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The et101 coiltents of the cycloallcanorlrv from C-4 t.0 C-10 :ire reported. It is found t h t  the enol coritents nlternatt? with tlir 
ring sizr, thnt cyclic ketones are genrrsllj. inore enolic that1 coinparnblc open-chain ketones, and thnt cjdoocto t 1 o i t ( ~  is PS- 
peciallj, rich i t i  enol. Attempt rd esplxuntions of these findiiigs arc: prrsrnted. 

In  the prewding paper of this seriesi the enol 
('ontents of a number of simple open-chain ketones 
were reported, and it was observed that these enol 
contenti alternate with the chain length, demon- 
strating a tendency for an even number of carbon 
atoms to o ( w r  between the terminal methyl group 
of an alkyl chain aiid a double bond, the latter 
being either the C=O group of the ketone or thc 
C=C group of the enol. It )vas also noted thai 
other \I orkcrs? had found similar alternation in thr 
series of 2-(~:2rbcthoxyalkanoncs, and a hypotheqii 
was offered according to which iecond-order hy- 
perconjugation is responsible for thii phenonienoii 
in both caw\. 

Presently available data on the c w ) l  contenti of 
simple cyclic ketones are restricted to cyclopeiita- 
none and cyclohexanone, and while here, too, 
cyclohexanone coiitaiiis more enol than does eyclo- 
pentanone, two ketones are of course not enough tn 
establish a trend To fill this gap, the enol content4 
of the cyclic ketones from cyclobiitaiioiie to cyclo- 
decanone were determined and arc reported iii 

Table I. This table also include\ published data '  
on the ctiol cniitcnti of open-chain ketones with thc 
same number of C atoms aq the cyclo:tlkanones, thr  
latter being cniphaiizcd by italic.. 

Three iinpor tant points may be oliserved 111 thc 
enol contents awniblccl in Tablc I. I?irst, the al- 
ternation hich had been noted 111 the open-chain 
ketones and in the 2-carbethouSrcycloalkaiioiie~ is 
prc\riit also i i i  i h c  wip le  cycloalkanones. a cyclic 
ketone with an even number of carbon atoms in the 
ring contaiiiq more enol than either its next higher 
or its next lon-cr homolog. I n  analogy to what wa5 
said' about the alternation 111 open-chain ketones, 
the same phenomenon in cyclic ketones may be 
described by the itatement that wnie factor favors a 
situation in IT hich both cuds of a chain of an even 
number of rarboii atom' are attached to a double 
bolid. Thii  4tuatioii 1- obviou4y realized only 
1)y the keto forin in mi odd-carbon ring, and by 
the enol form in an wen-carbon ring. No factor 
other than sccond-order hypercoiijugation is kno-xn 
t o  the author which would call for such a situation. 
therefore, until some better interpretation is forth- 
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cmiirig, second-order hyperconj ugatioii seems io 
provide the most satisfactory explaiiation of the 
observed alternation of enol contents: as it, also 
does in other similar cases.3 
h second observation which clearly emerges from 

Table I is that  the cycloalkanones uniformly con- 
tain more enol than do the corresponding opcn-chaiii 
kctoiies. Some effect appears to be a t  work in riiig 
kct oiieh which, compared to open-chaiii ketoiiw, 
(i ther favors the enol or opposcs the ketone, or both. 
Conceivably, this effect could have to do with 
ciitropy. -1 double bond places a rest'raint on its 
vicinity because it forces all atoms directly at-  
tached to it into the same plane. From the point 
of view of the carbon ('hain, t,his restraint is grcutci. 
in ail eiiol than in its ketone because the ketonic: 
tlouhlc hond makw only three carboii atoms co -  
p1:Lii:ir and the cwolic double bond four. Thus 
oiic \voiild expect the entropy factor to opcr:itc 
against, thf. (viol in all kctones. But, opcn-rhaiir 
ketones have more unrestrained mobility to  lose 
than ring kctolie:: which are restricted to a cyclic 
arrangement t o  begin wit'h, aiid so the latter may 
be expected to oppose lrss resistancc i o  molizatioi~. 

That  thc casicr enolization of rings is more pro- 
iioiu1ced in larger than in smaller rings, as caii t i (>  
seen from the figures in Table I, is in harmony with 
this reasoiiiiig. The tendency toward puc>kcring of 
rings opposes coplanarit'y, and this opposition should 
be strongest in small rings where the wp1:tiiar group 
of four carbon atoms in the enol makes up cit>hcr 
the entire ring, as in cyclobutanoiie, or  most of i t  
as in cyclopentanonc. In  the latter compouiid, t he 
half-chair form4 is excluded in the ciiol and only thc  
planar and eniTelope forms are possihlc. x h i k  i l l  

cyclohexanone the enol permits t he hnlf-c.h:Lir 
form. Therefore, in cyclohesanoiie mtl  i t t  higher 
ketones there should be less oppositioii to eiioliza- 
t,ion than in ryclobutanone and in cyclopentanone, 
and the results are in agreement with this expecta- 
t,ion. 

Finally, i t  seems that  some eight-carbon ketones 
occupy a special position with respect' to enoliza- 
tion. The enol content of cycloortanone is, coni- 
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TAB1,E I 
ENOL C o s T m i ~ s  OB KETONES WITH FOUR TEN CARBON 

ATOMS~ 

Sumber of 
C Atonis Ketone Iho l  Content, yo 

4 2-Butanone 0.12 
4 Cyclobutanonr 0.56 
5 2-Pentanone 0.01 
i) 3-Pentanone 0.Oi 
5 Cyclopentanmze 0.09 
(i 2-Hwanone 0.11 
0 3-Hcsariorir 0 .05  
(j  4-LIethyl-2-pentanone 0.27 
(i C'pdohesanone 1.18 
i 2-Heptanone 0.10 
7 3-Heptanone 0.17 
i Cycloheptanone 0.66 
8 2-Octanone 0.92 
8 3-Octanone 0.01 
8 Cyclooetanone 9.3 
9 Cyclononanone 4.0  

10 Cyclodecnnone 6.1 

a All enol contrnts are rounded off to the nearest 0.01%. 
The values for cyclopentanone, cyclohexanone, and the 
open-chain ketonw are taken from an earlier paper.' 

paratively speaking, truly enormous: this simple 
ketone is more highly enolic than ethyl acetoace- 
tate. I n  addition, 2-octanone also contains almost 
1% enol-the highest enol content this writer has 
found in any simple open-chain ketone. Possibly 
these obiervations can be interpreted on conforma- 
tional ground.;: Inspection of high-preciiion atom 
models5 shows that while all cycloalkanones from 
ryclohexanone up are free of Raeyer strain, 
steric factors of a more subtle nature may still 
play a ro1.e. In  particular, a model of the enol of 
cyclooctanone demonstrate.; that, except for the 
coplanar group, all C and H atomi are more or less 
in skew position and one H at C-5 is close enough 
to the enolic double bond to represent something 
like a tranqannulnr x complex (Fig. 1) : 
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Figure 1 
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Such a fortunate situation does not exist in cyclo- 
decarione where similar approach of a hydrogen to 
the double bond can be purchased only at the cost 
of excessive crowding of hydrogens elsewhere ; and 
in the enol of cyclononanone, which is even better 
suited for a strain-free transannular w complex than 
that of cyclooctanone, second-order hyperconjuga- 
tion works against the enol. Only in cyclooctanone 
does a high enol content semi to be favored by a 
unique combination of t h~rmodynamic, steric, and 
electronic factors. 

Models also offer ail cxplaiiation of the high 
enol content of 2-octanone: that part of the chain 
from C-3 to C-8 ran assume a conformation very 
much like that of the chair form of cyclohexane, 
with C-8 so placed that it can form a hydrogen 
bond with C-3 which is negative by the resonance 
of the enol group (Fig. 2) : 
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Figure 2 

EXPERIRIEKTAL 

The author is endebted to Dr. Alfred Bader of the Aldrich 
Chemical Company for providing him with some of the ke- 
tones used in this investigation. Cyclobutanone was prepared 
by oxidation of methylenecyclobutane,6 cycloheptanone 
and cyclooctanone by ring enlargement from cyclohexanone 
with dia~omethane,~ and cyclonoiianone and cyclodecanone 
by ring closure from esters of the C-10 and C-1 1 dicarboxylic 
acids. All ketones were a t  least 98 % pure which, in view of 
the limitations of the method,' was considered mow than 
sufficient. 

The determindtion of enol contents was carried out as 
described in detail in the preceding paper of this series; 
therefore, no more will be said about it here except to eni- 
phasize once more the importance of the proper pH in the 
titration of the iodine with thiosulfatc. Reproducihle results 
ran be obtained only when the pH of the titration mixture is 
just below 7, preferably 6.7 to G.9. Use of the proper amount 
of bicarbonate is therefore essential. As the solvent in which 
the titration was carried out is 75 9'0 methanol, it  was diffi- 
cult to measure the pH potentiometrically, but short-range 
pH paper (the author used Hydrion paper covering the pH 
range from 6.0 to 8.0) was satisfactory. 
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