Group Effect in Heme-Carbon 
Monoxide Bonding12 

Sir: 

One of the factors contributing to the stability of 
oxymyoglobin relative to oxyheme is thought to be 
that the protein holds the imidazole "snugly in place"3 

on the iron. This implies some special stability to the 
geometrically positioned proximal imidazole group 
relative to the binding of free imidazole to iron in a 
simple heme-base interaction.4 In order to quanti­
tatively probe this "chelating" or "neighboring group" 
effect, we have prepared a series of simple heme com­
pounds having the base covalently attached to a side 
chain on the porphyrin in such a way as to lead to ap­
proximately the same base-to-heme geometry as that in 
myoglobin.6 Typical structures are shown in Figure 1. 

Compounds 1 and 2 were synthesized by coupling 
mesoporphyrin IX to one equivalent mole of 3-(3-pyri-
dyl)-l-propanol via acid chloride, followed by tic puri­
fication and iron insertion. Compound 3 was then 
prepared from peptide coupling of 2 to the requisite 
amine by DCC method.7'8 All compounds had nmr, 
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