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CLXXXII1.-The Chemistry of the Three-carbon System. 
Part X X I .  Xome cycIoHeptane Compounds. 

By WILFRED EYNON HUGH, GEORQE ARMAND ROBERT KON, and 
THOMAS MITCHELL. 

IN extending previous work on the mobility and the point of 
equilibrium of tautomeric compounds in relation to structure (J., 
1928, 1630; this vol., p. 572), we were led to examine the effect of 
the cycloheptane group, both in acids and in ketones, of the types 
(I) and (11). 

(X = CO,H or COMe.) 
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cycloHeptylideneacetic acid on treatment with alkali passed into 
an equilibrium mixture from which about 25% of unchanged acid 
could be recovered by Bougault's method (Kon and May, J., 1927, 
1549). The equilibrium ratio for this acid and its py-isomeride (not 
obtained in a pure state) was therefore approximately 25 : 75. No 
estimate of mobility was, however, possible. 

We have now repeated the equilibration of the acid and deter- 
mined its mobility and point of equilibrium, using Linstead and 
May's extrapolation method (J., 1927, 2565), since pure Ill-cyclo- 
heptenylacetic acid (11, X = C0,H) (now obtainable from the 
equilibrium mixture : see Experimental) was not available. Our 
results confirm Kon and May's estimate of the point of equilibrium 
(260/, I X ~ ) ,  but subsequent experiments with the pure &-acid suggest 
that this value may be 2 or 3% low. The mobility, (kl + k,) x 10, 
calculated in the usual way is 0.66. 

The @-acid is readily converted through the acid chloride into the 
ketone (I, X = COMe), which was shown to have the @-structure 
by its physical properties and by oxidation to suberone. I ts  
semicarbazone (m. p. 1'72-173") is identical with the semicarbazone 
prepared by Kon from calcium cycloheptanediacetate (J., 1921, 
119, 810) and thought to be that of the py-ketone : this discrepancy 
is due to the sparing solubility of the semicarbazone, which is 
readily obtained even from mixtures containing considerable 
quantities of the py-isomeride. 

The ketone regenerated without appreciable change from the 
semicarbazone was employed throughout this work. 

The difficulty of preparing the py-ketone (11, X = COMe) is so 
great that it is doubtful whether the pure material has yet been 
obtained. The process employed by Dickins, Hugh, and Kon (this 
vol., p. 572) for the synthesis of cyclopentenylacetone gives a product 
which closely resembles Kon's ketone (Zoc. cit.) in physical properties 
and, as it has a high reactivity towards iodine chloride, consists to a 
great extent of the py-ketone. The semicarbazone prepared from 
it, however, does not appear to be homogeneous, crystallises badly, 
and gives only a very small amount of material of constant melting 
point. On the other hand, the ketone gives on treatment with 
sodium ethoxide an equilj brium mixture of practically the same 
iodine addition as that from the pure ap-ketone, so it cannot 
contain much saturated impurity. 

The equilibration of the two ketones under Kon and Linstead's 
standard conditions (this vol., p. 1270) shows that the system is 
extremely mobile. Exact calculations have not been made because 
the ketone is practically at equilibrium after 5 minutes' treatment 
with sodium ethoxide ; a rough extrapolation gives the half-change 
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period as less than 2 minutes, and the mobility, ( E l  + k2) X lo4, 
must therefore be greater than 3500. 

The values for the final equilibrium and for the intermediate 
points fluctuate somewhat more than they do for the cyclohexane 
compounds (Kon and Linstead, loc. cit.), so the accuracy attained is 
not of such a high order; the equilibrium point lies between 63.5 
and 66.2% of ap-ketone; the average figure obtained is 65%. 

The point of equilibrium of the ketones is therefore definitely on 
the ap-side, although not as much as in the cyclopentane compounds, 
in general agreement with the views previously expressed. The 
high mobility, comparable with that of the cyclopentane compounds 
(an exact comparison is not yet possible) is not readily accounted for 
and is in contrast with the low mobility of the acids. It appears, 
therefore, that the mobility and the point of equilibrium of ketones 
cannot be simply correlated with those of the corresponding acids. 

E X P E R I M E N T A L .  
Equilibration of cycloHeptylideneacetic Acid .-The acid (Kon and 

May, Zoc. cit.) was purified by reprecipitation from its solution in 
sodium hydrogen carbonate and crystallised from light petroleum. 
The anilide, prepared by way of the acid chloride, h. p. 120- 
121"/13 mm., formed long silky needles, m. p. 90-91", from ethyl 
acetate-petroleum (Found : C, 78.3; H, 8.4. C,,H,,ON requires 
C, 78.5; H, 8.4%). 

The pure acid was heated with potassium hydroxide solution 
under the standard conditions used by Linstead (J., 1927, 2579; 
Goldberg and Linstead, J., 1928, 2343), and the change estimated by 
Linstead and May's second method (Zoc. cit .)  : 

Time of 
heating 
(hours). 

0 
3 
9 

15 
24 
40 
72 

yo Iodine addition in 
/-- 

1- - \ 

30 60 90 120 150 180 210mins. 
Nil 
23.3 13.6 14-0 14.0 14.2 - - 
32.9 35.0 35.2 35.9 36.5 - - 
43.0 46-4 46.5 47.1 47.3 - - 
54.2 57.4 60.0 61-3 62.1 62.2 62.2 
60-6 67-2 69.7 70.7 71-0 71.6 71-8 
G1.0 69.0 72.5 74.6 76.6 '76.8 77.4 

- - - - - - 

The figures obtained by extrapolation are : 
Time (hours) ... 0 3 9 15 24 40 72 
yo aj3-Acid ...... 100 87 66 54 40 31 26 
(k, + k,) ...... - 0.0643 0.0682 0.0647 0.0693 0.0673 - 

Preliminary experiments had shown that there was no further 
The mobility calculated from these figures 

Al-cycloHeptenyhcetic Acid (11, X = CO,H).-The crude acid 

change after 72 hours. 
is 0.66. 
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obtained by Wallach's method (AnmZen, 1902, 314, 157) contains 
up to 25% of the +acid and all the methods of preparation used 
gave similar mixtures. The pure acid was obtained from it by the 
method successfully used to isolate hydrosorbic ( Ab-hexenoic) acid 
(Linstead and Eccott, unpublished work). The crude acid (36 g.) 
was kept a t  room temperature with 216 C.C. of absolute alcohol and 
72 C.C. of 1% &lcoholic hydrogen chloride for 5 hours; an excess of 
sodium carbonate solution was then added and the ester isolated by 
means of ether. The unesterified acid recovered from the alkaline 
solution was practically pure @-acid. The ester, b. p. 104-107"/ 
12 mm., d:!4" 0.97172, ng'.'' 144689, [R& 52-00 (calc., 51.99), showed 
a high reactivity towards iodine chloride (54.1% addition in 10 
minutes, 73.6% in 60 minutes). It was hydrolysed with cold 10% 
aqueous-alcoholic potassium hydroxide : the acid, isolated in the 
usual manner, had b. p. 153"/17 mm., i07"/2.5 mm., d;'O' 1-01155, 
n:'" 1.48820, [RLID 42.78 (calc., 42.75); its iodine addition was 
76.5% in 10 minutes and 86-6 in 30 minutes, so it was evidently the 
pure A1-isomeride (Found : C, 69-8 ; H, 9.1. C,H,,O, requires 
C, 70.1; H, 9.2%). The acid chloride had b. p. 100-104"/13 mm. 
and gave the anilide, which formed plates, m. p. 79-80", from 
benzene-petroleum (Found : C, 78.5 ; H, 8.2. C1,H,,ON requires 
C, 78.5; H, 8.4%). The pure A1-acid was obtained after the 
equilibration experiments had been completed ; graphic inter- 
polation between the iodine addition in 30 minutes of the @- and 
the Py-acid gave a value of 28% of @-acid for the final equilibrium 
value (72 hours), in good agreement with that calculated above. 

cycloHeptyZideneacetone (I, X =: COMe).-The ketone was ob- 
tained in good yield from the ap-acid by the Blaise-Maire reaction 
and boiled at 94-95'/9 mm. The semicarbazone was readily 
formed and crystallised from methyl alcohol in small plates, m. p. 
172-173", which did not depress the m. p. of Kon's original specimen 
(compare above). The ketone regenerated from it had b. p. 9cio/10 
mm., d:P' 0.94852, rig's' 1.49518, [RLID 46-79 (calc., 45.84) (Found : 
C, 79.1 ; H, 10.7. CloHl,O requires C, 78.9 ; H, 10.6%). 

cycloHeptenylacetone (11, X = COMe) .-This ketone was similarly 
obtained from the Fy-acid; the yield of crude ketone was poor and 
on treatment with semicarbazide a mixture containing an appreciable 
amount of the ap-semicarbazone, m. p. 172-173", was precipitated. 
The crude semicarbazone was ground with light petroleum and 
hydrolysed with oxalic acid. The regenerated ketone, after treat- 
ment with aluminium amalgam to remove the @ketone (compare 
Dickins, Hugh, and Kon, Zoc. cit . ) ,  was fractionated, fractions of 
b. p. 91-93"/13 mm., and 95"/13 mm. being collected; the second 
of these had the higher iodine addition and was used for plotting 
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the reference curve; it had diP' 0.93558, 1.47595, [BLJD 45-86 
(calc., 45.84). Both fractions gave an indefinite, very soluble semi- 
carbaxone, from which only a very small amount of long, flattened 
needles (from ethyl acetate-petroleum), m. p. 128-Ego, could be 
isolated (Found : C, 62.8; H, 9.2. CI,H,,ON, requires C, 63.1 ; 
H, 9.2%). 

Equilibration of the Ketones.-For the analysis of mixtures a 
reference curve was constructed from the following values for the 
addition of iodine in chloroform solution (in 10 minutes) : 

Mixture (% ap) ...... 0 10 25 50 75 90 100 
Addition (%) ......... 94.7 93.4 91.5 80.2 58.8 41.9 29.8 

The very high addition of the py-ketone will be noted; even the 
lower fraction (see above) had an addition of 92.8%. 

The equilibrations were carried out under Kon and Linstead's 
standard conditions. In the first experiments the ap-ketone purified 
by distillation was used, but the equilibrium mixture obtained had 
a much lower iodine addition than the equilibrium mixture obt'ained 
from the pure ketone, owing to the presence of some less mobile 
impurity (esters) : this conclusion was borne out by the somewhat 
higher density of the ketone ( d ~ V  0.95260). Afterwards the pure 
ketone regenerated from the semicarbazone was used. The 
ap-ketone appears to be practically unaffected by the process of 
regeneration, the best sample obtained having actually a lower 
iodine addition (25.9%) than the specimen used in plotting the 
reference curve, and only one had an addition of 35.6%. 

The first experiments with the py-ketone were carried out on the 
assumption that the rate of change would be slower than in the 
cychhexane compound, and the times chosen were 20, 40 and 60 
minutes; the yo iodine additions were 71.2 (corresponding to 6102% 
of ap-ketone), 68-3 (64*8%) and 66.9 (66.5%) respectively. The 
last specimen then had d;?'*' 0.94212 and n$'O' 1.48571. The three 
specimens were combined and equilibrated for 20 hours; an iodine 
addition of 67.7% was then obtained. 

The following values were obtained with the ap-ketone : 

yo Iodine addit,ion. 
/-- 7 P 

Time (mins.). (a). ( b ) .  (c). 
5 - 65.4 - 

10 66.1 - 68-2 
20 67.6 - - 
40 67.1 
60 67.2 * - 69.6 

- - 

1020 - 69.4 - 
* This specimen had d?' 0.94473 and tag' 1.48860. 
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The combined fractions of (a) were treated again for 16 hours and 
then again for 18 hours; the product had an addition of 69.5% in 
each case. A similar experiment with the fractions of (c )  gave a 
final value of 67.7%. Rejecting the values below 67% addition 
and averaging the remaining eleven, we obtained 68.4% (corre- 
sponding to 65% of +ketone approximately) as the equilibrium 
point with an uncertainty of about 1%. 

The estimate of the mobility must necessarily be very rough, but 
by interpolation between the zero and the &minute value for the 
ap-ketone a half-change period of less than 2 minutes is obtained. 
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