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Abatradrix products have ban obtained from tbc oxidation of 0-mcthylpodocarpic acid (I. R = 
Me) with lead tetra-aatatc. These are a mixture of alkencs VIII, Lx and X. the tertiary acetate 
XI(R - AC), and the lactoncs XV (R = AC). and XVII. Evidcocr for their smrcocbanislry is 
presented and pathways for tbcir formation arc suggested. Ozonolysis. and permanganatc or osmium 
tctroxldc-periodate oxidations of the alkene mixture give inter alha the &-A/Bring fuud ketone, 
12-mctboxy-16-norpodocarpa-8,11,13-trien4one (IV), a potential intermediate forstcroidal syntbais. 

AMONG the resin acids,* podocarpic acid (I, R 2 H) provides a potential source of an 
abundant and cheap natural product for the conversion to intermediates suitable for 
the synthesis of steroidal compounds. This acid is readily obtained from the New 
Zealand trees, Da&ydium cupressinum Lamb. (,‘rimu”)s and Poakcarpus dactydioides 
A. Rich. (“kahikatea”)4 where it frequently occurs in the heartshakes from whence it 
can be collected directly without extraction in a high state of purity.6 Considerable 
work has been directed towards the utilization of the related C,-equatorially substituted 
dehydroabietic acid (I I, R = H) &ll for the synthesis of steroids and recently, the 
modification of ring C of podocarpic acid and its derivatives has received increased 
attention.la*u However, only one modification of the A-ring of podocarpic acid which 

I Part XI: C. R Bennett and R. C. Cambic, Terrahe&on 22,284s (1966). 
’ M. Tsufaui and E. A. Tsutsui, Chem. Rrv. 99, 1031 (1959). 
’ T. H. Easter&Id and B. C. Aston. 7?anr. Ni?. Inst. 36,483 (1903). 
‘T. H. EasterfIeld. Truns. N.Z. Inrr. 43, S3 (1910); L. H. Brigs, R. C. Cambic. R. N. Scclye and 

A. D. War& Terruhc&on 7,270 (1959). 
’ For a comprehensive bibliopphy of the literature pertaining IO podocarpic acid see S. G. Brookcr, 

R. C. Cambic and M. A. James. DUJU. Roy. Sot. N.Z. 1. 20s (1966). 
@ A. Brossi, H. Gutmann and 0. Jcger. H&L Chim. Acra 33, 1730 (1950). 
’ R. P. Jacobsen, J. Amer. Chcm. Sot. IS,4709 (1953). 
’ H. H. Zeisr and W. B. Martin. J. Amer. Chem. Sot. 75.5935 (1953). 
* J. W. Huffman and R. F. Stockcl, J. Org. Chcm. 28,506 (1963); R. I-. Stockel. Can&. J. Chem. 41, 

834 (1963). 
” H. Ranno. J. Chem. Sot. Japan 82, 113 (1961) Chcm. A&r. 56, 1019s (1962); P. F. Rimbie,T. F. 

Sanderson and L. F. McBurney. J. Amer. Chem. Sot. 75.2610 (1953). 76,723 (1954); H. H. 2&a 
and M. Tsutsui, J. Amer. Chem. Sot. 77, 6707 (1955); H. H. Zeiss. U.S. Pat. 2803,645 (19S7). 
Chem. Abrrr. 52. 2921 (1958); M. Obta and L. Olunori. Phurm. Bull. Tokyo 5, 91, 96 (1957); 
E. Wcnkert and B. G. Jackson, 1. Amer. Chem. Sot. 80, 211 (1958); E. Wcnkcrt and J. W. 
Cbambcrlin. 1. Amtr. Chcm. tic. 81,688 (1959); E. Wcnkcrt, R. W. J. Carncy and C. Kancko, 
J. Amer. Chem. Sot. 83.4440 (1961). 

I* J. W. Huffman and P. G. Arapakos. J. 0~. Ckm. 30.1604 (1965). 
I’ R. H. Bible and R. R. Burtncr. 1. Org. Chem. 26, 1174 (1961); H. L. Dryden. G. M. Webbcr, 

R. R. Burtncr and J. A. Cella. J. Org. Glum. 26, 3237 (1961); F. Soadheimr and M. Gibson, 
Bull. Res. Council Israel 9A, 204 (1960). Chem Ahsrr. 55,6X0 (1961); E. Wenkert, V. I. Stenberg 
and P. Beak. J. Amer. Chcm. Sot. E6.96 (1964); N. N. Girotm and L.. H. Zalkow, Tkfruhdon 
21,101 (1965); K. Mori and M. Matsui. Terrah&on Letters No. 28.2347 (l%S). 

” K. Cromhaw. R. C. Newstead and N. A. J. Rogers, Tcrraheabn Lathers No. 33.2307 (1964). 
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could be applied to the synthesis of steroids has been carried outr‘, this involving deg- 
radation of 0-methylpdocarpinol (III) to the 4-oxoderivative, lbmethoxy-16-nor- 
podocarpa-8.11 ,I 3-trien-4-one (IV) by essentially the same procedure as used’ for the 
corresponding degradation of dehydroabictic acid, ciz. dehydration of the alcohol 
grouping of III with concomittant rearrangement, followed by ozonolysis of the result- 
ing alkene V.+ Hoehn and BibPdid not state the yield, assign the stereochemistry of, 
or further elaborate their product, except for the preparation of derivatives of physio- 
logical activity. The recent interest in the use of lead tetra-acetate for the oxidative 

OR 

decarboxylation of diterpenoid acids possessing C,-equatorial carboxyl groupP led 
us to apply the method to podocarpic acid as an alternative means of preparing the 4 
oxoderivative (IV). A report l1 during the course of our work, of the formation of 
4-oxo-16norabicta-8,11,13-triene (VI) in 72 % overall yield from dehydroabietic acid 
by reaction with lead tctra-acetate followed by oronolysis added impetus to our 

III 

investigation, for this represents a considerable improvement over all other prepa- 
rations of this ketone.a D 

For the present study 0-methylpodocarpic acid (I, R = Me) was chosen as a 
suitable starting material. This acid was prepared in 920/, yield by the halolytic 
cleavage of the hindered ester grouping of the fully methylated derivative methyl-o- 
mcthylpodocarpatc (VII, R = Me) with lithium iodide in refluxing collidine,*6 or as 

l In order to focus attention on the formation andjor reactions of a double bond the term 
“aikcnc” is used throughout thispapcr IO dcnotccompounds such as V, VIII. IX. and X which arc not 
hydrocarbons as chc name implies, but possess an oxygcnatcd function at C,,.” 

I* W. M. Hcchn and R. II. Bible, U.S. Pat. 2.764.616 (1956). Chem. Absrr. 51, 4435 (1957). 
Is W. A. Aycr, C. E. McDonald and J. B. Stothcn. Cum& 1. Chem. 41, 1113 (1%3); W. A. Aycr 

and C. E. McDonald. Canad./. Gem. 43.1429 (l%5); L. H. Zalkow and D. R. Brannon. J. Chcm. 
sot. 5497 (I 964). 

I* II. Taschncr and B. Libcrck. Rocz. C/tern. 30,232 (1956).Chcm. Absrr. 51. 1039 (1957); F. Elsingcr, 
J. Schrcibcr and A. Lschcnmoscr. Ht*/u. Chim. Acra 43,113 (1960); J. Schrciber, W. Lcimgrubcr. 
M. Pcsaro. P. Schudcl. T. Thrclfnll and A. Lschcnmoscr, /hid. 44, 540 (1961). 
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podocarpic acid was available in plentiful supply, more conveniently by methylation 
of the crude acid with an excess of approximately cquimolecular amounts of dimethyl- 
sulphate and sodium hydroxide at 35” which formed the insoluble sodium salt of 
O-methylpodocarpic acid in 65-75x yield. l The preparation of the latter acid has 
hitherto been carried out in unstated yield by vigorous hydrolysis (4 hr at 150“) of 
methyl-O-mcthylpodocarpate with strong alkali .l’ Neither this nor application of the 
method for the hydrolysis of hindered esters with lithium in liquid ammonia” was 
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found to be suitable for the ready preparation of large quantities of the acid I (R = 
Me). 

When O-methylpodocarpic acid was reacted with lead tetra-acetate in the presence 
or absence of pyridine’@ a vigorous evolution of carbon dioxide occurred and four 
products were isolated after chromatography on alumina. The least polar material 
(76 % yield), recovered from the column with light petroleum, was a mixture of three 
isomeric alkencs, C,,H,O, in which GLC and the NMR spectrum indicated the 

VIII 

presence of 63 % of the A‘(%somer VIII, 28% of the A’(%somer IX and 9 % of the 
As-isomer X. This ratio and the identification of products was confirmed by the 
subsequent isolation of pure samples of the alkencs VIII and IX from other reactions 
(aide i+u). That the pure cxocyclic alkene IX was not isomer&d under the GLC 
conditions to the thermodynamically more stablP endocyclic isomers VIII and X 
justifies the application of this method for determining product ratios in the alkene 
mixture. 

l In a ruxnt paper” the preliminary OcFount without dctaib of the preparation of 0-mcthylpodo- 
carpic acid by a similar method was reported. 
I’ 1. R. Sherwood and W. F. Short,I. Gem. &c. 1006 (1938). 
I’ E. Wcnkcrt and B. G. Jackson, /. Amer. Chem. Sot. 80,217 (1958). 
ID E. J. Corey and J. Casanova, /. Awcer. Ckm. 5bc. 8!5, 165 (1963). 
se R. B. Turner and R. H. Garner, /. Amer. C/tern. .Qc. 80, 1424 (1958); A. C. Cope, D. Ambros, 

E. Ciganck, C. F. Howell and Z. Jacura. 1. Amer. Chum Sot. 81, 3153 (19S9). 
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Following the alkene mixture a further product (145 % yield) was isolated from 
later light petroleum eluates during the chromatography. This compound, a liquid, 
b.p. 168-171”/0*3 mm, had formula C,,H,O, and was assigned the tertiary acetate 
structure XI (R = AC). The IR spectrum showed bands of an acetate carbonyl group 
at 1735 and 1255 cm-’ while the NMR spectrum showed the features expected for the 
structure XI (R = AC). Hydrolysis of the acetategave the tertiary alcohol XI (R = H). 
m.p. 108-ICW, whose IR spectrum showed OH absorption at 3560 cm-l and a band 

OUC ore 

IX X 

at 1125 cm-l attributed to tertiary OH stretching. Assignment of an z-configuration 
to the C,-acetoxyl group of XI (R = AC) follows from the NMR spectrum which 
showed a strongly deshieldcd C,,-methyl signal at I.47 6. In the spectrum of the 
alcohol XI (R = H) the corresponding signal appeared in the normal position” at 
1.15 d [cf. 12-methoxypodocarpa-8,11,13-triene (XII), I.18 6, totarol (XIII, R = H). 
I.15 d,n and totaryl methyl ether (XIII, R = Me), I.19 P]. According to a report” 
methyl proton resonances are shifted to higher field when an alcoholic group having 

a 1,3diaxial spatial relationship to that methyl group, is acetylated. In the present 
case the reverse effect is observed, a paramagnetic shift of 19 c/s on acetylation of 
XI (R = H) supporting the assignment of an equatorial conformation and hence an 
aGo&guration for the OH group. This assignment is also in agreement with 
mechanistic considerations regarding the formation of the acetate XI (R = AC) during 
the oxidation (tide in/ro). 

Also isolated by chromatography of the hydrolysis products of the tertiary acetate 
XI (R = AC) was a homogeneous (GLC) sample of 12-mcthoxy-lbnorpodocarpa- 
4(15),8,1 I ,13-tetraene (IX) formed by selective elimination of the hydrogen atoms of 

*I E. Wenkcrt, A. Ahso, P. Beak. R. W. J. Caroey. P. W. Jcffs and J. D. McCtxmey, J. Org. Ch. 
30,713 (1965); C. H. Brieskom, A. Fuchs, J. B-son. Brcdenbcrg, J. D. McCbcmey and E. Wenkcrt. 
1. Orf. Chem. 29.2293 (1964). 

” R. C. Cambie and L. N. Manda, Tefrahe&or 18,46S (1942). 
u R. C. hbic, W. R. J. Simpson and L. D. Cokbrook, T~rrahdron 19,209 (1963). 
-T. Okamoto and Y. Kawamc, Chem. fhum. Buf/. Japmr 11,643 (1%3); Y. Kmvazm. Y. Sato. 

T. Okamoto and K. Tsuda, C-hem. Phurm. Bull. J+XZJI 11,328 (1963). 
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bonded OH) which on oxidation with chromic acid afforded the keto-lactone XVII, 
identical with an authentic sample prepared by dehydrobromination of 6r-bromo-7- 
oxo-methylQmethylpodocarpatc (XVIII, R = Me, R’ = Br), or during bromination 
of 7sxo-U-methylpodocarpic acid (XVIII, R = H, R’ = H).- The keto-lactone was 
also found to be a product (45% yield) of the lead tetra-acetate oxidation of O- 
methylpodocarpicacid where it wascontained in thcethcr eluate from chromatography. 

While oxidativc decarboxylation of carboxylic acids with lead tetra-acetate 

xv XVI 

undoubtedly involves carbonium ion intermediatess’O.30 and while the relative ease of 
decarboxylation follows the order of stability of the carbonium ion formed by loss of 
carbon dioxide, ciz. tertiary > secondary > primary, few studies have been concerned 
with the oxidative decarboxylation of tertiary acids.rl.ib” Most workers have 
favoured an ionic mechanism involving direct formation of lead diacetate and an 
acyloxonium intermediate, RCO*+, which undergoes subsequent decarboxylation. 
However, on the basis of inhibition of the reaction by oxygen and the catalysis by 

XVII XVIII 

copper salts as well as from rate studies, a free-radical chain mechanism has recently 
been put forward’ll and is supported by evidence from other workers.m*a According 
to KochP the initial step is a preequilibration to form the triacetyl-lead ester of the 
acid followed by the initiation step which involves homolysis of the ester to a triacetyl- 
lead radical, carbon dioxide, and an alkyl radical. In the propagation step either the 

n A. K. Bose. M. S. Manhas and R. C. Cambie, /. Org. Chcm. 30,SOl (1965). 
y W. A. Masher and C. L. Kehr, /. Amer. Glum. Sot. 75, 3172 (1953); 82, X342 (1960); W. A. 

Moshcr. C. L. Kchr and L. W. Wright, /. Org. Glum. 26, 1044 (l%l). 
‘L G. B&hi. R. E. Erickson and N. Wakabayashi. /. Amer. Glum. &c. 83,927 (1961). See also A. J. 

Birch, 1. Chem. Sot. 1SSI (1950). and H. Plieninger and G. Egc, Chem. Ber. 9J. 2095 (1961). 
sg J. K. Kochi. /. Amer. Ckm. Sot. 87,3609 (l%S). 
” D. I. Davies and C. Waring, Chem. Comm. No 12,263 (1965). See also M. S. Kharasch. H. N. 

Friedlander and W. H. Urry. /. Org. Chcm. 16,533 (1951) for other radical mechanisms. 

I4 M. Lj. Mihailovif. i. &koviC, Z. MaksimoviC. D. Jeremif. Lj. Lonnc and R. I. MamuziC, 
Tetrahedron 21, 2799 (l%S). 
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metastable Pb(III) ester of the parent acid decomposes to further alkyl radical, carbon 
dioxide, and stable Pb(I1) diacetate, or the alkyl radical combines with lead tetra- 
acetate to form the corresponding carbonium ion of the alkyl radical and a metastable 
Pb(II1) intermediate. Termination occurs by combination of radicals or by reaction of 
the alkyl radical with the Pb(II1) species to form a carbonium ion plus lead diacetate. 

Although the present work adds no further evidence, similar initiation and 
termination steps can be envisaged for the formation of the alkenes VIII, IX, and X. 
and the acetate XI (R = AC) during the oxidation of 0-methylpodocarpic acid, 
according to the following scheme. 

PM’ 

+ Pb(OAc), e 

ohie 

G@ =I 
+ 
69 

+ Pb(OAc), + AcO- 

C / (8 \ 
1.. *.*. 

69 

Homolytic fission of the ester (i) would give the alkyl radical (ii), carbon dioxide, 
and the bulky lead triacctate radical, attack by which on (ii) from the less hindered 
a-face would furnish the unstable organo-lead compound (iii). Fragmentation of the 
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latter or of the radical (ii) by oxidationa would then yield the tertiary carbonium ion 
(iv), lead diacetate. and acetate anion. Elimination of a proton from either &, CI or 
C, would then give rise to the alkene mixture (v) while attack by acetate anion 
from the less-hindered a-face would afford the tertiary acetate (vi). In accord with 
the formation of a stable tertiary carbonium ion at C, during the above process the 
tetrasubstituted A’(“)-alkene VIII is the predominant product but the formation of a 
larger amount of the exocyclic alkene IX than of the As-alkene X is contrary to 
normal expectation. 

Lactone formation during lead tetra-acetate oxidations has usually occurred during 
reactions with dicarboxylic acids. lb.% However, the ready formation of y-lactones 
from 7-oxopodocarpic acid derivatives during oxidative processes is knowrFtg and a 
plausible route to the lactone XV (R = AC) during the lead tetra-acetate oxidation of 
0-methylpodocarpic acid can be postulated riz. 

\ i PblOh)‘ w + \ 

c0:I-t 

’ I. 

\ 

I 6- / 

“QAC 
I 

co- 0 

(a) 

(d) 

(b) 

Here oxidation at the activated C,-position either by a radical-chain mechanism,” 
concerted mechanism,W or by direct carbonium ion formation from a benzylic 
radical” would provide the z-acetate (a) by attack from the least hindered face. 
The triacetyl-lead ester (b) formed by attack of lead tetn-acetate on (a) could then 
give the carboxy radical (c) by homolytic fission of the PM bond, instead of 
eliminating carbon dioxide. A six-membered transition state (d) is now proposed to 
facilitate hydrogen abstraction from the unactivated C,-positior?’ to give the acetoxy- 
lactone (e). A direct analogy for the formation of the acetate (a) is provided by the 

U L. L. McCoy and A. Zagalo. /. Org. Chem. 25,824 (1960); W. R. Moore and H. Arzoumanian, 
J. 01x. Chem. 2l. 4467 (1962): K. Kitahonoki and Y. Takano. Tewahedron Lerrers No 24, 1597 
(1%3). 

y M. J. S. Dewar, 77u Electronic 7Xeory of Organic Chemfsfry p. 276. Oxford Univ. Prcsq London 
(1949); G. W. K. Cavil1 and D. H. Solomon, 1. Chem. Sx. 3943 (1954). 

I’ D. I. Davies. J. Gem. Sot. 2351 (1963). 



acroisq of the podoarpoaabx11 935 

lead tetra-acetate oxidation of methyldehydroabietatc (II, R = Me) to the 7-acetoxy 
derivative XIX,= while the conversion of(c) to (d) is similar to a mechanism proposed 
for the cyclization of alcohols to ethen.“*se 

For the case of the lactone XVII it is assumed that direct oxidation at the 
C,-position produces an alcohol or alkoxide since the production of ketone@ from 
lead tetra-acetate oxidations involves the participation of lead alkoxides, ROPb(OAc&” 
It is not clear how the alcohol is formed in the present case but evidence for its 
participation follows from the fact that when methylpodocarpate (VII, R = H) was 
treated with lead tetra-acetate in glacial acetic acid only a single product was isolated 
whose structure was shown to bc that of the 7-hydroxyderivative XX.” Formation 

W 

of the lactone ring of XVII would then follow a similar pathway to that given above 
for the formation of the acetoxy-lactone XV (R = AC). 

An indication that benzylic attack is a secondary reaction during the lead tetra- 
acetate oxidation of O-methylpodocarpic acid and is probably independent of the 
primary process of oxidative decarboxylation, was obtained when methyl-Q-methyl- 
podocarpate (VII, R = Me) was oxidized under the same conditions. In this case no 
visible reaction occurred and a large amount of starting material was recovered 
together with a small amount of the known a&unsaturated ketone, methyl-5,6- 
dehydro-7-oxo-O-methylpodocarpate (XXII),n identified by comparison with a sample 
prepared from methyl&-bromo-7-oxo-O-methylpodocarpatc.” Its formation is 
thought to arise tiju the enol form of a 7-oxoderivative whose oxo-group is derived in 
a similar manner to that of the Iactone XVII. Formation of an $-unsaturated ketone 
could then occur by an ionic process similar to that given” for the formation of 
flavones from flavanones or alternatively by a radical mechanism.” 

In order to find the most suitable route to the C.-ketone IV a number of oxidative 
fissions of the alkene mixture obtained from the lead tetra-acetate oxidation of 
O-methylpodocarpic acid were examined. TLC showed that ozonolysis of the alkenes 

n G. Dupont, R Dulou. G. Ourissoo and C. Tbibault, Bull. Sot. Chlm. Fr. 708 (19S5). 
n D. Hauser, K. !S&a.fTner and 0. Jcgcr, Helu. Chim. Acfu 47.1883 (1964); D. Hauser, K. Heukr, 

J. Kalvcda. K. Schaffner and 0. Jegcr. I&f. 47,1%1 (1964); K. Hcuskr and J. Kalvoda, Ayew. 
Chem. (Intern. Eoglisb Ed) 3,525 (1964). 

* R Crib. Oxldorion in Organic C’hemfsrry (Edited by K. B. W&erg) Chap. V; p. 287. Acadanic 
Press. New York (1965). 

u Sa ah M. Lj. MihailoviC, Z. Mak&~ovif, D. Jtmnic, i. &koviC. A. MilovanoviC and Lj. 
Lorcnc, Tetrahedron 21, 1395 (1965). 

ha G. F. Birkbubaw. M.Sc. Thesis, University of Auckland, 1965. 
u Ref. 40. p. 308. 
u G. W. K. Gwill, F. M. Dean. A. M-kin, B. M. Marshall and A. Robertson, 1. Chem. Sot. 

4573 (1954). 
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and decomposition of the ozonides with potassium iodide gave a complex mixture 
of products, the two major constituents of which were isolated by chromatography on 
alumina. From the benzene eluate a crystalline ketone, m.p. 77-78”. was obtained 

(30% yield based on the appropriate alkene in the mixture) which was identified as 
the desired product, 12-mcthoxy-I 5,16dinorpodocarpa-8,11,13-trien4one (IV) from 
IR and NMR spectral evidence. The ketone has previously been obtained from 
ozonolysis of the dehydration product V of O-methylpodocarpinol only as an oil” 

XVII - - 

and it possibly existed there as a mixture of cis- and rruns-A/B forms. The IR spectrum 
of the crystalline material showed six-membered ring carbonyl absorption at 1709 cm-r 
and a single methyl signal in the NMR spectrum at 1.03 d assigned to the C,,-angular 
methyl group. The molecular formula and other spectral features were also in agree- 
ment with the proposed structure. The presence of a C,-carbonyl group should permit 
easy epimerization at the C,carbon atom to give the sterically favoured isomer, and 
indeed, it has been shown that epimerization of a 4- or a 6-oxo-octahydrophenanthrene 
occurs readily to give the thermodynamically more stable A/B-cis compound.**45 
Compounds possessing a keto-function adjacent to an epimcrisable hydrogen atom 

U C. D. Gutschc and W. S. Johnson. 1. Amer. Ckm. Sot. 68, 2239 (1946); W. E. Parham, Ii. L. 
Whaler and R. M. Dodson. /. Amer. C’hcm. Sm. 77, 1166 (1955); N. N. Saha. B. K. Ganguly 
and P. C. Dutta, Ckm. & I&. 412 (1956); J. A. Barltrop and N. A. J. Ro@n. 1. Ckm. Sor. 
2566 (1958). 
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at a ring junction undergo ready equilibration when adsorbed on alumina*~” and thus 
the 12-methoxy-15,16dinorpodocarpa-8,11,13-trien-4-one should possess an A/B&r 
ring junction. This was confirmed from the ORD curve of the ketone which showed 
a strong positive Cotton effect. Application of the octant rule” clearly shows that a 
fruns-A/B ring ketone would exhibit a negative Cotton effect curve. 

The major product (79% yield based on the appropriate alkene) was a diketone 
XXIII, arising from the degradation of the more abundant A4i%somer VIII in the 
alkene mixture. Bands in the IR spectrum at 1723 (straight-chain ketone) and 1713 
cm-l (six-membered ring ketone) showed the presence of two carbonyl groups one of 
which was a methyl ketone since the compound gave a positive iodoform test and its 
NMR spectrum showed a three-proton signal at 1.92 B due to a methyl group adjacent 
to a carbonyl group. 

XXIII 

Osmic acid-sodium metaperiodate oxidation of the alkene mixture also gave, 
after chromatography, the ketone IV in 25 ‘A yield based on the amount of the alkene 
IX in the mixture. From earlier light petroleum eluates was obtained the unreactive 
tetrasubstituted alkene VIII, b.p. 121-122”/@15 mm, in a pure state. Its IR spectrum 
showed no alkene absorption in the bending region but the presence of a tetrasub- 
stituted double bond was indicated by the formation of a strong red coloration with 
tetranitromethane. No signals were present in the NMR spectrum which could be 
ascribed to vinylic protons, the only low field signals being those in the region 6.70 6 
due to the three aromatic protons. Of the remaining three-proton signals that due to 
the methoxyl protons appeared at 3.68 0, that of the allylic C,,-angular methyl group 
occurred downfield from the normal position at 1.33 b as a result of the deshielding 
induence of the A4(6)double bond, while that of the C,,-methyl group attached to the 
double bond, occurred at 164 8 in the expected position. The alkene has previously 
been isolated by Barltrop and his coworkers as a by-product during the preparation 
of the corresponding nitrile by treatment of the sodium salt of 0-methylpodocarpic 
acid with cyanogen chloride .& However, the recorded analytical figures indicate that 
their material was impure. 

The alkene VIII and the ketone IV (60% yield based on the amount of IX in the 
mixture), were again obtained from potassium permanganate-sodium metaperiodate 
oxidation of the alkene mixture along with other products which were not further 
investigated. Although the yield of ketone IV from this last reaction was superior 

U R. E. Ireland and P. W. schicss, /. Or,. Chem. 28. 6 (1963); R. E. Ireland and J. Newbould, 
J. Org. Chem. 28.23 (1963). 

” C. Djcrassi. Opticof Rofufory Dispersion p. 181. McGraw-Hill. New York (1960); W. MofIitt, 
R. B. Woodward. A. Moscowilz_ W. Klync and C. Djeassi, J. Amer. Chcm. Sot. 83,4013 (1961). 

@J. A. Barltrop. A. C. Day and D. B. Bigky, 1. Chem. tic. 318s (1961). 



938 c. R. BWNETT and R. C. Clucare 

to those obtained from ozonolysis or the osmic acid-sodium metaperiodate reactions 
the preseact of traces of persistent impurities inhibited crystallisation of the product. 

EXPERIMENTAL 

Microanalyses were by Dr. A. D. Campbell and his associates, Univcrsiry of Otago, New Zealand. 
IR spectra were rncaau& with a Perk&Elmer 237 instrument and W spectra were dctenniabd for 
EtOH solutions with a Perkin-Elmer 137 UV spcctrophotometer. ORD curyts and optical rotations 
mrt determined with a Jaaco ORD/UV-S spactrophotometer at 2S” and, unkss otherwise stated, m 
for sohu in MeOH. NMR spectra were determined in CDCl, with a Varian A60 s~ome~, using 
TMS as internal reference. 

Light pclroleum b.p. m” and alumina used for column chromatography was P. Spcna Type 
H material. GLC of alkene fractions: a Wilkcns Auroprep instrument. Model A-700 with a 20’ 
SE30 column operating at 270“. 

M.ps on a Kofler block were uncorrected. 

(a) A soln of methyl-O-mcthylpodocarpate (6.2 g>, in 2,4.&coIlidinc (IO0 ml) containing LiI 
(20.1 g) was heated under rcflux in anhydrous conditions for 4 hr. The cooled soln was poured onto 
crushed ice and acidified wiIh HCI. ExIraction with ether and IreaImcnl of Ihe cone ether soln with 
30% NaOHaq gave the insolubk Na salt of I (R - Me). The sah was colkctcd, suspended in waIcr, 
and acidified wiIh IO% HCI. Crystallization of the product from aqueous EtOH gave platu (5.44 g) 
of the free acid, m.p. 158” (lit.” m.p. 158”). [a],, + 135” (c 1.0). I ,,(CClJ 33OGUOO (bonded acid 
011). 1712(CO,H). 1212(acid C-O), and IOSOcm ’ (OMc). NMR (Ccl,) I.13 (C.-axial Me), I.32 
(&angular Me). 3.71 (ArOMe). 6.45-6.95 (C II,u,LI-aromatic protons). and 13.30 b (C0.H). 

(b) In a typical experiment Me,SO, (35 ml, 0.36 mok) was added dropwise IO a stirred soln of 
crude podocarpic acid (25 g. 099 mok) in NaOH (I5 g, 0.37 mok) and water (75 ml) while the tcmp 
was mainlainul at ca. 35”. The pak yellow ppt which formed was filtered off and drkcl to give a 
powder which was heated under rcflux with light pctrokum (2 x 500 ml) for I hr. Concentration of 
the light petroleum extracts gave methyl-O-mcthylpodocerpetc (I.5 3, m.p. and mixed m.p. 127-128” 
(idenIical IR spectrum). 

Working up of the Na salt as in (a) gave 1 (R L Me) (18.5 3, m.p. and mixed m.p. 157-158’ 
(idenrical IR spectrum). 

had rcrra-acerarc oxtirion of 0-methy+%mvpic acid (I. R = Me) 

AmixIurcofI(R 2~ Me) (14.0 g). dry bcnzne (IO0 ml), dry pfidioc (6 ml), and lead t&a-acetate 
(23.5 g) wasstirred under N, a1 2O”for 1 hr. and then heated under reflux for a further 3hr. The cooled 
mixture was filtered and the titrate concentrated IO yield a pak yellow oil which was chromatographed 
on acid-washed alumina (500 g). Elution with light petrokum gave a viscous aIkenc fraction (8.89 g), 
b.p. 12l-122”/@15 mm. (Found: C, 83.95; H, 9.2. C,,H,,O requires: C, 84.25; H. 9*1S%.) GLC 
showed 3 peaks with retention volumes 9.1 L. 9.75 L, and 8.15 L in a ratio of ca. 63 (VUT). IO 28 

(IX), lo 9 (X), the tint 2 peaks possessing retention volumes identical lo those of the rcspaztivc 
homogeneous alkcncs. vo&lm) 1660 (w, IrisubstituIed G-C), 1640 (terminal C-c), 1613. 1570 
(aromatic C-C), 1045 (OMc), 893 (terminal C--C), 847 (w, trisubstituted C=C). 868 and 803 an-* 
(l,2.4-aromatic Irhubstitution). NMR 0.98 (C,,-angular Me of IX), 140 (CT,,-angular Me of X), 
1.33 (C,,-angular Me of VIII). I.64 (C.-methyls of VW and X). 368 (ArOMe), 468 (d, J = 14.Oc/s. 
terminal mthyknc of IX), 540 (broad s, C,-protoo of X). and 6.67 6 (m. Crl,lt.lr-aromatic protons) 

The alkenc mixture was reactive towards monopcrphthalic acid a1 20” while oxidatioo wilh 
H,O, and fcmnic acidU followed by saponi&aIion with methanolic NaOH gave a mixture of non- 
crystalline diob as determined from the IR spectrum. 

Concentration of later light pctrokum cluate~ gave I2-mchoxy-l6-1wp&curp-8,I I .I Err&n- 
41-y! acetate (XI, R - AC) as a viscous oil (2.03 g), b.p. l68-171’/0*3 mm, [aID + 18s” (c 1.0). 
(Fouod: C, 755; H. 8.9. CI,HIIO, requires: C, 755; H. 8.7x.) r,.@m) 1735 (alkyl aaIate). 
1610, 1580 (aromatic swctching). 1255 (aatatc). 1045 (OMc). 86s and 8lOcn+ (l,2&aromatic 
trisubstitution). NMR 1.14 (C.-axial Me), 1.47 (G-angular Me). 1.88 (aoztatc). 3.68 (ArOMe), and 
6.69 d (m, C,,,,,,,,-aromalic prorons). 

4’ L. F. Ficscr and S. Rajagopnlrn, J. Am. Gem. .%c. 71, 3938 (1949). 
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From the bcnzne elus~e was obtained the y-&tone o/68_hydroxy_7a_occrox~~thy~~pic 

o&j (XV, R = AC) which crystallized from &f-light pctrokum as prisms (0.95 g). m.p. 173-174.5”. 
[z)n +64” (c 1.3 chf). (Found: C, 70.2; H, 7.1; 0,232. C,,H,,O, requires: C, 69.75; H. 7.0; 0, 

23.2%.) 1, 236 (log u 455). 273 (4.43). and 280 rnCc (4.41), I~~CS,) 1785 ti-tactone), 
1755 (akyl acetate). 1605 (rmudc strccching). 1228 (aatatc) and 1045cm-’ (OMe). NMR 
l-06 (C,cquatorial Me), 1.20 (Cl,-angular Me). 2.24 (acetate), 2.32 (d, J = 740, C,-mcthim 
proton), 3.78 (ArOMe), 4.80 (quartet. J,., - 7.Oc/s. J,,, - 4Gc/s, C,-mcthinc proton), 6.24 (d. 
J = 44 c/s, wnc proton) and 6.67~2 b (m, C ,,.,,,,, -aromatic protons). 

Ehrtion of the above column with ether gave the lactonc XVII which aystallizuf from aqueous 
McOH as needles (0.62 g), m.p. 201”, undeprcsscd by a sampk. m.p. 199-m (lit.” m.p. 195-197.5”). 
prepared as reported,” or as recorckd below. 1,.x 231 (log c 3.95) and 291 rnp (4.10) r-u(chf) 1780 
(y-lactonc), 16% (uyl CO). 1600. 1570 (aromatic stretching), r,.x(KBr) 1775 (y-Lactone). 16% 
(aryl CO), 1610, 1570 (aromatic stretching). 880 and 815 cm-’ (1.2~4aromatic trisubstitution). The 
NMR spectrum was identical with that recorded.” 

Lactone of 6&hydroxv_7a-hydrox~tnethylpodocarpic acid (XV, R = H) 

The lactonc XV (R - AC. 1.56 g) was heated under reflux with 2N mcthanolic NaOH (80 ml) 
for 24 hr. and the cooled mixture was acid&d and extracted with ether. Chromatography of the 
product on alumina and dution of the column with ether gave the y-Lxcrone of 6@-hy&oxy-7z- 

hy&oxy-O-rnerhy/@&carpic ocid(154 g) as long needles. m.p. 19&192”. [a), 4.40” (c 1.2). (Found: 
C. 71.9; H, 7.7; 0, 20.9. CI,H,,OI rquircs: C. 71.5; H, 7.3; 0, 21.2%) Lx 236 (log c 4.42). 274 
(4.34). and 281 v (4.34) r,,(KBr) 3515 (OH), 1768 (y-lactone), 1620. 1580 (aromatic stretching), 
1087 (secondary OH stretching), 1050 (OMe), 873 and 815cm-* (l&t-aromatic trisubstitution). 
NMR 0.95 (C,-cquatoriaI Me). l-26 (C,,-angular Me). 2-31 (d, J = 8.0 c/s. C,-rnethinc proton), 4.62 
(OH, exchanged with D.0). 4.89 (quartet, J,_, : 8.Oc/s. J,,, - 42) c/s, Qncthinc proton), 5.10 
(d, J = 4.0 c/s. C,-methinc proton). 

Oxidation of the hydroxy-lactom (25 mg) with 00, in AcOH for 15 hr at 20” followed by 
working-up and crystallization of the product from &f-ether gan the &tone of 6/I-hydroxy-7-oxo- 
0-mcthylpodocarpic acid (19 mg) as nccdks. m.p. and mixed m.p. 201” (identical IR spectrum). 

I2-Mcfhoxy- 16+1or~~-4( I5).8.11,13-rcrruene (IX) and 12-nurhoxy-16norpo&curpa-8, I 1,13- 
~rien-4a-ol (XI. R = H) 

The acetate Xl (R - AC, 500 mg) was heated under rdlux with 2N mcthanolic NaOH (100 ml) 
for 21 hr. Water was added, the bulk of the McOH was rcmowd by distillation, and the remaining 
mixture was extracted with ether. Chromatography of UK concentrate from the ethereal extracts on 
acid-washed alumina and dution of the column with light pctrokum gave 12-~rhox~l6nor+ 
cor~-4(15).8.11,13-rcrraeru as a mobtic oil (110 mg). b.p. 10&102”/@2 mm, [aJn -i. 158” (c 0.9 chf). 
(Found: C, 84a; H, 9.3; 0, 6.55. C,,H,,O rcquiru: C. 84.25: H. 9.15; 0.6.6%.) o,..(CCI,) 
3050. 1650.1415 and 893 (terminal C-c). 1613, 1575 (aromatic stretching), and 1047 cm-r (OMe). 
NMR 0.98 (C,,-angular Me), 366 (ArOMe). 468 (2 proton d. J 7 14.0 c/s. C.-terminal mcthyknc) 
and 667 b (m. Cll.ls.l,- aromatic protons). The alkenc gave a strong red colour w ith tctranirromethane. 

Concentration of the ether eluatc from the column gave a solid (270 mg) which was recrystallized 
from chf-light petroleum to yield fine needks of 12-nurhoxy-Ibnorpodocurpo-8.1 I.1 3-trien4a-o/, 

m.p. 108-109”. [%I0 +68” (c 0.9). (Found: C. 78.3: H, 9.4; 0. 12.3. C,,H,,O, requires: C. 78.4; 
H, 9.3; 0, 12.3 %.) 1,.x 233 (log E 3.73). 280 (3.81). and 287.5 rnp (3.76). r,.x(CCI,) 3560 (OH). 
1605, 1570 (aromatic stretching), 1125 (tertiary OH stretching). and 1045 cm-’ (OMe). NMR 1.1 I 
(C.-axial Me). 1.15 (&angular Me). 156 (OH exchanged with D#O). 3.69 (ArOMe). and 6.62 cl 
(m. C,,.,,.,,-aromatic protons). 

Ozonofysfs of the afkrne mixture VIII. IX and X 

A stream of 0. was passed through a soln of the above alkcncs (5.26 g) in dichloromcthanc 
(lm ml) at -7s” for 3 hr. The mixture was wad to 20”. sat Kfaq (200 ml) and AcOH (10 ml) 
were added, and the mixture was shaken vigorously and allowed to stand for 15 min. Sat Na,S,O,aq 
was then added and the mixture was again shaken to remove 1,. The organic layer was washed with 

water and dried. and the concentrate was chromatographed on silica gel (200 g). 

u E. Wenkert, A. Fuchs and J. D. McChosney. 1. Olg. Chcm. 30.2931 (1965). 
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Concentration of the benzene eluate gave plates (a45 g) of 12-mzrho~~-15,16dinof~~~~-6, 
Il.13-frien4onc (IV) which 00 recrystallization from chf-light pctrokum had m.p. 77-78”. [ah 
-t-146” (~0.8). (Found: C, 78.4; H, 8.5; 0, 13.1. C,,H”O, requires: C, 78.65; H, 8.25; 0, 
13.1’/,) *,u(nujol) 1709 (6mcmbcrcd ring CO), 1610, 1572 (aromatic stretching). 1225 (alkyl 
ketone), 1042 (OMe), 870 and 807 an-’ (1.24aromatic trisubstitution). NMR 1.03 (C,,-angular Me). 
3.77 (ArOMe). 6.87 b (m, Clr~lr.r,-ar~matic protons). RD (~0.211) [+I,,, $348”. [+I,- +92Y. 
IOJU, -1. 3010°, [+I”, + 1510”. 

The 2.4-bifrophenylhydruzotu (83% yield) crystallized from chf-light pctrokum as orange 
nccdks. m.p. 181-182’. (Found: C. 62.3; H, 5.9. C,,H,,N,O, rquircs: C. 62.U; H, 5.7%.) 
Recorded m.p. 9%loO”.*’ 

Concentration of the ether cluate from chromatography of the ozonolysis product gave 2-mrrhoxy- 
8-mc;hyf-&[4’-oxopcnryllrcrrol-7-oru (XXIII) as a pale yellow viscous oil (2.97 g). b.p. 149-152O/ 
Q2 mm, [a]n +65*6” (~0.38). (Found: C, 740; H. 8.2. C,,H,,O, rquircs: C. 74.4; H, 8.1’/) 
i .m.= 234 (log e 4.23), 280 (4.31). and 288 rnp (4.27), Y ,.,(CCl,) 1723 (acyclic ketone), 1713 (6. 
mcmbcrcd ring ketone). 1610, 1576 (aromatic stretching), and 1043 cm-’ (OMe). NMR 1.27 
(C.-tertiary Me). 1.92 (COMc), 3.74 (ArOMe). and 6.77 d (m. C,,,,,-aromatic protons). 

Osmiwn rctrox&-s&wn periodore oxidorion of the alkenc mixture VLU. IX, and X 

A soln of thcalkenc mixture (14.3 g) in dioxan (870 ml), water (190 ml), and glacial AcOH (175 ml) 
was stirred with OsO, (3SO mg) for 15 min, and then sodium mctapcriodate (24.1 g) was ad&d over 
;1 period of 30 min. The mixture was stirred at 20” for 5 day and then cxtractcd with cthcr. Con- 
anmtion of the cthcrtal solo gave a dark oil which was chromatographcd on acid-washed ahrmina. 

Elution of the column with light petroleum gave 12-nwrlroxy-1Cno~~c~~~S),8.11,13- 
rerroIlK as a viscous oil (4.49 g). b.p. 121-lU”/Q15 mm, [aJD +272” (c l-8). (Found: C, 83.911: 
H, 9.2. C,,H,,O rquircs: C, 84.25; H, 9.15x.) v,,.(film) 1613, IS80 (aromatic stretching), 1045 
(OMc). 871 and 803 cm * (1,2.4-aromatic trisubstitution). N.MR 1.33 (C,,-angular MC). 164 
(C.-MC), 368 (ArOMe). and 6.70 d (m. Cll~l,.,,-aromatic protons). 

Concentration of the bauaK cluatc from the column gave a crystalline mass (W9g) which 
afforded large platu of IV, m.p. and mixed m.p. 77-78” (identical IR and NMR spectra) when 
rccrystallizcd from &f-light pcirolcum. 

Po~awium permaqunate-sodium periodote oxldotion of the ulkene mixture VIII, IX, md X 

The alkcnc mixture (7-l g). anhyd K&O* (7.0 g), t-butanol (1 .O I.), and water (700 ml) wae trcatcd 
with an aqueous soln (200 ml) of sodium mctapcriodatc (42.9 g) and one (100 ml) of KMoO, (540 mg). 
The mixture was stirred at 20” for 4 hr, Altcrcd. and the fihratc was cunantmtcd loa. 1OOml in 
wcuo and extracted with cthcr (4 x 100 ml). The cthcrcal soln was washed with water, dried, and 
conantratcd to yield a pak yellow oil (S.0 g) which was chromatographcd on acid-was&l alumina. 
Elutioo of the column with light petroleum gave 12-mcthoxy-1bnorpodocarpa-4(5),8.11.13-tctracnc 
as a viscous oil (1.98g) (idcntkal IR spectrum and rctcntion ~dumc). while 12-mcthoxy-15.16- 
dinorpodocorpa-8.11.1~trkn4onc (I.20 g) (identical IR spectrum) was obtakd from the benzene 
&late. 

Lrad ~etrusufute oxtirion of methyl-O-merhylpodouvporc (VII. R - MC) 

A mixture of methyl-O-mcthylpcdorpatc (6.0 g>, dry pyridinc (2.2 ml). lead tctra-acetate 
(IO.3 g). and dry benzene (70 ml) was trcatcd as for O-rncthylpcdocarpic acid. Chromatography of 
the product on alumina gave mthyl-O-mcthylpodccarpaic (553 g) from the bcnzznc cluatc. From 
the ether cluatc was obtained rncthyl-S.&dchydr~7_oxo-&ncthylpodocarpatc (4s mg). m.p. 169- 
170~5” with sublimation (lit.” m.p. 173-174”). undcpruscd by a sarnpk prepared from rncthylda- 
bromo-7nxo-O-mcthylpodocarpatc with McONa.” v,&ujol) 1727 (ester CO), 1655 (aryl CO). 
1603, 1570 (aromatic stretching), 828 cm-’ (trisubstitutcd C. C). NMR I.32 (C,-cquatorial MC), 
1.49 (C,,-angular MC), 3.65 (CO,Mc). 3.89 (ArOMe). 6.58 (C.-proton). 6.80-8.40 d (m, C,,,,,.,, 
aromatic protons). 

Locrone of6/l-hydroxy-7-oxo-O-nurhyt)wdocarpic acid (XVII) 

7-Oxo-O-mcthylpodocarpcarpic acid” (50 mg) was trcatcd with Br, in A&H with the addition of a 
drop of 48% HBr.” The mixture was kept at 20” for 2 hr and then poured into water. Crystallization 
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of the product from aqueolLcr McOH gave naxiles of the lactonc (38 mg). m.p. 197-199” (lit.” m.p. 
195-197.5”). (Found: C. 72.1; H, 6.65. Cak. for CI,HreO,: C, 720; H, 6.7x.) 1,. 231 
(log E 3.95) and 291 m/r (4.10). 

Lacrone of 6p-hydroxy-7-oxoQ-4cefyl~carpic acid 

Tmtmcnt of 7-oxo-O-acetylpodocarpic acid” (100 mg) with Br, in AcOH gan the lactonc which 
c~stallizcd from aqueous McOH as nctdlcs (56 mg). m.p. 165-165.5” (lit.” 161-164”). (Found: C, 
69.05; H. 6-2. Cak. for C,,H,O,: C, 69.5; H, 6.1x.) I,.. 260 rnp (log E 4-02). vou(nujol) 1780 
(y-lactonc), 1715 (OAc). and 1695 (aryl CO). 880 and 822 cm ’ (1,2+aromatic trisubstitution). 
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