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136. The Chemistry of Alkylcyclopenta~~ones. Part 
The Efject of the Methylcyclopentane Ring 11. 

on the Carbon Tetrahedral Angle. 
By RANCHHODJI D-4JIBRAI DESAI. 

IN Part I (J., 1931,1216) the synthesis of 3-methylcyclopentane-1 : 1- 
diacetic acid was described. Its mono- and di-bromo-derivatives 
and the products of their hydrolysis have now been studied with the 
object of ascertaining the effect of the methylcyclopentane ring on 
the carbon tetrahedral angle on the basis of Thorpe and Ingold’s 
valency deflexion hypothesis. 

Monobromination.-The neutral monobromo-ester (I) prepared 
from the acid by the usual method of bromination was accompanied 
by the dibromo-ester (11) and unbrominated ester. It was obtained 
pure by bromination of ethyl hydrogen 3-methyZcyclopentane-1 : 1- 
diacetate, though the monobromo-acid ester was always formed 
(15-20%). The monobromo-ester (I) could be distilled under 
reduced pressure, but distillation under ordinary pressure converted 
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it into the lactone of ethyl hydrogen a-hydroxy-3-methylcydo- 
pentane-1 : 1-diacetate (111). 

CHMeCH, CH,*CO,Et "<CHBr.CO,Et QH-0 
QH,--QH2xCHBrC02Et CHBrC0,Et >C<cH2'QO 

(1.) (11.) (111.) CO2Et 

The neutral monobromo-ester was hydrolysed by 84% caustic 
potash solution at 150" to  a mixture of cyclopropane-spiro-acids 
(40%) and lactonic acids. 3-Methylcyclopentane~pirocyclopropane- 
2' : 3'-dicarboxylic acid can exist in four dl-forms, two cis and two 
trans. The two trans-acids (IV and V) and one of the cis-acids (VI) 
were isolated from the hydrolysis product. The cis- was separated 
from the trans-forms by means of acetyl chloride, and the mixture 
of trans-acids was separated into its components by fractional 
crystallisation from acetone-benzene. On distillation , the trans- 
acids both gave the anh*ydride (VII) of the cis-acid (VI). 

OC-Q H 
distil /qO$E ,c+l I C02H 

C,H,Me> ~ -+ >c7 
CO,H H H  H 0 2 C  H 

(VII) cis-Anhydride A, (V) trans-Acid B, 
m. p. 215" m. p. 75" 

3 
(IV) trans-Acid A, 

m. p. 230" 

>C- 

(VI) cis-Acid A, m. p. 175" &-Acid B (not isolated) 

The two trans-spiro-acids are stable to 5% hydrochloric acid at 
200°, but are completely decomposed by it a t  240" after prolonged 
heating, and rapidly a t  200" by 10% hydrochloric acid. The parent 
diacetic acid remains unaffected under identical conditions. The 
spiro-acids are thus slightly more stable than caronic acid or the 
cyclopentane analogue, but considerably less so than the cyclohexane 
acid. 

The Zuctone of a-hydroxy-3-methylcyclopentane-1 : 1-diacetic acid 
should exist in eight stereoisomeric modifications, giving four dl- 
forms (VIIIA, B, C, and D) ; two of these have been isolated. The 
hydrolysis of the neutral monobromo-ester with sodium carbonate 
solution gave a mixture of lactonic acids, from which the lactonic 
acid A (VIII) w a ~  isolated. The lactonic acid B mas prepared by 
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similar hydrolysis of the monobromo-acid ester. The lactonic acid 
A was also identified among the products of hydrolysis of the neutral 

>c<qH-0 
C0,H 
IVIIIA) (B) (C) (D) 

monobromo-ester with concentrated potash solution. As their 
configurations could not be determined, they have been called 
A and B forms. 
Dibromination.-3-Methylcyclopentane-1 : 1-diacetic acid was 

smoothly brominated by the Hell-Volhard-Zelinsky method in 
72 hours. The yield of monobromo- and dibromo-acid ester was 
10-15%. The neutral dibromo-ester (11) was converted by 
distillation into the lactone of ethyl hydrogen cc-bromo-a’-hydroxy- 
3-methylcyclopentane-1 : 1-diacetate (IX). 

Hydrolysis of the neutral dibromo-ester with 64% potash solution 
a t  150” gave mainly a-keto-3-methylcyclopentane-1 : 1-diacetic acid 
(45 %), 3-methyZcyclopentylideneaceti/; acid (5 %), and a stereoisomeric 
mixture of hydroxy-lactonic acids from which the lactone of 
cca’-dihydroxy-3-methylcyclopentane-l : 1 -diacetic acid (X) was 
isolated in small amount. 

CH2-(70 CH,-CO 90233 H-0 
CH-Q >C@02% >c<ggJ >C<CH,.CO CH, 0 

CHBr--yO CH(OH)-TO 
(IX-) >~C€€(co,Et)*o ’‘<CH(C02H)*0 (X-1 

The keto-acid was oxidised by hydrogen peroxide to  1-carboxy-3- 
methylcyclopentane-1-acetic acid, the constitution of which was 
proved by a rational synthesis from 3-methylcyclopentanone by 
Higson and Thorpe’s method (J., 1906, 89, 1455). 

The formation of 3-methylcyclopentylideneacetic acid in the 
hydrolysis of the dibromo-ester probably involved the removal of the 
side chain as glyoxylic acid, which might have been oxidised to  
oxalic acid, as this was identified among the hydrolysis products. 
The unsaturated acid was proved to be the ap-form by its reactions, 
and by its synthesis by the condensation of 3-methylcyclopentanone 
with bromoacetic ester in presence of zinc ; the hydroxy-ester 
formed was accompanied by a considerable amount of 4-methyl-2- 
(3’-methylcyclopentylideiie)cyslopentanone (Wallach, Ber., 1896, 
29, 2965), which gave 3-methylcyclopentanone and P-methyl- 
glutaric acid on oxidation. Wallach’s liquid hydroxy-acid (Annulen, 
1901, 314, 160) was found to be a mixture of a liquid and a solid 
isomeride. The latter, C,H,o>C(OH)*CH2*C0,H, on dehydration 
with acetic anhydride, gave a mixture of ap-unsaturated acids, from 
which an acid identical with the one mentioned above was obtained 
by fractional cryst allisation. 
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Hydrolysis of the dibromo-ester (11) with methyl-alcoholic potash 
gave a mixture of cis- and trans-methoxy-spiro-acids, together 
with small amounts of a- h ydrox y- a'-methoxy-3-meth ylcyclopentane- 
1 : 1-diacetic acid and its lactone. 

Two trans- (XIA and B) and two cis-forms (XIIA and B) of 
3-methylcyclopentanespiro-2'( or 3')-methoxt~cyclopropane-2' : 3'-di- 
carboxylic acid were isolated. The trans-acids were converted by 
distillation into the anhydrides of the cis-acids. All the methoxy- 
spire-acids gave a-keto-3-methylcyclopentane- 1 : 1-diacetic acid and 
a small amount of 1 -carboxy-3-methylcyclopentane- 1-acetic acid 
when heated with hydrobromic acid. The cyclic hydroxy-acid, 
3 - methylcyclopentanespim - 2' - hydroxycgc2opropane - 2' : 3' - dicarb - 
oxylic acid, was probably formed, but owing to its instability changed 
into its open-chain isomeride, the keto-acid, the stability of which 
was shown by its recovery unchanged after 8 hours' heating with 
64% potash solution ak 150". 

OC.0 C0,H 
I CO,H 

%T- B C - 7  Al > C T  4 0 2 H  -- distil + >c-y 
Ho2C OMe !9" OMe OMe 

(XIA) trans-Acid A Anhydride A. (XIIA) cis-Acid A, 
in. p. 190" in. p. 87" m.p.  175" 

J? C02H 

+ > C T  Aye - distil 3 > c q o  g,ci1 
C0,H Meb H Ho2C C0,H 

(XIB) trans-Acid By Anhydride By (XIIB) &-Acid B, 
m. p. 178' m. p. 60" m . p .  162" 

These results may be compared with those obtained by the hydro- 
lysis of the dibromo-ester containing tb cyclohexane or the cyclo- 
pentane ring. An unsaturated acid is formed in all three cases. 
On hydrolysis with aqueous potash, the cyclohexane compound gives 
mainly the hydroxy-ring acid, whereas the cyclopentane and the 
methylcyclopentane compound each give a keto-acid which is stable 
to 64% potash solution. When methyl-alcoholic potash is used, 
ring-hydroxy-acids are obtained from the cyclohexane compound, 
methoxy-spiro-acids and a cis-ring-hydroxy-acid from the cyclo- 
pentane compound, and methoxy-spiro-acids, but no ring-hydroxy- 
acids, from the methylcyclopentane compound. 

As the dibromo-ester (11), owing to its insolubility, gave only a 
small amount of acid product on hydrolysis with sodium carbonate 
solution, the dibromo-acid ester was used. The products were 
a-keto-3-met,hylcyclopentane- 1 : 1 -diace.tic acid (in small amount) 
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and the cis- (XIII) and the trans-Zuctone (XIV) of aa’-dihydroxy-3- 
methylcyclopentane- 1 : l-diacetic acid. The lactone (XIV) reacted 
readily with acetyl chloride, forming the acetyl derivative, and hence 
must have the trans-configuration. The formation of the keto-acid 
in the hydrolysis must have involved simultaneous ring formation 
and hydroxylation. The former reaction would lead to the inter- 
mediate formation of a bromo- and a hydroxy-ring-acid 

c~H~~>c<~H.CO,H R’Co2H (R = Br or OH), which could not be isolated 

owing to their instability (compare Ingold, J., 1921, 119, 314; 
Rao, J., 1930, 1170; Kandiah, J., 1931,958). 

YH-CO PH 
CH-YO (XIV-) 

>‘<YH-O 
C0,H C0,H 

The above results obtained in the decomposition of the mono- and 
di-bromo-esters of 3-methylcyclopentane-1 : l-diacetic acid show 
that the methylcyclopentane ring bears the closest similarity to the 
cyclopentane ring and differs fundamentally from the cyclohexane 
nucleus. If the effect of this ring were due to  polar factors, it 
should be similar to that of the gem-ethylpropyl group. The effect 
is, however, more in harmony with that of the gem-dimethyl group 
and is due to valency deflexion (Becker and Thorpe, J., 1920,117, 
1580; Lanfear and Thorpe, J., 1923, 123, 1683). The evidence is 
strengthened by two other types of reaction. 

(1) A series of cyclic diketones (XVI) was obtained by Dickins, 
Kon, and Thorpe (J., 1922, 121, 1496) by condensing methyl 
oxalate with various substituted glutaric esters by the Dieckmann- 
Komppa method. The diketone was obtained in greatest yield 
from glutaric ester itself (RR, = H, H), and its non-formation 
from the cyclohexane analogue was explained on the suppositions 
that the reaction took place through the intermediate formation of 
the compound (XV) and that the angle 0 between the two acetic acid 
residues was diminished by the attachment of the oxalyl group to 
the a-carbon atom : in the case of cyclohexane, the diminution was 
so great that there was actual overlapping of the carbethoxy- and 
the oxalyl group and consequently no reaction. 

CH (C0,Me) COG 0,Me 
R > C 4  --+ 

R1 \CH,*CO,Me 
(XV.) (XVI.) 

When methyl 3-methylcyclopentune- 1 : 1 diacetate was condensed 
with met liyl oxalat e, methyl 3 -meth y lc yclopentunespiro - 3’ : 4’-di - 
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ketocyclo$entane-Z' : 5'-dimrboxyhte (XVI ; RR, = C,H,Me) was 
obtained in 45% yield. This diketonic ester was easily converted 
into 3-methylcyclopentanespir~cycIopentune-~' : 4'-dio?ze by dilute 
sulphuric acid. 

(2) By the direct ring-closure of substituted laevulic esters to  the 
corresponding cyclopentanediones by Vorlander's method (Annulen, 
1896, 294, 270) Rothstein and Thorpe (J., 1926, 2011) found that 
p p-dimethyllaevulic ester and its cyclohexane analogue gave 20--25% 
and 48 % yields, respectively, of cyclopentanedione. The increased 
yield in the latter case was ascribed to  the ease of ring-closure owing 
to the proximity of the terminal acetyl and carbethoxy-groups due 
to the greater deflexion of the tetrahedral angle by the cyclohexane 
ring in comparison with the dimethyl group, 

Ethyl l-acetyl-3-methylcyclopen~ane-1 -acetate (XVII) was prepared 
by the action of methylzinc iodide on the acid chloride of ethyl 
l-carboxy-3-methylcyclopentane-1 -acetate. The crude acid ob- 
tained by hydrolysis of the resulting ester gave two semimrbaxones, 
one in too small amount for further investigation. When the ester 
of the acid regenerated from the other semicarbazone was treated 
with dry sodium ethoxide, a 20% yield of 3-methylcyclopentnne- 
spirocyclopentane-2' : 4'-dione (XVIII) was obtained. This gave 
a red colour with ferric chloride solution, and a solid bromide. 

E X P  E R I M  E N T A  L. 

Ethyl Hydrogen 3-Methylcyclopentane-1 : 1-diacetate.-Absolute- 
alcoholic solutions of 3-met,hylcyclopentane-1 : 1 -diacetic anhydride 
(180 g. in 125 c.c.) and of sodium (23 g. in 300 c.c.) were gradually 
mixed and then heated for 8 hour on the water-bath. The alcohol 
was evaporated, and the residue diluted with water and extracted 
with ether before and after acidification. The ester was obtained 
from the second extract as a viscous colourless liquid, which was 
changed to  the anhydride by distillation (Found: equiv., 227. 
C,,H2,,0, requires equiv., 228). 

Monobromination.-Phosphorus pentachloride (120 g.) was added 
to  the acid ester (114 g.) in portions, t,he mixture heated on the steam- 
bath for 1 hour, and dry bromine (28 c.c.) added slowly a t  50-60". 
After 8 hours, the product was poured into cooled absolute alcohol 
(450 c.c.) and heated on the water-bath for 4 hours. The oil pre- 
cipitated on dilution was extracted, washed with 5% sodium carbon- 
ate solution, and dried in ether and recovered (yield, 80%); on 
distillation ethyl u-bromo-3-methylcyclopentane-1 : l-diacetate (I) was 
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obtained a.s a colourless liquid, b. p. 163"/7 mm. (Found : Br, 23.8. 
Cl4H,,0,Br requires Br, 23.9%). 

The lactonic ester (111) was obtained as a colourless viscous syrup, 
b. p. 188"/20 mm. after three distillations (Found : C, 63.5; H, 
8.0. Cl2HI8o4 requires C, 63.7 ; H, 7.9%). 

The monobromo-acid ester obtained on acidification of the sodium 
carbonate extract was a dark yellow, viscid oil (Found : Br, 25.8. 
Cl,Hl,O,Br requires Br, 26.1 yo). 

Hydrolysis of the Neutral Monobromo-ester (I) with Potassium 
Hydroxide Xolution at 15O".-The bromo-ester (100 g.) was added as 
rapidly as possible to a boiling solution of t8he alkali (300 g.) in water 
(170 c.c.), and the mixture heated for 20 minutes. The solution was 
diluted with water, extracted with ether, and acidified with hydro- 
chloric acid. The precipitated acids were removed by three extrac- 
tions with ether, dried, recovered (46 g . ) ,  kept in a vacuum for a 
week, and triturated with benzene. The residual solid was removed 
(15 g.) ; the filtrate deposited a further quantity of spiro-acids (5  g.) 
when mixed with light petroleum (M). The solid was refluxed for 
12 hours with acetyl chloride (50 c.c.), the excess of this removed, 
and the residue dissolved in ether and extracted with dilute sodium 
carbonate solution. Acidification of the alkaline extract gave a solid, 
which was extracted with ether, partly dried, and recovered. It 
melted at 198-205" and on fractional crystallisation from acetone- 
benzene gave a sparingly soluble acid, m. p. 225-227"; the more 
soluble fraction by further treatment gave an acid, m. p. 210-212". 

trans - 3 - Methylcyclopentanespirocyclopropane - 2' : 3' - dicurboxylic 
acid A (IV), obtained in small needles, m. p, 230" (Found : C, 60.4; 
H, 7.3 ; equiv., 99. C1oH1404 requires C, 60.6 ; H, 7.1% ; equiv., 
99), by recrystallisation of the acid of m. p. 225-227" from acetone, 
formed a dianilide, which crystallised from alcohol in silky needles, 
m. p. 295" (Found : C, 75.6 ; H, 7-0. C22H2402N2 requires C, 75.9 ; 
H, 6.9%). The trans-spiro-acid B (V), obtained in plates, m. p. 
215" (Found : C, 60.3 ; H, 7.2% ; equiv., 99), by recrystallisation 
of the acid of m. p. 210-212' from aqueous acetone, formed a 
dianilide, which crystallised from alcohol in needles, m. p. 275" 
(Found : C, 75.6 ; H, 7.1%) ; mixed m. p. with the isomeride A, 

The ethereal solution from which the trans-acids had been removed 
gave a gum, which solidified in a vacuum after 2 weeks and was 
completely soluble in petroleum (b. p. 60-80"). The solution 
slowly deposited cis-3-methyZcyclopentanespirocyclopropane-2' : 3'- 
dicurboxylic anhydride A (VII) in plates, m. p. 75" (Found : C, 66.5 ; 
H, 7.0. 

The cis-spiro-acid A (VI), obtained from the anhydride, crystallised 

255-260". 

C,oH1203 requires C, 66-7 ; H, 6.7%). 
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from water in plates, m. p. 175" (Found : C, 60-3 ; H, 7.2% ; equiv., 
99). The anilic acid, precipitated from benzene solution, crystallised 
from alcohol in needles, m. p. 190" (Found: C, 70.1; H, 7.2. 
C16H190,N requires C, 70.3 ; H, 7.0%). 

The benzene-petroleum mother-liquor (M ; p. 1071) was evapor- 
ated; the residual gum, esterified with ethyl alcohol, gave two 
fractions on distillation, (1) 170-171"/12 mm. (10 g.), (2) 178- 
180"/12 mm. (20 g.). The first fraction on hydrolysis with concen- 
trated hydrochloric acid yielded an oily mixture of spiro-acids 
(4 g.), which solidified after some weeks ; m. p. 180-190". Fracbion 
(2) was hydrolysed by hydrochloric acid to a mixture of lactonic 
acids which set to a gum after 6 months; trituration with benzene- 
petroleum gave a solid crystalline lactonic acid A (1 g.), m. p. 87" 
(see below). 

Stereoisomeric Lactones of u-Hydroxy-3-methylcyclopentane- 1 : 1 - 
diacetic Acid.-Lactonic acid A (VIIIA). The monobromo-ester 
(I) (25 g . )  was heated with a solution of sodium carbonate (50 g.) in 
water (150 c.c.) for 72 hours : much remained unchanged. The 
solution was diluted with water, extracted with ether, and acidified. 
The oil precipitated was extracted and dried in ether, recovered, and 
esterified with ethyl alcohol. Small low- and high-boiling fractions 
being rejected, a fraction, b. p. 178-180"/12 mm., was obtained 
(8 g . )  which on hydrolysis with concentrated hydrochloric acid gave 
an acid; this, after being kept in vacuum for months and then 
triturated with benzene-petroleum, gave the lactonic acid A as a 
crystalline solid, m. p. 87" (Found : C, 60.5 ; H, 7.2 ; equiv., 200. 
C1oH1404 requires C, 60-6 ; H, 7.1% ; equiv., 198). The aniline salt, 
which separated from a mixture of the lactonic acid and aniline in 
benzene, crystallised in needles, m. p. 95" (Found : C, 65.8 ; H, 7.3. 
C,oH,,04,C6H5-NH, requires C, 66.0 ; H, 7.2%). 

The monobromo-acid ester (15 g.) was 
similarly treated (sodium carbonate, 10 g. ; water, 100 C.C. ; heating, 
12 hours). The main ester fraction, b. p. 175-177"/15 mm., on 
hydrolysis, gave the lactonic acid B,  which was ultimately obtained 
in plates (0.5 g.), m. p. 75"; mixed m. p. with its stereoisomeride, 
60-63" (Pound : C, 60-4 ;  H, 7.3% ; equiv., 199). 

Dibromination of 3-Methylcyclopentane- 1 : 1 -dimetic dcid.--A 
mixture of phosphorus pentachloride (425 g.) and the acid (200 g.) 
was heated on the steam-bath for 3-4 hours, dry bromine (100 c.c.) 
then added during 24 hours, and after 72 hours the whole was poured 
into cooled absolute ethyl alcohol (750 c.c.) and refluxed for 4 hours. 
The oil precipitated on dilution was extracted with ether, washed 
with 5% sodium carbonate solution, dried, and recovered (yield, 
80-85%). Ethyl actf -dibromo-3-methylcyc~opentane-l l-diacetate 

Lactonic acid B (VIIIB). 
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(11) was obtained as a reddish-yellow viscid liquid (Found : Br, 
37-2. C14H,,04Br2 requires Br, 38.6%). From the alkaline wash- 
ings, after acidification, a viscous mass was obtained, treatment of 
which with benzene-petroleum gave 5 g. of a solid : recrystallisation 
from benzene yielded plates, m. p. 128", of ethyl hydrogen aa'-di- 
bromo-3-methylcyclopentane-1 : 1-diacetate (Found : Br, 41-3 ; equiv., 
354. C12Hl,04Br, requires Br, 41.5y0 ; equiv., 386). The benzene- 
petroleum mother-liquor contained the monobromo-acid ester 
(Found : Br, 25.7. 

The luctone of ethyl hydrogen a-bromo-a'-hydroxy-3-methyEcyclo- 
pentane-1 : 1-diacetate (IX), obtained as a viscous oil when the 
neutral dibromo-ester (11) was distilled slowly at  15 mm., had b. p. 
195-196"/15 mm. after redistillation (Found : Br, 26.7. C,,Hl,04Br 
requires Br, 26-2 yo). 

aa'-Dibromo-3-methyZcyclopentane- 1 : 1 -diacetic Acids.-The di- 
bromo-acid chloride was poured into anhydrous formic acid, and the 
mixture warmed on the steam-bath for 2 hours. The solid that 
separated on spontaneous evaporation was crystallised from chloro- 
form. The less soluble acid crystallised from chloroform-petroleum 
in plates, m. p. 195" (decomp.) (Found : Br, 44.5; eqiiiv., 177. 
CloH,40,Br, requires Br, 44.7% ; equiv., 179). The more soluble 
acid crystallised from benzene in cubes, m. p. 163" (Found : Br, 
44.2% ; equiv., 178). 

Hydrolysis of the Dibromo-ester (11) with 64% Potassium Hydroxide 
Solution.-The dibromo-ester (100 g.) was added as rapidly as possible 
to a boiling solution of potassium hydroxide (300 g.) in water (170 
c.c.) ; after 15-20 minutes' heating, a potassium salt separated. 
The diluted solution was acidified and the precipitated acids were 
thrice extracted with ether, dried, and recovered (42 g.) as a gum, 
which was esterified with ethyl-alcoholic sulphuric acid. On 
distillation, three fractions were collected : ( 1 )  105-110"/15 mm. 
(4  g.) ; ( 2 )  170-172"/15 mm. (25 g.) ; (3 )  180-183"/15 mm. (20 g.). 

Fraction ( 1 )  was hydrolysed with 10% aqueous methyl-alcoholic 
potash, and the resulting oily acid distilled ; crystallisation from 
petroleum (b. p. 40-60") then gave 3-methylcyc2opentylideneacetic ~ 

acid in prismatic needles, m. p. 112". 
Fraction (2) was hydrolysed with concentrated hydrochloric acid 

and the resulting gum was left in a vacuum for 3 months and then 
triturated with benzene ; the solid obtained (12 g.), on recrystallis- 
ation from benzene, gave a-Eeto-3-methylcyclopentune-1 : 1 -diacetic 
acid in short needles, m. p. El",  soluble in all solvents except 
petroleum (Found : C, 56.0 ; H, 6.5 ; equiv., 107. C10H1405 requires 
C, 56.1 ; H, 6.5% ; equiv.', 107). 

f i n c t  ion (3) was hydrolpseri with concentrated hydrochloric acid 

Calc. : Br, 26.1%). 
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and the oily acids formed were kept in a vacuum desiccator for 6-8 
months; a small amount of the trans-lactone of ccor'-dihydroxy-3- 
methylcyclopentane-1 : 1-diacetic acid (XIV), m. p. 146", was 
obtained on trituration with benzene. 

The keto-acid formed a quinoxaline derivative (with o-phenylene- 
diamine in hot glacial acetic acid), which crystallised from dilute 
alcohol (charcoal) in short colourless needles, m. p. 2 2 6 2 2 7 "  
(Found : C, 66.9 ; H, 6.5. C16H1803N2 requires C, 67.1 ; H, 6-3y0), 
a 2 : 4-dinitrophenyZhydraxone (in hot alcohol), which crystallised 
in sulphur-yellow needles, m. p. 185" (decomp.) (Found : C, 48.5; 
H, 4-7. Cl,Hl8O8N4 requires C, 48-7 ; H, 6.7y0), and a methyl ester 
(with boiling methyl-alcoholic sulphuric acid), b. p. l69"/19 mm. 
(Found : C, 59.2; H, 7.6. Cl2Hl8O, requires C, 59.5; H, 7.4%), 
the phenylhydraxone of which crystallised from benzene in plates, 
m. p. 163" (Pound : C, 64.8 ; H, 7-5. C18H,,0,N, requires C, 65.0 ; 
H, 7.2%). Oxidation of the keto-acid in warm 10% sodium carbonate 
solution with hydrogen peroxide and acidification of the cooled solu- 
tion gave 1 -carboxy-3-methylcycZopentane-l-acetic acid, m. p. 120". 

Synthesis of 1 -Carboxy-3-methylcyclopentane-l -acetic Acid .-3- 
Methylcyclopentanone (20 g,) was added with constant stirring to  a 
cooled solution of sodium bisulphite (34 g.) in water (28 c.c.), and 
after 2 hours potassium cyanide (18 g. in 25 C.C. of water) was 
introduced. After 12 hours, the oil was taken up in ether, washed 
with saturated sodium chloride solution, dried, and distilled, 
3-methylcyclopentanonecyanohydrin passing over as a colourless 
liquid, b. p. 128-130"/25 mm. (slight decomp.) (Found : C, 67.0; 
H, 9.0. C,H,,ON requires C, 67.2 ; H, 8.8%). 

The cyanohydrin was gradually added to a cooled solution of ethyl 
sodiocyanoacetate (5 g. of sodium, 28 g .  of ethyl cyanoacetate, and 
75 C.C. of absolute ethyl alcohol) and kept a t  0" for 24 hours. The 
dicyano-ester precipitated on dilution and acidification was extracted 
and dried in ether and distilled; b. p. 18Oo/ll mm. When hydro- 
lysed with 50% hydrochloric acid, it gave 1-carboxy-3-methylcyclo- 
pentane-1-acetic mid, m. p. 120" (erroneously printed as 125" in J., 
1931, 1224). 

Synthesis of 3 - Methylc yclopentylideneacetic Acid .-The reaction 
started by heating a mixture of zinc (70 g.), methylcyclopentanone 
(98 g.), and ethyl bromoacetate (110 c.c.) in dry benzene (400 c.c.) for 
8 hour was allowed to  proceed, and was completed by a further 
4 hour's heating. The zinc compound was decomposed with ice- 
cold dilute sulphuric acid, and the benzene layer dried and distilled. 
Ethyl 3-methylcyclopentan- 1 - 01- 1 -acetate boiled at 12 1 O /20 mm. 
(yield, 25-30y0) (Found : C, 64.2; H, 9.9. Calc. for CloH180, : 
C, 64.5; H, 9.7%). 
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A considerable quantity of the ketone was recovered and could be 
used again, but 20-25% of it underwent self-condensation, giving 
4-methyl-2- (3'-methylcyclopentylidene)cycZopentanone, which boiled 
a t  132-133"/12 mm. and had GI$' 0.9552, n?' 1.4964, whence 
[B& 54-46 (calc., 52.76) (Found : C, 80.7; H, 10.3. Calc. for 
Cl,H180 : C, 80.9 ; H, 10.1 %). Its Remicarbazone crystallised from 
dilute alcohol in needles, m. p. 142-143" (Found : C, 66-1 ; H, 9-1. 
C13H210N3 requires C, 66.4; H, 8.9%). The substance (5 g. )  was 
oxidised with cold 5% potassium permanganate solution (180 c.c.), 
the excess of permanganate destroyed, and the mixture steam- 
distilled. 3-Methylcyclopentanone was identified (as its semicarb- 
azone) in the distillate, and from the residue ether extracted 
p-methylglutaric acid, which was identified by comparison with a 
genuine specimen (Day and Thorpe, J., 1930,117, 1469). 
3-Methylcyclopentan-1-01-1-acetic acid, obtained from the ester by 

hydrolysis with 10% methyl-alcoholic potassium hydroxide at the 
ordinary temperature, and subsequent acidification, partly solidified 
in it vacuum after 3 days; trituration with benzene-petroleum 
(b. p. 40-60") gave a solid which crystallised in plates, m. p. 56" 
(Found : C, 60.6; H, 9-0. 

A solution of the hydroxy-acid (25 g.) in acetic anhydride (75 c.c.) 
was heated for 4 hours, the excess of anhydride distilled off, and the 
residue decomposed with water. On steam-distillation, an oil came 
over which solidified. The solid was fractionally crystallised from 
light petroleum (b. p. 60-80°), two acids, m. p. 112" and 81" (small 
amount) being obtained. The former was 3-methylcyclopentyZidene- 
acetic acid, identified with the unsaturated acid, formed during the 
hydrolysis of the dibromo-ester (11) with concentrated potassium 
hydroxide solution, by m. p. and mixed m. p. (Pound : C, 68.5; 
H, 8-8 ; equiv., 139. C8H,,0, requires C, 68.6 ; H, 8.6% ; equiv., 140). 

Hydrolysis of the Dibromo-ester (11) with Methyl-alcoholic Potush.- 
The dibromo-ester (100 g.) was added as rapidly as possible to  a boil- 
ing solution of potassium hydroxide (200 9.) in methyl alcohol (600 
c.c.), heating continued for 20 minutes, the alcohol removed, and 
t,he residue dissolved in water, extracted with ether, and strongly 
acidified with concentrated hydrochloric acid. The precipitated 
acids were dried in ether, recovered (47 g.), and heated for 12 hours 
with acetyl chloride (150 c.c.) ; the excess of this was then removed, 
the residue dissolved in ether, and the unchanged acids extracted 
with 5% sodium bicarbonate solution. The ethereal solution on 
evaporation left the anhydrides (30 g.) (this is termed the neutral 
extract). The alkaline solution on acidification gave oily acids, 
which were dried in ether, recovered, and kept in a vacuum for 2 
weeks (15 g.). Trituration with benzene gave a solid (7 g.) ; the oil 

C8HI40, requires C, 60.8; H, 8-Syo). 
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left after the removal of the solvent was esterified with ethyl alcohol 
and sulphuric acid. The esters were fractionally distilled : (1) b. p. 
164-166"/15 mm. (7 g.) ; (2) 185-187"/15 mm. (3 g.). 

The solid (7 g.) was boiled with benzene, and the insoluble portion 
fractionally cry st allised from acet one-benzene. The sparingly 
soluble acid, m. p. 185-187", was recrystallised from aqueous 
acetone, and trans-3-methyZcyclopentanespiro-2'-methoxycyclopro- 
pane-2' : 3'-dicarboxyZic acid A (XIA) obtained in plates, m. p. 190" 
(Found : C, 57.7 ; H, 7.2 ; equiv., 114. CllH1605 requires C, 57-9 ; 
H, 7*oy0; equiv., 114). The more soluble acid, m. p. 165-170", 
was recrystallised four times from acetone-benzene, the sparingly 
soluble acid being rejected, and finally from dilute aqueous acetone, 
the trans-methoxy-spiro-acid B (XIB) being obtained in thick plates 
(small amount), m. p. 178" (Found : C, 57.8; H, 7.1% ; equiv., 114). 

When hydrolysed with concentrated hydrochloric acid, the ester 
fraction (1) gave a mixture of the trans-methoxy-spiro-acids A and B 
(4 g.), and fraction (2) yielded a gum which partly solidified after 
6 months. The solid (0.5 g . )  was obtained by trituration with 
benzene-petroleum (b. p. 40-60") and recrystallised from the same 
mixture, the lactone of a- hydroxy- a'-methoxy-3-methylcyclopentune- 
1 : 1-diacetic acid being obtained in thick plates, m. p. 150" (previous 
sintering) (Found : C, 57.6; H, 7.2; equiv., 228. C,,H160, 
requires C, 57-9 ; H, 7.0% ; equiv., 228). 

The neutral extract (p. 1075) was dissolved in petroleum (b. p. 
60-80"). The crystals deposited after some time were recrystallised 
thrice from the same solvent, giving silky needles, m. p. 87", of 
cis-3-methyZcyclopentane-spiro-2'-methoxycycIopropane-2' : 3' - dicarb- 
ozylic anhydride A (Found : C, 62-6; H, 6.9. C1,HI4O4 require6 
C, 62.8 ; H, 6-7 yo). The cis-methoxy-spiro-acid A (XIIA) obtained 
from the anhydride crystallised from water in needles, M. p. 175" 
(Found : C, 57.8 ; H, 7.3% ; equiv., 114). The petroleum mother- 
liquor after concentration deposited thick plates, and recrystallisation 
from petroleum (b. p. 40-60") gave cis-anhydride B, m. p. 60" 
(Found : C, 62.5 ; H, 7.0%). The cis-methoxy-spiro-acid B (XIIB) 
crystallised from water in plates, m. p. 162" (Found: C, 57.6; 
H, 7.3%; equiv., 114). 

The residue of oily anhydride from which the anhydrides of the 
methoxy-spiro-acids A and B were removed was decomposed with 
dilute potash solution, and the resulting acids were treated wit,h 
henzene : the insoluble portion gave a mixture of the cis-acids A and 
B ; the soluble portion, thrice recrystallised from benzene-petroleum 
(b. p. 60-80"), gave a-hydroxy-cr'-methoxy-3-methyZcyclopentane-l : 1- 
diacefic acid in small needles, m. p. 145" (Found : C, 53.5 ; H, 7.5 ; 
equiv., 122. CllH1806 requires C, 63.7 ; H, 7.3% ; equiv., 123). 
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Action of Fuming Hydrobromic Acid on the cis- Methoxy- spiro-acid 
A.-The acid (5 g.) was heated under reflux for 6 hours with fuming 
hydrobromic acid (50 c.c.); the solution was then cooled, diluted 
with water, saturated with ammonium sulphate, and extracted four 
times with'ether. The residual gum was esterified with ethyl 
alcohol and two fractions of ester were collected, (1) 140-142"/15 
mm. (1 g.) and (2) 170-172"/15 mm., and hydrolysed. The first 
fraction gave 1 -carboxy-3-methylcycZopentane-l-acetic acid, m. p. 
and mixed m. p. 120"; The second fraction furnished a-keto-3- 
methylcyclopentane-1 : 1-diacetic acid, m. p. 121". 

cis - and trans -Lactones of ma - Dihydroxy- 3 -methylc yclopentane- 
1 : 1-diacetic Acid (XIII and XIV).-A solution of ethyl hydrogen 
a~'-dibromo-3-methylcyclopentane- 1 : 1-diacetate (10 9.) in saturated 
aqueous sodium carbonate (100 c.c.) was heated for 12 hours, the 
acidified solution extracted four times with ether, the gum esterified, 
and the esters distilled. Fraction (l), b. p. 170-175"/15 mm. (small 
amount) gave the keto-acid (XVIII) on acid hydrolysis. Fraction 
(2), b. p. 187-190"/15 mm. (5 g.), was hydrolysed with concentrated 
hydrochloric acid, and the resulting acid left in a vacuum for 
6 months; the solid (0.5 9.) then obtained by trituration with 
benzene was recrystallised, giving the trans-lactone of ad-dihydroxy - 
3-methylcyclopentune-1 : 1-diacetic acid in small plates, m. p. 146" 
(Found : C, 55.8 ; H, 6-7 ; equiv., 215. CloH1,O5 requires C, 56.1 ; 
H, 6.5% ; equiv., 214). The acetyl derivative, crystallised from 
benzene, had m. p. 151" (Found : C, 56.0; H, 6.5. Cl,Hl6O6 
requires C, 56-3; H, 6.3%). 

The benzene mother-liquor was evaporated to  dryness, and the 
residual syrup kept in a vacuum for 2 weeks and then dissolved in 
benzene-light petroleum (b. p. 40-60"). The cis-lactone (XIII), 
which slowly separated, crystallised from the same solvent in tiny 
leaflets, m. p. 125" (Found : C, 55.9 ; H, 6.8% ; equiv., 214) ; mixed 
m. p. with the trans-isomeride, 112-115". 

Condensation of Methyl 3-Methylcyclo~~entune-1 : 1-diacetute with 
Methyl 0xalate.-To an ethereal suspension (350 c.c.) of the sodio- 
derivative of methyl oxalate (76 g. of methyl oxalate, 29 g. of sodium, 
40.3 g. of methyl alcohol), methy2 3-methylcyclopenhne-1 : 1 -diacetate 
(b. p. 137'115 mm. Found : C, 63.0; H, 8.9. C,,H,oO, requires 
C, 63.2; H, 8.8%) (23 g.) was cautiously added with cooling and 
shaking till the mass became nearly homogeneous. Ether was 
removed after 12 hours, and the residue heated a t  110-120" for 
2-3 hours, most of the alcohol distilling off, and at 140" for 8 hours. 
The dried mass was ground and added to ice-cold dilute sulphuric 
acid. The precipitated solid (25 g.) was a mixture of (XVI ; RR, = 
C4H,Me) and the diacetic acid, from which the former and a small 
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quantity of the latter were extracted by light petroleum (b. p. 
60-80"). After two crystallisations from petroleum, methyl 
3 - methylcyclopentanespiro - 3' : 4' - diketocyclopentane - 2' : 5' - dicurb- 
oxylate was obtained in needles, m. p. 125". It gave a red coloration 
with ferric chloride and was soluble in sodium bicarbonate solution 
(Found : C, 59.3; H, 6.7. C,,H,,O, requires C, 59.6; H, 6.4y0). 
Its semicurbaxone crystallised from alcohol in needles, m. p. 182" 
(decomp.) (Found : C, 52.8; H, 6.2. C,,H,,06N3 requires C, 53-1 ; 
H, 6.2%). 

When the above spiro-compound was heated with an excess of 20% 
sulphuric acid for 3 hours, 3-methyZcyclopentnespirocyclopen~ne- 
3' : 4'-dione was obtained. This crystallised from petroleum in flat 
needles, m. p. 108", and gave a red coloration with ferric chloride 
(Found : C, 72-1 ; €3, 8.5. C,oH,40, requires C, 72.3; H, 8.4%). 
The disemicarbaxone was a microcrystalline solid, m. p. 245" (de- 
camp.) (Found : C, 51-2; H, 7.1. C,~H,OO,N~ requires C, 51-4; 
H, 7.1%). 

Ethyl 1-Acetyl-3-methylcyclopentane-1-ncetate (XVII).-The an- 
hydride of 1-carboxy-3-methylcyclopentane-1 -acetic acid (56 g.) was 
decomposed by a solution of sodium ethoxide (8 g. of sodium in 
100 C.C. of absolute alcohol), and the resulting acid ester heated with 
thionyl chloride (35 c.c.). The crude chloride, diluted with benzene 
(50 c.c.), was slowly added to a cold solution of methylzinc iodide in 
toluene. The resulting keto-ester (35 g.), b. p. 142-145"/19 mm., 
which was not pure, was hydrolysed with 50% aqueous-alcoholic 
potash, and the keto-acid converted into its semicarbaxone, which 
crystallised from alcohol in needles, m. p. 200" (decomp.) (Pound : 
C, 57.8 ; H, 8.0. Another 
semicarbazone, m. p. 177" (decomp.), was obtained in a small 
amount (Found : C, 57-6; H, 8.0y0). 

1 - Acetyl-3 -methylc yclopentane- 1 -acetic acid, regenerated from the 
semicarbazone (m. p. ZOO"), crystallised from petroleum (b. p. 40- 
60") in thick plates (10 g), m. p. 83" (Found : C, 65-0; H, 9.0; 
equiv., 183-5. CloHI6O3 requires C, 65.2 ; H, 8.7% ; equiv., 184). 
It was oxidised to a-keto-3-methylcyclopentane-1 : 1-diacetic acid 
by dilute alkaline potassium permanganate solution. The ethyl 
ester boiled a t  135'111 mm., had &? 1.008 and ng' 1.45723, whence 
[B& 57-27 (calc., 57.08) (Found : C ,  67.6; H, 9.5. C,,H,o03 
requires C, 67.9; H, 9.4%), and formed a semicarbaxone, which 
crystallised from dilute alcohol in needles, m. p. 105" (Found : C, 
57.7 ; H, 8.6. 

(XVIII) .- 
The ketonic ester (XVII) (8 g.) was warmed with dry sodium ethoxide 
in ether for 12 hours, and the mixture diluted with water and extracted 

C,,H,,03N3 requires C, 54.8 ; H, 7.9%). 

C I ~ H , @ ~ N ~  requires C, 58-0 ; H, 8-57(0). 
3-Meth~lcyclopentunespirocyclopentane - 2' : 4' - dione 
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with 5y0 sodium bicarbonate solution. The oil obtained by acidific- 
ation of the alkaline extract was isolated and extracted with petrol- 
eum (b. p. 40-60"). The insoluble portion set to a gum in a vacuum 
after 6-8 months and gave, on trituration with dry ether-light 
petroleum, the spiro-compound (XVIII), which crystallised from 
benzene-light petroleum in needles (20%), m. p. 101" (Pound : C, 
72.0; H, 8-5. The bromo- 
compound, prepared in chloroform solution, crystallised from 
benzene in clusters of plates, m. p. 185" (Found: Br, 32.2. 
C,,H,,O,Br requires Br, 32.7%). 

C,oH1,O, requires C, 72.3; H, 8.4%). 
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