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to produce the di-potassium salt, K2Bi2H12 (II). 
Similarly, treatment of I with aqueous triphenyl-
methylphosphonium chloride solution precipitated 
the corresponding triphenylmethylphosphonium 
salt (III). Ebullioscopic molecular weight deter
minations of III in acetonitrile indicated an appar
ent molecular weight of 241 at infinite dilution 
(calcd. 231.9). 

The infrared spectrum of II contained a terminal 
B-H stretching band at 3.97 n and five additional 
bands between 4 and 25 n (8.95 M (W), 9.30 n (s), 
13.25 M (w), 13.40 M (w) and 14.0 y. (s). The sim
plicity of this infrared spectrum suggests a highly 
symmetrical anion. 

Examination of the B u nuclear magnetic reso
nance spectra of I in acetonitrile and II in water re
vealed a single strong doublet. In the case of I the 
doublet was centered at 419 cycles higher field than 
methyl borate and separated by 115 cycles. This 
result is in agreement with an icosahedral arrange
ment of boron atoms. 
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TOTAL SYNTHESIS OF i-PODOCARPIC ACID1 

Sir: 
We wish to report the total synthesis of <J-podo-

carpic acid (d-I).2 This completes the first phase 
of our studies of the synthesis of diterpenic natural 
products.3 

OH 

HO2C 

Methylat ion of the ketoester IIa3 d with methyl 
iodide and potassium i-butoxide in i-butyl alcohol 
gave two alkylation products in 2.4:1 ratio, keto-
esters l i b , m.p. 103-104° (found: C, 75.44; H, 
7.93), and Hc, m.p. 111.5-113° (found: C, 75.72; 
H, 7.93), respectively.4 Clemmensen reduction of 
the former yielded methyl ^,/-deisopropyldehydro-
abietate (IIIb) ,2 d '5 m.p. 110-112° (found: C, 
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79.51; H, 8.81), whose infrared spectrum was iden
tical with that of the rf-antipode of HIb.6 Similar 
reduction of Hc led to methyl d,/-deoxypodocarpate 
(IIIc),2d'7 m.p. 130-131° (found: C, 79.62; H, 
9.13), whose infrared spectrum was the same as that 
of the d-enantiomer of IHc.8 

a, R = H, R ' = CO2Me 
b, R = Me, R ' = CO2Me 
c, R = CO2Me, R ' = Me 

R' 
I I I 

d, R = CN, R ' = Me 
e, R = CHO, R ' = Me 
f, R = CO2H, R ' = Me 

Further proof of the structure of IHc and a fur
ther supply of the compound were obtained by mix
ing (J-IIIc, m.p. 141-142°, [«]D +138.2° (ethanol)3= 
and /-HIc, m.p. 141-142°, [«]D -149.4° (ethanol) 
(found: C, 79.46; H, 8.93). The latter could be 
produced by the lithium aluminum hydride reduc
tion of /-desoxypodocarponitrile (IHd)8 to /-desoxv-
podocarpinal (IIIe), m.p. 90-93°, [a]t> -86.1° 
(ethanol) (Found: C, 84.18; H, 8.59), permangan
ate oxidation to /-desoxypodocarpic acid (IIIf), 
m.p. 194-195.5°, [«]D -141.0° (ethanol) (Found: 
C, 79.33; H, 8.62), and diazomethane treatment. 
Basic hydrolysis of d,l-lllc, as well as a synthetic 
1:1 mixture of the aforementioned /-acid IIIf and 
its (f-enantiomer, m.p. 197-198°, [«]D +140.8° 
(ethanol),30 yielded rf,/-desoxypodocarpic acid 
(IIIf), m.p. 232-233° (Found: C, 79.06; H, 
8.53).2d'7 Exposure of the latter to cinchonine and 
crystallization of the mixture from aqueous metha
nol yielded an insoluble salt, m.p. 197-201°, 210-
215° (found: C, 78.49; H, 8.15; N, 5.10), identical 
with the salt formed from the <i-acid IIIf. Mild 
hydrochloric acid metathesis liberated <i-desoxypo-
docarpic acid (IIIf). Since this compound has 
been converted already to <J-podocarpic acid 
(I),8c this completes the total synthesis of the 
natural product. 

In view of the recent transformation of podo-
carpic acid to nimbiol9 the present work represents 
a total synthesis of this compound also. Further
more, it constitutes a formal total synthesis of fer-
ruginol10 and sugiol.11 
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