
ON RESIN ACIDS. SYNTHESIS OF AN ANHYDRIDE OF 1 :3-DIMETHYL-
1 :3-DJCARBOXYO l"O.LOHEXYL-2-ACETIC ACID 
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Diet.hyl l:3-dimethyl0J1Clobe:D.Ile·2-one-1:3-dicia.rbos.yl&t.e reacta wit.h ...U.o t~ot~d ethyl lwomaa.oetate 
to gwe the corrupond.ing hydrozy-eater, which on dehych-&tion, cat.&lytic reduotiOD and aubllequent 
bJrdrol.rsia a8"orda the anhydride of 1 •8-dimethyl-l :3-dic&rbolr]'epcfohezyl-2-&Qfltic acid. 

On energetic o::ridation of abietic acid with potassium permanganate (Ruzicka fit al., 
Helv. C!Hm . .ActG, 1925, 9, 637 ; 1931, 14i, 546) or with nitric acid (Levy, Ber., 1929, 
82, 241M) a C13-acid (I) baa been isolated. 
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An attempt baa been made to synthesi.ee the above acid along the following line, 
but unfortunately the anhydride ~VIII} obtained synthetically happens to have a 
melting point different from th ... t obtained from the natural source~t. 

Ethyl 2-methyleyclohexanone-2-ca.rboxylate (II) i8 condensed with ethyl oxaJate in 
presence of molecullu quantity of sodium el.hozide in ether (cf. Kotz and Michets, 
.Aft.11Q£ua, 1908, 380, 212). In the present caae the only precaution taken is that tbe 
temperature at which the reaction to bo carried out ia kept throughout the experiment 
below -10•, when a satisfactory yield of the osalo derivative ia obtained which, on 
being heated with powdered soft glo.Y (Bachmann d al., J. .A.mcr. Olu!.m. Soc., 1940, 62, 
824; at 160°-170• for 3 hours, undergoes amooth decarboxylation to afford the keto-diester 
(Ill) imparting a deep red coloration to an alcoholic solution of ferric chloride. The 
keto-diester {III) is methylated by means of sodium duet in benzene and methyl iodide. 

To study the spatial relationship of the two tertiary carboxyl groups attempts have 
been made to reduce the keto gro1.:.p in (IV) according to WoUf-Kishner method, but un. 
fortnnately, in spite of several attempts, the aemica.rbazone of the keto-diester could not 
be 1repared, owing presumably to coDBiderable steric hindrance. 

'.rhe keto-diester liVj is subjected to Reformatsky's reaction with zinc a.nd ethyl 
brcmoa.cetate according to the conditions laid down by Bachmann et al. (loc. cit.). The 
hy•lroxy-est.er (V) is converted into tho chloro de[ivs.tive (VIJ with thionyl chloride a.nd 
pyridine, which on treatment with caustic pota.8h undergoes unaa.tura.tion and hydrolysis 
giving an unsaturatcu anhydride (VII) un acidi&cation. lteduction of the anhydride 
could not bc·eO:"ected by means of sodium am!Liga.m. This baa been reduced catalytically 
by mea.ns of platinum oxide in acetic acid when the reduced a.nbydril\e fVIII) is obta.ined 
in good yield. 

The hydroxy-ester (V) is again treated with thianyl chloride an.d exceu of pyridine 
when the unaR.turated ester (IX) is obtained in good yield, which on catalytic reduction 
with PtO~ in acetic acid solution givea the reduced ester (X). The tri-est.er on hydrolysis 
under drutie condition givea the recluoed. anhydride (Vlll), In nu case, however, could 
the tricarboxylic acid be isolated. 
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It is intended to prepa.re sufficient quantities of the acid anhydride.(VIIn in order 
to investi$ate the possibility of itt! resolution. 

Me Me OO~Et 
'/ 
./"'-...=o ct,EO u CO,Et 

I 

Me OO,Et~ 
'-/. 
/""-..(CH.CO~Et. 
I --~ 
V"'I-COaEt 

Me 
(IX) 

ExPEniMBNTAL 

Me CO:~Et 
"-..../ 
/'...=o 

u-;-C02Et 
I 
Me 

(lV) 
Me C04H 

"'-/ -
/'"'-.., =CH-CO 

U~--eo--b 
Me 

(VII) 

Dietl&yl I-Meth.ykycloiLe.zan-2-one-1 :3-liicarbozylate (Ill).-Sodium dust ( 3 g. ) was 
taken under dry ether (60 c. c.) and cooled. To this wp.s added calcium-dried alcohol 
(6 g.) in drops and the mixture was left overnight.. Ethyl oxalate (20 g.) was then added 
in ~he cold when the sodium derivative of the oxalic 'l!ster separated as light yeUow 
crystals. The reaction mixture, after standing for 2 hours, was cooled in & freezing 
mixture (ice-salt, - 15°) and ethyl 2-methylcyclobexanone-2-carboxylate (23 g.) was 

added dropwise with continuous shaking. Gradually the BOiid mass went into solution 
a.ssuming a. deep red col out". Then the mixture was kept in the ice-chest for 48 
hours and diluted with cold water and extracted with ether to remove the unreacted 
products. The aqueous layer on a.cidificu.tion with il.-e-cold dilute 11olphuric acid gave 
a thick, heavy layer at the bottom "'hich was extracted with ether, the ethereal layt'r 
washed with sodium bicarboll&W solution, water and then da·icd (CmCI,). Aftnr removal 
of tho solvent the thick red liquid was heated at Hi0°-l70" tog.)ther with Home powdi·:"ed 
soft glass, until evolution of carbon monoxide ccas[ld It was th"n dit~t.illl'd in vncutln: 
when the desired product passed over at 142-45° J6 mm., yidd 26 g. A drop of it 
imparted a. deep red coloration to s.n alooholio solution of ferric chloridt'. (Found: C, 61.15; 
H, 7.66. CuH200 0 requires C, 60.93; H. 7.81 per ('.l'nt). 

Dietltyl 1 :3-Dimetl&ylcyclol&e:mn-2-onc-l :3-dictrrbo.r.]Jlafe (IV J .-The above ,8-keto-ostor 
(III, 25.6 g.) \Vas added dropwiBe with shaking to Hf)(lium dust (2.7 g.l in 75 c. c. of 
dry benzene, cooled in icc-water. Grudually sodium went into solution which a.ssumed 
a. deep red cololll'. Tho mixture Wll.8 allowed to st;and overnight and t-hen 20 c. c. of 
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methyl iodide added and reftuxed for 2 hours on the water-bath. After diluting the 
cooled reaotion mixture with water tbe benzene l&yer W&S separa.ted, washed and dried 
On remov&l of the solvent and distilla.tion of the residue in vacuo 24 g. of the product 
(b. p. 142°/6 mm.) were obtained which did not respond to f .. rric reaction. (Found: 
C, 61.&6 ; H, 8.12. C,6H.aa0• requires C, 62.22; H, 8.16 per cent). Semicarbazone of (IV) 
could not be prepared in spite of aevera.l attempts. 

ElhyZ I :3-.Dimethyl-1 :3-dica~ydollemM-2-ol 2-tu:elak CV).-The above keto. 
dieater (IV, 27 g.) was dissolved in thiophen-free benzene (50 c.c.) and to this was added 
16 g. of zinc wool (washed with dilute hydrochloric acid, water and acetone, and dried 
before use), 12 c. c. of ethyl bromoa.cetate and 0.5 g. of iodin£". As the mixture waa 
reJluxed on the water-bath, the colour of iodine faded a.nd the solution became c]oudy. 
After 10-15 minutes a. vigorou11 reaction took place and a brown-coloured addition product 
was deposited. Four additions of 16 g. of zinc o.nd a trace of iodine were made at 45 
minutes' intervals and an additional 12 c. c. of ethyl bromoo.l-eta.te was introduced after 
1i hours. The mixture was refluxed for a tot&) of 4 hourB. Frequently the ·;ruxl;ure 
was vigorously shaken in order to free the zinc from the adhering mass of the deposit. 
The addition product was decompol!ed by adding actotic acid and methanol, and the 
aolution decanted from the zinc into water and the mixture acidified with acetic acid 
and extracted with ether. The ether-benzene layer was separated, washed with water, 
then with dilute ammonia until no more colour was removed. The rt'8idne. obtli.ined. by 
evaporation of the dtied ether benzene aolution. was distilled when 17 g. of the desired 
product passed over at 180-UW:0 {7 mm. giving a blue fluorescence. (Found: C, 61.1 ; 
H, 8.62. C,8 H •• O, requires C, 60.3 ; H, 8.38 per cent). The ana.lysia showed that the 
product consisted mainly of the hydro:sy compound (VJ contaminated with the C'OITeS· 

pending unsaturated ester (IX}. 
DelydraJiow. of tits Refo7'11tatsky Product-Thionyl chloride (12 g.) was slowly added 

with shaking to an ice-cold mixt-ure of the above hydroxy-ester (V, 17 g.) and dry 
pyridine, which was then heated on the water-bath for 2 boun_ The supernatant liquid 
waa poured into ice and the solid ma.e1:1 decomposed with iced hydrochloric acid. The 
two solutions were combined and extracted with ether, the etbereaJ ext.ract washed with 
dilute hydrochloric acid, water, sodium bicarbonate solution and again with water and 
then dried. After removal of the solvents distiJlation of t-he residue gave the desired 
compound cont&inillg mucb disaolved sulphur which was removed by refiuxing with 
precipitated copper in benzt".ne (50 c. e.) for I hour on the water-bath. After the removal 
of benzene from the filtered solution, the residue gave 12 g. of the unaaturated ester (IXJ, 
b.p. 170-172"/8 mm. (Found: C, 63.36 ; H, 8.21 ; CuH;.O, requires C, 63.53: H, 8.23 p.c.). 

EIAyl I :3-.Dimethyl-1: 3-dica 1-betho.rycyclohezone-2-autate (X).-The above unsaturated 
ester (IX, 12 g.) was hydrogenated in preaenoo of pl11.tinum oside catalyst (0.2 g.) in 
glacial acetic acid so]ution when a rather slow absorption of hydrogen took place. After 
the theoreticaJ volume of bydrogPn had been absorbed, the product wa.s worked up in 
the usual manner when 11.6 g of the sa.turated ester were obtained, b. p. 185-87'"/6 mm. 
(Found: C, 62.86 ; H, 8.62. C,.,H300h requires C, 63.15; H, 8.77 per cent). 

A:nAydride of 1:3-DimetAyl-1:3-dicarbm:ycycloAa:mul-2-aeetic .A.ci4 (VW).-The above 
tricarboxylic ester (X, 10 g.) waa hydrolysed by boiling with a solution of caDSti.c potaah 
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(6.5 g.) in methyl alcohol (13 c. c.) for 10 hours, when the potassium e&lt of the tri­
ca.rboxylle acid was deposited. Water (5 c. c.) wae a.dded just to disliiOlve the precipitate 
and refiwdng continued for 2 hours more. The cooled solution was then diluted with 
water &nd extracted with ether to remove unhydrolysed materia.l. The a.lka.line extract 
was then acidified with dilute sulphutic acid when a. clear solution was obtained. It 
was aa.turated with ammonium 11Ulplui.te aJJd e1tracted with ethyl acetate fw- ~~everal 

times. The combined ethyl acetate extract ·•·as waahed with & little amount of watm 
and dried over freshly caJcined sodium sulpbat.e. The solvent being removed by dia­
tilla.tion the residue wa.a evacuated at 6 mm. pressure when well defined crystals were 
deposited. On cryst&llisation from a. little ethyl 11 cetate it melted at 163-84". (Found: 
C, 69.66: H, 6.62. C11H,.o~ requires C, 60.00; H, 6.66 per cent). The mother-liquor on 
evaporation left a resinous DlaSII which could not be solidified. 

Tile Ufi.Balurat.ed A711&ydride (VII).-The reforma.tsky product. (V, 6 g.) was di1111olved 
in dry benzene (6 c.c.) and dry pyridine {1 c.c.). To this waa added with shaking 
in the cold 2 g. of thionyl chloride. Afte1- standing for 1 hour the mixture waa evapora­
ted under reduced pressure a.t room tem~rature and fina.lly at 40". The chloride was 

dissolved in 6 c. c. of benzene and decanted from the insoluble pyridine hydrochloride : 
the latter was digested several times with smaJl portions of benzene a.nd the extracts 
were added to the main portion. The solvent wa.s then driven off a.nd to the chilled 
residue was added 7 g. of caustic potash in 66 c.o. of methyl alcohol and the -mixture 

re8uxed for 15 minutes. Aqueous caustic potash solution (46%, 18 c.o.) was added to 
the oooled solution a.nd re8uxing continued. After an hour a large amount of precipitate 
wa.s observed. Sufficient water wo.s added to dissolve the precipitate and reflu:sing 
continued for 4 hour&. After dilution the solution was extracted with ether to remove 
a.ny unchanged material. The alkaline liquor was then acidified with ice-cold sulphuric 
acid. saturated with enlnloninm sulphate and extracted with ether for several times. The 
combined extract wtu. wash~;d with a little ""at.er, dried and the solvent removed. The 
residue after bt)ing kept 1:nder low pressure for eome time solidified on additi~m of a drop 
or two of methyl alcohol. 'l'he solid was crystallised in clusters from glat:i&l acetic acid, 
m.p. 146". (FoUI"d: C, 60.36: H, 5.83. C,.H,O~ requires C~ 60.5 ; H, 5.88 per cent). 
The motber-llquor "'as evaporated, but the residue could not be solidified. 

Red:u.ceion. of the U'llSnl:uraJ.ed. Acid-anhydride 'Vli).-The reduction of the above 
unea.t.ura.ted a.nhydride lVII} was attempted with sodium amalgam (2%) according to 
to the procedure of B:acbmann. et al (Zoe. eit.J but curioualy enough ~tatisfactory re'iJUita 
could not be obtn.ined. 

The unsaturated ILnh~·dridc wile t-hen suc('t'!lSfully rPduced catalytically l•y means of 
platinum oxidlj catalyst in glacialllc~tic I:L(;iu. The hydrogenated product was worked 
up in the usual way and crystallillcd from glacial acetic acid, m.p. IR2~ (mixed m. p. 
with the acid anhydrido obtAined by cata-lytic hydrogenation of the un-B&turated 
tricarboxylic ester, IX followt"d by hydrolyeie WBS 160-61 °J. 

The author's thanks are due to Prof. P. C. Mit.ter for his valuable suggestions and 
encouragement during the course of this investigation and also to Mr. N. Ghosh for 
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