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Isomeric cycloheptatrienols 1,2 and 3 are found to undergo ketonizations as well as diazo-coupling reactions via 
three different pathways; experiments and ab initio calculations suggest that the 2-hydroxy group provides a small 
but effective stabilization effect on norcaradiene 11. 

Simple enolsl are important intermediates in many organic 
reactions. Over the last one and half decades, many methods 
have been developed for the generation of these unstable 
species in solutions.2 However, apart from ketonization, few of 
their reactions have been studied directly. Cederstav and Novak 
recently observed radical-initiated polymerization from a 
metastable solution of vinyl alcohol, the simplest enol.3 We now 
report for the first time a direct investigation of the diazo- 
coupling reaction 01' three possibly homoaromatic cyclohepta- 
trienols: 1, 2 and 3. 

The three isomeric enols were generated by controlled acid- 
catalysed hydrolyses of their corresponding trimethylsilyl enol 
ethers in DMSO ~olu t ions .~  Upon addition of appropriate 
amounts of DC1, CF3C02D or HCl (e.g. ca. 5 x 
mol dm-3), 1H NMR spectroscopy indicated that the hydro- 
lysec were significantly faster than the subsequent ketonizations 
of the enols, and the reaction mixtures contained at least 
8545% of the enols when the hydrolyses were complete, which 
in general took about 2-5 min. The reaction mixtures were then 
used immediately or stored in liquid nitrogen to avoid further 
ketonization. Indepcndent NMR experiments showed that the 
ketonization took place by a-protonation in all cases to give the 
corresponding cycloheptadienones 4, 5 and 6, respectively 
[eqns. (1)-(3)]. HOM ever, 6 is unstable at room temperature and 
isomerized to ketone 4 with enol 1 as an intermediate (eqn. 
3). 

The diazo-coupling reactions were carried out by mixing a 
solution of freshly generated 1, 2 or 3 with freshly prepared p -  
sub\tituted-benzenetliazonium ion 7 in water at -5 to 0 "C. 
When 1 was allowed to react with one equiv. of 7 for 15 min, 
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monophenylhydrazone 9 was isolated as the major product 
(65%) along with a small amount of bisphenylhydrazone 10 ( < 
5%), which was also isolated in higher yield (45%) upon the 
treatment of an excess of 7 for a longer reaction time (45 min).§ 
Apparently, electrophilic attack of the diazonium ion 7 on 1 also 
took place solely at the a-position to give 8 as an initial product 
(Scheme 1). Further enolization of 8 followed by coupling with 
another equiv. of 7 led to the formation of the biscoupling 
product 10. The observed first-order rate constants for the 
formation of the coupling product (monitoring at 400 nm) were 
found to be inversely proportional to [H+], suggesting that the 
enolate anion of 1 is the actual reactive form. The second-order 
rate constants for coupling of the enolate anion with 7 were 
calculated to be close to the diffusion-controlled limit (8 x 10s 
to 2.8 x lo9 dm3 mol-l s-l), from which the reaction constant 
penolate was determined to be 1.15. 

Diazo-coupling of enol 3 under similar conditions (1 equiv. 
of 7, 2 h) gave the same product 9 (20%) and 10 (45%). The 
observed first-order rate constant for the formation of the 
coupling product (400 nm, 2.5 x 10-4 s-1) is about 10 times less 
than that of the ketonization of 3 under the same conditions (2.3 
x s-'). Therefore, it is concluded that 3 did not couple with 
7 directly; instead, it ketonized to 6 first. The actual coupling 
took place via enol 1, the intermediate in the isomerization of 6 
to 4 (Scheme 2, vide supra). 

Enol2 reacted with 1 equiv. of 7d to give 12 (60 min, 85%).§ 
Zero-order kinetics (400 nm) were observed for over 90% of the 
reaction, and these kinetics were independent of the concentra- 
tion of 7d (concentration of 3 was fixed but remained at least 10 
times higher than that of 7d). These observations are consistent 
with a mechanism involving rate-determining conversion of 
cycloheptatrienol2 to norcaradienol 11 which then coupled with 
the diazonium ion (Scheme 3). 

The existence of homoaromaticity in cycloheptatriene has 
been sometimes been claimed5 and sometimes reje~ted6,~ in the 
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literature. Our study suggests that homoaromatic stabilization 
in cycloheptatriene, if any, must be very insignificant. Evidence 
comes from the dramatic difference in reactivities of the three 
isomeric cycloheptatrienols towards electrophilic addition, 
including both ketonization and diazo-coupling reaction. More- 
over, the reaction constant for the coupling of the enolate anion 
of 1 determined in this work (penolate = 1.15) is much less than 
that for the coupling of phenolate anion8 (p = 4.2) and is close 
to that for the coupling of the enolate anion derived from 
acetone9 (p = 1.89), indicating that the formation of the 
transition state from the aromatic phenolate anion has a much 
greater activation energy than formation of the transition state 
from the enolate anion of 1. 

There has been considerable interest in the substituent effect 
upon the equilibrium between cycloheptatrienes and norcar- 
adienes both experimentally ' 0  and the~retically.~.' Klarner 
et al. has demonstrated that two trimethylsilyloxy groups 
substituted at the 2- and 5- positions were capable of shifting the 
equilibrium towards the norcaradiene side.12 The fact that only 
the norcaradiene derivative 11 derived from enol2 was trapped 
in this study suggests that a 2-hydroxy group possibly has a 
significant effect on the stabilization of the norcaradiene. We 
have carried out some preliminary ab initio calculations13 and 
the topological properties of the electron density distribution 
have been analysed in terms of the theory of atoms in 
molecules14 on the valence tautomer 2 G 11. The energy 
difference AE(2,ll) = E(2)  -E(l l )  (-5.26, -5.09, -1.95 and 
- 2.79 kcal mol- 1 at 6-3 1 G *//6-3 1 G* , 6-3 1 G * *//6-3 1 G* , 
MP2/6-3 1 G* *//6-3 1 G* MP2/6-3 1 G*//MP2/6-3 1 G* 
levels of theory respectively; 1 cal = 4.184 J) is less than 
AE(13,14) for the parent unsubstituted system 13 G 14 (-5.89, 
-5.78, -2.88 and -3.66 kcal mol-l at the same level of 
theory, respectively), suggesting that the equilibrium concentra- 
tion of 11 is higher than that of 14. In addition, at the MP2/ 
6-3 lG*//MP2/6-3lG* level of theory, the electron density at 
the bond critical point of the C( 1)-C(6) bond (pb) for 11 (0.2202 
a.u.) is higher than that of 14 (0.2129 a.u.). This, according to 
our previous finding that the electron density at the bond critical 
point of the C(l)-C(6) bond (the homoaromatic bond) corre- 
lates well with the relative stabilities of norcaradienes over 
cycloheptatrienes, indicates that the 2-hydroxy group does 
provide a small but effective stabilization effect on the 
norcaradiene 11, probably by acting both as a o-acceptor and a 
n-donor. Such a stabilization effect may become much more 
significant in polar solvents capable of acting as H-bonding 
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acceptors, since upon deprotonation the resultant hydroxide 
group becomes a much more effective x-electron donor. 

In summary, we have shown that the ketonization and diazo- 
coupling reactions of three cycloheptatrienols 1, 2 and 3 
proceed via three different pathways. Further experimental and 
theoretical investigations on the substituent effect of hydroxy 
groups are currently in progress. 
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Footnotes 
Current address: Steacie Institute for Molecular Sciences, National 

Research Council of Canada, 100 Sussex Drive, Ottawa, Ontario K1A 
OR6, Canada. 
$ Current address: 5 Borden Road, Glasgow, Scotland G13 lRB, 
UK. 
5 Compounds 9, 10 and 12 were isolated by extraction of the reaction 
mixtures with ether and purified by column chromatography, and were 
characterized by spectroscopic (lH, 13C and 15N NMR, MS and HRMS) 
and elemental analyses. 
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