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Abatr~ Prcpararron of some lacroncs from ~r~cychc or retracychc rcsm acid analogs IS dcsonbcd 

RECENI discoveries of lactonic diterpenoids such as gibberellin A, s (I),’ 7g-hydroxy- 
kaurenolide (II),’ sciadinone (III)’ and marrubiin (IV)* prompted us to study the 
transformation of resin acids into lactones. Employing compounds with an axial 
carboxyl group at C4, both photolytic and non-photolytic methods were investigated 
to obtain several 19 + 20 and 19 + 6 lactones. This paper describes in detail the 
synthesis of lactones, a part of which had been the subject of a preliminary communi- 
cation.’ 

Photolyric approach 

Photochemical lactonization reaction devised independently by Barton et al.” 

and by Petterson er al.’ is the only method now available for converting saturated 
acids directly into lactones. At the outset of this work, however, there was no report 
on the application of this interesting reaction among diterpen0ids.t although 
applications of other photolytic reactions for functionalization at C-20 had been 
published.‘- ‘I 

The starting materials employed were ( f )-desoxypodocarpic acid (Va),‘l ( f )-14- 
hydroxypodocarpa%,l1.13-trien-19oic acid (Vb),” podocarpic acid (Vd),” ( f )-14.x- 
hydroxypodocarpan-19-oic acid (XIa) prepared from the corresponding ester (X)” 
by treatment with lithium-ammonia and (+ )-lg-hydroxy-17-norkauran-19-oic 
acid (XVa). ’ 3 Firstly, the OH groups of the acids (Vb, Vd, XIa and XVa) were pro- 
tected as acetates to give acetoxy acids (Vc, Ve, XIb and XVb). These were then 
treated with thionyl chloride to give acyl chlorides (Via, VIb, VIc, XII and XVI). 
The corresponding amides (VIIa, VIIb, VIIc, XIII and XVII) were obtained in good 
yields from the acyl chlorides. 

The amides in dry benzene with lead tetraacetate-iodine reagent was irradiated by 
an 8W low pressure mercury lamp for 7-, 12 hrS and the products were processed as 

l Par1 VIII. K Mori and M Matsur. Trrtdwdron 24. 3095 (1968) The numbering sys~cm employed m 

rhrs paper IS that of R McCrmdlc and K H Overton. Adc Org Cbn 5.53 (IWS) Although the formulas 

dcprcrcd represent only one cnanlromer. they arc taken to mean a raocmare with the exceptron of dcrrvarivcs 

of podocarprc acid. 

t After the suhmrssron of our prcltmmary communtcatron. Professor P. R. JcfTcncs kmdly mformcd us 

fK M ) that hrs group had applied the same reactron to some kauranc derrvarivcs.’ 

: A longer rcacoon pcnod dcscrrbcd m the prehmmary commumcarron was found IO bc unnecessary. 

WC arc mdcbrcd IO Professor Perterson for hrs suggestion 
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described by Barton et 01.~ The lactone fraction thus obtained from (2 )desoxy- 
podocarpamide (VII ) a was found to be an oil and was chromatographed on alumina 
to give expected lactones VIIIa and IX in 2 3 and 8 -12% yields, respectively. The 
assigned structures were confirmed by comparisons of their spectra with those of 
optically active authentic sampks prepared from abietic acid through an entirely 
different route by Tahara et 01.~ Recrystallization of the lactone fractions obtained 
from the amides VIIb and VIIc gave lactones VIIIb and VIIIc in 12 and 5% yields, 
respectively. In these cases no y-lactones were obtained Jones oxidation” of the 
lactone fractions obtained from the amides XIII and XVII gave keto lactones XIV 
and XVIII in 3 and WA yields, respectively. Here, too, no y-lactones were obtained 
contrary to the observation with the simplest amide VIIa. Jefferies et al.” obtained 
an optically active lactone (XVIII) and converted it to a compound (XIX) with 
gibberellin-like activity. 
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Several speculations are possible to account for the observed dilference between 
the reaction of (-&)desoxypodocarpamide (VIIa) and these of other amides (Vllb, 
VIIc, XIII and XVII). Steric factors in cases of the amides (VIIb, XIII and XVII) or 
energy barriers to the required transition states in cases of the amides(XII1 and XVIII) 
may prevent the formation of y-lactones.* No conclusive explanation, however, can 
be given at present. 

The IR and NMR spectral properties of the lactones are listed in Table 1. The NMR 
sptra of the Glactones can be classified into two types. Those with aromatic C ring 
show singlet (VIIIa) or slightly split doublet (J = 15c/s, VIIIb and VIIIc) for the 
C-20 mcthylene protons, while those with saturated C ring show quartets where the 
downfKld half of each quartet exhibits long range coupling of J = l-5 c/s through 
4u bonds. Analogous quartets for the angular methyltne protons of kaurane deriva- 
tives and sciadinone derivatives were observed by Jefftries et al.* and by Sumimoto 

l lnspccuon da mokculor modd sugpts rha~ a conforma~~oo with boat-boa1 A/B rings - (0 be 

the most stabk one among the possibk conformations of the Iuxonc IX. 
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and Kondo. ” The latter authors also found that the angular methylene protons of a 
keto ester (XX) shows a two-proton singlet.‘6 

Photolysis with t-butyl hypochlorite as a halogenating agent6 gave a poor result 
and no further attempt was made to improve the yield. 

TARI.I. I. fR Ah-V NMR DATA OF l-IV b-I.AC-rO%IS 

c, (cm- ‘j of lactonc <‘=O 
Compd - 

Nujol CHCI, soln. 
._ 

Villa 17.34 1732 
Vlllb 1700 17.30 
Vlllc 1710 1730 
XIV I724 1730 
XVIII 1730 173x 

&pm from TMS. 100 MC. CDCI,) of C-20 <II, 

HA H, J AB 
. 

4.36 (2H. s) 0 
4.32 (2H. d. J = I.5 c:s) 
4.24 (2H. d. J = I-S c.s) 

4.59 (J,,., 2.0~‘~) 4.15 12 
5.16 (J,,,, 2.0~~) 4.14 12 

Non-photolyric approach 
Since the photolytic method was proved to be unsuitable for the preparation of 

19 4 6 lactones, another route to the desired y-lactones was investigated starting from 
esters (XXIIIa and XXIIIb) with aromatic C ring. Recent successful conversion” 
of methyl A6*‘-dehydrodehydroabietate (XXI) to a lactonc (XXII) was encouraging 
for our study. 

Methyl (+)desoxypodocarpate (XXIIIa) in acetic acid was heated with lead tetra- 
acetate to give an acctoxy ester (XXIVa) contaminated with the starting material. 
This crude mixture dissolved in acetic acid was heated under reflux to effect elimination 
of the acetoxyl group. The desired unsaturated ester (XXVa) crystallized. Perbenzoic 
acid oxidation of the olefin (XXVa) gave crude crystalline epoxide (XXVI) which, 
without further purification, was hydrogenolyzed over Adams’ platinum oxide. 
The resulting crude hydroxy ester (XXVIIa) was heated for 2.5 hr with methanolic 
potash to give crystalline hydroxy acid (XXVIIb). Under these conditions only the 
hydroxy ester could be hydrolyscd’ and the contaminating ester (XXIIIa) could bc 
removed as neutral fraction. Since the hydroxy acid (XXVIIb) showed no tendency 
to lactoniz spontaneously, the OH group was considered to bc 3~ and equatorial 
and accordingly the epoxide ring of the epoxy ester (XXVI) was considered to be 3~ 
This is in accord with the known inaccessibility on the f34ace of the podocarpanoid 
diterpenes. Treatment of the hydroxy acid (XXVIIb) with methanolic hydrochloric 
acid as described by Tahara et al.’ gave the desired y-lactone (IX). 

The transformation of the methoxy ester (XXIIIb) to 19 + 6 lactone was attempted 
in the same manner as described above. Lactones such as XXX111 and XXXVI were 
thought to be promising intermediates for the synthesis of kaurenolidcs. Acetoxylation 
of the ester (XXIIIb) gave an acctoxy ester (XXIVb) as crystals, which was heated to 
eliminate the acetoxyl group affording an unsaturated ester (XXVb). This was oxidized 
with perbenzoic acid to give a mixture of two diastereomers of the diol monobenzoate 
(XXVIIIa and XXVIIIb) in 16 and 15% yields, respectively. Defaye-Duchateau also 
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observed the formation of diol monobenzoates from the unsaturated ester (XXI). 
They were obviously derived from an intermediary 6,7cpoxide. The stereoformulas 
tentatively assigned to the two benzoates are based on the following facts. (i) Both 
of them gave the same hydroxy ester (XXIX) upon hydrogenolysis over PdC. 
(ii)Since the hydroxyacid(XXXV)derivedfrom thebenzoates(XXVIIIaand XXVIIlb) 
showed no tendency to lactonize spontaneously, the C-6 OH group was u and 
equatorial. (iii) The epimer (XXVIIIb) with a quasiaxial benzoxyl group was more 
easily eluted from alumina than the quasiequatorial epimer (XXVIIIa). (iv) Com- 
parisonoftheIRspectraoftheepimersXXVlIIa(36OO(OH). 1720(OCOC,H,)cm ‘I) 
and XXVIIlb (3500, 1700 cm ‘) indicates the existence of intramolecular hydrogen 
bonding in the latter. NMR measurements did not afford clear-cut evidence for the 
assigned configurations, although a small high-field shift (0.1 I ppm) of the angular 
Me resonance was observed in the case of XXVIlla compared with that of XXVIIIb. 

The hydroxy ester (XXIX) was oxidized with chromic acid to give the corresponding 
keto ester (XXX) which was demethylated with hydriodic acid in acetic acid. The 
resulting phenolic acid (XXXI) was ester&d with diazomethane to give a phenolic 
ester (XXXII). This was hydrogenated over Raney nickel T-l ‘* in hope of obtaining 
a dihydroxy ester with saturated C ring or a hydroxy lactone (XXXIII). Unfortunately, 
extensive hydrogenolysis of the C-6 OH group took place to give the known hydroxy 
acid (XI) as the major product (74% yield).* The minor oily neutral product (8%) 
absorbed at 1780 cm-’ in the CO region of the IR spectrum which was probably due 
to the desired lactone (XXXIII). No further attempt was made to isolate the lactone 
(XXXIII) in pure state in view of the disappointing yield. 

Finally, efforts were directed to the preparation of the lactone(XXXV1). As reported 
by Tahara et aLY the C-4 axial ester, which is usually resistant to hydrolysis, can readily 
be hydrolysed when there exists a OH group at C-6. So the benzoxy ester (XXVIIIa) 
was converted to a dihydroxy acid (XXXIV). This, upon Birch reduction, gave a 
hydroxy acid (XXXV) which was also obtained from the hydroxy ester (XXIX) by 
alkaline hydrolysis. This acid was correlated to the keto ester (XXX) via a keto acid 
(xxxvII). Lactonization of the hydroxy acid (XXXV) under acidic condition was 
unsuccessful, although it worked well for the hydroxy acid (XXVlIb) without C-14 
OMe group. The only product was a resinous acid instead of the expected lactone 
(XXXVI). This suggests that the C-6 OH group of the methoxy acid (XXXV) sufkrs 
@elimination far more easily than that of the acid (XXVllb).t 

l Hydrolysis of the axral cslcr group durmg the hydrogcnolysls suggests the partlclpatlon of the Cd 
OH group generatat by the reduction of the C-6 CO group 

+ We could nor conver( a diol (i) obtamcd from previously dcscnbcd unsarurawd csler (10 by hydro- 
boratlon-oxidation. IO this keto acid (XXXVtt). 



D~~crpcno~d roral synthals- IX 3119 

EXPERIMENTAL 

All m.ps arc uncorrected. 

( f )-14-A~erox~-5~I~-~~~~-g,l1.13-rrien-IQoic acid (Vc) 

Theacid Vh(5g)dlssolvcd In pyrldtnc(l2Oml) was mtxcd with Ac,0(100ml) Thcm~xrurewas healed on 

a boiling water bath ror 2 hr and concentrated in m-w. The residue was dissolved in THF (60 ml). mIxed 

with sat NaHCO,aq (80 ml) and stlrrsd and heated under rcflux for 20 min. Then the mixture was acidikd 

with dil HCl and extracted with EIOAC. The extract was washcd with waler and sat bnnc, dried (MgSO,) 

and conozntratai in wzcuo to give 5 g (90”/,) which rccrystallizal from ErOAc as small prisms, m.p. 210-2 12. ; 
Y,, (NuJoI) -3200 -2400. 1775. 174O(sh). 1710. 1610. 1574. 1198. 1188. 727 cm ‘. (Found: C. 7l+U.I; 

Il. 7.67 C,,H,,O, rquircs: C. 72.12; H. 7,659,). 

0-Acefylpodocotpic acid (Ve) 

This was prepared in the manner described for Vc in 85”, yield Recrystallization from EtOAc petrol 

gaveroscttcsofnccdla.m.p. 180 lg?“;v,(Nujol) -3200 ~2400.1770.17CQ 1612.1585.1216.1202.1170 

cm ‘. (Found: C. 7201: H. 7.50. C,,H,,O, requircs~ C. 72.12; H. 7.65%). 

( f )-DesoxypodcKclrpomide (Vlla) 

Tblonyl chloride (20 ml) was added to a soln of Va (12 g) tn purified CHCl, (350 ml). The mixture was 

heated under rcflux for 30 min. left 10 stand for 4 hr at room temp and concentrated in vurw. The ratdual 

only crude Vla was dissolved In dry benzene (100 ml) and added dropwIse to stIrred and iacookd ether 

(350 ml) previously saturated with dry ammonia at O- 5’ under a slow stream of dry ammonia during 

30 mm. After the addition. the mixture was stirred for 30 mm at 0 5‘ and left overnight ar room temp. It 

was then washed with water. dil NaOHaq and SBI brine. dried (K,CO,) and concentrated in rocuo IO gtvc 

I I.8 g (999,) which rccrystallvbd from THF n hexane a prisms, m p. 175 176. ; Y__ (Nujol) 3510. 3340. 

3290. 3160. 1680. 1612. 763, 733 cm-’ d (ppm from TMS at 100 MC. CDCl,) I.21 (3H. s)_ I 31 (3H. s) ca 

290 (2H. m) ca 5.85 (2H. broad) 7.17-7.26 (4H). (Found: C. 78.87; H. 866: N. 5.11. C,,HI,ON rcqulrcs. 

c. 79.33; H. 901; N. 5449,). 

(-)-14-Areror~5~1~-~~~~-8.1 I.l3-rrcen-IY-au ucid umide (Vllb) 

The acid Vc (4.5 g) in CHCI, (100 ml) was trcakd with SOCI, (20 ml). The mixture was kft at room tcmp 

for 2 days and concentrated in mcuo. To a stirred soln of the residual oily acyl chloride in bcnznc (160 ml) 

dry ammoma was passal at 5 10‘ for I.5 hr with stirring The mtxturc was poured into HCI NH,CI 

bullcr and extracted with EtOAc. The cxtracl was washed wirh water and brine. dried (MgSO,) and 

concentrated in LQ~ICUO to give 3.4g (75%) which ra-rystallizcd from EtOAc as prisms. m.p. 196-197’; 

v,(N~~ol)3490.3180. 1770.1672. 1610. ISgO. 1210. IMO. 1162cm-‘. (Found.C.71.62. H. 7Ro; N.4.57. 

CIPH1,O,N requires: C. 72 35; H. 799; N. 444”;). 

0-Acerylpodocmpantde (Vllc) 
This was prepared m the manner described for Vllb in 76% yield and rccrystallizd from EtOAc- petrol 

as needles. m.p. IOn 110 ; Y,, (Nujol) 3480. 331u). 3300. 3220. 1762 1670. 1612 1580. 12lg. 1170. IOU). 

895cm“. (Found: C. 71.R9; H. 7.g5; N.4.19. C,,Hz,O,N requires: C. 72.35; H. 799: N.4449J. 

(f)-~1fydro,xy-~l0~~~~~-8.1 I.l3-rricn-19-ok acid 19 + 20 koru (Villa) and ( : )+hydro.xy- 

5~.l~-podocarp-8.11.13-frkn-19-oic cud 19 - 6 locrone (IX) 

A soln of Vlla (I g). I, (3 g) and lead tctraacetatc (5 g) In dry bcnzenc (140 ml) was irradiated with an R-W 

low press Hg lamp for 4g hr. (The lamp was immersed in the soln.) The mixture was fikral and the filtrate 

washed with water. NaHSO,aq and water, dried (MgSO,) and conozntratai in L‘-. The restdual gum 

was dissolved In 95’. F.tOH (40 ml). mixed with KOH (2.5 g) in water (IO ml) and heated under rcflux for 

2 hr. The soln was concentrated tn wcuo. diluted with water and cxtractai with ether to remove the neutral 

fraction. The aqueous layer was acidified with HCI and heated on a boiling water bath for 2 hr. After cooling. 

it was extracted with ether. The extract was washed with water. NaHCO,aq and sat hnnc. dried (MgSO,) 

and conccntratcd tn wcuo. The residual 011 was chromatographcd on alumina (I.5 x IS.5 an) in petrol 
and the following Iractions of 200 ml were collcctcd Fraction No I (petrol :ethcr = 9.1) was an oil (62 mg). 

Fraction No. 2 (same cluant) was also an oil (21 mg). Fraction No. 3 (same cluant) was the crystalline 

y-lactonc IX (Ro mg). Fraction No 4 (petrol :cthcr = I : I) was the crystalltnc &lactonc Villa (I I mg). 
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Fraction No. 5 (ether) was also the d-lactone VIIla (X mg). Fractions 6 g(cthcr) wcrc gums I’raction No. 9 

(EtOAc) was the 6-lactone Villa (5 mgl. The exptrimcnt was repeated for 7 ttmes The average yields of the 

lactoncs wcrc R l2”, for IX and 2 3”” for Villa. The &lactonc (VIIIa) crystallized from EIOAC ether 

as nccdks. m.p. 149 15tY, Y_ (Nujol) 1734~1164,1143,1135.1120.1040,758.742;(<~1iCI,) 1732(1?24 sh). 

1165.1160.ll45.1138.1125.1045cm * ; 6 (ppm from TMS al 100 MC, CDCI, soln) 1.35 (3H. s). 2.% (2H, 

m). 4.36 (2H. Q7.20, ?,2ll(4H). The solution IR was identical with that of an authenttc optically active sample. 

(Found: C. 79.49; H, 7.38. C,,HJpOz requires: C. 7965: H. 7,W6”,). The y-lactonc (IX) crystallizzd from 

EtOAc-petrol as elongated prisms. m.p. 13R I39 ; Y, (IriUJOl) 176g.1195. 1178. I 114,104O. 1005,765.735; 

(CHCI,) 1772. II&i, IfIS. 1044, 1006cm ‘; 6 (ppm from T.MS at 100 .Mc, CDCI, soht) I.I6 (3H, sf. I.32 

(3H. sl, 3.12 365 (2H. m) 5.13 (IH, m) 7.21 (4H). The NMR spectrum was superimposable to that of an 

authentic sample. (Found : C, 7965; ii, 7 43. Ct -Hr,Oz requires C. 79 65; 11. ?%6”,). 

A soln of VIIh (1 g). I, (3 g) and kad tetraacetatc (5 g) rn dry benzene (160 ml) was irradiated with art 8-W 

low press Hg lamp for 12 hr. The mixture was tittered and the filtrate was washed with water. NaHSO,aq 

hisuffirv and water. dried (MgSt),) and concentrated in raruo. The residual gum was dissolved in 95”. 

EtOH (50 ml). mixed with KOH (3 g) in wsatcr I IS ml) and heated under rcllux for 2 hr Then the soln was 

saturated with CO, and extracted wtth ether to remove weak acid fraction. The aqueous layer was acidified 

with HCl and heated on a boiling water bath for .3O min. After cooling. it was extracted wrth ether. The 

extract was washed with NaHCO,aq, dried (MgSO,) and evaporated m raruo to give 117mg (I?“,) 

which rmystalliral from EtOAc-Rctrol as prisms. m.p. > 240 ; v__ (Nujol) 3360. 1700. 15xX. 1276, 1174. 

103.5; (CHCI,) ca 3650. 1730, 1588. 1276. 1160. 1138. 1122. 1035 cm-‘; 6 (ppm from TMS at la) MC. 

CMCI, soln.) 1.34 (311. 5). 4.32 (?H, doubled doublet). (Found: C, 74.45; H. 7 28. C,.H,,O, rqutres: 

c’, 74-97 : If. f&P,). 

2@Hydro.xypcdocurpic arid 19 -+ 20 lacrone (VIIIc) 

This was prepared in the manner described for VIIIb m 5”, yield. Recrystallization from ErOAc gave 

prisms, m.p. 228 230 ; I_. (Nujol) 3310. 1710. 1622 1585. 1168. It 32. 1028, (CHCl>) ca 3650. -3366, 

1730, 1612, 1590, 1162 1130. 1034 cm ‘, 6 (ppm From TMS at 100 MC, CI?Cl, soln) I-30 (3H, s). 4.24 

(ZH, d. J _ 1 5 c;s). (Found: CT, 7446; H. 7.32. C,,H,,Os rcquircs: C. 74.97; H. 74@,,). 

was added to liquid ammonia (140 ml). Na (2g g) 

nc bath. After 1 hr Li (OS g) was added and the 

H (20 ml) was added to destroy the exocss metal 

vc ammonta. The solvents were removed in rticuo 

arcing ester X 12.7 gl was rccovtmd from the ether 

and extracted with EtOAc. The extract was 

washod with sat brine, dried (NaISO.) and evaporated in rucuo to give XIa (I.7 g. 399$ Thus was rccrystal- 

Ii& from McOll EtOAc as prisms, m.p. 278 280 : Y_, (Nujol) 3340. _ 2600. 1694. 1052.920.743 cm ‘. 

(Found: C. 72.74; II, 9.96. C,,HIsO, rquircs: C. 72.82; H. IIHKP,). 

(+ t_141-Acernxr5zXB,911OP_podocarprm-i9-(ti(- acid (Xlb) 

This was prepared in rhc manner dcscribcd for the preparation of Vc in S7”,b yield. Rqrystallization from 

McOSt EtOAc gave prisms. m.p. 253-254 ; hs_ (NuJ~I) - 2600, 1734. 1692 1238. 1050. 1025. %lt cm’ ‘. 

(Found C. 7099, H. 9.31 C,+HsOO, rquircs: C. 7077; II. 9.38”,). 

(T )-l~~Acetnx~~5~8~,9zlOB-p6doccypan-19-aic arrd anti& (XIII) 

This was prepared tn the manner dcscribcd for the preparation of Vllb in 760, yield and recrystallilxd 

from EtOAc as leaflets. m.p. 242.,244 ’ ; Y_, (Nujol)3440.3120,17l6,1670,1610.1250.1&48,1026.%5cm’ ‘. 

(Found: C. 71.50; H. 9.83; N. 4.22. CIPH,iOJN rquim: C. 7099; H, 9.72; N. 4.36O<). 

f = ~-14-O.~o-~h~dmx~-5~8~.9~1OB_~~atpm-l9-oir acid 19 - 20 lactow (XIV) 

A soln of XIII (68s mg). I, (3 g) and lead tctraacctate (5 gl m dry bcnxcnc (160 ml) was irradtatcd wcth an 

8-W Iow press Hg lamp for 7 hr. The mixture was filterccI and the liltratc was washed with water. sat 

NaHSO,aq and sat brine The residue obtained after removal of bcnlrcne was dissoivcd in 955” EtOH 
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(SO ml) and nuxcd wfth KOH (3.5 g) tn water (IO ml). The soIn wm rclluxcd for I.5 hr and then concentrated 

in racuo. The residue was dtlutcd with water and extracted with ether to remove the neutral fraction. 

The aqucom layer wBg acid&d with HCI and heated on a boihng water bath for 30 mtn. After cooling it 

was extracted with ether. The CXI~ICI was washed with NaHCO,aq and conccntratcd. The residue in 

acetone (30 ml) was oxtdized with the Jona reagent (0.3 ml) at room temp for IO min. MeOH was added 

IO rhe mtxturc IO datroy cxozs oxidant. Tbc reaction mlxturc was diluted with water and extracted with 

ether. The extract was washed wtth NaHCO,aq. dnal (MgSO,) and concentrated to give 20mg (P,) 

which crystalL& from EtOAc,-petrol as prisms. m.p. I63 164 . v,, (Nujol) 1724. 1706. 1142cm ’ 
6 (ppm from TMS at IO0 MC. CDCl> soln) I.19 (3H. s). 4 IS (IH. d. J - 12). 459 (IH. d. J - I? c’s) 

(Found: <‘, 73.52; Il. 8.58. C,-Hl,Oz rcqutres: <‘. 73.88; H. 8.75”“) 

( + )_16~-Ar~fox~~I7-nr~rknuran-l9-oir arid (XVb) 

The acid XVa (8gO mg) dlssolvcd m dry pyrldinc (30 ml) was mixed wfth Ac,O (30 ml) The mixture was 

lcf~ at room tcmp for 2 days and concentrated fn f*ocuo. The restdual ml (acetylatcd mixed anhydride) In 

Tl1F (20 ml) was stirred with SBI NaHCO,aq (.w ml) at room tcmp ror 3 hr. The mtxtum was acidilicd with 

HCI and extracted with EIOAC. TIC extract was washed with water and brine. dried (MgSO,) and evapor- 

ated in wcw~ IO give I GO9 g (99Q of the acetate which crystallized from EtOAc petrol as elongated prisms. 

m.p. 226 22R ; Y,, (Nujol) 3300 4 2400.173X. 1700.126x. lO3Ocm- ‘. (Found: C. 7244; H.8.97. C2,11&. 

requires: C. 72 RO. Il. g 73”,) 

( : )-16~-Acrfor~-I7-~rkouron-I9-oir acid amide (XVII) 

The acK1 XVb (950 mg) dissolved in purified CIICI, (20 ml) was mixed with SOCI, (I2 ml) and left ovcr- 

mght at room tcmp and then concentrated In f’ucuo IO give crystalline XVI; v_, (NuJo~) 1798. 1736. 1265. 

1030.835 cm _ '. 111s was dtssolvcd In dry bcnznc (IO0 ml) and dry NH, was pa.sscd into the starred soln 

for I 5 hr at room temp. The benzene soln was washed with NH,CIaq and sag brine. dried (MgSO,) and 

evaporarai to gfvc g32 mg (gP/,) of the amide which crystallized from EIOAC-petrol as prisms, m.p. 

215 216’; Y_, (NuJo~) 3470. 3360. 3195. 1740. 1650, 1606. 1252. 1035 cm”‘. (Found: C. 72.61; H. 9Og; 

N. 399 C1,H,,O,N requires. C. 7300: 11.9.05; !G:. 405’4). 

The amtdc XVII (Ho0 mg). I, (3 g) and lead tctraaatate (5 g) were dissolved in dry benzene (160 ml) 

and frradtated with an 8-W low press Hg lamp for 48 hr. Subsequent treatment as dcscrlbed tn the prcpara- 

tion of XIV gave l39mg (HpO) of XVIII. Rccrystalhzation lrom EtOAc petrol allbrded prisma m.p. 

201-202 : vu, (Nujol) 1742. 1730, 1145. 1038: (CHCI,) 1738 (broad), 1148. lO4Ocm ” ; 6 (ppm from TMS 

at IO0 MC. CDCI, soln) I.20 (3H. s). I.98 (2H. d. I = 2 c:s. C-IS mcthyknc). 4.17 (IH. d. J,, = 12 c.s). 

5~18(llI doubled d. J,,,,,, 15~‘s. JAB - I2 c’s). (Found: C. 75 33; H. 8.74 C,PH,,O, requires: C. 75.46; 

II. 8.67”“) 

Mcrhyl ( f ~75-Acnox~-Sz.l~-podocorpa-X.1 I.I3-frirn-19.oafe (XXIVa) 

Compound XXllla (5 g) and lead tetraacctate (9.7 g) wcrc dtssolval in AcOH (2X ml). The soln was 

sttrrcd and heatal on a bothng water bath lor 2 hr under N, atm. After cooling. the mixture was diluted 

with water and extracted with EIOAC. The extract was washed with water. NallCO,aq and brine. dried 

(MgSO,) and concentrated IO give an otl(5.7 g. 93.8”,). This was trfturatal with McOH to give crystallme 

powder. Recrystallized sample melted at lO2- 103.; v,, (Nujol) 1700. 1230. 1175. 1140, lom. 760 cm ‘. 

(Found: C, 7646; Il. g.21 C,,H,,O, requtrcs. C. 72 70; H. 7.93’4). Thts powder was a mixture of the 

desucd acetate and the srartmg material 

Mefhpl ( : )-5zl0~-p~dorarpa-6.8.l I.1 3-rrfruen-l9-oufr (XXVa) 

A coln of rhe crude XXlVa (5 g) in A&H (12Oml) was heated under rcflux for I5 hr. The solvent was 

rcmovcd fn ~ucuo and the residue was trlturated with M&H IO pve a crystalline product One rccrystal- 

hzatlon from MeOH vinually ehminatcd the contaminating impurity and pure unsaturated XXVa 

(2 3 g. 639,) was obtamcd An analytical sample m&cd at 93.5 94 ; Y_ (Nu~ol) 1725. 1220. 1200. IISO. 
76Ocm ‘.* . ,,,(E10H)263 mw(r8400).(Found: C.7999: H.&l9 C,,HIIO, requires’ C. 79,%; H.g,ZO”;). 

.Wrfhy/ ( f ~6~7~-o.~rd0-5~1~-~odocwpo-8.1 I.13-fri~nn-19-c~r~ (XXVI) 

To a soln of XXVa (4.65 g) in CHCI, (160 ml) pcrbcnzoic acid (9 g) was added at 0.5 The mfxturc was 
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left m a rcfrrgcrator for 4 days. The rcactron mixture was washed thoroughly with KxCO,aq carbonate. 

dried (MgSO,) and evaporated to give an oil. This was trnuratcd with McOH IO give crude epoxidc 

contaminated with the starting material (2.8Sg 53.2%). A rccrystallizcd sampk melted at 9QS 91.5 : 
Y_ (Nujol) 1725. 1230. 1193. 1lS5.985.gOS. 770.753 cm ’ ; i_ (EtOH) 266 mu (c 2600). 

M&J/ ( f )-6z-hydror~Sz.lO~-pod oc~rpo-8.11.13-1rirn-19-cw1c (XXVlla) 

‘The crude XXVI (I.6 g) dissolved in THF (25 ml) and McOH (25 ml) was hydrogcnolysal over Adams’ 

PIO, (100 mg). The H, absorption (152 ml) ceased after 5 hr. The catalyst was tiltcred off and the frltratc 

was concentrated in wcw to give H)o mg of crystals and 700 mg of an oil. The crystalline material was 

shown IO be XXlHa generated by rhc saturatron of the 6(T) doubk bond of the unsaturated ester XXVa 

contaminated in the startmg material. The 011 could not be mduazd IO crystalhz cvcn after chromatography 

on alumina and employed for the next skp wuhout further purrficatron 

(= )-631-ilgdruxy-S~l0~~~u~~~~,ll.l3-rricn-l9-oi~ orrd (XXVllb) 

Thccru&XXVlla(600mg)and KOH(2~4g)wercdissolvcd in McOH (4Oml). Thcsoln waxhea~cd under 

reflux for 2 5 hr. and then concentrated in LWUO. The rcsrdue was drlutcd wrth water and extracted wrth 

ether to rcmovc neutral matcrral. The ether extract contained HO mg of XXllla contained in the startmg 

material as a contaminant, The alkaline aqwous layer was aaditicd with HCI and cxtrac~od wrth ether. The 

ether extract was washed wrth water and sal brine. drrcd (MgSO,) and concentrated IO give 370 mg (63%) 

of crystalline acrd. A sampk recrystallized from MeOH melted at lg3-lg4 ; vYx (NuJoI) 3570. _ 2600. 

1690. 1675. 1283. 1250. 1072. 10%. 970. 760. 738 cm ‘. (Found: C. 74.75; H. X.37. C,,H,,O, rcqurrcs. 

C. 74.42 ; H. X08°~0,,. 

To a soln of XXVllb (450 mg) in MeOH (228 ml), 15”: IICl(9g ml) was added. The mrxture was heated 

under rcflux for 1 hr. Then MeOH was removed in rucuo and the aqueous layer extracted with ether. The 

ether extract was washed with NaHCO,aq and brine. dried (MgSO,) and concentrated IO give 170 mg 

(45”;) of ~hc crystallmc lactonc. m.p. 128- 129 (crude). identified wrth an authentrc sample prepared by the 

photochemtcal method by comparr.son of IR and NMR spectra. 

Methyl ( f ~7~-ac~oxy-14-nuthoxy-S~l~~~odocarpo-8,ll.l3-rrkn-l9~c (XXIV%) 

To a suspension of pure XXHlb (4.2 g) in AcOH (30 ml) lesd tctraaatate (70 g) wax added. The mixture 

was stirred and heated on a boiling water bath for 30 mm under N, atm. During this period rhe cater 

dissolved compktely. After cooling, water was added IO the solo The crude ppt (4.1 g. 82%) was colkcted 

on a filter and recrystallized from EtOAc-McOH ax elongated prisms, m.p. 16>166”; v_ (Nujol) 1736, 

1725 (sh). 1600. 1582. 124Oat1-~. (Found: C. 7019; H. 7.75. Cs,H,,O, requires: C, 6997; H. 7.83%). 

Merhyl(f ~14-nurhoxy-5~1~-~odocmpo-6,8,11,13-1crr~1-19-oo1c (XXVC) 

A soln of XXlVb (3.7 g) in AcOH (100 ml) was beared under reflux for 16 hr. TIK solvent was removed 

in wcuo and the residue wax dissolved in EtOAc. The EtOAc soln was washed with NaHCO,aq and brine. 

dried (MgSO,), dccobrizod with charcoal and concentrated to give 30 g (W/,) which rccrystaRixed from 

McOH ax nccdka, m.p. 89-90’; v, (Nujol) 1732. 1634. 1590, 1262 1220. 1143, 1055. 764 an-‘; A;, 

(EtOH) mu (c) 267 (7300). 298 (3900), 309 (3600); d (ppm from TMS at 100 Mz CDCI, soln) 085 (3H, s, 

C-IO- CH,), 1.28(3H.s.C 4CH,).2,32(lH,d.J - 3C--SH),364(3H.s.CO,CTi,),3~78(3H,rOCFi,). 

640.6+0(1H.doubkddd.C 6HJ,,,- 3cis.Jb.t - 10 c!s). 665-7.15 (4H. arom. H + C 7H). (Found: 

C, 76.20; H. 7.87. C,vHx,O, requires: C. 75.97; H. 8059:). 

Mcrhyl (~)da-hydr~xy-7~-&ruoy~oxy-14-mrrhoxy-5~10&~~oducmpo-8.1 1.13~rrin-19-wrc (XXVlHa) Md 

irs ‘la-isomer (XXVIIlb) 

To a soln of XXVb (31)g) in CHCI, (90 ml) at 0” perbenxoic acid (2.5 0) and benxoic acid (I.5 g) was 

added. The soln was kft for 4 days in a refrigerator. rhen waahcd with K,CO,aq, dried (MgSO.) and 

conamtntcd in vocuo. The residue. when triturated with MeOH. gave 730 mg (l67/3 of XXVllla This was 

rccrystallixed from EtOAc .petrol as prisms, mp. 201-202 (dcc); v, (Nujol) 3600 (DO chelation). 1730. 

1720. 1600.1590. 1276. 1056.718.710 cm ’ ; d (ppm from TMS at 100 MC. CDCl, soln) 109 (3H, s, C-IO 

CH_,), I.45 (3H. s. C-4 CM,). 369 (3H. s). 3.74 (3H. s), 462 (1 H, q, I,,,,. - 10 c/s, J,. = 5 c/s) (Found : C. 
73.92; H, 702. CIbH,,,Ol requires: C. 73.91; H. 7.16%) The mother lquor was conocnlralcd to give 2.5 g 
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of an oil. The above cxperimcn~ was repeated 6 times. The 011 (I 5 0) was chroma~ographed on silicic add 
(5 x 26 cm) in bcnxcm and the following fractions of 300 ml were colkcted. Fractions I and 2 (bentme) 
gave an oil (2.5 g) plus a small amoua~ of XXIIIC. Fractions 3. 4 and 5 (5% ctbcr in bcnxcnc) gave the 
71 (axial~ixoaur (XXVIIIC. 4Og of crystals) plus an oil (25 g). Fractions 6 and 7 gave 04 g ol0xc 78 (a&)_ 
isomer XXVllla. The yield dtbc 7G.so1ncr Born the starting material was 15%. The 7a-isomer ctysullizd 
from EtOAc petrol as elongated prisms, ap I26 127” (dec); Y_ (Nujol) 3Mo (chelation), 1728. 1700. 
1600. 1590. 1285. IO55.724.715 cm-‘. d (ppm from TM.8 at IO0 MC. CDCl, soln) I.20 (3H. s. C-IO Cti,) 
I51 OIl.~.C44&).3 S8f3lt.s). 36)13H.s).4Xo(IH.q.~,,,- =. IOc s.J,,,,.. = 6c s) (Found C. 7342; 
H. 6.77. C16H,00* requires: C. 73.91 ; H. 7.16%). 

Merhyl (f ~-hydroxy-l4-mcfhoxy-5~l~-~oc~~-8.lI.l3-rrien-l9-wcc (XXIX) 
The bcnzoarc XXVllla (I.593 g) in ErOAc (80 ml) was shaken under H, atm with 10s; Pd-C (500 mg) 

for 9 hr al room ~cmp. Tbc calalysr was hIrered ofl and the liltrate was wa&d with sat NaHCO,aq. 
The ErOAc soln was dried (h&SO,) and concentrated to give 1052 g (9304) of the product. la the same 
manner IQ0 g of XXVlllb gave 650 mg of rhc product The hydroxy ester crysrallti from EtOAc-petrol 
as ncedks, m.p. 132.133”; v_ (Nujol) 3565. 1715. 1600. 1582. 1252 1240. 1055 cm ‘. (Found: C, 71.45. 
H. 7.89. C,,H,,O, requires: C. 7167; H, 8.23%) 

Merhyl ( f ~oxo-l4-nurhox~~l0~-podocarpo-8.ll.l3-rricn-l9-oare (XXX) 
a. Oxrdarion qf XXIX. The ester XXIX (40 mg) dissolved in acxtonc (IO ml) was treated with tbc Jones 

chromic acid reagcnr (04 ml) at room rcmp for 3 min. The excess oxtdan~ was destroyed by the addition of 
MeOH The mlxlure was concznrratcd in rocuo. dtlurcd wuh water and exrractcd wnh crher The ether 
extract was washed with NaHCO,aq. dried (MgSO,) and conamtratcd to grve an oil (35 mg 88%); vu 
(film) 1720.1580.1240, I I IO. 1015.790 cm ‘. This was employed for the next step without further purifica- 
Iion. 

b. Pyrolysis 4XXVIIIa. The bcnxoatc XXVllla (2Omg) was heated at 240’ for IO min. After wling. 
the reaction products were dusolvcd in ether. The ether soln was washed with NaHCO, aq. dried (MgSO,) 
and conamtratcd IO give an oil which showed an identical IR spectrum with that of the authentic XXX. 

( ~)~x~l4-hydroxy-5~l~~~~~-8,ll.l3-rrien-l9aL acid (XxX1) 
A solo ol XXX (I g) in AcOH (I 5 ml) containing 48% HBr (IO ml) and 60% HI (I.5 ml) was heated under 

rcflux lor 8 hr under NI atm. then concentralcd rn LWW and extracted with ether. The ether soln was 
washed with water. dried (MgSO,) and conorntrated to give 600 mg (64’;) of the acid as crystals. Rccrystalli- 
ration from EtOAc allordcd prnuns. m.p. 195-200” (dcc); v_, (NuJo~) 3360. 3200 -2600, 1718. 1590, 1240. 
lI25,785.729 cm-’ (Found: C. 6993; H. 6.78. C,,Hz,,O, requires: C. 7@81; H. 699”/,). This phenol is 
unstabk and the colour of its solution rapidly turned to green-black. 

Merhyl ( ~)-6-o.~o-l4-h~drox~-5~l~~~~~8.ll.l3-rrien-l9-oore (XXXII) 
A suspension of XXXI (0.7g) in EtOAc (2001) was treated with an cxass diaxoauthanc in ether. 

Subsequcnr treatments in a usual manner aflorded the product (078). This crystallized from EtOAc 
petrol as rods, m.p. I91 192’ ; v, (Nujol) 3365. 1738. 1695. 1610. ISW, 1280. 1240. 1194. 1175. 1120,786. 
730 cm-‘; 6 (ppm from TMS at IO0 Mc, CDCI, soln) 062 (3H, s, C-IO CM,). I.13 (3H. a C-4 CH,), 2.81 
(IH. s, C-SH); an AB quartet, 8-H anterod at 3.34 (J,.. = 22 c!sL 8’-H at 380 (J - 22 c/s), 368 (3H. s. 
COzCH,), 5.82 (IH. s. ArOE). 665-7.13 (3H. arom. H). (Found: C. 71.16; H. 7.43. C,sH1sO, requires: 
C. 7150; H. 7.33%). 

Corofyric hydrogenafion ojrhe 0x0 ester XXXII 
The cs~cr XXXII (OS g) in W/. EtOH (80 ml) was hydrogenated at 180” and an initial press of lo0 kgjcn? 

for I.3 hr over Ramy Ni T-l (5 g). After conventional work-up, an oily product in McOH (30 ml) was mixed 
with KOH (3 g) in water (2 ml). Tbc soln was heated under rdlux for I.5 hr. concentrated in DMY) and 
extracted with ether IO remove neutral fraction. The aqueous layer (300)) was acidlrKd (Congo red) 
wrth IJCI. McOli 150 ml) vas added to the acrdlfKd soln bcafcd under rcflux for 30 mm After removal ol 
McOH in cvscuo. the mix~urc was extracted with etbcr. The organr product was separated into acidic 
and neutral fractions Tbc acidic fraction (368 mg of crywls) was idcnUkd as Xla by IR comparison 
The neutral fraction (40 mg of a gum) absorbed at 1780 cm- ‘. 
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(* ~?~-Dfhydroxy-14-nurhoxy-5~.l~~~ocur~-8,11,13-tricn-19-oic- acid (XXXIV) 

A soln 4 XXVllIa (1.5 g) in MeOH (100 ml) containing KOH (3 9) was healal under rellux for 25 hr. 

MeOH was removal in CQNO. The mdue was acidified with dil HCI. The pp~ was collected on a filter and 

waded wirh a small amoun1 of ether IO give I.1 g (99”/d which crystallized from EIOH as prisms, mp 

232-234” (dcc): v,(Nujol) 3440. 3240. ~2600, 1700, 1600. ISRS. 1260. 1242. 1092. 1060 cm-‘. (Found: 

C. 68GS: H. 7.71. C,,Hz,O, rquircs: C. 6748; H. 7.553,) 

( + ~6z-llydro.x~14-mPrhoxy-h.l0g-~~~~~~.8,~1.13-rr1cn-19-0ic acid (XXXV) 

a. Birch reducrlon ojXXXlV. A suspchsion of XXXIV (500 me) in abs EtOH (60 ml) was added IO liqutd 

NH, (160 ml) cooled in a LIry Ice-acetone bath. 1.1 (8 gl was added por1ionwise IO a slirred and cooled 

suspension during 2 hr. Then abs EIOH (10 ml) was added and the mixture was left ovemlghi at room 1cmp 

The residue wm dilurcd with waler. concenrratcd In tvzcuo and acidilial with HCl IO give 330 mg (750;) 

which rozrysralltied from ErOH as small prisms, m.p. 212 213’ (de@; Y,, (Nujol) 3650, -3200 ~2600. 

1603.1584,1252,I062.1055. 4930,784.728cm-’ (Found:C.7064;H.7.99.C,,H,,O,rqulm C.7102; 

H. 7.95”,,) 

h. Ilydrolysu 01 XXIX The ester XXIX (600 mg) in MeOH (30 ml) coniaming KOH (2 g) was hearcd 

under rcflux for 3.5 hr. Subsquenr work-up gave 550 mg (95’~) of ~hc sod idenrtficd by IR comparison. 

The acid XXXV (500 mg) in acelone (100 ml) was rrcatcd with Jones chromic acid rcagm1 (I ml) for 

5 min at room 1emp. Subsquen1 1rcafmcn1s in a usual manner gave a crystalline 0x0 aad (450 mg, m;l. 

This crys1allizzd from EtOAc-petrol as rods. m.p. 189 190 (dcc); Y, (Nujol) ~2760. 1732. 1670. 1600. 

1588. 1260. 1066.900.780.712 cm-‘. (Found. C. 71.16; H. 7.35. C,sHzIO, rquircs C, 71.50; H. 7.33”;). 

Sodium borohydrlde(l.7 g)was suspendal in a soln of methyl ( f b 14-merhoxy-10 B_podocarpa-5.8.1 I.1 3- 

telraen- 19-oarc (II.2 g) m THF (70 ml). To 1he sllrrcd and cooled (0 10 ) suspension BF, ,Et,O (76 mll 

m THF (10 ml) was added The srlrrmg was conlinucd for 2 hr a1 &IO Waler was added IO destroy the 

cxccss diboranc. then 12”. NaOHaq (16 ml) and 30”. H,O, (16 ml) were added IO 1he surrcd soln The 

1cmp of 1hc mixlure was raised IO 50‘ and then the mlxiurc was lef1 a1 room temp for 30 mm and poured 

m1o brtne The mlxturc was extracrcd wt1h e1hcr. The erbcr .soln was washed wi1h sa1 brine. dried (MgS0.l 

and concentrarcd 10 give 1.5 g (7890) which czs1allizcd from EIOAC as nccdlcs. m.p. 173-I 74 ; Y_, (Nujoll 

3350, 1600,1580. 1250. 1060. 1010.784.725cm ‘.(Found.C.74.12; H.R.X7 C,.H,,O, rquircs:C.7444. 

II. 903”,). 
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