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Abstract---A synthesis of l.Mimethyl-l,Micarboxycyclohcxane-2-acetic acid has kn described, and 
proved to bc an isomer of the Cl,-acid-an oxidative degradation product of abietic acid. 

ABIETIC acid (1) yields two optically inactive homologous tricarboxyhc acids,2-b 

CriH,,O, (II) and C,2H,,0, (III), on energetic oxidation with potassium permanganate 
or vigorous ozonolysiss*’ and oxidation with nitric acid.8 The stereochemistry of the 

C,,- and C,,-acids has played a very important part in determining the configuration 
of ring A and B of abietic acid (I) and related resin acids. Barton and Schmeidleti 
assigned the ~run.r-meso configuration to these acids (II and III) on the basis of the 
thermodynamic dissociation constant and optical inactivity.“ 

Although various attempts to synthesize the C&-acid have been recorded,iO*” 
final confirmation of its structure by synthesis still remains to be achieved. The 
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prcscnt paper deals with an investigation on the synthesis of the C&-acid by the method 
outlined below. 

Methyl 2,6dimethylcyclohexanone-2-carboxylate (1Va) was employed as the 
starting material. The corresponding ethyl cstcr (IVb) was first prepared by Ruzicka 
ef al.‘* and later by Haworth and Barker I3 by methylation of ethyl 6_mcthylcyclo- 

* A_0 
doj3 

x H %R=3’, xn o,Rm4, 

b,R=Cj+, b,Rmw 

hexanone-2-carboxylate (Xllb), the latter being prepared by the method of Kotr ef 
~1.1’ In the present investigation a different procedure, as outlined below, was adopted 

for the preparation of XIIa. Ethyl 2-methylcyclohcxanone-2-carboxylatc16 (X) on 
treatment with sodium ethoxide yielded diethyl r-methylpimelatet6 (XIb), contami- 
nated with presumably the /I-keto ester (Xllb) giving colour with alcoholic ferric 
chloride. As it was not possible to separate the two by fractional distillation, the 
crude product was treated with 10 per cent aqueous mcthanolic potassium hydroxide 
with the expectation that, besides saponification, the contaminating /I-keto ester would 
undergo ketonic fission by this treatment. The resulting acidic material was estcrified 
to yield the pure dimcthyl a-mcthylpimelate (Xla) in 60 per cent overall yield. Dieck- 
mann cyclization of Xla, using sodium dust, furnished methyl 6-mcthylcyclohcxanon- 
2-carboxylate (Xlla) in 45 per cent yield; the use of sodium hydride increased the 

yield to 90 per cent. The /I-kcto ester (Xlla) was mcthylatcd with sodium dust and 
methyl iodide in benzene to give methyl 2,6_dimcthylcyclohexanonc-2carboxylate 
(IVa) in 95 per cent yield. 

1’ L. Ruxka. D. R. Koolhaas and A. H. Wmd. If&. Chtm. Acto 14, 1151 (1931). 
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Chrm. Grs. 45. 3703 (1912). 
1) R. P. Lmawad and A. F. Mtlltdge. /. Chrm. Sot. 478 (1936). 
la W. Dicckmsnn. &r. Dtrch. Chrm. &I. 33, 2670 (1900). 
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The kcto ester (IVa) was subjcctcd to Reformatsky reaction using cquivalcnt 
quantities of ethyl bromoacetate and zinc wool in presence of a crystal of iodine. 
After decomposition of the resulting complex the crude condensation product was 
obtained in 30 per cent yield, and 60 per cent of the kcto ester (IVa) was recovered. 
Use of larger quantitiestr of ethyl bromoacctate and zinc did not have any appreciable 
cffcct on the yield. 1 his was probably due to the simultaneous formation of an enolatc 
complex (XIII), analogous to the observation of Ncwmanr”. Hence, it was found 

expedient to use cquimolecular proportions of the reactants and repeat the experiment 
several times with the recovered keto ester. The crude condensation product was 
dehydrated using thionyl chloride and pyridinc to yield ethyl 2,6-dimethyl&carbo- 
methoxycyclohexenc-I-acetate (Va) in 68 per cent yield. The dehydrated product 
consisted mainly of the fi,y-isomer (Va), indicated by the absence of the characteristic 
ultra-violet absorption maximum of the acrylic ester system. l9 The unsaturated dicstcr 
(Va) was partially saponified by treatment with one equivalent of IO per cent aqueous 
mcthanolic potassium hydroxide to yield 2,6-dimcthyl-6_carbomcthoxycyclohexene-l- 
acetic acid (Vb). The acid chloride, obtained from Vb by treatment with oxalyl 

chloridc,20 was converted into methyl 2,6-dimethyl-6-carbomcthoxycyclohexcnc-I-P- 
propionatc (Vla) in 50 per cent yield by treatment with diazomethanP followed by 
Wolff rearrangcmcntz of the crude diazoketonc. The dicster (Vla), thus obtained, 
was partially saponified to give 2,6-dimethyl-6-carbomethoxycyclohexeneI-/?-pro- 
pionic acid (Vlb). Evidence for the y,d-cthylcnic linkage in 2.6-dimcthyl-6carbo- 
mcthoxycyclohcxanc-I-@-propionic acid (Vlb) was provided by ozonolysis” of Vlb- 
which yielded a dikcto acid (XIV) identified through its bis-2,4-dinitrophenylhydra. 
zone. In this reaction no neutral aldehydic or ketoester could be detected indicating 

XIY 

the absence of fi,y- or z&ethylcnic linkage. Cyclization of the homologous ester 
acid (Vlb) was carried out with phosphorus pentoxide= in rctluxing benzcnc to yield 
4,&dimcthyl4_carbomethoxy-As-hydrindene-l-one (VII) in 40 per cent yield. The 
unsaturated kcto ester (VII) did not show any ultra-violet absorption maximum 

I’ W. E. Bachmann. W. Cole and A. L. Wilds. 1. Amrr. C’hrm. Sot-. 62. 824 (1940). 
‘* hi. S. Newman, 1. Amer. Chrm. Ser. 64. 2131 (1942). 
I* II. E. lingnadc and I. Ortega. J. Amer. Chrm. Ser. 73, 1564 (1951). 
to Ii. M. E. Cardwcll. J. W. C’omlonh. S. R. Duff. H. Holrcrmann and R. Robms0n.J. Chrm. Sot. 361 (19S3). 
” J. A. Moore, J. Org. Chrm. 20, 1607 (1955). 
** W. E. Rachmann and W. S. Srruve. Org. R~urfioru I. 3X (1942). 
u W. S. Johnson and V. 1.. Stromberg, J. Amw. Chcm. Sot. 72. 505 (1950). 
*’ W. S. Johnson. Org. Rwcftonr 2. I14 (1944). 
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characteristic of Ar-cyciopentenone derivativeed and hence was assigned the structure 
VII. Catalytic reduction of VII yielded 4,8~imethyl~~arbomethoxy-hydrindane-l- 
one (VIII) as a coiouriess mobile oil. RartorP had shown that among 1,2,2,6,6- 
pentasubstituted derivatives of cyciohexanes the axial substitucnt at C, is less hindered 
than the equatorial substitucnt, and assuming that the heavier carbomethoxyl group 
was equatorial and the methyl group axial we considered that the hydrogen might 
approach from the less hindered” axial side giving a rranr-hydrindanonc derivative. 
On the other hand, on account of hindrance due to the axial methyl groups,zR the 
hydrogen might approach from the equatorial side leading to a cis-hydrindanone ring 
system. Consequently, the triacid (1X), obtainable by oxidation of the reduced 
keto ester (VIII), could be either rru~s-rneso or cis-nreso or a mixture of the two 
depending on the mode of hydrogenation of the unsaturated kcto ester (VII). The 
saturated kcto ester (VIII) was condensed with ethyl formate to yield the corresponding 
hydroxymethyienc derivative which was oxidized 2s in the crude state with hydrogen 
peroxide to yield l,3-dimcthyl-l-carbomcthoxy-3-carboxycyciohexane-2-aceti~ acid, 
and this was directly saponified% with 25 per cent aqueous mcthanolic potassium 
hydroxide to give 1,3-dimethyl-1,3dicarboxycyclohexane-tacetic acid (IX) as a solid. 
It was crystallized from acetone to give clusters of very fine needles, m.p. 212-213”(d). 

The mixed melting point, however, was depressed by 8” on admixture with the C,,- 
acid, m.p. 212-213’. obtained by the degradation of abictic acid,Jm* thus indicating the 
synthetic acid to be a stereoisomer having, presumably, a cis+n~o configuration. 
Rao and Bagchi” also obtained an isomer melting at the same temperature, which is in 
all probability identical with our product. 

FXPERIMEN’I‘AI: 

Dimethyl x-nte~hylpinrciarr (Xia). Ethyl 2-mcthyliyclohexanonc-2~r~xylatc1~ fX, IS4 g) and a 
solution of sodium ethoxidc, prepared from sodium (4% g) and ethanol (58 ml). wcrc heated for 4 hr 
on a steam bath, To the reaction mixture, which gave ferric chloride colouration, was added 10:. 
aqueous mcthanolic KOH (2 1.) and the mixture was rcfluxcd for 5 hr. The methanol was removed 
under reduced press and the aqueous solution of the residue. after one extraction with cthcr, was 
acidified with cold dil HCt. The oily product was cxtncted with cthcr. an‘d the ether extract was 
washed with water and dried (Na&J,). After removal of the solvent, the crude acidic product was 
cstcriticd by rcfluxing for 72 hr with methanol (wx) ml) containing cone If ,!%O, (90 ml). The cooicd 
reaction mixture was poured into ice cold brine and worked up by extraction with cthcr in the usual 
way. Removal of the solvent and d~tii~atic~n of the residue In tvscuo furnished Xla (120 g. 60”/,). 
b.p. 98-100” (1 mm). ff:: 1.4320. (Found: C. 59.30; 11. X.83. C,,H,,O, rcquircs: C. 59.40; H 
8.91 3,). 

~c~~~~ 6_mcrhylcyct~h~xanonr_2-~Qr~xy~a~e {Xlla). A small portion (ct. 10 g) of dimcthyl Q- 
mcthylpimclate (Xla. 107 g) was added to rcfluxing bcnacnc 000 ml) suspension of sodium hydride 
(23 g) in an atmosphere of nitrogen. After the reaction started (ea. 30 mitt). the rest of the dicster 
was slowly added and the rcfhtxing continued for 4 hr. The coolc;f reaction mixture was decomposed 
with an cxccss of cold dil HCI under nitrogen. The organic layer was separated and washed 

l All m.ps and b.ps are uncorrccttd. and all ulfm-violet mearurem:ntr were taken in 951; ethanol wtrh 
a Bcckmann Quartz Ultra-violet Spcctrophotomctcr. Model DU. 
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y I:. E. King, T. J. King and J. G. Tophss, Chrm. & Ind. I13 (1956). 
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sucoeuively with water. ice cold aqueous NaHCO*. and water. The solvcm was removed and the 
residue distilled lo give Xlla (82 g. 90:,;). b.p. 6568’(1 mm), !I*: 1.4768. (Found: C. 63.51; H. 8.35. 
C,Hi,OI requires: C, 63.53; H, 8.23%). 

When the aforementioned reaction was carried out using sodium dust the &kcto ester (Xlla) was 

obfaincd in 45 % yield. 
Methyl 2,6dimerhylcyciohexanone-2-carbsxylate (I Va). Methyl 6-mcthylcyclohexanone-2-tar- 

boxylate (Xlla. 162 g) was slowly added to an ice cold suspension of sodium dust (23% g) in dry 
benzene (1 I.) and allowed to stand overnight. To the sodio dcrivativc thus formed was added methyl 
iodide (IsOml). and the mixture was rcfluxcd till it did not give any colour with alcoholic ferric 
chloride (ca. 6 hr). It was poured into water and the bcnzcne layer was scparatcd. The aqueous layer 
was extracted with ether and the combined ether-benzene mixture was washed with water and dried 
(Na,SO,). The solvem was removed and the residue distilled IO yield IVa (165 g. Y5 %). b.p. 81-82’ 
(I mm), n:,’ 1.4571. (Found: C. 65.25; II. 8.59. C,,H,,O, requires: C. 65.22; H. 8.69%). 

Ethyl 2.~dinrcrhy/-6-carbonlcrhoxycyc/o~xe~e-l~cerare (Va). A solution of methyl 2,6dimethyl- 
cyclohexanone-2-carboxylatc (IVa, 60 g) and ethyl bromoaccratc (56 g) in thiophene-free dry bcnzcnc 
(200 ml) was slowly distilled until about 30 ml of benzene was collcctcd IO rcmovc the last traces of 
moisture. This was cooled to the room temp with protection from moisture and zinc 
wooPi (22 g) and a crystal of iodine wcrc added. On heating the mixture on a s~cam bath 
an cxothermic reaction cnsucd, and the vigour of the reaction was mamtamcd as fnr 
as practicable by continuing the heating. Subsequently the rcflux was continued for 
4 hr. The cooled reaction mixture was dccompsed with icecold dil H,SO,. The bcnzcne solution 
was separated and the aqueous layer was cxtractcd with ether benzene mixture. The combined 
ether bcnzcneex~rac~ was washed successively with water, ice-cold dil NII,OH and finally with water. 
After drying (NafiO,) the solvent was removed. The residue was distilled to recover the starting 
kcto ester (IVa, 43 g). and the crude condensation product weighed 20g. The aforcmcntioncd 
Reformatsky reaction was repeated 3 times using the recovered keto ester from each experiment, thus 
yielding a total quanrity of 36 g of the crude condensation product. To a vigorously stirred. cooled 
(0”) solution of the aforcmcnlioncd condensation product and pyridine (21 g) in dry ether (100 ml) 
was added thionyl chloride (IO ml) over a period of 1 hr. the tcmp being kept below 5“. The reaction 
mixture was left overnight at room temp. The ethereal layer was decanted off and the dark r&due 
after repeated washing with dry ether was diluted with a large volume of water. filtered from the 
slimy residue. and worked up by extraction with ether in the usuaI manner. The solvent was rcmovcd 
on a steam bath and finally under reduced press. The residue was taken up in dry benzene (100 ml) 
and refluxcd for 5 hr with freshly precipitated copper IO remove the contaminating sulphur. After 
removal of the benzcnc from the fihercd solution, the residue was distilled IO yield Va (23 g, 68 00). b.p. 
115-ll8’(1 mm),& 1.4753. (Found: C.66.08; 11.8.63. C,,II,,O,rquircs: C.66.15; Ii, 8.68:;). 

2,6 DimethyM-curhome~hoxycyc/ohexene-I-acefic acid(Vh). Ethyl 2.6dimethyl+%arbomcthoxy- 
cyclokxcne-l-acetate (Va. I3 g) was rcfluxcd for4 hr with aqueous mcthanolic KOII (31 ml. I.624 N). 
The methanol was removed under reduced press and the residue was dissolved in water. The 
aqueous solution, after one extraction with ether. was acidified with cold dil HCl. The oily product 
was cxtractcd with cthcr and the extract washed with water and dried (;ua,!jO,). After removal of the 
solvent, the product was distilled. b.p. 155-360” (0.5 mm), to yield an oil which subsequently solidi- 
fied. It was cystallizcd from acetone to furnish Vb (8 g. 69:~). m.p. 123-124.5” (Found: C, 6366; 
H, 7.95. C,,Il,.O, rcquircs: C. 63.72; H. 7.969.). 

The Sben:y/thiuronium sulr of Vb crystallized from dil ethanol. m.p. I291 30” (Found: N. 7.20. 
C,.H,.N,O,S rcquircs: N. 7.14::). 

Merhyl2,&dimethyl-&carbomerhoxycyc~ohexene-l-~-propiona~e (Vla). To an icccold solution of 
2,6_dimcthyl-&arbomethoxycyclohexene-I-acetic acid (Vb. 10 g) in dry bcn~enc was added oxalyl 
chloride” (9 ml). After keeping at room tcmp for 4 hr. [be mixture was warmed for IO min at 45 
The benzene along with excess of oxalyl chloride wcrc rcmovcd under reduced press. Fresh dry 
bcnrcne (IO ml) was added and distilled off under FUCUO to remove the last tracts of oxalyl chloride. 
A solution of the crude acid chloride (10 g) in dry ether (50 ml) was added to a cold (0”) anhydrous 
ethercal sohnion of CH,N,, prcparcd from nitrosomcthyl urea” (23 g), with stirring over a period of 

*I R. L. Shriner. Org. Rrorrions 1. I (1942). 
‘1 Ii. Sraudinger. &r. D/sch. Chem. Ces. 41, 3558 (1908). 
” F. Amdt. 0~. .~wrherrs Vol. II. p. 163 (1950). 
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I hr. when the evolmion of nitrogen slopped. The solvent and excess of CH,N, were removed under 
reduced press a1 room temp to yield the oily diazo ketone (12 g). 

To a warm (50’). stirred solution of the crude diazo ketone (12 g) in absolute methanol (MO ml) 
was added in 3 lots a slurry of silver oxide in methanol. obtained from 10% aqueous AgNO, (50 ml). 
The mimm was rcfluxed for 2 hr. and after boiling with norite was filtered. The alcohol was removed 
under reduced press and Ihe residue was distilled IO yield Via (5 g, So%). b.p. 125-130” (I mm), 
nc 14820. (Found: C. 66.36; H. 866. CiIHItOI rquircs: C, 66.15; H. 8687:). 

2,6Dimerhyl-Gcarbomerhoxycyc/ohexene-I-~-propionic acid (Vlb). Methyl 2,6-dimethylbcar~~- 
mcIhoxycyclohexcne-I-g-propionate (Via, 8 g) was partially saponified as before by rcfluxmg with 
IO:< aqueous mcrhanolic KOH (18 ml. 1.624 N) for 4 hr and worked up as usual IO yield Vlb (5 g. 
767:). II was crysIallizcd from acetone. m.p. 143 144.5”. (Pound: C, 64.98; H, 8.23. C,,H,,O, 
requires: 65tlO; 11, 8.33%). 

The S-benrylrhiuronium soft of Vlb crysralhrcd from dil ethanol. m.p. 141- 142’. (Found: N. 
7.03. C,,l~,&,O,S requires: N, 6.890/J. 

Oronol_yu3 o/ 2.6-dimrrhyt&carbomerhoxycyclohexene- 1 -P-propionic acid (VI b). To a cooled (0”) 
solution of the unururatcd cstcr acid (Vlb. 0.2 g) in carbon IcIrachloride (50 ml) was passed a current 
of oronized oxygen for 30 min. The solvent was removed and the residue was heated for I5 min on a 
steam bath wirh a mixture of unc dust (0.4 g), waIcr (15 ml). and acetic acid (07 ml). The reaction 
mixIurc was extracted with ether and Ihc cihcrcal soluIion was ex~ractcd thoroughly wiIh 5 % ice-cold 
NaOll. The acidic material was isolated as an otl by acidification of the alkaline extract followed by 
cxrraction with crher and was converted to Ihe his-2.4-Jinirrophenylhydrazone of ScarborncIhoxy-t.V- 
dioxo5mcthyldecanoic acid (XIV) by the usual method. II was crystallized from alcohol, m.p. 
185-186’. (Found: N. 17.70. C,,H,,N,Oi, requires: N. 17.72:/,). 

On removal of the ether from the ncurral fraction no product could bc isolated. 
4,R-Dimerhyl-4-carbomerhoxy-~a-hyd~i~ne-l-one (VII). To a vigorously st~ncd. rcfluxing solu- 

tion of P,O, (20 g) in benzene (100 ml) was added a solution of 2.6dimcIhyl-6carbomcthoxycyclo- 
hcxcnc-I-,%propionic acid (Vlb, 3 g) in dry benzene (80 ml) over a period of 30 min, and the refluxing 
was continued for 3 hr. The reaction mixIurc was cooled and the benzene was decanted off. The 
dark residue after repeated washing with benzene. was decomposed with powdered ice, diluIcd with 
a large volume of water, filtered from the slimy residue. and extraaai wiIh ether. The combined 
ether benzene extract was washed succcssivcly with waIcr. 10% aqueous NaOH, water, and dried 
(NatSO,). The solvcn1 was removed and the residue distilled IO furnish VII (l-2 g, 43:;). b.p. 100. 
105” (0.6 mm). II’: 14830. (Pound: C. 70-70; H. MO. C,,lI,,O, rcquircs: C. 7@26; H. S*lO%). 

4,8-Dfmcrhyl+carbomcrhoxyhy&indane-I-one (VIII). A solurion of the aforementioned unsatur- 
ated keto ester (VII. 1.2 g) m crhanol (I5 ml) was hydrogenated with prcrcduccd platinum oxide 
caIalys1 (0.1 g). AfIer absorption of the calculated quanIiIy of hydrogen (ca. 24 hr) the catalyst was 
removed by filtration followed by the removal of the solvent. The residue was purified by shortpalh 
distillaIion IO yield VIII (1 g. 830,:). 110 115” (bath temp) (I mm), n’i 1.4685. (Found: C. 69.60; 
H, 8%. Ci,H&, requires: C, 69.65; H. 8.93%). 
1,3-Dimcrhyl-I .3-dicarboxycyclohcxane-2-ucetic acid (IX). To a vigorously stirred icccold suspension 
of sodium cthoxide in dry bcnrcnc, prepared from sodium (0.2 g) and absolute ethanol (0.4 g), was 
add4 ethyl fcnnaIc (I g) under nilrogcn. AfIcr 30 min a solution of Ihe saIuraIcd ketone (VIII. I S, 
in dry bcnzcnc (IO ml) was added, and the mixture was left overnight at room temp. After adding 
ice-cold water IO the cooled reaction mixture. the aqueous layer was separated and the benzene layer 
was thoroughly exIracIcd with 2% icccold aqueous NaOH. The combined aqueous solution, after 
one cxtracrion with ether, was acidified with ice-cold dil HCI. The resulting oily suspension was 
cx~racred with ether and the crude hydroxymcthylcnc ketone (@8 g), obtained after removal of the 
solvent, gave violc1 colour with alcoholic ferric chloride. 

To a soluIion of the aforcmcntioncd crude hydroxymcthylcne ketone (0.8 g) in eIhano1 (2 ml) 
and 2 N NaOH (30 ml) was added 30% hydrogen peroxide (9 ml). and Ihe mixture was allowed IO 
stand 31 Ihc room tcmp for I hr. II was next heated under reflux for 2 hr followed by two more 
similar trcaImcnIs with hydrogen peroxide. The solvent was removed under reduced press, and Ihe 
aqueous solution of the residue, afIer one extraction with ether. was acidified with cold dil HCI. The 
oily product was worked up by cxIraction with eIhcr. Af~cr removal of the solvent. Ihe crude ester 
diacid (0.4 g) was saponified by rcfluxing for 5 hr at 150” with 25 % aqueous methanolic KOH (8 ml). 
The methanol was removed under reduced press and the aqueous soluIion of the residue. after one 
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extraction with ether, was acidified with cold dll HCI. The resulting oily suspension was worked up 
by extraction with cthcr. While removing the solvent, the uiacid crystallized out as a white solid IX 
(0.1 g. 10%). It was crystallized from acetone. m.p. 212-213” (d). (Found: C. 56431; H, 7G7. 
C,,H,,O, requires: C. 55.82; H, 709?J. 
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