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Abstract-The conversion of thediterpenoid resin acid. podocarpic acid. into a tetracyclic system possessing 
a 5-membered ring D is described The unsubstituted ring with a CO group at C-IS* was prepared from the 
i3-(2’-carboxyethyl) derivative III (R = CH,CH,CO,H) in fair yield. but attempted cyclization of com- 
pounds possessing a I’-substituted-2’-carboxyethyl side chain at C-13 was unsuccessful. The C-17 ketone 
was obtained in low yield from the 13-acrytyl compound. but not at at1 from the 1Ecrotonyl compound. 
Some model experiments involving derivatives of anisole are described. 

PODOCARPIC acid, (I) with its oxygenated aromatic ring C and carboxyl group in 
ring A provides a starting material, readily available in New Zealand. for the ela- 
boration of steroids which may possess biological activity. Ring C aromatic steroids 
are uncommon. The conversion of ergosterol into such a compound has been re- 
ported,2 while the fungal metabolite. viridin(II)3 has been shown to possess a steroidal 
skeleton with an aromatic ring C. 

OH 0 OMe 
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In this paper, we describe the elaboration of a Smembered ring D in the podocarpic 
acid series, along with other synthetic approaches to this goal. Bible’ has reported 
the preparation of such a compound in unstated yield. Friedel-Crafts reactions 
probably provide the best methods for forming the 2 new C-C bonds at C-13 and 
C-14 in the methyl ether methyl ester III (R = H). initial attack ortho to the OMe 
group at C-13 is known to proceed readily with simple acid chlorides,’ but the 
formation of a second bond at C-14 might be expected to be more dificult, although 
there is analogy in the literature in the synthesis of indanone-s. 

As aromatic acylation proceeds more readily than alkylation, the ring closure of 

* Steroid nomenclature and numbering is used for all tetracyclic compounds. 
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the 13-(2’-carboxyethyl) compound III (R = CH,CH#.YO,H) appeared to provide 
a favourable route to the desired molecule. This acid was prepared in two ways. 
Reaction of the 13-propionyl compound III (R = COCH,CHJsb with sulphur and 
morpholine gave the known thiomorpholidesb which on acid hydrolysis gave the 
carboxyethyl compound. In the first of two alternative routes, the 13-acetyl compound 
III (R = Ac)~” was treated with diethyl carbonate and sodium hydride, thus effecting 
carboethoxylation to give the bketo ester III (R = COCH,CO,Et). In another 
method, this same keto ester was prepared by direct reaction of the methyl ether III 
(R = H) with ethyl malonyl chloride and aluminium chloride in nitrobenzene. 
Clemmensen reduction of the Bketo ester III (R = COCH,CO,Et) followed by 
alkaline hydrolysis, under such conditions that the tertiary axial carbomethoxyl 
group at C-4 was unaffected, gave the same acid III (R = CH2CHzCOzH) as had 
been prepared by the Willgerodt reaction. The corresponding acid chloride was 
prepared and reacted in situ with aluminium chloride in nitrobenzene to give the 
IS-keto compound IV in 4504 yield. This product was identified from analytical 
and spectral data, including IR absorption at 1710 cm-r assigned to a S-ring ketone 
conjugated with an aromatic ring. 

OMe 

Experiments were then undertaken in an attempt to prepare a C-15 keto com- 
pound with a substituent such as carboxyl or carboxyalkyl at C-17. The plan envisaged 
preparation of the 13-formyl derivative III (R = CHO) which might be condensed 
with a malonic ester, cyanoacetic ester or acetoacetic ester to give an unsaturated 
ester of the type III (R = CH==CR,R,) where Rr and R, are electron withdrawing 
groups. Nucleophilic addition on the benzylic carbon atom in a Michael reaction 
with the malonyl carbanion, cyanide ion. or the earbanion from acetoaeetic ester, 
respectively, would, after suitable hydrolysis and decarboxylation provide the 13- 
(l’-substituted-2’-carboxyethyl) derivative. Such reactions are well known in deri- 
vatives of benzaldehyde; those model experiments involving new compounds are 
briefly described in the experimental section. 

Ethyl acetoacetate reacts readily with aldehydes in the presence of piperidine to 
produce bis adducts. There was considerable uncertainty in the literature as to 

dO,Et 60, Et 

v VI 
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whether these compounds, as normally isolated, were actually 1,5 diketones fv) or 
whether they had undergone an aldol reaction to give a hydroxycyclohexanone 
(VI). Finar6 has shown clearly by IR studies that such compounds generally possess 
the latter structures and this is confirmed in the present work by an examination 
of their NMR spectra. 

Two routes to the 13-formyl compound III fR = CHO) were successfully em- 
ployed. In the first. dichloromethyl n-butyl ether was reacted with III (R = H) under 
Friedel-Crafts conditions.7 Decomposition of the relatively unstable a-alkoxybenzyl 
intermediate III (R = CHCl.O.“Bu) with water gave the 13 formyl derivative III 
(R = CHO) in 73 TL yield. The second method involved three steps but proved as 
convenient as the first. The methyl ether III (R = H) gave the 13-ethyl glyoxylate 
III (R = COCO,Et) with ethyl oxalyl chloride and aluminium chloride. Hydrolysis 
to the free a-keto acid and pyrolytic decarboxylation in refluxing aniline yielded the 
13-formyl compound III (R = CHO). Reaction of this aldehyde with either ethyl 
cyanoacetate or diethyl malonate gave the corresponding unsaturated esters in good 
yield. Addition of the carbanion from diethyl malonate to the unsaturated diethyl 
ester III (R = CH=C(CO,Et),) gave the corresponding tetra-ethyl ester as a crystal- 
line solid. Hydrolysis gave the free acid, whose NMR integral showed 4 carboxylic 
hydrogens. and this on heating at 180” showed a decrease in weight corresponding 
to the loss of two molecules of CO,. The resultant di-acid III [R = CH(CH2C02H)2] 
showed only 2 carboxyl protons in the NMR integral. However, all attempts to 
cyclise the corresponding acid chloride were unsuccessful. Alternatively. cyanide ion 
was added in a Michael reaction to the unsaturated cyano ester III fR = 
CH--t(CN)CO,Et) but attempted hydrolysis failed to yield the desired carboxylic 
acid. 

Reaction of the 13-formyl compound with ethyl acetoacetate failed to reveal any 
of the desired adduct. 

Indenones have been prepared by the acid catalysed cyclization of substituted 
cinnamic acids.* Reaction of the 13-formyl compound with malonic acid in pyridine 
containing a little piperidine at 100” for 3 hr gave the 2’-carboxyvinyl compound III 
(R = CH==CHC02H) in high yield but again cyclization was unsuccessful. 

Attention was also directed towards the preparation of a podocarpic acid homo- 
logue with a Smembered ring D possessing a CO group at C-17. 7-Hydroxyindan- 
i-ones VII have been prepared from monocyclic aromatic substrates by acylation- 
alkylation reactions involving unsaturated acids or their derivatives. In some cases, 
the initial step involves the Fries rearrangement of the phenyl ester of an unsaturated 
or halo acid. 
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Initially, the methyl ether Ill (R = H) was reacted with either crotonic acid and 
polyphosphoric acid or with crotonyl chloride and aluminium chloride in nitro- 
benzene. Both routes gave up to 7 5 ~  of the 13-crotonyl compound lII (R = 
COCH==CHCH3). Numerous attempts to effect intramolecular cyclization at C-14 
were unsuccessful. In one experiment, demethylation occurred at the (2-12 oxygen 
atom, and the chromanone VIII was isolated and identified by its analytical and 
spectral properties. The more reactive acrylyl chloride did, in fact, give a low yield 
of compound identified by spectral evidence as the tetracyclic ketone IX. 

In similar reactions, aromatic ct and ~ halo ketones have been utilised for the 
preparation of indanones. 9 The methyl ether III (R = H) was reacted both with 
3-¢hloropropionic acid and polyphosphoric acid, and also with 3-chloropropionyl 
chloride and aluminium chloride in nitrobenzene, to give the 3-chloropropionyl 
ketone III (R = COCH2CH2C1), In the latter reaction, the work-up included 
treatment with charcoal in ethanol solution and recrystallization from ethanol. 
One of the products isolated was the 3'-ethoxypropionyl compound IlI (R--- 
COCH2CH2OEt) identified by analysis and spectral evidence. However, no indanone 
was detected in the products from the attempted cyclization of the chloroketone. 

a-Bromoaralkyl ketones have also been employed in the synthesis of indan-l- 
ones, 1° and tertiary ~-bromo ketones have been shown to cyclize more readily than 
compounds containing a secondary bromo atom. In the present work, the 13- 
propionyl III (R = COEt) and 13-isobutyryl ketones IIl (R = COCHMe2) were 
treated with bromine in acetic acid to give the bromo ketone, but attempted cycliza- 
tion was unsuccessful, Dcmethylation of the C-12 oxygen function was the only 
reaction observed. 

The work reported so far emphasizes the unreactivity of podocarpic acid deriva- 
tives towards electrophilic substitution at C-14. This lack of reactivity was very 
clearly emphasized in the reaction of two C-13 alkyl compounds III (R = Me and 
R = Et) with acetyl chloride under normal Friedel-Crafts conditions. Alumina 
chromatography of the product from III (R - -E t )  t afforded three identifiable 
products: 

(a) was starting material (31 Yo). 
(b) (25 %) had m.p. 144-5-146"5 °, was analysed for C22H2803 and showed strong 

absorption in the IR at 1760 cm- 1 (CC14) or 1745 c'm- 1 (CHCI3), but no absorption 
at 1730 cm- 1 indicative of the C-4 ester grouping. The NMR spectrum showed a 
three-proton singlet at 1"95 6, ascribed to a vinyl Me group. The absence of vinyl 
proton resonances suggested a tetrasubstituted double bond. The aromatic ring 
system present in the starting material was not changed, while a broad two-proton 
singlet appeared at 3.52 6. Examination of the mass spectrum confirmed the molecular 
formula and suggested the presence of the grouping ----CO----O ~ .  On this basis, 

I 
Me 

structure X (R = Et) was assigned to this compound. 
(c) an oil, (3 Y/o) was identified as the 14-acetyl derivative (XI) from spectral data. 
In a similar manner, the 13-Me compound Ill (R = Me) was prepared by Clem- 

mensen reduction of the 13-formyl derivative and reacted with acetyl chloride and 
aluminium chloride in nitrobenzene for 3 days at 0 ° to give both starting material 
(52 %) and the enol 8-1actone X (R = Me; 27 ~). 
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OMe OMe OMe 

X XI XII 

Further evidence for the correctness of structure X (R = Et) was provided by 
hydrolysis of this lactone with methanolic sodium hydroxide which gave an amor- 
phous acidic product. Reaction of this acid with diazomethane gave an ester, m.p. 
124-1255” to which the structure XII was assigned.. Combustion analysis showed 
it to have formula C&IJz04, while in the IR it showed v, 1725 cm-’ assigned to 
ester and alkyl ketone C+U. The NMR showed signals due to methoxycarbonyl and 
aromatic OMe groups and, in particular, a 3-proton singlet at 2.17 6 assigned to 
the AC protons. The route by which acylation occurs at-C-6 is not clear. In general, 
the acylation of alkanes in inert solvents takes place through an alkene, formed by 
an intramolecular hydride shift. ” It is also possible that cleavage of the C-7,8 bond 
results in a species which can undergo acylation and reformation of the C-7,8 bond. 

XIII 

EXPERIMENTAL 

For general experimental details. see Part XII.” Chromatography was on P. Spence Type H alumina 
and NMR and IR spectra were measured for CC& solns unless stated otherwise. 

Methyl 12”methoxy-13-(2’-corboxyetltyl)podocarpS.l l.i 3-trien-16-&e (III. R = CH&HIC02H) 
(a) Via the 13-propionyl compound III (R = COEt). Methyl 12-methoxy-13-propionylpodocarpa-8.11.13- 

trien-16-oate was prepared by acylation of III (R = H) empioying propionyl chloride and AlC1, in nitro- 
benzene. The ketone had m.p. 955-96” (ikSb m.p. 103%lOSo), v, 1730and 168Ocm-‘. S 1.01 (C-15 Me). 
IQ9 (t. 3H. J = 7 c/s. C-3’ Me). 1.26 (C-17 Me). 2.87 (q. 2H. J = 7 c/s, C-2’ methylene). 3$5 (CO,Me). 
3.87 (C-12 OMe). 6.76 (C-l 1 aromatic), 7.34 (C-14 aromatic), 1_ 256,320 rnp (E = 10300,405O). Reaction 
of III (R = COEt) with morpholine and S gave the thiomorpholide m.p. 174” (lit.sb m.p. t77-1785”). 
Treatment of this thiomorpholide (1 g) with H) Y! (w/w) H,SO, (10 ml) in HOAc (5 ml) for 9 hr under reflux 
gave a product which. after chromatography on silicagel and elution with benttne-ether (19: I). yielded the 
13-(2’~carboxyerhyl) contpound as rods. from light petroleum--CHC1,, m.p. 133-134”. (Found: C. 70.65; 
H. 8.1; 0.215 C22H3005 requires: C. 706; H. 8.1; 0. 21.4%); v_ (CHCI,) 3500-2500 (acid OH), 1715 
(acid C==OI. 172Scm-’ (ester c-0). 6(CDCl,) 104 (C-15 Me). I.27 (C-17 Me), 3.68 (CO, Me). 3.81 
(C-12 OMe). 674 (C-l 1 aromatic). 6.84 (C-14 aromatic). lo-00 (C02H). 1,, 282 mp (E = 3900). 
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(b) Via the C-13 mulon~J compound III (R = COCH&O,Et); (i) From the C-13 acetyl compound III 
(R = AC). Diethyl carbonate (24 g) was added to NaH (1.18 g. 5Onh oil dispersion), followed by III 
(R = AC; 2 g)‘” and the mtxture stirred and heated under Nz for 4 hr. Chromatography of the product 
gave I2-methoxy- 13-(2’-ethoxycurhonylacetyl) podocarpa-8. J 1.13~t&n-f 6-oure III (R = COCH,CO,Et ; 
1.14 g. 47%); Y,,, I745 and 1730 (ester G=O). 1680 cm - * (aryl ketone C+O). 6 I.02 (C-15 Me). 1.22 
(3H. t. J = 7 c/s. Me of CO,Et). l-25 (C-17 Me). 366 (CO,Me). 3.78 (2H. s, C-Z’ methylene), 3.86 (C-12 
OMe). 4~14 (2H. q. J = 7 c’s. methylene of CO,Et). 680 (C-l 1 aromatic). 7.54 (C-14 aromatic). 

(ii) From the methyl ether III (R = H). Partial hydrolysis of diethyl malonate with KOH in abs EtOH 
gave ethyl hydrogen malonate in 87*/, yield. Reactron of this half-ester with phthaloyl chloride gave ethyl 
malonyl chiotide.‘3 Acylation of 111 (R = H; 6 g) in nitrobenzene (60 ml) with ethyl malonyl chloride (6 g) 
and AlCl, (5.3 g) for 3 days at 5” gave a yellow oil (3.3 g) which on chromatography yielded. in the light 
petroleum-benzene (4: 1) eluate. starting material (l-42 g) followed, in the benzene eluate. by the 13-(2’- 
ethoxycarbonylacetylf compound (I.67 g, SOY{) identical IR and NMR spectra with a sample prepared 
in (i) above. 

Clemmensen reduction ofthe t 3-(2’-ethoxycurbonyfucetyf) compound (III. R = COCH,CO,Et) 
A soln of III (R = COCH,CO,Et ; 2.8 g) in toluene (10 mf) was added to amalgamated Zn wool (12 g) 

and HCI (8M. 32 ml) and the mixture heated under reflux for 7 hr. Crystallization of the product from 
ethanol gave needles of methyl 12-merhoxy- 13~~-ethoxycur~onyfethyf)podocurpu-8.11. I3-trien-l6-oate I II 
(R = CH,CH,CO,Et; 1.9g. 68*/;;). m.p. 98+5.-100”. (Found: C. 71.3; H. 85: 0.20,2. Cz,H3,0, requires: 
C. 71.6; H. 8.5; 0. 19.9%); v,, 1730 cm-’ (ester C==O). d 0.97 (C-15 Me). I.20 (3H. t. J = 7 c/s. Me 
of CO,Et). 1.22 (C-17 Me). 3.62 (CO,Me). 3.75 (C-12 OMe). 4.06 (2H. q. .l = 7 c/s. methylene of CO,Et). 
6,62 (C-l I aromatic). 673 (C-14 aromatic). II,,, 285 rn& (E = 1340). 

Hydrofysis oj- the 13-(2’-ethoxycarbonyferhyf) compound. Treatment of the ester (300 me;) in aq MeOH 
(13 ml) with KOH (1 g) under reflux for 4 hr gave the 13 -(2’-carboxyethyl) compound. m.p. 132-133”. 
identical mixed m.p. with sample prepared in (a). 

4~-~ethoxycurbonyl~-methyi- 12+nerhoxy- 1%norundrostu-8.11.13~trien- 1 S-one (IV) 
PCI, (810 mg) was reacted with II1 (R = CH,CH,CO,H; 900 mg) for I hr at 80” to give the actd 

chloride which was treated with AICI, (510 mg) in nitrobenzene (IO mt) at 5” for 3 days. Chromatography 
of the product on alumina. elution with benzene. and crystallization from light petroleum-CHCI, gave 
needles of 4&methoxycurbonyf-4r_methyf- 12-methoxy- t8-norundrostu-8.1t.l3-trien- l5-one (IV ; 390 mg, 
45”r;). m.p 161-16lS”. (Found: C. 74.3; H. 8.0. Cz2HI,0, requires: C. 74.1; H. 7.99;); F,,, 1730 (ester 
C===O), 1710 cm ’ (aryl ketone C==O), S 1.01 (C-IS Me), 1.25 (C-17 Me), 3.63 (CO,Me), 3.82 (C-12 OMe), 
6.85 (C-D aromatic), i,,, 260, 325 mu (c: = 8500, 3560). 

Methyf f2-methoxy- 13-jormyfpodocurpu-8.11.13-trien-16- ‘e (III. R = CHO) 
(a) pia the 13-(chforomethyl-n-butyl ether) [III. R = CH(C1pBu-j. Dichloromethyl n-butyl ether 

(20.2 g) was added. during 30 min. to a cold stirred mixture of III (R = H; 26 g) and AICI, (17.3 g) in 
nitrobenzene (250 ml) After 3 days at 0” the product. isolated in the usual way. was taken up in ether and 
treated with sat NaHSO,aq for 4 days. Decomposition of the addition product gave the 13-&rmyf 
compound III (R = CHO; 22 g. ‘73%) recrystallized from aq EtOH to give needles. m.p. 123S-12SS”. 
(Found : C. 72.5; H. 8.2; 0. 19.4. C,,H,,O, requires: C. 72.7; H. 7.9; 0. 19.4 y!);); v,,, 1730 (ester cI-0). 
1690 cm-’ faldehyde C=O). 6 lQ0 (C-1s Me). 1.25 (C-17 Me). 364 (CO,Me). 3.85 (C-12 OMe). 6.75 
(C-1 1 aromatic). 7.37 (C-14 aromatic). 1002 (C-13 CHO). d, 265. 335 mp (E = 10.700, 1900). A similar 
preparation using AICI, in CS2 gave the IZformyl compound in 49 y/d yield. 

(b) Via the 13-(ethyl gfyoxyfute) (III, R = COCO,Et). The methyl ether III (R = H) was reacted under 
standard Friedel--Cra:ts conditions with ethyl oxalyl chloride to give the f3-ethyl gfyoxyfute fll (R = 
COCO,Et) as needles from aq EtOH. m.p. 112--l 13.5”. (Found: C. 685; H, 76; 0. 24.2. C,,H300S 
requires : C. 68.6: H. 7.5 ; 0. 23-85 *G); Y,, 1730 (ester C=O). 1680 cm- ’ (aryl ketone C+O), b 1.02 (C-1s 
Me). 1.25 (C-17 Me). 1.37 (3H. t. J = 7 c!s. Me of CO,Et). 364 (CO,Me). 3.78 (C-12 OMe). 4.28 (ZH. q. 
J = 7 cjs. methylene of CO,Et). 6.77 (C-l I aromatic). 7.47 (C-14 aromatic); A,, 270. 340 mu (E = 11.700. 
4500). 

Methyl I2-methoxy- I3-(glyoxylic acid)podocurpu-8. I I. 13-trien- I froute 
The ethyl ester (5 g) was heated under reflux with 2N NaOH (75 ml) for 30 mm to give the f3-glyoxytic 
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ucidIII(R = COCO,H;4g_880/;).mp. 174-176”.(Found:C.67*3; H.715;0.258.C,,H,,O,requires: 
C. 67.4; H. 7.0; 0. 25.6Od); v, (CHCl,) 3500-2500 (acid OH). 1725 (acid. ester C===O). 1675 cm“ (aryl 
ketone C=5). 6 (CDCi& 1.07 (C-15 Me). I.30 (C-17 Me). 3.70 (CO,Me). 3.85 (C-12 OMe). 691 (C-11 
aromatic). 760 (C-14 aromatic). 9.75 (C02H). A,,,- 265. 332 (E mu = 9750, 3380). 

Methyl 12-merhoxy-13-formylpodocarpa-8.11.13-trien- 16oute 
The keto-acid HI (R = COCO,H; &2 g) was heated under reflux with aniline (2 g) and water (2 ml) 

for 45 min. An ethereal extract of this product was washed with 2N HCI and water. and concentrated 
to a pale yellow oil. Crystallization from aq EtOH gave needles of the 13-formyl compound III (R = CHO, 
5.7 g. 815,). m.p. and mixed m.p. 123. 125”. identical NMR spectrum 

Model experimenis 
2~2’-Cyono-2’-ethoxycorbonyiuinyI)anisole. To 2-methoxybenzaldehyde (4.3 g) in ethyl cyanoacetate 

(3.7 g) was added piperidine (125 mg) and the soln stood at 20” for 2 hr. giving yellow needles of 2-(2’- 
cyuno-2’-ethoxycarbonyll;inyl)unisole (6.2 g. 87”/,) from aq EtOH. m.p 75-76”. (Found: C. 67.2; H. 5.55; 
N. 585. C,,H,JNO, requires: C. 67.5; H. 57; N, 6.1 ?<); v,,, 2220 (@-rutsat C==N). 1735 (ester c==O), 
1600 cm-’ (C==C). S 140 (3H. t. J = 7 c,‘s. Me of CO,Et). 3.90 (OMe). 4.35 (2H. q. J = 7 cis methylene 
of CO,Et). 8.61 (1H. s. vinyl H). 1,, 295. 355 mu{& = 13.000. 11.200). 

2-Methoxyphenylsuccinic acid. The homogeneous soln prepared by the addition of NaCN (1.6 g in 
2 ml water) to a suspension of 2-(2’~cyano-2’-ethoxycarbonylvinyl)anisole (5.8 g) in EtOH (4 ml) was stood 
at 20” for 18 hr. Addition of water (20 ml) and cone HCl(60 ml) and heating under retlux for 4 hr gave 
2-methoxyphenylsuccmic acid as needles from hot water (4.3 g. 67O&,), m.p. 175” (2it.14 m.p. 182.-184”). 

Methyl 12-methoxy-l3~2~-cyano-2’-ethoxycurbony~u~ny~)podocurpu-8.11-1 3-trien-16-oute 
A mixture of III tR = CHO; 2 g). ethyl cyanoacetate (760 mg) and piperidine (100 mg) was heated 

under rellux in benzene (20 ml) for 5.5 hr using a water separator. The crude product (2.5 g. 9’7%) was 
distilled to give the cyuno-ethoxycarbonyf compound III [R = CH=C(CN)GO,Et]. b.p 246”,%05 mm. 
m.p. 55”. (Found: N. 3.3. C25HJ,N05 requires: N. 3.3 ‘4); v,, 2210 (ap unsat C=r;N). 1730 (ester C====O). 
1600 cm-’ fC=C). 6 1.02 (C-15 Me). 1.25 (C-17 Me). 1.40 (3H. t. J = 7 c/s. Me of CO,Et). 3-61 (CO,Me), 
3.84 (C-1 2 OMe). 4.30 (2H. q. J = 7 c/s. methylene of CO,Et). 673 (C-l 1 aromatic), 7.90 (C-14 aromatic). 
850 (C-1‘ vinyl H). A_, 314, 380 mp (E = 12.600,9700). 

Methyl 12-methoxy-13-( 1’.2’-&cyano-:!‘-ethoxycurbonylethy[Ipctdocurpo-8.11.13-ttien- 16oute 
KCN (22 g) m water (18 ml) was added to the C-13 2’-cyano-2’-ethoxycarbonylvinyl compound 

(7 g) in EtOH (64 ml) and the soln heated at 100” for 2 hr. to give the dicyuna deriuutiue III [R = 
CH(CN)CH(CN)CO,Et] as an oil (5 g. 67”/,).‘6 1.01 (C-15 Me). l-13 (3H. t. J = 7 c/s. Me of CO,Et). 
1.25 (C-17 Me). 2.80 (1H. d, J = 7 c/s. C-l’ methine). 3.36 (2H. q. J = 7 c/s. methylene of CO,Et). 360 
(C02Mef. 3.80 (C-12 OMe). 4.25 (d. J = 7 c/s. C-2’ methine). 6.72 (C-l 1 aromatic), 7-02 (C-14 aromatic). 
Attempted hydrolysis of this dicyano compound yielded no pure compounds. 

Reuction of uromutic uldehydes with ethyl ucetoucetate 
The aromatic aldehydes were reacted with ethyl acetoacetate and piperidine according to published 

methods.6*‘s to give products with quoted m.p. values. The NMR spectra showed the absence of the 

COMe group. and the presence of the grouping Me-C-0 and of two different ethoxycarbonyl groups. 

I 
VI R= d 

Phenyl 
o-Methoxyphenyl 
pMethoxypheny1 
3.4Dimethoxyphenyl 

tert-Me CO&H,CH, 

1.34 0.88. 1.03 
1.34 0.78. 1.03 
1.33 0.85. 1.07 
1.34 090. 1.09 

Reaction of III (R = CHO) failed to yield any of the desired adduct 
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A soln of diethyl malonate (7.3 g). piperidine (1.2 ml) and III (R = CHO, 10 g) in benzene (150 ml) was 
heated under reflux for 4 hr under a water separator. Working up gave an oil which crystallized from aq 
EtOH as needles of methyl l2-m&oxy-l3-(2’.21-diethoxycarbonylv~y~podocurpu-8,l 1.13-trien-16-oute 
[III. R = CH==C(CO,Et),J (10.3 g. 73 %). m.p. 107-108.5”. (Found: C. 68-6; H. 7.8; 0. 23.5. C,,H,,O, 
requires: C, 68.6; H, 7.7; 0, 23.7%); v,, 1730 (ester C-V), 1615 cm-’ (C==C), 6 IGO (C-15 Me), 1.25 
(C-17 Me). 1.23 and 1.34 (each 3H. triplets. Me of CO,Et). 360 (CO,Me). 3.78 (C-12 OMe). 6% (C-11 
aromatic). 6.98 (C- 14 aromatic), 7.80 (1H. s. C-l’ vinyl), Amu 292, 345 rnp (L: = 9050, 5850). 

Methyl It-methoxy-13-( l’-diethoxycarbonylmethyl-2’.2’-diethony-8.~ 1.13-trien- 16- 
mre 

The C-13 2’.2’-diethoxycarbonylvinyl compound (I g) in benzene (5 ml) was added to a soln of sodio 
diethyl malonate [from diethyl malonate (515 mg) and Na (48 mg)) in benzene (5 ml) and the mixture 
stood on the steam bath for 24 hr. and at 20” for 3 months. Crystallization of the product from aq EtOH 
gave flakes of the tetru-ethyl ester III. R = CH[CH(C02Et),],. m.p. 92-945”. (Found: C. 64.9; H. 7.7. 
C,,H,,O,, requires: C, 64.5; H, 76:/,); v, 1755 (adiester C=Q. 1730 cm-’ (ester C+O). 6 @96 
(C-15 Me). 1.26 (C-17 Me). 3.62 (C02Fvfe). 3.82 (C-12 OMe). 660 (C-1 1 aromatic). 6.87 (C-14 aromatic). 
R,, 290 rnp (E = 3600). 

Methyl 12-methoxy- 13-( 1 ‘-carboxymethyf-2’-carboxyethyl)podocarpa-8.11.13-trien- I tiate 
[III. R = CH(CHIC02H)1] 

The tetra-ethyl ester (5 g) was heated under reflux with 50 *d KOH in MeOH (100 ml) for 2 hr. Isolation 
of the acidic component gave the tetra-acid (3.68 g. 89 T!)+ NMR spectrum integral 4H at 8-80 S (CO,H). 
The tetra-acid (2.98 g) was heated at 180“ for 1.5 hr. the decarboxylation reaction being monitored by 
the loss in weight of the starting material. to give the di-acid (2.1 g. 84%) as a glass. v,, (CHCI,) 3500-2500 
(acid OH). 1725 cm-’ (acid and ester (3-6). 6 (CD&) I.07 (C-15 Me). l-30 (C-17 Me). 3.68 (CO,Me). 
3.86 (C-12 OMe). 685 (C-l 1 aromatic). 7.21 (C-14 aromatic). 9.65 (2H. CO,H). The corresponding acid 
chloride was prepared in the usual manner with PCl, but attempted ring closure (AICI,-PhNO,) gave 
a product whose spectral properties did not indicate the presence of the desired indanone. 

Methyl 12-methoxy-13-(2’-carboxyuinyl)podoc~pu-8.11,13-trien-16-oate (III. R = CH=CHC02H) 
A soln of III (R = CHO ; 3.6 g). malonic acid ( 1.9 g), pyridine (18 ml) and piperidine (0.05 g) was heated 

at too” for 3 hr. to give needles of III (R = CH--tHCO,H; 3.4 g. 84:!). m.p. 178-1795. (Found: C. 
70.8; H. 7.7; 0.21.25. C&H2s05 requires: C.,70.9; H. 7.6; 0.21.5 “4); v,, (CHCI,) 3500-25OO(acid OH). 
1720 (ester C%O). 1690 (u$-unsat acid c-0). 1630 cm-’ (conj C=C). cli (CDCl,) 1.05 (C-15 Me). 1.28 
(C-17 Me). 3.68 (CO,Me). 3.85 (C-12 OMe). 6.52 (1H. d. J = 16 c/s. C-2’ vinyl). 680 (C-11 aromatic). 
7.72 (C-14 aromatic). 8.03 (1H. d, J = 16 c/s. C-l’ vinyl). Attempted ring closure of the corresponding 
acid chloride was unsuccessful. 

3.4-Dimethy&.krotonyfanisole 
3.4-Dimethylanisole (9 g) and crotonic acid (9.9 g) in polyphosphoric acid (60 g) were stirred at 56” for 

45 min. The soln was poured on to ice and worked up to give 3,ddintethy~-dcrolonylanisole (7.5 g. 56%). 
b.p. 1 IO-1144iQO5 mm. (Found: C. 76.6; H. 8.1; 0. 1555. C,JH1602 requires: C 76.4; H. 79; 0. 15.7%); 
v, 1670 (C===O) and 1625 cm-‘ (C==C). S 1.87 (3H. m. vinyl Me), 2.17 and 2.22 (each 3H. Ar-Me). 3.74 
(3H. OMe). 650-667 (3H. m. C-2 aromatic and vinyl H). 7.15 (1H. d. J = t c/s. C-5 aromatic). I,, 267. 
330 mp (e 8500.3860). 

Methyl 12-methoxy- 13-crotonylpodocarpo-8. I 1.13-z&n- 1 (ioate 
(a) Compound III (R = H ; 364 mg) and crotonic acid (175 mg) were added to poiyphosphoric acid 

(5 g) and the mixture stirred at 28” for 3 hr. The mixture was poured on to ice and extracted to yield the 
13-crotonyi compound III (R = COCH=CHMe; 333 mg. 75:/,). m.p. 104-105~5” (from light petroleum). 
(Found: C. 74.5; H. 8.3; 0. 17.5. Cz3HSO0, requires: C, 74.6; H. 8.2; 0. 17.3 “4); v, 1730 (ester C!=O). 
1670 (afS unsat C=Q). 1625 cm-’ (conj C=C), S I@0 (C-15 Me), I.23 (C-17 Me). 1.89 (m. vinyl Me). 3.58 
(CO,Me). 3.75 (C-12 OMe). 6.67 (3H. m. C-11 and vinyl H). 7.05 (1H. d. J = 1 c/s. C-14 aromatic H). 
A-245.274 and 335 mp (E = 14.600. tO.700.4080) 

(b) The methyl ether III (R = H ; 245 g) anhydrous AlCl, (1.8 g) and nitrobenzene (20 ml) were stirred 
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at 0” until homogeuous. Crotanyl chloride (790 mg) was added over X0 mitt, the mixture stirred for 15 
min and stood at 0” for 3 days. Chromatography of the total product gave starting material (315 rag+ 
23 T!) followed by the crotonyl compound (1.45 g. 77x), m.p, and m.m.p. 104-105~5”. 

Attempted c~c~~~~~~ of nterkyi I2-metkoxy-I 3-fforonyi~oc~~~-8.1 I, 13-r~ier~ I6-oofe 
{a) AICl&SI (a) crotonyl chloride {I gf and AlCl, (2.6 g) were added to CSz (lo ml) and the mixture 

heated to reflux. Methyl 12-methoxypodocarpa-8.1 i.lktrien-ldoate (1.96 g) was added and the mixture 
heated to rellux for 2 hr. Chromatography of the product on alumina gave(i) from light petroleum-benzene 
(1 : 1). starting materiaf (90 mg, 5 T!& [ii) from benaene. nefky~ I’~xo_3’-metky~-4’~~c~c1o~x~~~.~ : 12,- 
l3)~oc~~u-8.1 l.l3-rriert-l6-onte [VI; 617 mg. 30%). as needles from EtOII. m.p. 175-175~5”. (Found : 
C, 73.8; H. &O; 0. 18.1. C&H,@, requires: C. 74.1; I-I. 79; O.l8@%); v, 1730(ester C==O) and 1695 
cm-” (aryl ketone C=O). 6 IQ0 (C-15 Me), 1.27 (C-17 Me), 1.47 (d. J = 6 c/s. C-3’ Me). 2.51 (d. J = 7 c/s. 
C-2’ methylene). 3~65 (CO,Me), 4*16-4*65 (m C-3’ methine), 680 (C-l 1 aromatic). 7.47 (C-14 aromatic). 
R,, 264.338 rng (E = 18.500. 5450). (iii) from benzene-ether f l : 1). the 13-crotonyi compound (360 mg. 
18 Td). m.p. and mixed m.p. 104-105~5”. 

(g) Repetition of the above experiment with refluxing for 6 hr gave the chromanonc VI in 56 ‘4 yield. 
(y) Repetition at 20” for 4 days gave starting material (23 %) and the crotonyl compound (75 ‘Y,). 
(5) Repetition of the experiment as in {a) with a stream of anhyd HC1 bubbling through the reaction 

mixture gave starting material (1Q. the chromanone fl8T/i,) aud the crotonyl compound f39Q. 
fb) Attempted cyclization of the crotonyl compound with AICIJ. with HISO+ with formic acid-poiy- 

phosphoric acid, or with hydrogen fluoride gave either starting material or unidentifiable mixtures. 

Reaction of III IR = H; 3.34 g) with acrylyl chloride (X.5 g) and AlCls (3.7 g) in nitrobenxene (30 ml) 
for 3 days at 20” gave an oil (299 g) which on chromatography on alumina and elution with benzene 
yielded the androstane derivative as an oil, (118 mg 3Y/,t, v_ lf30 fester C=O). 1710 cm-’ (aryl ketone 
fC==Q). 6 192 (C-15 Me). l-25 {C-I? Me), 3.62 ICO,Me), 380 (C-12 OMel, 680 {C-l I aromatic H). 

Methyl lZmethoxy-t3g’-cklorogrupiony~~~ur~~-g.11,13-trien-i6-oate (III, R = COCH,CII$l) 
(a) The methyl ether III (R = II ; 441 mgf and 3chloropropionic acid (270 mg) in pofyphosphoric acid 

(5 g) were stirred at 35” for 75 min, to give metkyi 12-merhoxy-13-(3’-ckforopro~~~yonyl)podtlcorpa-8.11.13- 
trier+16-c&e (363 mg. 6373 as needles from aq EtOII. m.p. 90-91”. {Found: C, 675; Ii, 7%; 0. t6l. 
CI.1H29Ct04 requires: C. 67.2; H, 7.4; 0. 16.3%); Y, 1730 (ester C==O) and 1675 cm-’ (aryl ketone 
G--o), S I.02 (C-15 Me), 1.27 (C-17 Me), 3.67 (CO,Me), 3.92 (C-12 OMe), 6-80 (C-11 aromatic H), 7.44 
(C-14 aromatic H}, A, 259,323 rnlr fe = 10,200,37#). 

(b) The methyf ether III fR = H ; f h68 g). 3.chloroprop~o~yl chloride (l-8 g) and AlCIs f l-56 g) in nitro- 
benzene were stood at 0” for 4 days. Working up in the usual way gave a brown solid which was dissolved 
in EtOH and decolourised with charcoal. Addition of water gave the 13_(3’-chloropropionyl) ketone 
(503 mg. 30 %). Concentration of the ethanolic mother liquors and addition of ether gave needles of methyl 
l2-metkoxy-l3_(3’-ethoxyptopionyffpodocarpa_8,l l,I3-trien-16-o&e III tR = COCH,CH,OEt ; f4M g. 
623/,) From &OH, mp. 1255-126”. {Found: C, 71.8; H, 8.55; 0. 19-g. Ca~Hs~Os requires: C. 71.6; II. 
8.5; 0, 19.9%); v,, 1730 (ester C==Q, 1680 cm-’ (aryl ketone C==O), S 192 (C-IS Me), l-15 fC-17 Me), 
3.11 (ZH, t, J = 6 c/s, C-2’ methylene), 3.47 (2H, q, f = 7 c/s, methylene of C-3’ OEt), 365 (CO,Me), 3.72 
(2H, t, f = 6 c/s, C-3’ methylene), 390 (C-12 OMe), 680 (C-l 1 aromatic), 7.38 (C-14 aromatic), 1_ 257, 
320 mn fs = II,600,3860). 

Attempted cyclirarion of the 13~3’-ck~ru~~~~nyl~ ketone 
3Chloropropionyl chloride (29 g) was added to a refluxing mixture of III fR = H; 4962 g) and AICla 

&I5 g) in CS, (50 ml). After 6 hr the mixture was worked up to give a solid (S-13 gf which was chromate 
graphed on sifica~~. Efution with bemzne yielded needles of methyl i2-hy8toxy-f3_13’-~k~~~rup~~y~ 
podocatpu-8.11.13-tried-16-oute XIII (3.9 g, 70%) from MeOH, m.p. 10&S-109.5”. (Found: C. 66.4; H. 7.3; 
0. 17.2. CI,H2,C101 requires: C, 66.6; H, 3.2; 0. 169%); v, 1732 (es&r C==O) attd 1650 cm-” (aryl 
ketone C=O). S l-01 (C-15 Me), f.27 (C-17 Me), 3%6(COsMe), 683 (C-l I aromatic), 7.34 (GI4 aromatic). 
&- 266.346 mp (e - l3,200? 3540). 
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Methyl I2-methoxy- I3-(2’-methylpropiotzyl)podocurpa-8.11.13-trien- 1 &ate (Iii. R = COCHMe,) 
Acylation of III (R = H; 9 g) with isobutyryl chloride (3 g) in nitrobenzene (90 ml) containing AICI, 

(4.9 g) gave the 13_(2’-methylpropionyl) compound (8.9 g. 80 %). m.p. 85--87”, b.p. 26%275”,05 mm. (Found : 
C. 74.1; H. 8.7; 0. 17@. C&Hs204 requires: C 74.2; H. 8.7; 0. 17.2%); v_ 1730 and 1680 cm-‘. 6 la1 

(C-15 Me). IQ5 (6H. d. f = 7 c/s Me&H). 1~24 (C-17 Me). 3.64 (CO,Me). 3.84 (C-12 ONe). 6.75 (C-11 
aromatic). 7.18 (C-14 aromatic), A_ 257. 315 mp (E = 6900. 2530). 

Methyl 12-methoxy-13-(2’-&romo-2’-methyfpropionyl)podacarpa-8,11. 13-trien- 16-oate 
Bromine (570 mg) in HOAc (4 ml) was added to III (R = COCHMe,; 1.1 g) in HOAc (30 ml) containing 

HBr (6 drops)during 15 min and stirring was continued for 30 min. Working up gave needles (from MeOH) 
of the bromo-ketone III fR = COCBrMe,; 970 mg. 72?$ m.p. 142-1435”. (Found: C, 61G; W, 68; 0. 
14.4. C2,H,,Br04 requires: C. 611); H. &9; 0. 141 P/,); v_ 1735 and 1705 cm*‘, 6 103 (C-15 Me). 1.27 
(C-17 Me). 190 (6H. s. --CBrMe,). 3.68 (CO,Me). 3.78 (C-12 OMe), 6-80 (C-11 aromatic). 7.13 (C-14 
aromatic). I., 285 mp (E = 2850). Attempted cyclization of this bromo-ketone with AlC13-CS, was 
unsuccessful. 

Acetylation of methyl t2-methoxy- I3-ethylpodocarpa-8.11,13-~rien-l6_oate (III. R = Et) 
A mixture of cold (0”) nitrobenzene (40 ml), AlCl, (244 g) and AcCl (144 g) was stirred until homo- 

geneous. The C-13 ethyl compound III (R = Et; 4 g) was added slowly with stirring and the mixture was 
held at 0” for 3 days, The red oily product (4.2 g) was chromatographed on alumina to yield : 

(i) Light petroleum-benzene (4: 1). starting material (1.29 g. 3134). m.p. and mixed m.p. 110-l 11”. 
(ii) Light petroleum-benzene (1: 1). the enol Iactone X (R = Et; I.05 g. 25 %). m.p. 144+5-146.5”. (Found : 

C. 76.7; H. 8.1; 0. 14.2. C,,H,,O, requires: C, 77.6; H. 8.3; 0. 14.1%); v_ (Ccl,) 176O,(CHCl,) 1745 
cm-’ (yd-unsat Glactone C===O). S 697 (C-15 Me). 1.25 (C-17 Me). 1.95 (s, 3H, vinyl Me). 352 (ZH, C-7 
methylene). 3.78 (C-12 OMe). 658 (C-l 1 aromatic). 6.78 (C-14 aromatic), A_ 285 rnp (E = 3000). 

(iii) Benzene, an oil, the 14-acetyl derivative 61; 142 mg, 3 YJ, v,,,_ 1730 ester C.. .O), 1700 cm-l 
(aryl C+O). 6 1.02 (C-15 Me). 1.24 (C-17 Me) 2.37 (s. 3H. C-14 AC). 3.65 (COtMe). 3$0 (C-12 OMe). 6.74 
(C-l I aromatic). 

Methyf 6-acetyl-12-methoxy-13-ethylpodocarpa-8.1 I .13-trien-16-oate (XII) 
The lactone VIII (R = Et; 824 mg) was heated with NaOH in MeOH for 4 hr to give an orange oil 

(174 mg. 20?/,). Treatment with ethereal diazomethane gave a solid, crystallized from aq EtOH as flakes 
of methyl 6-acetyl-f2-merhoxy-13-erhylpodocarpa-8.1 l,lftrien-16-oate (XII; 122 mg. 55 p/,). m.p. 124- 
125.5”. (Found: C. 74.4; H. 8.8; 0. 173. C23H320b requires: C. 742; H. 8.7; 0. 17.2:!; v,, 172.5 cm-’ 
(alkyl ketone and ester C==O). 6 097 (C-15 Me). 1.25 (C-17 Me). 2.17 (s, 3H. C-6 AC), 366 (CO,Me). 3.77 
(C-12 OMe), 6.68 (2H. C-l 1. 14 aromatics), A,_ 282 mp (e = 2100). 

Methyl 12-methoxy-13-methylpodocarpa-8,11.13-rrien-l6-oate (III, R = Me) 
Amalgamated Zn wool (35 g) was added to a soln of III (R = CHO. 9 g) in toluene 160 ml) and 6M 

HCl (100 ml). The mixture was heated under reflux for 7 hr to give flakes of m&y1 1%methoxy-13- 
mefhylpodocarpa-8.1 l.lfrrien-16-oate. from EtOH, m.p. 115-l 16”. (Found: C, 75%; H. 8.9; 0. 15,2. 
C,,H,sOJ requires: C. 75.9; H, 8.9; 0. 15.2%); v, 1730 cm-’ (ester C==O). 6 098 (C-15 Me). 1.23 
(C-17 Me). 248 (C-13 Me). 3.63 (CO,Me), 3.75 (C-12 OMe). 658 (C-l 1 aromatic). 6.68 (C-14 aromatic). 
It_ 282 rnp (E = 2900). 

Acetylation of methyl I2-methoxy- 13-methyfpodocurpu-8.1 I. 13-trien- I6-oate 
Reaction of III (R = MC; 4 g) in nitrobenzene (40 ml) with AcCI fl.5 g) and AICI, (2.5 g) gave a red 

oil. Chromatography afforded: (i) light petroleum-benzene {4:1), starting material (2.13 g. 52 %) and 
(ii) benzene. the unsaturated iactone X (R = Me; 1.12 g. 27yd) as needles from aq EtOH. m.p. 117-I 19”. 
(Found: C. 77.0: H. 8.2; 0. 14.6. CZLHz60J requires: C. 77.3; H. 84; 0. 14.7%); v, (Ccl,) 1760. 
(CHCl,) 1745 cm-’ (y,bunsat 6-lactone C=O). 6 O-97 (C-15 Me). 1.25 (C-17 Me). l-95 (3H. vinylic Me). 
2.12 (C-13 Me). 3.52 (2H. C-7 methylene), 3.77 (C-12 OMe). 658 (C-l 1 aromatic). 6.80 (C-14 aromatic). 
1,, 280 mp fs = 4080). 

Acknowledgement-We thank the N.Z. Universities Research Grants Committee for continued assistance 
and Mr. I. R C McDonald. Chemistry Division. N.Z. DSIR for generous gifts of podocarpic acid. The 



Chemistry of the podocarpaceae-XV 2175 

mass spectra were measured by Dr. R. Hodges. Massey University. Palmerston North. New Zealand 
using an AEI MS9 spectrometer. W.B.W. was the holder of a Ph.D. Research Fellowship awarded by the 
Auckland Division. Cancer Society of N.Z.. and a Duffus Lubecki Scholarship. 

REFERENCES 

* Part XIV : G F. Burkinshaw and B. R. Davis. Tetrahedron 23.4147 (1967). 
2 C. F. Hammer. D. S. Savage. J. B. Thomson and R. Stevenson. Tetrahedron 20. 929 (1964); D Levy 

and R. Stevenson. Tetrahedron Letters No. 26. 3063 (1966). 
3 J F. Grove. P. McCloskey and J. S. Moffat. J. Chem. Sec. (Cl 743 (1966). 
4 R. H. Bible, U.S. Patent 2,759,014, Chem. Abstr. 51, 5838 (1957). Bible’s extensive work on the elabora- 

tion of podocarpic acid is given in a series of publications. cf. R. H. Bible. Jr. and W. M. Hoehn, U.S.P. 
2.889. 371 (1959). Chem. Abstt. 53. 17991 (1959) and earlier papers. 

’ * W P. Campbell and D. Todd. J. Am. Chem. Sot 62. 1287 (1940); * R. H. Bible. Ibid. 79. 3924 (1957). 
6 1. L‘ Finar. J Chem. Sot. 674 (1961). 
’ A Rieche. H. Gross and E Heft. Chem. Ber. 93. 88 (1960). 
* R Stoemer and E. Laage. Ber. Dfsch. Chem. Ges. 50.981 (1917). 
9 F. Mayer and P. Mufler. Ber. Dtsch. Chem. Ges. 60, 2278 (1927); G. BaddeIey and R Williamson. 

.I. Chem. Sot. 4647 f 1956). 
to R. W Layer and I. R. McGregor. J. Org. Chem. 21. 1120 (1956) 
I1 G Baddeley and E. Wrench. J. Chem. Sot. 1324 (1959) and Refs there cited. 
‘2 C.’ R Bennett and R. C. Cambie. Tetrahedron 23.927 (1967). 
t3 D. S. Breslow. E. Baumgarten and C. R. Hauser. J. Am. Chem. Sot. 66. 1286 (1944). 
I4 B. B. Corson and R. W. Stroughton. Ibid. 50.2825 (1928). 
l5 W. T Smith and P. G. Kort. fbid. 72. 1877 (1950). 


