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phenylazo)phenol) to -22 eu (2 and 4-hydroxy-4'-nitrostilbene). 
This has a dramatic effect on the temperature dependence of K3111x. 
at -17 0C 2 and the nitrostilbene have ATaM0C of 25 900 M-1; at 
-22 0C 2 and the nitrophenylazophenol have ATassoc in excess of 
44000. 

(5) As was the case with 1 the 2-pNP complex could be iso
lated. Its single-crystal X-ray (two views) is shown below together 
with a vertical view of 1-pNP. The complexes are qualitatively 
the same; the guest pNP is docked within the cavity and tied down 
by a single hydrogen bond to the pyridine. There is however one 
striking difference between the complexes. In 1-pNP the pyridine 
is held rigidly pointing into the cavity, while in 2-pNP the pyridine 
parallels the cavity walls, forming a near ideal hydrogen bond with 
the projecting phenolic hydroxyl. We suggest that it is the 
flexibility of 2, its ability to undergo minor conformational changes 
to accommodate the guest, that inter alia accounts for the re
markably stable nature of 2-phenol complexes.9 An excess of 
rigidity is perhaps not for the best. 

(9) Partial support by the National Science Foundation. 
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The formation of carbanions via ionization of carbon acids is 
well-known in the ground state.1 Forster cycle2 calculations of 
a number of hydrocarbons and their conjugate bases show that 
the benzylic protons of these compounds become vastly more acidic 
in the excited singlet state, by as many as 30 orders of magnitude. 
However, to our knowledge, there are no known examples of C-H 
bond heterolysis in the excited state, although Forster cycle 
calculations indicate that hydrocarbons such as fluorene (pATa(S)) 
a* -9)2 should ionize readily in the singlet excited state, in neutral 
or even acidic medium, and therefore should be expected to un
dergo rapid exchange of the acidic proton with solvent protons 
(or deuterons). Tolbert2" noted that experimental verification of 
the increased thermodynamic acidity of these hydrocarbons in the 
excited state has not been available because of the inherent slow 
rate of proton transfer from carbon, which does not compete 
favorably with other deactivational processes available for excited 
states. We report here the first example of photochemical C-H 
bond ionization, in which 5/f-dibenzo[a,rf]cycloheptene (1) (su

berene) on photolysis in D20/CH3CN undergoes rapid proton 
exchange at the benzylic 5-position (for deuterium). Additionally, 
the proposed carbanion intermediate is an 8ir(4n) system (in the 

'NSERC Canada University Research Fellow, 1984-1989. 
(1) (a) Buncel, E. Carbanions: Mechanistic and Isotopic Aspects; Elsevier: 

Amsterdam, 1975. (b) Cram, D. J. Fundamentals of Carbanion Chemistry; 
Academic Press: New York, 1965. (c) Comprehensive Carbanion Chemistry, 
Buncel, E., Durst, T., Eds.; Elsevier: Amsterdam, 1984; Part A. 

(2) (a) Tolbert, L. M. In Comprehensive Carbanion Chemistry; Buncel, 
E., Durst, T., Eds.; Elsevier: Amsterdam, 1987; Part C. (b) Vander Donckt, 
E.; Nasielski, J.; Thiry, P. / . Chem. Soc, Chem. Commun. 1969, 1249. (c) 
Ireland, J. F.; Wyatt, P. A. H. Adv. Phys. Org. Chem. 1976, 12, 131. 

0002-7863/88/1510-4073S01.50/0 

Figure 1. Proton (250 MHz) NMR of suberene (1) before and after 
photolysis. The upper insert is the spectrum of the photolyzed sample 
showing decrease in intensity of the methylene singlet of 1 at d 3.78 and 
formation of the methylene proton of 4 at & 3.76 as a 1:1:1 triplet (/H-D 
« 2 Hz). The region S 1-1A remains unchanged in the photolyzed 
sample. 

internal cyclic array), which has antiaromatic character in the 
ground state, but its formation is greatly enhanced in the excited 
state, compared to the corresponding carbanions derived from 
fluorene (2, 6T internal cyclic array) and 10,ll-dihydro-5//-di-
benzo[a,</]cycloheptene (suberane) (3, nonconjugated internal 
array) systems, which do not undergo observable benzylic proton 
exchange on excitation. 

We recently reported3 that the suberenyl carbanion4 is formed 
much more efficiently than similar dibenzannelated carbanions, 
including the fluorenyl anion, via photodecarboxylation of the 
corresponding carboxylic acids. Cycloheptatrienyl anions in the 
ground state have been shown to be antiaromatic or at least greatly 
destabilized compared to similar systems lacking the 8TT conjugated 
cyclic array.5 We made the hypothesis3 that in the excited singlet 
state, ground-state antiaromatic carbanions are stabilized com
pared to ground-state aromatic carbanions or related nonconju
gated cyclic systems. As an additional test of this hypothesis, 
suberene (1) should have a much greater propensity to undergo 
benzylic C-H bond heterolysis than fluorene (2) or suberane (3). 
Photolysis of 10'3 M solution of 1 in 50% D20/CH3CN (v/v) at 
254 nm in a Rayonet reactor for 30-60 min resulted in =40% 
conversion to a-deuteriosuberene (4) (eq 1). Photodecomposition 
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of 1 was insignificant. No deuterium incorporation was observed 
when an identical solution was kept in the dark. The quantum 
yield for formation of 4 is ca. 0.03, which is low but substantial 
for such a process. The structure of 4 was confirmed by its mass 
spectrum and more definitively by both 1H (250 MHz) and 13C 
NMR. As shown in Figure 1, the product mixture after photolysis 
in D2O/CH3CN of a sample of pure 1 consists of two methylene 
signals: a sharp singlet at 5 3.78 due to 1 and a 1:1:1 triplet (/H-D 
«= 2 Hz) at 6 3.75 due to 4. Integration of these two methylene 
signals gave a yield of 40-50% of 4, after taking into account that 
4 has only one observable proton per molecule. The aromatic and 
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vinylic regions (5 7-7.4) of the 1H NMR spectrum remain es
sentially unchanged, indicating no observable deuterium incor
poration into other positions of the compound. The 13C NMR 
spectrum (1H decoupled) shows carbon 5 of 1 at S 41.6 and the 
same carbon of 4 at 8 41.26, as a 1:1:1 triplet (JC-H = 20 Hz). 
Again, no changes are observed in the other carbon signals, in
dicating that deuterium incorporation is exclusively at the 5-
position of 1. Extended photolysis of 1 does result in formation 
of «5-10% yield of a,a'-dideuteriosuberene (5), as indicated by 
mass spectrometry. 

Although a radical mechanism resulting in incorporation of 
deuterium from solvent D2O is unlikely, we have ruled this out 
by showing that deuterium is not incorporated when 1 is photo-
lyzed in pure CD3CN. Additionally, when pure 56 is photolyzed 
in H20/CH3CN, facile formation of 4 and subsequently 1 is 
observed, as shown by both 1H and 13C NMR. Again no exchange 
is observed when 5 is photolyzed in pure CH3CN. 

Photolysis of 2 and 3 under similar conditions as described above 
for 1 resulted in no observable deuterium incorporation in re
covered substrates, consistent with the absence of a simple radical 
mechanism, since such a mechanism should not show such a drastic 
selectivity in reactivity. In the ground state, 2 undergoes deuterium 
incorporation at the 9-position with a half-life of about 10 h in 
refluxing D20/CH3CN (pD » 12), unlike 1 and 3, which do not 
undergo exchange under these and more forcing conditions. These 
observations are consistent with their known ground-state p^fa's, 
with fluorene (2) being the most acidic (p#a = 23)1 and 1 and 
3 much less acidic (pATa > 32).',7 The observed facile photoex-
change of 1 suggests that it becomes vastly more acidic kinetically 
than 2 and 3 in the excited state, implying that there is inherent 
stability associated with an 8ir(4n) conjugated cyclic carbanion 
in S1. 

Steady-state fluorescence studies show that water is a very 
efficient quencher of S1 of 1 but not the corresponding singlet states 
of 2 and 3. For example, on going from pure CH3CN to 80% 
H20/CH3CN, the fluorescence quantum yield of 1 decreases by 
over an order of magnitude. Furthermore, the fluorescence lifetime 
of 1 also decreases, from 4.6 ns (pure CH3CN) to 0.13 ns (80% 
H20/CH3CN). On the other hand, the lifetime of 2 stays un
changed at ca. 6 ns in the different solvents. It is therefore 
reasonable to assume that water is acting as the deprotonating 
base for photoexcited 1, resulting information of transient su
berenyl carbanion 6. Consistent with this proposal are the ob
servations that neither the fluorescence intensity or fluorescence 
lifetime of 7 are changed significantly on going from pure CH3CN 
to aqueous CH3CN, since this suberene derivative has no benzylic 
protons. These results rule out a lifetime effect in explaining the 
observed reactivity differences in photoionization of the benzylic 
C-H bonds of 1-3. 

(6) A sample of pure 5 was made by LiAlD4/AlCl3 reduction of di-
benzosuberenone in diethyl ether. 

(7) The pATa of 1 has not been measured to our knowledge, but other 
cycloheptatriene derivatives have pATa's in the 31-38 range,5 which show they 
are much weaker acids than cyclopentadiene derivatives. On the other hand, 
they are not much less acidic than simple diphenylmethanes (pATa w 30-35)1 

but are antiaromatic nevertheless (by NMR studies).5*'b It is informative to 
compare the calculated pAT^S '̂s for suberene (1) and fluorene (2) by using 
the Forster cycle. A PAT3(S1) value of -8.5 for 2 was reported by Vander 
Donckt and co-workers.2bc Our calculations give a PAT3(S1) of-4 for 2. For 
1, the difficulty in calculating its pATa(S|) is in estimating the ground-state pAT, 
as well as the E00 value for the anion (which is expected to have antiaromatic 
character). We have generated the suberenyl anion in THF with n-BuLi. The 
anion has a deep red-brown color, with a long wavelength Xn^11 = 800 nm! Our 
best estimate of E00 is « 34 kcal mol-1. By using a pATa(S0) of 32 for 1, we 
calculate a PATn(S1) = -7 for suberene (1). It is clear from these calculated 
results that both 1 and 2 are expected to be vastly more acidic in S1 than in 
S0; the Forster cycle method does not predict that 1 should be vastly more 
acidic than 2 in S1 as experimentally observed (at least kinetically). 

In summary, we have discovered a way to promote photo
chemical C-H bond heterolysis, viz., by choosing a compound 
which on ionization of the C-H bond gives formally a ground-state 
antiaromatic carbanion. This opens up a way for studying carbon 
acids in the excited state, a previously inaccessible area experi
mentally. In addition, the results of this and a previous study3 

suggest that 8ir(4n) conjugated cyclic carbanions have aromatic8 

character in S1.
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(8) We use Breslow's5b working definition of aromaticity and anti-
aromaticity, based on relative stabilization or destabilization associated with 
cyclic ir-systems, compared to reference compounds. As excited states are 
short-lived, it would not be fair, for example, to use an NMR criterion for 
aromaticity of excited states. 

(9) We'0 have recently carried out Pariser-Parr-Pople T -SCF calculations 
of the above and related monocyclic systems which show that many ground-
state antiaromatic systems become pseudoaromatic in the first excited singlet 
state, as indicated by more delocalized charge distributions in S1. Jug and 
co-workers" have recently suggested such a possibility by using SINDOl 
calculations on several monocyclic systems. 
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The synthetic utility of the Diels-Alder reaction is enhanced 
due to the regiospecificity and stereocontrol (endo/exo) engendered 
by favorable orbital interactions.1 There is considerable current 
interest in the diastereoselectivity exerted by an adjacent het-
eroatom-substituted center on these cycloadditions, although the 
factors responsible for the observed facial stereoselection are still 
not fully understood.2^4 It is clear that an allylic heteroatom can 
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