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AN IMPROVED TOTAL SYNTHESIS OF (%)~ PCDOCARPIC ACID
BY A CYCLIALKYLATICH ROUTE

Pranab R. Kanjilal, Shaikb Khairul Alam and

Usha R. Ghatak®

Department of Organic Chemistry, Indian Association

for the Cultivation of Science, Calcutta-=32, India

A number of total syntheses of (&)~ nodocarpic
acid (1} have been described1. King, King and Top11332
first identified one of the products from nonsterero-
selective cyclization of (4) with nclyphospheric acid
as (%£)- ethyl-O-methylpodocerpate (2) and correlated
that with the corresponding acid (3), prepared in an
extremly pccr yield (ca n.a%)3 by Bhattacharyyas, and
Hauorth and Meecre® by cyclization of (5) with a
mixture of sulfuric acid and acetic acid. More
recently Mancini, Fringuelli and Taticchi5 prerared
(3) (in 4.87 yield) by reneating Haworth's cyclization

of (4). In continuation of our stucdies on cyclialky=-
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lation reactions6 wve report here an improved stereo-
selective total synthesis of (1) by a cyclialkylation
route.

The key starting material for our synthesis is
the easily accessible keto-ester (597. This on
reaction with an excess of methylmagnesium iodide

followed by refluxing p=toluenesulfonic acid in

benzene, rartial alkaline hydrrlysis of the resulting
mixture, and subsequent treatment with hydrochloric

acid afforded a mixture of diastereomeric lactones
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(7a) and (7b) in a ratio of ca 9:1, as revealed from

the TH NMR spectrum. The stereochemistry of the major

. . 648
epimer {7a) has heen assigned from an analogy '

of the
nreparation of similar lactones with identical stereo-
chemistry., The cyclizationa of this mixture of lactones
(72) and (7b) with a refluxing 4:9 mixture of sulfuric
acid~- acetic acid afforded the acid (3) in 41% yield as
the only isolable crystalline product. Acid (gQ was
esterified with diazomethane and the resulting methyl
ester (E) vas identical with an authentic sample9 uith
respect to mixed mene, IR and 1H NMR. As the conversion
of (3) to (*)- podocarpic acid (1) has already been

reporteda, the nresent synthesis therefore, constitutes

a total syntbesis of (%)~ podocarpic acid.

EXPERIMENTAL

Preparation of the Lactone Diastereomers (Zg and 7b)

Plixture.

.

To a well stirred ice-cold solution of the
ketomester ()7 (7.60, 26 mmol) in 100 ml dry diethyl
ether an ethereal solution of methylmacnesium iodide
/[ rrepared from 1.20 (0.050 atom) of magnesium and 69
of methyl iodide in 20 ml of dry diethyl ether _/added

dropuise over a period of 1 h under nitrogen. Stirring
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in the cold was continuad for 4N min followed by 30 min
at reoom temperature and 1 h  at reflux. After
decomposition of the complex with an ice cold

saturated ammonium chloride solution the ether layer
was separated and the agueocus layer was extracted with
diethyl ether. The combined ether layer were
successively washed with water, 5% sodium thigssulfate
sclution, water and dried over anhydrous sodium

sulfate. The crude product after removal of solvent

was refluxed for 8 h with 500mg of p-toluenezsulfonic

acid monochydrate in 200ml of dry benzene under
nitropen atmosphere using a water separator. The cold
reaction mixture was washed with 5% sodium bi-carbeonate
solution followed by water. After removal of the
solvent the residue was distilled to afford 6.30 of a
light yellow thick liguid, b.p. 175=190° C (D.2mm Ho);
I.R. (neat) 1765 (very strong) and 1725 (medium) em™ 1,
This mixture was refluxed under nitrogen for 2 h with
a mixture of 2.5¢0 of potassium hydroxide in 10ml of
water and 40ml of ethanol. Most of the ethanol was
removed in vacuo, and the residue, after beino diluted
with water, wvas extracted with diethyl ether. The
agueous alkaline layer was acidified with an excess of
concentrated hydrechloric acid and heated on a steam
bath for 15 min. The cooled reaction mixture was

extracted with diethyl ether. The ethereal layer was
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vashed uith cold 29 sodium hvdrexide solution and water.

The residual brown liguid, after removal of ether, was
distilled to afford 2.49 (347 overcall yield) of the
mixture of diastereomeric lacténes (7a) and (7b), b.p.
175-180° € (0.2 m.m. Hg) in a ratio of ca 9:1 as
revealed from the relative intecrations of the quater-~
nary = C=Me and -0—)C-fle singlets at §1.17 and 1.4,
and § 1.06 and 1.30 respectively assioned to (72) and

(76Y3 T.R. (neat) 1748 cm .

Anal. Calcd for C 0, «+ Cy 74.97; H, 8.39.

18H24 3

Found : Cy 75.13%; H, B.53,

Cyclization of the 9:1 mixture of Lactones (7a) and

(70): (1) -0-fiethyl Podocarpic Acid (3).

The aforementioned 9:1 mixture of lactones (13)
and (7b) (500mg; 1.7 mmol) was gently refluxed for 8 h
with a mixture of Sml of acetic acid and 0.5ml of 98%
sulfuric acid under nitrogen. The dark broun reactioenp
mixture was poured into ice-water and extracted with
ethyl acetate (20ml x 3). The combined ethyl acetate
extracts were thoroughly extracted with 2% potassium
hydroxide solution and water, and dried over anhydrous
sodium sulfate. The removal of the solvent left a
small amount of a broun residue (TR 1745 cm'1) which

was not investicgated further. The aqueous alkaline
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layer was acidifierd with 6N hydrochloric acid and
extracted uith ethyl acetate. The athyl acetate
extracts were washed with water, dried over anhydrous
sodium sulfate and concentrated under reduced pressure,
The crude oummy sclid on recrystallization once from
ethyl acetate afforded the acid (3) (204mg; 41%) m.p.

106-198° C (dec) (1it%, 194~108° 3 1it>, 196=197° c).

(¥} ~Methyl O-methyl podocarpate (8).

The above acid (100mg) was esterified with an
excess of ethereal diazomethane. After evaporation of
the sclvent the residue was dissolved in 1:1 diethyl
ether-pet ether (bep. 60=80°% C) mixture and filtered
through a short column of neutral alumina (49) to
afforded 98mg (97%) of ()-methyl-0O-methyl podocarpate
(8), mep. 135° € (1it°, 136-137.5° C); "W NWR: §(cca,)
0.98 (s, 3H), 1.23 (s, ZH), 1.32-2.83 (m, 11H), 3.58

(sy 3H), 2.67 (s, 3H) and A.32-6.80 (m, 3H).

1

This is identical (IR, 'H NMR and mixed mep.)

with a sample, m.p. 135° C, prepared by Q-methylation
of an authentic sample9 of (¥)- methyl podocarpate
(40mo) with methyl iodide (6 ml) in acetone (20 ml)

in the presence of anhydrous potassium carbonate (1.5g)

by a standard method ",
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