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boxylation solution were A-z32-[CoCR-Ala)(l,5RJR,ll-Me4-
2,3,2-tet)](C104)?-H20 crystals. 

The third step is the release of alanine from the complex and 
recovery of the carbonato complex. The recoveries were 88% for 
the DNP-alanine and 64% for the carbonato complex. The specific 
optical rotation of the DNP-alanine obtained here indicated a 
mixture of R and S isomers in the ratio 83:17.n This optical 
yield is fairly high compared with the reported results.2 

The last step in the asymmetric synthesis is to regenerate the 
starting trans-dichloro complex from the carbonato complex. 
Treatment of the carbonato complex with concentrated HCl 
produced the expected trans-dichloio complex.7 The most im
portant reaction in this cyclic system is the release of alanine from 
[Co(AIa)(I1SiJJiJ1I l-Me4-2,3,2-tet)]+ ion under mild conditions. 

To confirm the structure of this complex cation, we previously 
determined the structure of (-)546-A-j82-[Co(R-AIa)-
(1,5JJJR1Il-Me4-2,3,2-tet)]Br2-3H20 by an X-ray crystallo-
graphic study.9 The absolute configuration of the complex cation 
is A in the /32 form, and the alanine coordinates to cobalt ion with 
bidentate (Figure 2). Bond distances and angles were quite usual. 

Quite recently, the release of alanine was also observed for an 
alaninato complex of 2R,4/J,9R,1 lR-Me4-3,2,3-tet.12 The first 
absorption bands of alaninato complexes containing 5RJR-
Me2-2,3,2-tet,13 2R,4/J,9.R,llR-Me4-3,2,3-tet, and 1,5/JJZJ1Il-
Me4-2,3,2-tet shifted by 200, 600, and 700 cm"1 to lower energy, 
respectively, as compared to that of 2,3,2-tet14 complex. For both 
the alaninato complexes of 2,3,2-tet and 5/JJR-Me2-2,3,2-tet, the 
release of alanine has not been observed but racemization of 
alanine of the complex has been observed. Therefore we consider 
the labile feature of the alaninato complex containing 
1,5RJR111-Me4-2,3,2-tet or 2/J,4/J,9R,l lR-Me4-3,2,3-tet relates 
closely to the strength of the ligand field. Consequently, many 
inert cobalt(HI) complexes might be activated to be catalysts for 
the asymmetric synthesis of a-amino acids by the modification 
of ligands so that they could produce an appropriate ligand field. 

We also found that glycine and valine were released from the 
corresponding amino acidato complexes of 1,5/JJZJ1Il-Me4-
2,3,2-tet. Accordingly, the present asymmetric synthesis depicted 
in Figure 1 could be practically applied to the synthesis of ex
pensive and naturally rare a-amino acids by variation of amino-
alkylmalonic acids. 
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(10) The decarboxylated solution also contained the minor (S)-alaninato 
complex. 

(11) The specific optical rotation of the solution was observed at 546 nm, 
and the concentration of the same solution was calculated from the extinction 
coefficient at 360 nm (t 1.72 X 104). Authentic DNP-(S)-alanine: [a]5« 
+221° (1% NaHCO3). 

(12) The fully systematic name is (2fl,4J?,9/?,ll/?)-4,9-dimethyl-5,8-dia-
zadecane-2,11-diamine. 

(13) The fully systematic name is (4/?,6/?)-4,6-dimethyl-3,7-diaza-l,9-
nonanediamine. 

(14) The fully systematic name is 3,7-diaza-l,9-nonanediamine. 
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Wagner2 experimentally demonstrated that heavy-atom solvents 
have no effect on the intersystem crossing rate of alkanones. This 
supported El-Sayed's earlier calculations3 on «•* - • n transitions 
OfX2CO (X = halogen) which suggested that further enhancement 
of the already large rates of S ?=* T transitions in "pure" n,7r* states 
(due to effective spin-orbit coupling) by internal heavy atoms 
should be negligible, although it should be noted that calculations 
by Carroll et al.4 predict a substantial internal heavy-atom effect 
(HAE) on phosphorescence lifetimes of X2CO due to considerable 
delocalization of the oxygen n electron. Morrison5 has shown that 
an external heavy atom can affect the photochemical behavior 
(dimerization) of coumarin, an unsaturated carbonyl compound, 
although the heavy atom does not effect the triplet yield but rather 
perturbs later stages of the dimerization mechanism. 

We present experimental evidence that the n,x* excited singlet 
of 3-(l-cyclopentenyl)-3-methyl-2-butanone (I) is sensitive to an 
external HAE. It has been previously observed6 that direct 
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irradiation of I gives the 1,3-sigmatropic acyl shift (1,3-SAS) 
product II and other products, while acetone sensitization affords 
II as well as the product (III) of a 1,2-sigmatropic acyl shift 
(1,2-SAS) or oxa-di-Tr-methane (ODPM) rearrangement. These 
results were confirmed in the present study. We have further been 
able to demonstrate that the formation of II occurs from both 
S1Cn1Ir*) and T2(n,ir*) states, the former populated on direct light 
absorption and the latter under conditions of triplet sensitization, 
while III arises exclusively from the T1(Tr1T*) state. These as
signments are based on differential sensitization and quenching 
results, and the inverse temperature dependence of the fluorescence 
yield and the quantum efficiency of the 1,3-SAS (*i,3).

7 

Irradiation of I (purified by preparative high-pressure liquid 
chromatography) under 2.2 atm of xenon resulted in a 21 ± 1% 
decrease in its fluorescence intensity (see Figure 1), while the 
efficiency of formation of the 1,3-SAS product ($1,3) increased 
from 0.058 ± 0.006 to 0.072 ± 0.007. The fluorescence intensity 
decrease8 was observed in three runs by using two different 
samples, while more modest and less precise enhancements in *1|3 

(1) Photochemistry of Ketones in Solution. 63. Paper 62: Schuster, D. 
I.; Nunez, I. M.; Chan, C. B. Tetrahedron Lett. 1981, 22, 1187. 

(2) Wagner, P. J. / . Chem. Phys. 1966, 45, 2335. 
(3) El-Sayed, M. A. / . Chem. Phys. 1964, 41, 2462. 
(4) Carroll, D. G.; Vanquickenborne, L. G.; McGlynn, S. P. J. Chem. 

Phys. 1966, 45, 2777. 
(5) Hottman, R.; Wells, P.; Morrison, H. J. Org. Chem. 1971, 36, 102. 
(6) Engel, P. S.; Schexnayder, M. A. / . Am. Chem. Soc. 1975, 97, 145. 
(7) Schuster, D. I.; Calcaterra, L. T., unpublished results. Calcaterra, L. 

T. Ph.D. Dissertation, New York University, 1981. 
(8) There was no measurable change in the optical density of the solutions 

upon addition of xenon; the UV absorption and fluorescence spectra also 
snowed no change in either shape or position (see Figure 1). 
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Figure 1. Fluorescence of I in spectrograde cyclohexane in the absence 
(solid line) and presence (dashed line) of 2.2 atm of xenon. 

were observed several times at lower xenon pressures before the 
data given above were acquired using a specially constructed cell 
which could withstand higher xenon pressures. The formation 
of III on direct excitation of I was observed neither in the presence 
or absence of xenon. Furthermore, the ratio of the yields of II 
and III on acetone sensitization was unchanged (3.8 ± 0.2) in the 
presence of 2.1 atm of xenon in parallel irradiations under con
ditions where acetone absorbed virtually all the incident radiation 
(0.01 M solutions of I). 

The inverse correlation between fluorescence intensity and *13 
brought about by xenon perturbation can be explained by an 
increase in the rate of intersystem crossing (ISC) from Si('n,ir*) 
to T2(

3n,*-*), which reacts to give the 1,3-SAS. The fact that 
xenon does not affect the formation of III on acetone-sensitized 
excitation of I indicates that the T1 state of I is not quenched by 
2.1 atm of xenon. Therefore, it appears that xenon selectively 
enhances the rate of the conversion from S1 to T2 and not to T1. 
Furthermore, T2 appears to react rapidly to the virtual exclusion 
of radiationless decay to T). The very low quantum efficiency 
of formation of III on acetone sensitization (0.027 ± 0.003) allows 
for some uncertainty in these conclusions, although the role of 
the T1 state on direct light absorption by I in the presence or 
absence of xenon must be slight, on the basis of the limits of 
detection of III by GLC analysis. The low quantum efficiencies 
for formation of both II and III under various conditions (<20% 
total) are attributed tentatively to reversion to I from radical pair 
and diradical intermediates en route to II and III, respectively.7 

The rate constant for the quenching of the fluorescent singlet 
excited state by xenon (fcq) can be obtained from the Stern-Volmer 
equation: (I()o/(If)xe = 1 + &qTs[Xe]. One can derive a value 
for kq of 1.38 ± 0.6 x 109 M"1 s_1 by using the measured 
fluorescence lifetime of / of 0.4 ns,9 a concentration of xenon of 
ca. 4.5 X 10"1 M calculated from the solubility of Xe in cyclo
hexane,10 and the observed 21% decrease in the fluorescence 
intensity upon addition of 2.2 atm of Xe. This is as large as the 
quenching constant found by Horrocks et al." for the most sus
ceptible polyaromatic hydrocarbons. 

Other investigators have also looked for a HAE in /^-un
saturated ketones (/3,7-UKs).12'13 Recently Chae and Givens13 

have reported the decrease upon halogen substitution of the ef
ficiencies of fluorescence and photoreaction of bicyclo[3.2.1]-
oct-2-en-7-ones. Although they ascribed it to an enhancement 
of radiationless decay from the singlet state, their data do not rule 
out the possibility of enhanced intersystem crossing to 3n,7r* which 
then undergoes the 1,3-SAS reaction. 

The selective population of the T2(n,7r*) state of / from S1 
On1Ti-*) under the conditions of xenon perturbation, and perhaps 
also to some extent in the absence of xenon,7 is in apparent vio-

(9) Eriksen, J. J. Phys. Chem. 1980, 84, 276. 
(10) Clever, H. L. J. Phys. Chem. 1958, 62, 375. 
(11) Horrocks, A. R.; Kearvella, A.; Tickle, K.; Wilkinson, F. Trans. 

Faraday Soc. 1966, 62, 3393. 
(12) van Noort, P. C. M.; Cerfontain, H. J. Chem. Soc, Perkin Trans. 2 

1978, 757. 
(13) Givens, R. S.; Chae, W. K. / . Am. Chem. Soc. 1978, 100, 6278. 

lation of the oft-stated selection rule14,15 that intersystem crossing 
with carbonyl compounds should preferentially occur between 
singlet and triplet states of different configurations. The "allowed" 
transition in the present case should then be from S1(H1Tr*) to 
T1(^Ir*). The observed "violation" could be due to the well-known 
interaction of the carbonyl and olefinic chromophores in /3,7-UKs 
which results in singlet and triplet excited states of mixed char
acter.16 A referee has raised the question of whether El-Sayed's 
rules3,14 apply to bichromophoric molecules in general, and /3,7-
UKs in particular, although it has also been suggested that the 
rules should have general applicability.15 

The measured fluorescence lifetime of / of 0.41 ns9 is actually 
shorter than that of alkanones17 for which such heavy-atom effects 
have not been demonstrated.2 However, the generality of the HAE 
for /3,7-UKs remains to be demonstrated. While a similar decrease 
was obtained in the fluorescence intensity of 2,2,4,4-tetra-
methylcyclohepta-3,5-dienone (relevant quantum yields of reaction 
were not measured), the fluorescence intensity of 7-ferr-butyl-
bicyclo[3.2.0]hept-6-en-2-one remained unchanged. These results 
indicate that correlating the HAE with other photochemical and 
photophysical properties of /3,7-unsaturated ketones as a function 
of molecular geometry may lead to greater insight into the 
chemical and physical properties of their photoexcited states. 
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The complexities arising from the chemical and physical in
teractions of heterogeneous catalyst surfaces with reactants and 
products makes mechanistic studies of heterogeneous catalytic 
reactions extremely difficult to perform. The reason is that these 
interactions are not particularly amenable to spectroscopic and 
kinetic analysis except in special cases.1 In contrast, homogeneous 
catalysis reactions are amenable to study via a variety of incisive 
techniques available to the solution kineticist. Mechanistic studies 
of homogeneous catalytic or stoichiometric reactions of mono
nuclear and, recently, polynuclear organometallic complexes have 
made it possible to draw mechanistic analogies to similar reactions 
occurring on heterogeneous catalysts.2,3 In fact, it has become 
commonplace to use organometallic reaction mechanisms to de-

* On sabbatical leave from Tel Aviv University. 
(1) See, for example: Tonec, V. "Electronic Structure and Reactivity of 

Metal Surfaces"; Derouner, G., Lucas, A. A., Ed.; Plenum Press: New York, 
1975; p 537. 

(2) Ugo, R. Catal. Rev.-Sci, Eng. 1975, / / , 225. 
(3) Muetterties, E. L. Science (Washington, D.C.) 1977, 196, 839. 
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