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I.—a~isoPROPYLGLUTACONIC ACID.* ™

By Kalvoi Venkatakrishna Hdrilmr&n, Kottiazath Narayana Menon

and John Lionel Stmonsen.
*

Amongst the productsformed when 4- & 3-carene was oxidised with
potassium permanganate in acetone solution was an acid, CgH,0O,,
which was probably czs-homocaronic acid (I). The acid was, however,
somewhat readily attacked by potassium permanganate in alkaline
solution and also showéd certain other anomalous properties which
made it doubtful whether it possessed this constitution. In describing
the acid (/.C.§., 1923, 123, 553) the cyclic structure was only advanced
with reserve and it was suggested that the acid might be either a- or
g-2sopropylglutaconic acid (II or III).

ciMez-cH-co,H CO,H-C(CHMe,):CH-CH,CO,H 11
cﬁ—/——cm-cozn ' CO,H-CH:C(CHMe,)*CH,CO,H 1II

The syntheses of ¢zs- and ¢rans-a-isopropylglutaconic acdis (11) are
now recorded together with an account of an unsuccessful attempt to
synthesise cis-homocaronic acid.. g-ésoPropylglutaconic acid also has
been prepared in small quantity and will be described in a future paper.
None of the glutaconic acids is identical with the acid obtained from
d- 0 3-carene. ’ -

a-isoPropylglutaconic acid might be synthesised (1) directly by
the condensation of ethyl sodiodicarboxyglutaconate with sopropyl
iodide, (2) and (3) by the removal of a halogen acid from thea or
g-monohalogen derivative of ethyl a-isppropylglutarate. Only method
(3), however, leads to the required acid. :

Although o-methylglutaconic acid (Feist and Pomme, Annalen,
1909, 370, 63) and a-ethylglutaconic acid (Gutzeit and Dressel, Ber.,
1890, 23, 182) have been prepared from ethyl sodiodicarboxyglutaconate
and the appropriate alkyl iodide, the sole product of the interaction of
the sodio-compound and #sopropyl iodide under the' conditions given
on p. 209 was ethyl trimesate. The formation of this ester by the
condensation of derivatives of ethyl glutaconate, such as ethyl a-formyl-
glutaconate, has been repeatedly observed (von Pechmann, Annalen,
1893, 273, 174 ; Wislicenus and Bindemann, #:d., 1901, 316, 34) and
presumably ethyl a-fsopropylglutaconate, which must have been

* Reprinted from the Jousmal of the Chemical Society, 1928, 431.
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formed as a primary product of the reaction, underwent a similar )

condensation.

The bromination of a-isopropylglutaryl chloride did not’ proceed
smoothly. A bromo-ester of constant boiling point and correct com-
position could not be isolated. Although a small excess of bromine
was used, the reaction mixture, after being poured into-alcohol, con-
tained a large amount of ethyl Zsopropylglutarate, and the main product
was an acid ester; this on treatment with alkali gave y-hydroxy-8-

CO,R‘CBrPr#-CH,CH, CO,H-CPr#:CH,'CH,
| |

' C|02R O———CO
IV: R=H or Et \Y

methylpentane-ye-dicarboxylic acid, which was isolated as the lactone
(V) (compare Fittig and Wolff, Annalen, 1895, 288, 189). This lactone
was obtained in an almost theoretical yield on treatment with alkali of
the acid products obtained by the esterification of the bromo-acid
chloride and it follows, therefore, that it was a tertiary hydrogen atom
in the a-Zsopropylglutaryl chloride which had been substituted, yielding
a-bromo-a-zsopropylglutaryl chloride. This result is somewhat remark
able, since it was shown by Ingold (/.C.S., 1925, 127, 392) that the
main product of the bromination of a-methylglutaryl chloride was 7
bromo-a-methylglutaryl chloride, only very little of the a-bromo-com-
pound being formed. Apart from a-isopropylglutaric acid and 'the
above-mentioned lactone we were not able to isolate any homogeneous
products from our reaction, although it is probable that the glutaconic
acid was formed, since some of the fractions of the liquid acids obtained
after removal of hydrogen bromide were unstable to potassium perman-
ganate. The quantity obtained was insufficient for purification.

Ethyl B-chloro-a-isopropylglutarate (V111) was readily prepared by
the reactions indicated in the following scheme :—

CO,Et-CHPrﬁ~C\(i)I-CH,'CozEt-—> CO,Et-CHP:-CH (o‘%cn,-co,m-»
VIII CO,Et-CHP8-CHCI-CH,CO,Et—> II.

Ethyl a-isopropylacetonedicarboxylate (V1) was obtained in an’
excellent yield when ethyl potassioacetonedicarboxylate was treated
with ésopropyl iodide in alcoholic solution. It couid not be reduced
catalytically to the Aydroxy-ester (V1I), which could only be prepared
by prolonged reduction with a large excess of sodium amalgam. The
preparation of the chloro-ester and its conversion into the glutaconic
acid (II) were readily carried out under conditions similar to those
used by Perkin and Tattersall (/.C.S., 1905, 87, 362). Separation of

]
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; i flected by means of acetyl
the cfs- and frans-forms of the acid was e
ch?oiide (Thole and Thorpe, /.C.S., 1911, 99, 2227).

For the synthesis of homocaronic acid the most ready method
appeared to be that represented by the scheme :

' CH'CO.H
CH'CO,Na CH—CO 0, .
>CMe, < | >0»CMe, <) - >L
CM°'<'cH-co.Me * TCH-CH, * “CH cg}, CN
X X

i ethyl caronate (IX) was reduc‘e& with sodium and
:X:%i%l,s idslﬁgn r:;uan);ity of a neutral oil was obtained. This was not

CH -CMeyCHyCH, CHy CMe,CHyCH, gy
R CoH = COH

.hvdroxy-88-dimethylvaleric acid (XII) (Bla}nc,

g{)il b?SF Z:hedlza;;;c.o nc:gc:)fs? g%, 897);, since ony treatment with potassium

u ide oa'; 275° followed by hydrolysis of the resulting nitrile, it gave

g)ﬁlagilmethyladi;;ic acid (XI1I). The reduction of the ester group l;lad

tht;,refore been accompanied by fission of the cyclggropa.ne ring. Further
experiments on the synthesis of homocaronic acid are in progress.

EXPERIMENTAL ~

.

ion of Eth lSodiodzcaréoxyglutafonate.anaf isoPropyl

Iodid{{l%g’zo;fﬁifz:ﬁt[—}\ i’nixtdu.:f o(f the dr)y s:dlsqiiil;:;til:eaws%raqzc)l
' ' . i e ms.) Wwa

aleoho C.?g;)‘? rflgrt:o}l:;?xgg.l loCclmsid‘te;gable pressure was developed
tutée ﬁt 11‘4?1-;d contained a colourless solid. This was collected and
e 1 wa hle% with alcohol ; it proved to be a mixture of ethyl trimesate
by w3§ carbonate. The filtrate, after removal of the alcohol, was
i s1O l:i1 rr'ln ether to remove inor anic matter, the ether evaporated,
dlSdSO Ke rclesidual oil distilled under diminished pressure (17 mm.)o;
ag : fxalf passed over at 100-I 10°, and the ‘rc;mamder at 205-225°.
ElI‘t(\)eu higher-boiling fraction slovvlyocl:'zgglrll;lse'd3 21:1! ;:‘F%l:?r;s tI:n[t) I :f itr
7 (aftl?r S mm?rlgmoglggli?)‘ll)s: pThe substance was identified, by
i lli‘%tl;ﬁi' C, 61-3; H, 6:3. Calc.: C, 61°2; H, 6'1 per cent.)
anal){)msd(_ ct cor.np;rison with an authentic specimen, as ethyl trime-
::i yTLr: lower-boiling oil was a.mixture and owing to the small

quantity available was not further examined.

inali a.-'soPropylglutaryl Cltloride.-—a-iquroPylglutaric
acid e;:sm :r’:ggm:::r{vex:iently prepared by the hydrolysis with so per
2 : .



210

cent. sulphuric acid of ethyl a-cyano-isopropylglutarate, which was
obtained in an excellent yield under the following conditions : Ethyl
- tsopropylcyanoacetate (38 gms.) was added to a solution of sodium (5°6
gms.) in alcohol (75 c.c.) and to the mixture, cooled in salt and ice,
ethyl g-iodopropionate (637 gms.) was gradually. added, care being
taken that the temperature did not rise above 0°.  After remaining at
0° for 5 hours, the reaction mixture was kept at room temperature over-
night and finally heated on the water-bath for 1 hour. The condensa-
tion product was separated in the usual manner and distilled under
diminished pressure, practically the whole distilling at 195°/32 mm.
(vield, 75 per cent.) (Found: N, g-7. CisHAON requires N, 55 per

cent.). It was a somewhat viscid, yellow oil with a faint but unplea-
sant smell.

a-isoPropylglutaric acid (45 gms.) was mixed with phosphorus
pentachloride (110 gms.) and, after the formation of the acid chloride
was complete, dry bromine (44 gms.) was gradually added ; the mix-
ture was then heated on the water-bath for 24 hours, only the slight
excessof bromine remaining unabsorbed. The acid chloride was
poured into well-cooled algohol and next day ice was added. The
heavy oil precipitated was dissolved in ether, and the ethereal solution
was well washed with sodium carbonate solution (A), dried, and
evaporated. After repeated fractionation under diminished pressure
(30 mm.), four fractions were separated : (1) 130-145°, (ii) 145~165°,
(iii) 165-180°, and (iv) 180-210°. - Fractions (i) and (ii) contained
only traces of bromine, and fractions (iii) and (iv), which were small

in quantity, contained 135 and 23'3 per cent. of bromine respectively
(C.H»O,Br requires Br, 27'5 per cent.).

Fractions (i) and (ii) were examined separately and gave identical
products.  After hydrolysis with alcoholic potassium hydroxide solu-
tion and separation of the organic acid in the usual manner, an oil was
obtained which partly crystallised on keeping. It was converted

through the sparingly soluble copper salt into pure a-ésopropylglutaric
acid.

Fraction (iii) was boiled with an excess of freshly distilled diethyl-

aniline. The ester obtained distilled mainly at 155-165°/36 mm.; °

a small amount of an oil boiled above this temperature. From the

main fraction, only a-isopropylglutaric acid could be separated after
hydrolysis.

Fraction (iv) when treated in a similar _manner gave an QIh
b. p. 170~200°/30 mm. - This gave on hydrolysis a liquid acid whic
was unstable to potassium permanganate in alkaline solution but was
insufficient in quantity for investigation.

. cent. : N .
Egéalsgigrge;ydroxide solution, the alcoho! removed, and the alkaline

i idi and extracted with ether. On removal of the ether
SOIUtillos:scfggaeiied which crystallised completely on keeping. It was
. (?ﬁ d by slow evaporation of its bénzene solution, crystallising in
s : myp 65-67°. Its identity with the lactone (V) of y-hydroxy-
gf::g:h’ylp-ent'ane-fya,-dicarboxylic acid was gonﬁrmed b.y analystxs.
(Found: C. 56'1; H, 7:1; M, 171°9. Calc.: C, 55°8; H, 7°0 percent.;
M, 172). .

Ethyl a-isoPropylacetonedicarboxylate (V1).—A m)xx;;i:le z.soaf :,él;y{
B ectedor e water-path for 6 hours.  Alr
iodi .) was heate hot
;(zitiilst?o;s?f 5323 the ester was separated by ether and Id:itlllf;lg urr;dne:
diminished pressure, the bulk passing over adt_ tliﬁed .4% o
(yield, 60 per cent.). For analysis it was re Ols ecs o d o

° g m. (Found: C, 590; H, 8:3. C,ZHZO s Teq do,ur A
;-?38@ IZr cent.). The ester is a colourless oil of pleaiandt c; r and
i\'/es w}i)th ferric chloride a deep red coloration. Itsd.y ggxyslic it
glcoholic potassium hydroxide gives a.-lsopropylacetoneo zcard {aduall);
:vhich crystallises from ether in needles, decomp6.:6x 53C, Iz_lIn Ogrequires
decomposes on keeping (Found: C, 50°7; H, - Gl s
C, s1'1; H, 6°4 per cent.). .

i — ding keto-

. Hydrozxy-a-isopropylglutarate (V11)—The prece ce
ester‘%zy éfngy was c’l'issolved in glcc;hc:l 5;?3 c;t‘:).()iia:;;i, :frtlitl' gtg; ac(i;h]?gorf
i i ust tu , ' ] kg.;
gi w:tre;elrl:tlt)ﬂv::se gsx?alglt;glrlly“;adsdgd, the solutio(;x lz}elmg lelgﬁrou\s]zlyhzt:zﬁce{

ic on dioxide passed throughit. W

anéf sti;ipfasstzzmlgiec?gb days), the };lcohol was removed in 1stea‘m,
rﬁ | nhydrolysed ester (8 gms.) separated by ether, and the alkaline
t; ltlionyeva.pomted on the water-bath. The dry residue of salts was
; 'uted with alcohol and an excess of sulphuric acid on the water-bath
fera,o-lz hours, giving ethyl B-hydroxy-a-isopropylglutarate, b. p. u:, 5.:
&6°/xo mm. (Found:C, s81; H, Q;;). 'lcxilli{czlzxosai;ng?o]%h rsa lst};
H, 8-9 per cent.), as a somewhat viscid o1l w hgd no, F with
fer,ric chloride. ~ The hydroxy-acid obtained by hydrolysis could no

be crystallised.

i -a-isopropylglutarate.—To the well-cooled hydroxy-

t E(.féyli-,g‘,[o;‘})losphcﬁ'u: ypentachloridg (11°5 gms.) was gradually
es derd 3 Igt slowly dissolved and onallowing the temperature to rise
adde sen chloride was evolved; reaction was complete at 50° after
;‘30’ r;(i’gutes The cooled mixture was poured on ice, the chloro-ester
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separated by ether, and the ethereal solution washed with sodium
carbonate solution, dried, and evaporated. The ester had a penetrat-
ing smell and was analysed after being kept for some days in a vacuum
(Found: Cl, 12°2. C,H,0,Cl requires Cl, 134 per cent.).

Ethyl a-iso‘l’fjopylglutawuaten—'l‘he chloro-ester (19 gms.) was mixed
with freshly distilled diethylaniline (so gms.) and heated at 180~190°
for 12 hours. The cooled mixture was poured on ice and dilute
hydrochloric agid, the oil dissolved in ether, and the ethereal extract
well .washed. with dilute hydrochloric acid and with sodium carbonate
solution, dried, and evaporated. After two distillations an oil was

obtained, b. p. 148-150°/15 mm. As the ester contained traces of
chlorine, it was not analysed.

cis- and trans-a-isoPropylglutaconic Acids (11).—The ester (2 .
was hydrolysed with methyl-alcoholic pbtassi(un)1 hydroxide inﬁgaTtseZ
removal of the.alcohol the acid was separated from the acidified
solution by repeated extraction with ether ; on removal of the solvent
an oil was obtained which partly solidified on keeping (yield 16 gms.):

The crude acid, m. p. 80~100°, was a mixture of the czs- and frams- -

forms, which were separated by treatment with acetyl chloride.

The acid (26 gms.) was mixed with acetyl chloride (100
heated on the water-bath until all evolution of hydr(ogengrgls\&:igg
ceased (8 hours). The excess of acetyl chioride was removed under
diminished pressure, and the deep red reaction mixture poured into an

ice-cold solution of sodium bicarbonate. The neutral oil (A) was

extracted with ether, the alkaline solution being reserved.

The ethereal solution-of (A) gave on removal of the solvent a dee
red oil having a pungent smell and evidently consisting of the chloro-
anhydride. On treatment with potassium hydroxide solution it rapidly
dissolved and a sparingly soluble potassium salt was deposited _in
colourless_; leaflets which became green, brown, and finally red. It was
recrystallised from alcohol (Found : K, 19'7. C4H,0,K requires K, 20°3
per cent). When an aqueous solution of the potassium salt was
acidified with dilute acetic acid an oil was deposited which could not
be induced to crystallise and probably consisted of the hydroxy-
anhydride. The oil in neutral solution gave with silver nitrate a black
precipitate, at}d, as has been previously observed in similar cases, in
alkaline solution it became deep red on keeping.

For the preparation of the cis-modification of the acid the above-
mentioned potassium salt was dissolved in water and digested with an
excess of potassium hydroxide solution. From the acidified solufion,
repeated extraction with ether removed the acid, which-was obtaiped

813 .
as an oil and rapidly crystallised. It was recrystallised from cold dilute
hydrochloric acid (Found: C.55'4; H, 7°3; #,173. CH,,0, requires
C, 55°8; H, 70 per cent. M, 172). .

cis-a-isoPropylglutaconic acid separated from hydrochloric acid in
small plates, m. p. 101° softening slightly at 95°. The acid was
readily soluble in water, chloroform, and benzene, more sparingly
soluble in light petroleum. The calcium and barium salts are readily
soluble in water, but an aqueous solution of the acid gave on addition
of copper acetate a sparingly soluble copper salt. In acetic acid
solution the acid does not take up bromine, but its alkaline solution
immediately decolorises potassium permanganate.

The sodium bicarbonate solution, from which the chloroanhydride
had been separated, was acidified, and the acid extracted with ether.
On evaporation of the ether an oil remained which on keeping- partly
solidified. After draining on porous porcelain the acid was
purified by crystallisation from either water or chloroform (Found: C,
s6:2; H, 770. CsHpO, requires C, 558; H, 70 per cent.).

trans-a-isoPropylglutaconic acid separated from chloroform in
feathery needles, m. p. 132°. It was somewhat sparingly soluble in
cold water, chloroform, and benzene, readily soluble in these solvents
when hot, and very sparingly soluble in light- petroleum. The
barium salt crystallised from waterin small plates. Theacid resembles
the cés-form in its behaviour towards. bromine and potassium
permanganate. . '

Reduction of the Monomethyl Ester of Caronic Acsd.—For the
preparation of the monomethyl ester, caronic anhydride (7 gms.) was
added all at once to a solution of sodium (11§ gms.) in methyl alcohol
(s0 c.c.). After removal of the alcohol the sodium salt was dis-
solved in water and the solution acidified; an oil then separated -
which crystallised on - scratching. It separated from benzene-
ligroin in short prisms, m. p. 108-110° {Found: C, 556; H, 7°1.

~ C4H,;0, requires C, 55:8; H, 7°0 per cent.).

For the reduction of the acid ester the sodium salt (30 gms.) was
dissolved in alcohol (350 c.c.) and ‘added as rapidly as possible to
sodium (36 gms.), kept in a boiling water-bath. Owing to the
separation of the sodium salt the whole mass became pasty. The
alcohol -was removed in steam, the aqueous solution acidified and
repeatedly extracted with ether, and the ether dried and evaporated.
The crystalline residue was distilled in steam, a small quantity of an
oil passing over. This was extracted with ether and after the removal
of tge solvent the residual oil (2"gms.) was distilled ; b.p. 137°/43
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mm., 232-235/685 mm. On cooling in ice-salt the distillat s
A e crystallised,
but it melted at room temperature and was evidently not qzite- pure.

Blanc (%c. cit.) and this acid was identified : . .

by its m. p. (86°) and b a5 1dentined as gg-dimethyladipic acid
y analysis (Found : ‘0 . .

55'1; H, 80 per cent.). ysis (Found: C, s5°0; H, 8'3. Calc.: C,

Department of Organic Chemistyy,
Indian Institute of Science,

[Accepted, 2 5-9-28.] Bangalove.

IL—DERIVATIVES OF METHYL 2: 2-DIMETHYLCYCLO-
PENTAN-3-ONE-1-CARBOXYLATE.*

By Charles Stanley Gibson, Kelvoi Venkatakrishna Hariharan and
Jokn Lionel Stmonsen.

It was shown recently that when methyl 2:2;: 3-trimethylcyclo-
hexan-4-one-1-carboxylate (1) (/.C.S., 1925, 127, 1294 ; #bid., 1927, 77)
was brominated it yielded the dibromo-ester (II) and that this ester on
treatment with alkali gave together with other products the hydroxy-
keto-acid (III).and the dibasic hydroxy-acid (IV).

CH,’CO-CHMe . CBr,yCO-CHMe CO-C(OH):CMe HO-C(CO,H)CHMe

| | |
CH,CH-CMe, CH,CHCMe,  CH,-CH-CMe, CH,-CH-CMe,
| I |
CO,Me Co,Me do,H CO,H
I 11 m v

It has appeared to us of interest to investigate whether methy/ 2 :
2-dimethylcyclopentan-3-one-1-carboxylate (V) would on treatment with
bromine and alkali behave in a similar manner, yielding the dibromo-
ester (VI), the hydroxyketo-acid (VII)and a dibasic hydroxy-acid
(VIII). The latter acid would be of particular importance, being the
hydroxy-acid related to norpinig acid (IX), the synthesis of which has
still to be effected. A -

CMe—~CO—CH,  CMe—CO—CBr,  CMe,—CO—CHBr
CH(CO,Me)- CH, CH(CO,‘L,'Ie)'dH, CBr(CO,Me)-CH,
% I

| Via
CMe,~CO-C:OH CMe,——C(OH)"CO,H CMe,——CH-CO,H
| | L ! i
CH(CO,H)CH HC(CO,H)-CH, HC(CO,H)-CH,
VII villk - 1X

2 : 2-Dimethyleyclopentan-3-one-1-carboxylic acid was prepared by
Perkin and Thorpe (/.C.S., 1904, 85, 138), and by a modification of
their-process we have devised a method for obtaining it in excellent
yield. When the methy! ester was brominated in acetic acid solution
a crystalline dibromo-ester was obtained which is probably best re-
presented by formula (VI); it is, however, not impossible that, in
accordance with Wallach’s views (Annalen, 1918, 414, 296), the correct
representation is.by formula (VIA), and this will be further discussed
below. This ester was readily acted upon by alkali, the main product
of the reaction being a crystalline acid, C4H,,O,, m.p. 1 50-152°,
There can be no doubt that this acid is represented by formula (X) for

*Reprinted from the Jowrwal. of the Chemical Sociely, 1927, 3009,
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the following reasons: it gives a deep brown coloration with ferric
chloride in aqueous solution and its alkaline solution is immediately
oxidised by potassium permanganate ; further, when oxidised with

~ dilute nitric acid, it yie!lds a mixture of dimethylmalonic acid and
oxalic acid. '

 CMesCO-CH-OH CMe,~-CO—CO
I 1 | |
C(CO,H):CH CH(CO,H)-CH,

4-Hydroxy-2 : 2-dimethyl-b S-cyclopenten-3-one-1-carboxylic acsd can,
however, also react in its tautomeric form as the diketo-acid (XI), since
on treatment with semicarbazide acetate it yields a disemicarbazone and
with o-phenylenediamine a guinoxaline derivative. The ketohydroxy-
acid showed no tendency to yield a lactone, giving with acetyl chloride
a liquid acetyl derivative, and when it was distilled under diminished
pressure, apart from the formation of an oil which was probably 3: 3-
dimethylcyclopentane-1 : 2-dione, the greater part of the acid was re-
covered unchanged. On titration, the acid behaved like a dibasic

acid, ‘the hydroxy-group being evidently activated by the adjacent

carbonyl group.

Since the conversion of (XI) into (X) must proceed through the
intermediate stage of (VII)—an example of ag: gy-tautomerism—an
attempt was made to find the acid (VII) amongst the products of the
action of alkali on the dibromo-ester.. An oil was separated which,
unlike the A $-acid, gave with ferric chloride a red coloration.  This
acid, which could not be obtained crystalline, gave on boiling with
alkali a quantity of the crystalline a®-acid, and on treatment with
semicarbazide acetate and with o-phenylenediamine the disemi-
carbazone and the quinoxaline derivative of the diketo-acid were
obtained. There seemed to be little doubt, therefore, that this liquid
acid consisted essentially of 4-kydroxy-2 : 2-dimethyl- n*-cyclopenten-3-
one-1-carboxylic acid, and this view. was confirmed by the formation of
as-dimethylsuccinic acid on oxidation with dilute nitric acid.

The possibility that the constitution of the dibromo-ester should
be represented by formula (V1A) remains to be investigated by study-
ing the mechanism of the conversion of the aS%-acid (X) into the
diketo-acid (XI), which may proceed by intramolecular tautomerism
through the intermediate stage of the dicyclic ketohydroxy-acid
(XII).

Me,C-—CQ-C:OH

| ) | —> XI
'H()2C-C///J:H,

A large number of experiments were carried out with the object
~ of converting both the & ¢-and the A *-acid into the dibasic hydroxy-

k4

X -+ XII
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acid (VIII), but no evidence of its formation has been obtained.
Whether this is due to an actual inability of the cyclopentane ring to
pass into a cyclobutane ring or to the particular substituted ring used

will form the subject of future experiments, which will also include . |

the stereochemical investigation of the 4 %-acid itself.

EXPERIMENTAL.

Ethyl By-Dicyano-g-methylpentane-vye-désarboxylate.—To a solution
of sodium (23 gms.) in alcohol (30 gms.), ethyl ag-dicyano-g-methyl-
butyrate (18 gm.s) was added, the solution cooled, and ethyl g-iodopro-
pionate (23 gm.s) gradually added, care being taken to avoid a rise of
temperature (which produces a considerable quantity of ethyl acrylate).
After remaining for 1 hour, during which time the temperature rose to
about 40°, the reaction mixture was heated on the water-bath for 2
hours, water was, then added, and the condensation product was
isolated by extraction with ether and purified by distillation under
diminished pressure. The whole distilled between 170° and 190°/5 mm.
and on redistillation a large fraction was obtained, b. p. 184°)5 ‘mm.
(vield, 22 gms.). ZEthyl By-dicyano-g-methylpentane-ye-dicarboxylate '1s
a faintly yellow, viscid oil with a somewhat unpleasant smell (Found :
N, 9'8. C,H»ON, requires N, 10'0 per cent.).

B-Methylpentane-Bye-tricavboxylic Acid.—The dicyano-ester was
mixed with an equal volume of concentrated sulphuric acid, excessive
rise of temperature being avoided, and when the mixture hatl cooled
water was added until the solution was turbid. The hydrolysis was
completed by boiling until evolution of carbon dioxide ceased and all
the alcohol had evaporated, water being added from time to time
to prevent charring (15 hrs.). From the cooled solution saturated-with
ammonium sulphate, the tricarboxylic. acid was isolated by repeated
extraction with ether. After crystallisation from hydrochloric acid it
decomposed at 153-155°, but, as has been mentioned previously (Joc.
¢st., p. 1302), the m. p. is dependent on the rate of heating (Found:
C, 49'8; H, 6'5. Calc.: C, 49'5; H, 6'4 per cent.).

The triethyl ester was obtained ina poor yield on esterification
with alcohol and sulphuric acid ; b. p. 161°)4 mm. (Found : C, 59°6;
H, 8-6. Calg. : C, 59'6; H, 86 per cent.).

Ethyl 3. 3-Dimethylcyclopentan-2-one-1: 4-dicarboxylate.—Ethyl
g-methylpentane-Bye-tricarboxylate (37 gms.) was added to a sus-

- pension of finely divided sodium (56 gms.) in benzene (100 c.c.),

and the mixture warmed on the water-bath. A vigorous reaction took
place and proceeded nearly to completion after removal of the source of
heat; the last traces of sodium were dissolved by boiling for one hour,

»

-
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The deep brown solution was mixed with ice and made faj id wi
dilute sulphuric acid, and the benzene was separatidm\tx]fgs?:zg :vv::ﬁ
sodium carbonate solution,* dried, and evaporated.- The residual oil
was dxstllled-t‘mder diminished pressure ; et4y/ 3 : 3-dimethylcyclopentan-
2-0me-1 ; 4-dicarboxylate was then obtained as a colourless oil. b. p.
::(isu{;}e;m(r:\. (6y1e1d,l_7]o pesr cent.) (Found: C, 60'5; H, 8'1. Cl;Hm(.L
s L, 60'9; H, 78 per cent.). An alcoholi i ”
gave with ferric chloride apviolet cg]oration.O elie solution of the ester

2 1 2-Dimethylcyclopentan-3-one-1-carboxyli 2 '

. / benta ylic Acid—The keto-ester
\ga}\ls boiled with sulphuricacid (100c.c.; 5 per cent.) under reflux for
]oqrs. After addition of sodium carbonate sufficient to render the
so]utgon a]kalmg, ghe alcohol was removed on the water-bath and the
.s%gls:&nﬂ:vai :cxdlﬁgd and extracted with ether. On removal of the
¢ keto-acid crystallised immediately and had m. p. 108-109°

as stated by Perkin and Thorpe (lo. cit.). g P 1087109

The methy! ester (V), pre d 1 ‘ |

) pared in the usual manner, had b. p .

158°/100 mm. (Found: C, 637 : . T L
H' 82 per cent.g. 1 63'7; H, 779. CH,0, requires C, 63°;

Bromination of Methyl 2 é-Dz'me't/zylc clo .entan- -one-1-carboxy-
jate. Methy! 4: 4-Dibromo-2 : 2-a’£metlzylc§clo£mtan-g-one-l—caréox;-
ate (VI).—A solutxoq of the ester (17 gms.) in acetic acid (17 c.c)
was kept at 5-10° while bromine (32 gms.) in acetic acid (10 c.c.) was
gradually added. The bromine was very rapidly absorbed with evolu-
tion of hydrogen bromide. When the addition was complete the mixture
'Y‘?ms poured on ice. A heavy oil was deposited which solidified.
o r‘fui gf;c)cf{zg-gst]er crystallised from dilute methyl alcohol or dilute

€ acid 1n long prisms, m. p, 76-77° (yield, 86 per cent.) (Found:
Br, 48-8. C,H,,0,Br, requires Br, 4828 (ger cent.).p A

Action of Barium Hydroxide on Methyl 4 : 4-Dibromo-2 : 2-di-
met/zylcyglopmlan-g:oneq-carboxylale.——To the bromo-ester (34 gms.) a
hot solution of barium hydroxide (96 gms.) in water (250 c.c.) was
added, and the reaction mixture boiled under reflux. A vigorous
action ensued and in order to avoid loss of material it was necessary to
remove the source of heat. The hydrolysis was completed by boiling
- for 45 minutes, and the pale yellow solution was then evaporated on the
water-bath until free from alcohol, acidified, and repeatedly extracted
withether.  On removal of the solvent a crystalline cake 'remained (17
gms.). This was mixed with benzene (50 c.c.) and after digestion
allowed to remain over-night in the ice-chest; the acid which was

insoluble in benzene was then collected and the filtrate (A) reserved -

for later investigation.

! The sodium carbonate solution on acidification yielded a small quantity ot & viscid oil -

which was not examined,

-
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The acid (m. p. 148-150°) crystallised from hydrochloric acid in
glistening prisms, m. p. 150-1 52° (slight decomp.) (Found : C, 56°0;
H, 5°9. CyH O, requires C, 56'4; H, 59 per cent.). o ‘

4-Hydrozxy-2 : 2-dimethyl- pS-cyclopenten-3-one-1-carboxylic acid (X)
was readily soluble in water, acetone, ethyl acetate and formic acid,
very sparingly soluble in benzene, toluene, and light petroleum, some-
what more soluble in chlorofornmi. It gave a brown coloration with
ferric chloride and immediately decolorised alkaline potassium
permanganate. In chloroform it rapidly absorbed bromine, but the
bromo-acid decomposed with evolution of hydrogen bromide. From
its deep yellow solution in concentrated sulphuric acid the acid could
be recovered unchanged. On titration withalkali and phenolphthalein
it behaved as a dibasic acid, but the end-point was not quite sharp
(Found: M, 176. Calc.: M, 170). The acid decomposed when
heated above its melting point, but it distilled under diminished pressure
largely unchanged and showed no tendency to lactone formation. A
small quantity of a neutral yellow oil was separated (b. p. 80-100°/4
mm.) which.gave a deep red colour with ferric chloride and showed
weakly acidic properties. The oil, which was readily solublein water,

" yielded a resinous semicarbazone and a liquid phenylhydrazone. With

o-phenylenediamine it gave an oil which appeared to-be a quinoxaline
derivative and it also gave a sparingly soluble, oily benzoyl deriv-.
ative. Although, therefore, it was not possible to characterise the oil,
there can be little doubt that it consisted of 3 : ‘3+dimeshylcyclo-
peniane-1 : 2-diome or its tautomerides.

When the ketohydroxy-acid (X) was digested with acetyl chloride
it yielded an oil which was sparingly soluble in water but readily
soluble in sodium bicarbonate solution. The oil was precipitated
unchanged from the alkaline solution on acidification amf doubtless
consisted of 4-acetoxy-2 : 2-dimethyl- pS-cyclopenten-3-ome-1-carboxylic
acid. On treatment with semicarbazidg acetate it underwent hydrolysis,
yielding the disemicarbazone described below.

The ketohydroxy-acid was recovered unchanged after prolonged
digestion with potassium hydroxide solution (1o per cent.); on treat-
ment with more concentrated alkali solutions or on fusion with
potassium hydroxide at 200° some resinification took place with
formation of deep red solutions, but the bulk of the acid was recovered

unchanged. ‘ s .

The disemicarbasone of 2 - é-dim:/gzcyclbpmzm-g . g-dione-
1-carboxylic acsd (XI) crystallised from dilute alcohol in needles,
decomp. 200-201° (Found: C, 42'1; H, 5'5; N, 29°1. CyH,s0,N,
requires C, 42°3; H, 5:6; N, 29°6 per cent.).

*
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The guinoxaline derivative was prepared by boiling an alcoholic
solution of the acid with an excess of o-phenylenediamine. It
separated from benzene in pale yellow, irregular plates, m. p.
175—-177° (Found: C, 69'2; H, 60. C,H,,O,N, requires C, 694 ;
H, 58 per cent.).

Oxidation of 4-Hydroxy-2 : 2-dimethyl- p3-cyclopenten-3-one-1-
carboxylic Acid with Nitvic Acid.—The ketohydroxy-acid (2 gms.)
was heated with nitric acid (¢ 1*2; 20 c.c.) on the water-bath for 12
hours, nitric acid (@ 14 ; 5c.c.) was added, and the mixture heated for
a further 3 hours. After removal of the excess of mineral acid on the
water-bath, during which process a small quantity of a volatile organic
acid was evaporated with the steam, an oil remained which partly
crystallised. An aqueous solution of the acid was treated withan
excess of calcium chloride to remove oxalic acid and the filtrate was
extracted with ether. On removal of the solvent, a solid cake remained
which after crystallisation from hydrochloric acid decomposed at 187°.
This acid was identified as dimethylmalonic acid by the method of
mixed m. p. and by titration (Found: A, 133. Calc.: 44 132).

4-Hydroxy-2 : 2-dimethyl- n*-cyclopenten-3-ome-1-carboxylic ~ Acid
(VII).—The. benzene solution (A) (see p. 218) yielded on removal of
the solvent a viscid brown oil which could not be induced to crystallise.
It was readily soluble in' water, gave a deep red coloration with ferric
chloride, and immediately decolorised alkaline potassium permanganate.
On treatment with semicarbazide acetate and with o-phenylenediamine
it yielded the derivatives of the diketo-acid described above. When it
was boiled for some hours with a solution of potassium hydroxide (10
per cent.) partial conversion into aA’-acid took place. It gave a liquid
acetyl derivative and showed no tendency to lactone formation.

When the oil was oxidised with dilute nitric acid under the
conditions used for the oxidation of the aS-acid, as-dimethylsuccinic
acid was obtained, m. p. 140-141°." This was identified by the method
of mixed m. p. and by the preparation of the characteristic, sparingly
soluble calcium sal
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