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Abstract-Methyl lo& 1 5cpoxy-e~~tiopodocarpa-5,7,13-trien-l6-oate(XVIII), methyl lOa, 1 ‘lepoxy- 
enantiopodocarpa-5,7,13-trien-16-oate (XIX) and their derivatives were prepared as potential 
intermediates for syntheses of natural diterpenoids from abietic acid (I). 

THE synthesis of naturally occurring diterpenoids, such as the gibberellin and the 
uconitum and garrya alkaloid types, from physiologically inactive resin acids is of 
obvious interest. 

Abietic acid (I) may be regarded as a promising starting material for the above 
purpose, because it is readily available from natural sources, for example from many 
kinds of common Japanese pine trees and has a secure structure and absolute con- 
figuration. Moreover, the total synthesis of abietic acid has been accomplished,8 
therefore, the preparation of other natural diterpenes from abietic acid can be regarded 
as formal totai synthesis. 

The preceding papers have reported studies describing the transformations of 
abietic acid to hydrofluorene derivative@ which have a common skeleton with the 
plant growth-promoting substances, the gibberellins. Conversions of abietic acid to 
intermediate9 having an antipodal tram A/B ring fusion Q&-H, aC;,-Me) with the 

l Detailed report for the following preceding communications; Diterpenoids-V, Chem. Phurm. 
Bull. 12, 984 (1964); Diterpenoids-VI, Ibid. 12, 1121 (1964). This work was also presented at 
the 7th Sympskm of Nuturul Organic Compounds held at Fukuoka, Japan, on October 18 (1963) 
and at the International Synpssium on the Chemistry of Natural Products held in Kyoto, Japan, 
on April 16 (1961). Symposium Abstracts pp. 4142. 

* All m.p.s (except mixed m.p.) were measured on the Kofler block and were uncorrected. All 
NMR spectra were measured at 60 MC in CDClt (S-10% solution) vs. Me,Si as internal reference 
(Authors thank Dr. K. Takeda and Dr. K, Tori, Shionogi and Co., Ltd., Osaka, and Prof. 
T. Okamoto, Tokyo University for the NMR measurements and Dr. Y. Kawazoe, National 
Cancer Center Research Institute, and Dr. N. Nakagawa, The University of Electroncommuni- 
cation, for their discussion.) All gas-liquidchromatograms were measured by Dr. N. Ikekawa, 
this Institute, whom authors thank for his advice. 

* E. Wenketi, A. Afonso, J. B-son Bredenberg, C. Kaneko and A. Tahara, J. Amer. Chem. Sot. 
86,2038 (1964). 

’ A. Tahara, Chem. Phurm. &I/. 9,252 (1961); A. Tahara and 0. Hoshino, Sci. Papers ht. Phys. 
Chem. Res. 56, 84 (1962). 

r, A. Tahara and 0. Hoshino, Gem. Pharm. Bull. 9,655 (1961); Sci. Papers L+wt. Pbys. Chem. Res. 
S6,88 (1962). 

* A. Tahara, 0. Hoshino and Y. Iiama2& Gem. Pharm. Bull. 11, 1328 (1963); Sci. Pqers Inst. 
Phys. Gem. Res. 58, 15 (1964). 
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Aa (14)-7-keto group suitable for construction of the bridge (Cs -+ C,, or C, --+ C,J 
as in the aconifum and garrya alkaloids have been also given. 

We now wish to report the selective oxidation of the 15- or 17-methyl group of 
the antipodal deoxypodocarpic acid type compounds. These compounds have the 
same absolute configuration as the basic skeleton of the aconitum and garrya alkaloids. 
The 1 S- or 17-oxidized compounds such as lo/?, 15-epoxy ester (XVIII), lOa, 17-epoxy 
ester (XIX), could be important intermediates either in the syntheses of the bridge 
containing a nitrogen atom in the aconitum and garrya alkaloids or in the formation 
of the lactone ring in the gibberellins. 

For the above purpose, methyl 9-oxo- lo-acetoxy-enantiopodocarpa-5,7, IO, 13- 
tetraen-16-oate (II)5 prepared from abietic acid was chosen as a starting material. 
The ester (II) was readily catalytically hydrogenated (Pd-C, EtOAc, H,SOJ to give 
the lo/?-acetoxy ester (III), m.p. 143-144.5” and the known ester (IV; the so-called 
methyl deoxypodocarpate enantiomer), m.p. 140-141”, in a ratio of 1=9: 1. It is noted 
that the formation of our lO&acetoxy ester (III) is in contrast with the view of 
Wenkert et al. who assigned an a-configuration to the C;,-acetoxy group of the 
acetoxy-nitrile (XVI) obtained by the same type of the hydrogenation of the 
nitrile (XVL7 

The evidence for the structure of the 1OBacetoxy ester (III), excepting the con- 
figuration at ClO, were obtained by a reaction involving loss of acetic acid. Pyrolysis 
of IT1 at 290-300” or treatment of III with sulphuric acid-acetic acid at 80” afforded a 
mixture consisting of two isomeric unsaturated esters, m.p. 79’ and m.p. 121°, in 
ratio of 1: 3 by the pyrolysis reaction and 3 : 1 by the sulphuric acid reaction. 

The two unsaturated esters (m.p. 79” and 121”) were catalytically hydrogenated 
to give the same ester (IV). Therefore, both esters must have the deoxypodocarpic 
acid enantiomer type skeleton (arc,-COOH, #?C,-Me, PC&H and aClz-Me). The 
location of double bond in these unsaturated esters follows from their UV and PMR 
spectra. The ester, (m.p. 79”) has a lELtE: 264 rnp (E = 8600) and a 7cDcI,: 3.57 
(singlet (2H), Ph-CE=CI+C<), 760 (singlet (lH), >Cg-CH=CH-) and the 
ester (m.p. 121”) has a l.ztzH : 273,267,260 rnp (e = 600, 670, 580) and a rcDcl, : 4-02 
(triplet (1 H), Ph-CH,-CH=C<), 6-49 (doublet (2H), Ph-Cz*-CH=C<). 
This indicates that the former(m.p. 79”) is VI with a double bond conjugated to the 
benzene ring and the latter (m.p. 121”) is V having a double bond nonconjugated to 
the benzene ring. Since an isomerization from the unconjugated ester (V) to the 
conjugated ester (VI) did not occur under the conditions of formation of the unsat- 
urated esters, VI (having /N&-H and rxClz- Me) is considered to be produced directly 
from the acetoxy ester (III) and not by isomerization of V. These experimental facts 
also established that the acetoxy ester (111) should have a methyl deoxypodocarpate 
enantiomer type skeleton with Cl,-acetoxy group. 

Alkaline hydrolysis (KOH-ethylene glycol, 180-200”, 15 min) of the lop-acetoxy 
ester (III) yield the corresponding lo@-hydroxy acid (VII), which forms in two kinds 
of crystal form, m.p. 156-158” (containing no water of crystallization) and m.p. 
156-l 58” (containing # mols of water of crystallization). As evidence that the Cl,,-0 
configuration did not alter during the above alkaline hydrolysis (111 + VII), the . 

’ E. Wenkert and B. G. Jackson, J. Amer. Chem. Sm. 80,211 (1958); In a personal communication 
from Prof. E. Wenkert, Indiana University, he has informed us that his recent work confirms the 
structure of XVI. (Authors wish to thank him for this information.) 
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corresponding ester (VIII), m.p. 78-80”, obtained from VII by diazomethane treat- 
ment, gave back the original lO,Sacetoxy ester (III) by reaction with acetyl chloride 
and pyridine. Consequently, the compounds (VII and VIII) have the same skeleton 
and the same configuration at Cl, as the starting compound (III). 

Abietit Acid I 

- -_ 

6Ac McOOC’ ’ 6Ac MeOOC’ ’ I 

I 

XYI 

By refluxing with 10% hydrochloric acid GO-hydroxy group of the acid (VII) 
was readily lactonized with C+arboxylic acid to give IX, m.p. 174-176” (IR vEti;:: 
1758 cm-l). Upon alkaline hydrolysis the lactone (IX) interestingly did not return to 
the original lo@-hydroxy acid (VII), but was converted to a new isomeric hydroxy 
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acid (X), m.p. 165-167”, whose physical constants (m.p., IR spectrum and NMR 
spectrum) were completely different from those of the original 10/l-hydroxy acid 
(VII). The new isomeric hydroxy acid (X) was easily relactonized to the original 
lactone (1X). Also the lactone (IX) was hydrogenated (Pd-C, AcOH, H$O,J to 
give only the known deoxypodocarpic acid enantiomer (XII). Since both isomeric 
hydroxy esters (VIII and XI), m.p. 144-147”, the latter obtained by methylation of 
the corresponding acid (X), were dehydrated by methanesulphonyl chloride to give 
the aforementioned unsaturated esters (V, VI) and the lactone (IX) in a ratio of 
3: 3 :2 from VIII and 1: 1: 2 from XI and since no isomerization of V to VI occurred 
under the dehydration condition, these isomeric esters (VIII and XI) and also their 
corresponding acids (VII and X) have a common deoxypodocarpic acid enantiomer 
skeleton (aC1-COOMe, /?q-Me, /3&-H and &,-Me). Therefore, these isomeric 
system are configurational isomers at C lo-hydroxy group and isomerization of the 
+hydroxy group occurs during the lactonization of VII to IX. 

Comparison of the IR spectra of the isomeric lO-hydroxy esters (VIII and XI) 
in yoE and ycco region in Ccl, showed the four absorption peaks (vzck cm-l: 3618 
(v free OH), 3548 (v hydrogen bonded OH), 1732 (w free C=O), 1713 (Y hydrogen 
bonded C=O)) for the ester (VIII) and two absorption peaks ($,%~rn-~: 3485 
(Y hydrogen bonded OH), 1715 (v hydrogen bonded M) for the isomeric ester 
(XI). Since the IR absorptions corresponding to hydrogen bonded OH and C=O 
did not move with dilution of the sample concentration, as shown in the experimental 
part, these hydrogen bonds would be presumed as intramolecular and not inter- 
molecular. 

Chemical differences between the above two systems (VIII and XI) were observed 
in a number of reactions. (i) Although both esters (VIII and XI) were hydrolysed 
(ICOH-MeOH-H,O, reflux, 1=5 hr) to the respective original hydroxy acids (VII 
and X), a more drastic alkaline treatment (KOHxthylene gIycol-H,O, 2OO”, 15 min) 
of the hydroxy ester (XI) and the lactone (IX) afforded an unsaturated acid (XIII), 
m.p. 145-148”, UV il,, EtoH: 265 rnp, which was methylated to the ester (VI) having a 
conjugated double bond, whereas the isomeric ester (VIII) only gave the corresponding 
lO&hydroxy acid (VII). The isomerization (including hydrolysis of V to XIII) under 
the drastic alkaline hydrolysis conditions showed that the dehydration reaction of 
the hydroxy ester (XI) could include the double bond isomerization of Alo to AB. 
However acidic (10% HCI-H,O-MeOH, reflux, 2 hr) and mild alkaline 
(KOH-H,O-MeOH, reflux, 1 hr) treatment of the unsaturated ester (V) resulted in 
the recovery of only the starting material (V) without the isomerization of V to VI. 
(ii) In treatment of both esters (VIII and XI) on alumina, only the former (VIII) was 
recovered, while the latter (XI) was quantitatively converted to the lactone (IX). 
(iii) In a thermal treatment (ethylene glycol, 200”), VIII was only recovered, while XI 
was converted to a mixture consisting of the lactone (IX) and the unsaturated esters 
(VI and V) in a ratio of 8 : 4 : .l . (iv) By heating (13&l 50”, 6 hr) with 28 y0 ammonium 
hydroxide in a sealed tube, VIII was converted to the corresponding 10Shydroxy 
amide (XIV), m.p. 17&171”, but XI was only lactonized to IX. 

Usually, methyl podocarpate type compounds, in which C1-COOMe is located 

* These IR spctra were measured on a Perlcin-Elmer 112G IR spectrometer 
system). (Authors thank Dr. J. Nakamura for the measurement.) 

(grating, single-beam 
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close to the C&Me in a I,3-diaxial relationship, are very resistant to ester hydrolysis. 
In contrast, it is worth notice that the same type compounds with an acetoxy- or 
hydroxy group at Go, as in the case of lo,!?-acetoxy- (III), lO/Shydroxy- (VIII), and 
I Or-hydroxy ester (XI), were very easily hydrolysed. Even 10/J, 1 Sepoxy (XVIII) and 
lOa, 17-epoxy ester (XIX), tride infrtz, were hydrolysed more rapidly than methy 
podocarpate type compounds, but more slowly than the compounds with substituted 
hydroxy group at C,. This interesting observation could be readily explained by 
the intramolecular participation of the neighbouring oxygen group* in accord with 
similar previous suggestions.10 

In order to prepare the compounds selectively oxidized at the 15- or 17-methyl 
group both isomeric Whydroxy esters (VIII and XI) were oxidized with lead tetra- 
acetate and iodine under UV illuminationll to give the corresponding lob, &epoxy 
ester (XVIII), m.p. 161-163”, and lOa, 17-epoxy ester (XIX),tn m.p. 128-129”, in 
satisfactory yield. 

A suitable oxidation for lO&hydroxy ester (VIII) was achieved by treatment at 
10’ for 10 hr (XVIII; 95 w/w%), while for lOa-hydroxy ester (XI) the reaction 
condition was 60” for 18 hr (XIX; 74 w/w %). Furthermore, the yield of XVIII 
decreased as the reaction temperature was increased (50 w/w % at 23”, 27 w/w % at 
56-59”). Upon maintaining VIII under the reaction condition (at 10” for IO hr), 
but without iodine, only the starting material was recovered, while under refluxing 
condition also without iodine, the ester (XVIII; 17 w/w %) and the starting ester 
(59 w/w yO) were produced. The evidence for stereochemical assignments of the two 
isomeric compounds will now be considered. 

In this oxidation, the methyl group (15- or 17-Me) of the isomeric Whydroxy 
esters (VIII and XI) was bridged with the respective hydroxy group. This is supported 
by PMR analyses as shown below. Consideration of the chemical shift of 15- and 
17-methyl groups of methyl O-methyl podocarpate (XxX111), methyl deoxypodocar- 
pate enantiomer (IV), and their corresponding alcohols (XXXIV and XXXV) with 
a study of molecular models indicates that the C1-COOMe (axial) is oriented such 
that the 17-methyl group is in a conical region associated with positive shielding above 
the plane of the carbonyl double bond. Thus it is assumed that the T-values, 8-96 and 
8-97, for 17-methyl of the esters (XXX111 and IV) in 1,3-diaxial interaction with 
C,-COOMe, show a diamagnetic shift as compared with +vaIues, 8*82,‘3 for 17- 
methyl of the corresponding alcohols (XXXIV and XXXV) in the same interaction 
with CH,OH. In addition, the chemical shifts of r-value, 8-73, for 15-methyl of the 
esters (XXX111 and IV) is observed to undergo a diamagnetic shift when the C1- 
COOMe is converted to the C1-CH,OH of XXXIV and XXXV which show T-values, 
8.97 and 8n95 respectively, for 15-methyl group. More evidence for the above T-value 
assignment in the esters is given by the fact that a NMR signal of the same type 
methyl as the IS-methyl of XXX111 and IV appeared in the range of 8-70 to 8-83 for 

g The mechanism of these hydrolyses should be confirmed by kinetic anaIyses in the future. 
lo B. Capon : Quart. Rev. 18,58 (1964), and papers cited therein. 
I1 Ch. Meystre, K. Heusler, J. Kalvoda, G. Anner and A. Wettstein, Exprientiu 17,475 (1961). 
l* Independently, Wenkert’s group has also synthesized the same compound (XIX) from the nitrile 

XVI (private communication from Prof. E. Wenkert). 
I* It is still affected by paramagnetic effect of the benzene ring. 



2138 A. TAHARA, K. HIRAO and Y. HAMAZAKI 

8 examples of sciadin derivatives,le sciadopate derivatives,16 and 7-hydroxy-kaureno- 
lide derivatives.ls 

Independently, Beak and Carney I7 have arrived at the same conclusions. A 
strong indication of the reliability of the aforementioned assignments for the methyl 
groups of the standards (XXXIII, XXXIV, IV and XXXV) is given by the following 
analyses of T-value relationship for 1 S-methyl and 17-methyl of the 10#3, 15-epoxy 
ester (XVIII), lOcr, 17-epoxy ester (XIX) and the corresponding alcohols, (XX), m.p. 
229-231”, and (XXI), m.p. 98-101”. The alcohols were prepared by reduction with 
LiAIHp of the esters (XV111 and XIX) respectively. By comparison of T-values for the 
methyl group of the epoxy ester (XVIII) and the corresponding hydroxy ester (VIII) 
with those of the standards (XXX111 and IV), a T-value for 17-methyl, 8-98, in the 
hydroxy ester (VIII), is not shifted from that of the standards (XXX111 and IV). 
However the T-value for the 15”methyl, 8051, is shifted 13-2 c/s to lower magnetic 
field than that of the standards (XXX111 and IV). In the corresponding epoxy ester 
(XVIII), the shifted signal for 15-methyl of VIII disappears, but the unshifted signal 
for 17-methyl of VIII remains. According to Kawazoe’s observatiorP the NMR 
signal of methyl group shifted 10 to 15 c/s to lower magnetic field at 60 MC when a 
hydroxy group was located close to methyl group in steroid series (e.g. 1,3-diaxial 
relationship between hydroxy and methyl group in chair cyclohexane-like ring), and 
therefore, the C,,-hydroxy group of VIII is situated close to the 1%methyl and is 
combined with 15-methyl to give the epoxy bridge. By the same consideration, the 
fact that the T-value for the 17-methyl, 8-63, in the other isomeric hydroxy ester 
(XI), is shifted 20* 1 c/s to lower magnetic field from that of the standards (XXX111 
and IV); whereas the T-value for the 15-methyl, 8-70, is not shifted from that of the 
standards and that the shifted signal for 17-methyl disappears, but the unshifted 
signal for 15-methyl survives in the corresponding epoxy ester (X1X), lead to the 
conclusion that the C,,--hydroxy group is located close to 17-methyl of XI and is 
bridged to 17-methyl group in contrast with those in XVIII and VIII. 

If the above T-value assignments for the 15- and 17-methyl groups are consistent, 
it could be inferred that NMR signal for 17-methyl of the epoxy alcohol (XX) should 
appear at a lower magnetic field than that of the corresponding ester (XVIII) and 
that the signal for 15-methyl of the isomeric epoxy alcohol (XXI) should be present 
at a higher magnetic field than that of the corresponding ester IXIX). In accordance 
with the above expection the r-value for the 17-methyl of XX is 8-85 and it is shifted 
6.6 c/s lower than that (8*96) of the ester (XVIII); whereas the signal for the 15-methyl 
of the isomeric XXI is 8-91 and it is shifted 10-2 c/s higher than that (8-74) of the 
ester (XIX; cf. Table 1.). 

In addition to the above NMR analyses, the following chemical proofs seem to 
support the correctness of the assigned structures for the two isomeric systems. 

Indicative evidence for the above assignment of C,,-/3-hydroxy group of the ester 

I4 C. Kaneko, T. Tsuchiya and M. Ishikawa, C/rem. Plrmnr. Bull. 11,271 (1961). 
lo T. Miyasaka, Chem. Phurm. Bull. 12,744 (1964). 
I6 B. E. Cross, R. H. B. Galt and J. R. Hanson, J. Chem. Sot. 2944 (1963). 
1’ P. Beak (Iowa State University, Ames) and R. W. J. Carney (Indiana University, Bloomington) 

in their theses under Prof. E. Wenkert’s guidances. (The authors thank Prof. E. Wenkert and 
Dr. P. Beak for the informations on these data before publication.) 

l6 Y. Kawazoe, Y. Sato, M. Natsume, H. Hasegawa, T. Okamoto and K. Tsuda, Chem. Pharm. 
&if. 10, 338 (1962). 
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XlZIIl R=COOMe 
xx R=CH20H 
xI[II R=COoH 
l0IIY R=CONH2 
m R=CN 
XXVIII R=CHO 
XXIX RsCH, 

XXI R =CH,OH 
XXIll R=COOH 

cp 

XRP R=CONH, 
XXVII R=CN 

XXXITI R=COOMe 
XXXIY R=CH,OH 

= R=CH,OH 
XXXBI R=CONH2 
n R=CN 

(VIII) is given by the fact that the Al*- ester (V) may be hydroborated (NaBHI, 
BFs-etherate) to give the aforementioned 10/Y-hydroxy afcohol (XXXI). Since the 
usual hydroboration to double bond is a c&addition from the less-hindered side 
(B-side in case of V) and the alcohol (XxX1) doubtless has an antipodal tram A/B 
ring fusion @C&H), it is clear that the Cl0 -h y droxy configuration should be /?. In 
this connection, hydroboration (NaBH,, BF,-etherate) of As-ester (IV) also afforded 
the 98,hydroxy ester Q0LXVIII), which was oxidized to the authentic 9-oxo ester 
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TABLE 1. T-VALUES FOR Cl-Me AND Cl*-Me OF THE DERIVATIVES OF WWCARPIC 
ACID (ENACTOR) TYPE COMPOUNDS 

‘J 
--_c__-- 

xxx111 8-73 8-96 
IV 8-73 8.97 XII 8.68 8.90 
III 8.73 8.98 
VIII ! 8.51 8.98 VII i 8.88 

XI 
5,;32) tY4.4) 

8.63 X 8.72 8.63 

XVIII 
(gp$l) 

. XXII 

I 

ki;6*2’ 

XIX 8.74 XXIII 8.74 

Alcohol 
( ) shift (c/s) from 

that of XXXIV, XXXV 

xxx1 

xxx11 

EI 

8.71 8-71 
‘s--A5 ‘0) 

. 8.45 

8.91 

Alcohol- 
ester (c/s) 

C,-Me 1 Q-Me 

+14*4 -8.4 
+13-2 -9.0 

Amide I Nitrile 

I Cl-Me 1 G-Me 1 1 Cl-Me 1 C,rMe 

XXXVI 
~~:” 1 15 8.82) ( 1: 8.72) 1 ;&II ( z 8-63) ( 1; 8.58) 

(XxX1X). This was different from the 9a-hydroxy ester (XL) obtained by NaBH, 
reduction of XxX1X. The C,-hydroxy configuration for the esters (XXXVIII and 
XL) is supported by the consideration that the hydroxy group in the hydroboration 
and hydrogen atom in NaBH, reduction were supplied from the less-hindered side 
(B-side in case of XXXVIII and XL) of the molecule. 

In another way, a chemical proof for the structure of IOa, 17-epoxy ester (XIX) 
was obtained as follows. The ether bridge of the epoxy ester (XIX) was cleaved by 
treatment of BF,-etherate in acetic anhydride to give an unsaturated 17-acetoxy 
ester (XLI) as an oil, The UV spectra, ;ZE\tH 2623 mp (E = 7900), of this compound 
(XLI) showed that the oil consisted mainly of a compound having a double bond 
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conjugated to the benzene ring. Subsequently, alkaline hydrolysis following acidifi- 
cation of the A@-ITacetoxy ester (XLI) afforded A@-16-c 17 lactone (XLIII), m.p. 
176+1775”, IR p& 1730 cm-l, which was readily catalytically hydrogenated to 
the. corresponding saturated lactone (XLIV), m.p. l&l-185”, IR w:!!: 1730 cm-i. 
The above bebaviour of the acetoxy ester (XLI) on alkaline treatment is consistent 
with the view that lactonization of the 15hydroxy acid (XLV) appeared to be almost 
impossible, whereas the 17”hydroxy acid (XLII; although it cannot be isolated) has 
a suitable structure for lactonization. 

1 

XL1 XLrI XLY 

mIY XLIII 

Con@uently, it might be assumed that a configuration of C&hydroxy group of 
the ester (VIII; and therefore also its derivatives III, VII, XIV, XXXI, XVIII, XX, 
XXII, XXIV, XXVI, XXVIII and XXIX) should be assigned as 8; whereas clO- 
hydroxy group of the isomeric ester (XI; and hence its derivatives X, XxX11, XIX, 
XXI, XXIII, XXV and XXVII) should have an a-configuration. 

Next, consideration will be given to the stereochemistry of the lactone (IX) and 
isomeric unstable lactone (XXX). lg As described above, the lactone (IX) was prepared 
from either lo/% (VII) or lOa-hydroxy acid (X), but could only be hydrolysed to 
lOa-hydroxy acid (X). Therefore it could be assumed that the C&on@uration of 
the lactone (IX) belongs to lOa-hydroxy ester series. In comparison with the 16 + 1Oa 
lactone (IX), thermal treatment (ZOO”, 3 hr, sealed tube) of IO/?-hydroxy acid (VII) 
afforded an isomeric 16 + 10/I lactone (XXX), whose IR absorption at 1774 and 
1090 cm-l are distinguishable from those at 1758,lllO and 1040 cm-l of the 16 4 1Oa 
lactone (IX). However the isomeric lactone (XXX) itself is so unstable that it was 
not possible to purify it from contaminated stable 16 + 1Oa lactone (IX). Even re- 
crystallization of the unstable lactone (XXX) causes gradual isomerization to the 
lactone (IX), as detected by the fact that the m-p. and IR spectra steadily approach 
those of IX. Quantitative transformation of the unstable lactone (XXX) to the 
16 --+ 1Oa lactone (IX) proceeded upon prolonged thermal reaction (240”, 5 hr, 
sealed tube) or aluminium oxide treatment (ho,, R.T., 2 days). 

I@ Confirmation of the existence and possible conformation of the unstable lactoue (XXX) by IR 
spectral analyses wm fust suggmted to us by Dr. W. Nagata, Shionogi and Co., Osaka, to whom 
the authors are indebted for his valuable information. 
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Strong evidence for the structure of the unstable 16 --+ 10s lactone (XXX) was 
obtained from its reduction with LiAlH,, which afforded the lo/?-hydroxy alcohol 
(XxX1). In contrast, the same reduction of 16 + 1Oa lactone (IX) gave the corre- 
sponding lOa-hydroxy alcohol (XxX11). Owing to the lactonization of C,-COOH in 
the A-ring with C,,-@hydroxy group in B-ring of the 16 -10 /I lactone (XXX), 
models indicate that conformation of A-ring should be a boat form. 

On the basis of all the above observations, an isomerization (b + a) of C&hydroxy 
configuration should occur during the acid lactonization of 10/I-hydroxy acid (VII) 
and the prolonged thermal treatment of the unstable lactone (XXX). Although the 
mechanism of this isomerization is not obvious, two possibilities may be assumed for 
this inversion; either an intramolecular S,;substitution or an SN1-substitution, 
passing through carbonium ion at C,,. 

In the catalytic hydrogenation (Pd-C, EtOAc, H,SOJ of II, the compound III 
having /?C,,-OAc and &r-H was formed along with IV.” It is possible that III 
arises by either l&addition or 1,Zaddition of hydroge# as shown in the following 

I,+o&Mii 

/- 

Finally, syntheses of derivatives from the isomeric lo& 1 S-epoxy (XVIII) and lOa, 
17-epoxy ester (XIX) were undertaken in order to prepare some other potential 
synthetic intermediates. The lo@, 1Zepoxy ester (XVIII) was converted by alkaline 
hydrolysis to lo@, 15-epoxy acid (XXII), m.p. 260-262’, from which the lop, 15-epoxy 
amide (XXIV), m.p. 218-220”, was formed by ammonia gas treatment of the acid 
chloride. In addition, lO#?, 15-epoxy-nitrile (XXIV), m.p. 147-149”, was produced 
by dehydration of XXIV with phosphorus oxychloride. Chromium trioxide oxidation 

go Gas chromatographic analysis of the hydrogenated mixture gave only two peaks corresponding to 
III and IV appeared in the chromatogram (cf. A. Tahara, K. Hirao and Y. Hamazaki, Chem. 
Pharm. &If. 12,1458 (1964)). 

*I Cf. R. L. Augustin. J. Org. Chem. 23, 1853 (1958); R. L. Augustin and A. D. Broom, Ibid, U, 
802 (1960). 
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followed by Wolff-Kishner reduction of lo/?, 15epoxy alcohol (XX) gave the corre- 
sponding hydrocarbon (XXIX), m.p. 76-77°,32 via the respective aldehyde (XXVIII). 
By the same treatment as for lo/& 15epoxy series the isomeric lOa, I7-epoxy acid 
(XXIII), m.p. 233-236”, lOa, 17-epoxy amide (XXV), m.p. 87-90” and IOa, 17-epoxy- 
nitrile (XXVII), m.p. 142-144*, were obtained from the lOa, 17-epoxy ester (XIX). 

In the chemical shift for the methyl groups of these derivatives it is noticeable 
that T-values for methyl of the isomeric acids (XXII), 8*82% (17-Me) and (XXIII). 
8-74 (1 SMe), of the isomeric amides (XXIV), 8-83 (17-Me) and (XXV), 8.72 (1 SMe), 
and of the isomeric nitriles (XXVI), 8*62 (17-Me) and XXVII, 8.56 (15-Me), are in 
good agreement with T-values for methyl of the respective standards, acid (XII), 
8*90 (17-Me), 8968 (IS-Me), amide (XXXVI), 8-82, 8.72 and nitrile (XXXVII), 8.63, 
8-58. However, NMR methyl signals of the amide (XXXVI) and the nitrile (XXXVII) 
are so close to each other that definite assignment to methyl group (15- or 17-Me) on 
the basis of T-values for methyl of the epoxy amides (XXIV, XXV) and the epoxy 
nitriles (XXVI, XXVII), must be still left undecided (cf. Table 1.). 

EXPERIMENTAL 

Caralyric hydrogerrution of merhy~ 9-oxo-lO-ucefoxyenantio~cu~~-5,7,10,13-rerruen-l doare 
(11). A solution of II (9.5 g)” in EtOAc (100 m1) containing H3SOI (1 ml) was shaken under Hz atm. 
in presence of 10% Pd-C (2 g). After an absorption of Ho had almost ceased, the catalyst was 
filtered off and the EtOAc solution washed with 10% Na,CO, aq and HI0 successively, dried over 
Na,SOI and evaporated. Chromatography of the residue, m.p. lo%1 lS”, on neutral alumina (200 g) 
gave fractions (2 g) in pet. ether-ether (20: 1) elution and (3.75 g) in pet. ether-ether (5: 1) elution 
successively. The former fraction was recrystallized from MeOH-Hz0 as colourless prisms of IV 
(1.76 g), m.p. l&141”, IR v:t: cm-l: 1727, NMR 
8-97 (-C-Cl-J,), GCrn~n”‘: 

cDc11(~): 6.33 (-COCC&), 8.73 (-CO-C-C&), 
2.95 (1.5% SE-30 on Anakrom (mesh SO-lOO), 4 mm x l-5 m, 182O), 

whose’m.p. and IR spectrum were identical with those of the authentic methyl deoxypodocarpate 
(antipodal structure of IV). On the other hand, the latter fraction was recrystallized from MeOH- 
He0 to colourless prisms of III (3-38 g), m.p. 140-142” and m.p. 143~5-144.5” as analytical sample. 
(Found: C, 72.69; H, 7.79. Calc. for CIoHnaOl: C, 72.70; H, 7.93 %), IR YE:: cm-*: 1724, 1267, 
NMRcDclf (T): 6-31 (-COOCH,), 8.03 (-0-COC&), 8.73 (--co-C-C&), 8.98 (--c--c&) 
G&I,,: 6.23 (1 a5 % SE-30 on Anakrom (mesh 80-lOO), 4 mm x 1 a5 m, 182”). Mixed m.p. of III, 
with IV showed a depressed m.p. 

Ia By comparison of m.p., optical rotation, IR spectrum and NMR spectrum, this hydrocarbon 
(XXIX) is shown as complete antipode of the hydrocarbon (XLVI), which was obtained by 

Wenkert’ group. These results further confirm the structure of the 10/I, 15cpoxy derivatives, 
(The authors gratefully thank Prof. E. Wenkert for donation of the valuable sample and for 
information from unpublished data.) 

a Since XXII was not sutIiciently soluble in CDClt, this chemical shift was measured in a very 
dilute solution. 

*4 Abbreviation, G&in, showed a retention time of the gas-liquid-chromatography. 

16 # 
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PyrorySis of m&yl 10~~ce~~xy-enanti0~0~~-5,7,13-trien-1~fe (III) to met/fyi enantio- 
p&carJ3u-5,7,10,13 t t - e I;W~ 1 dwre (V) and mtlryl enantiopodowrprr5,7,9,13-tarruen-l6-oute (VI) 

Under N&ream III (100 mg) was heated for 3 min on a metal bath (bath temp was maintained 
at 290-300”) and the resulting oil (94mg) was crystallized. Chromatography of the product on 
neutral alumina (6 g) gave two kinds of fractions (11 mg and 35 mg) in pet. ether elution successively. 
The latter (35 m@ was recrystallized twice from MeOH-HI0 as culourless needles of V, m.p. 121 O, 
as analytical sample. (Found: C, 79.76; H, 7.93. Calc. for CllH,,O, : C, 79.96; H, 8*2OyJ, IR 
$014 cm-l: 1730, 1245, UV etzrnp: 273 (E = 600), 267 (8 = 670), 260 (E = 580), NMRoWl (T): 
45: (triplet (II-I), Ph-CH,-C&CJ, 6-35 (singlet (3H), -COOC&), 6.49 (doublet *(2H), 
Ph-C&<H=C), 8.59 (singlet (3H), -CD-C-C&), 8.81 (singlet (3H), --C<&). The former 
(11 mg) was recrystallized twice from MeOH-Ha0 as wlourless needles of VI, m.p. 79”, as analytical 
sample. (Found: C, 79.63; H, 8.13. Calc. for CI,HltOt: C, 79.96; H, 8*2OyJ, IR vk!$cm-I: 
1730, 1218, UV gz rnp: 264 (s = 8600), NMR cDG1l(~): 3.57 (singlet (2H), Ph-C&Cu--cH) 
6-33 (singlet (3H), --COOC&), 7-60 (singlet (lH), <&CH=CH-), 8.67 (singlet (3H), 
-CO-C-C&), 9.09 (singlet (3H), -C-C&). Both V and VI had the same retention time of gas- 
chromatography. GCmln: 10.6 (2.0% XE-60 (Cr. E. Nitril Silicon) on Anakrom A (S&l00 mesh), 
la5 m x 4 mm, 172’) and 4-O (1.5 % SE-30 on Anakrom A (SO-100 mesh), 1.5 m x 4 mm, 182”). As 
described later an isomerization of the Aloes& (V) to the Asester (VI) did not occur during or after 
this pyrolysis. 

Acetic acid elimittation of methyl 1O~-aceroxy-enantiopodocarpa-5,7,13-ffien-l~re (III) lo merllyl 
enant iopodocarpa-5,7,10,13-retrrren-I &ate (V) and metcryl enantiopodonrrpa-5,7,9,13-zelraen-1 douse 

01) 
After a solution of III (90 mg) in AcOH (4 ml) containing H,SO, (3 drops) was warmed at 80” 

for 30 min, it was diluted with H,O and was extracted with ether. The ether extract was washed with 
10% NaOH aq, then with H,O, dried over Na,SOI and evaporated. Chromatography of the oil 
(70 mg) on neutral alumina (10 g) gave two kinds of fractions (41 mg and 14 mg) in pet. ether-ether 
(20: 1) elution successively. The former was identical with VI and the latter was identical with V 
by comparison of their IR spectra and of mixed m.p. with the respective authentic sample. As 
described below, an isomerivltion of V to VI did not occur during or after elimination, 

Catalytic hydrogenation of methyl enantiopohmpu-5,7,9,13-ietraen-l&oate (VI) and of methyl 
enantiopwlocarpa-5,7,10,13-fefrue~-l6sate (V) to methy enantiopodocarpa-5,7,13-tricn-ldwte (IV) 

(i). Hydrogenation of A*-esrer (VI). A solution of VI (15 mg) in MeOH (1.5 ml) in presence of 
10% Pd-C (10 mg) was shaken under H, atm. After H, absorption had ceased, the catalyst was 
filtered off and the filtrate evaporated in zxzcuo. The residue (13 mg) was recrystallized from 
MeOH--Ha0 as colourless prisms, m.p. 138-14O”, which were identical with the authentic IV by 
no depression of mixed m.p. and coincidence of their IR spectra. 

(ii), Hydrogemztion of AlPester (V). A solution of V (30 mg) in MeOH (10 ml) in presence of 
10% Pd-C (25 mg) was shaken under Hs atm. It was treated as in (i). The residue (27 mg) was 
recrystallized twice from MeOH-H,O as colourless prisms, m.p. 138-140”, which was identical 
with authentic IV by no depression of mixed m.p. and coincidence of their IR spectra. 

lO&Hydroxyenantiopodocarpo-5,7,13-~rie~l6-oic. mid (VII) 

A solution of III (2 g) and KOH (700 mg) in ethylene glywl(50 ml) and H,O (2.5 ml) was heated 
for 15 min on an oil bath (bath temp was maintained at 180-200’). After the reaction mixture was 
diluted with HSO, it was carefully acidified with 10% HCl with ice cooling to prevent the formation 
of IX and then extracted with ether. The ether extract was washed with 10% NaOH aq. 

(i). Rcidicpart. After the above alkaline (NaOH) extract was carefully acidified with 10% HCl 
with ice cooling, the precipitate (166 g) was collected and recrystallized from MeOH-H,O to give 
colourless fine prisms of VII, which has two crystalline forms; (a). m.p. 15&158O. (Found: C, 
74.32; H, 7.85. CaIc. for CI,Ht,O,: C, 74.42; H, 8*08%), IR a$,:: cm-l: 3580, 3400, 1726, 1693, 
1240, NMbDCII(~): 8.44 (<O-C-Cl&), 8.88 (-Ha) and (b). m.p. 156158” (once melted 
at about 80”). (Found: C, 72.08; H, 7.89. Calc. for C1,H,,O,*iH,O: C, 72.05; H, 8*18x)), IR 
$KBr a-1. 

max * 3420, 3360, 1662, 1220. The latter was dried at 70” in uucuo for 2 days to give the 
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former crystalline form. Roth crystalline forms were selectively obtained from their solution by 
seeding of either forms respectively. Mixed m.p. of both crystalline species showed no depression. 

(ii). Neutral pm. The above mentioned ether layer was washed with H,O, then was dried over 
Na,SO, and evaporated. The residue (200 mg) was recrystallized from MeOH-HI0 as colourless 
needles, m-p. 160-163”, whose IR spectrum was identical with that of IX. 

Methy/ 1 O/?-~yd~0xy-enantiopodowrpfz-5,7,13-trien-~ hrzte (VIII) 

Compound VII (300 mg) was readily methylated with excess diazomethane in ether. An oil 
(slowly crystallized) was quantitatively obtained and it was twice recrystallized from pet. ether as 
colourless fine prisms of VIII, m.p. 79-80*, as analytical sample. (Found: C, 74.59; H, 8.10. Calc. 
for CJI,,OJ: C, 74.97; H, 8.39 “/,), NMRcWb (7): 6.25 (-COOC&), 854 (-CO-C-C&), 
8.98 (-C-C&), G&in : 4-O (1.5 % SE-30 on Anakrom A (SCrlOO mesh), I.5 m x 3.0 mm, 180”). 

Conversion ofmethyZ lo@-hydroxy enantiopodoccz~pu-5,7,l3-trien-l6-0ute (VIII) to methyr lOj%ucetoxy- 
enantiopodocarpo-5,7,13-lr~e~l6sate (III) 

Acetyl chloride (O-5 ml) was added dropwise to a solution of VIII (49 mg) in anhydrous pyridine 
(2 ml) with ice cooling. After the reaction solution was left standing in a refrigerator for one day, 
it was diluted with Ha0 and extracted with ether. The ether extract was washed with 10% HCl and 
H1O successively and then dried over Na&O,. After evaporating the solvent, the quantitative 
residue was twioe recrystallized from MeOH-HI0 as colourless needles (35 mg), m.p. 132-141”, 
which were chromatographed on neutral alumina to give colourless needles (24 mg) in pet. ether-ether 
(5 : 1) elution. They were recrystallized again from MeOH-H1O as colourless needles, m.p. 142-144”, 
whose physical constants (m.p., mixed m.p. and IR spectrum) were identical with those of the afore- 
mentioned III. 

1 Oor_Hydroxyenantiopo~u~~5,7,1 f-rrien-16-oic acid 16 + lOa-ketone (IX) 

Luctonization of lO#?-hydroxy-enantiopodbcar~5,7,13-trien-16sic acid (VII). A solution of 
VII (200 mg) in 10% HCl (30 ml) and MeOH (added until complete dissolution) was refluxed for 
30 min. After the MeOH was evaporated off, the residue was extracted with ether. The ether extract 
was washed with 10% Na,COI aq, and Ha0 successively and then dried over Na,SO,. After evapo- 
rating the solvent, the residue (123 mg) was recrystallized twice from MeOH-HI0 yielding colourless 
fine prisms of IX (104 mg), m.p. 174-176” as analytical sample. (Found: C, 79-30; H, 7.71. Calc. 
for C,,H,,O,: C, 79.65; H, 7*86 yd, IR vzi cm-‘: 1758, G&in: 4.5 (l-5 % SE-30 on Analcrom A 
(SO-100 mesh), l-5 m x 3-O mm, 182”), NMRcoclB: 8.75 (--CO-C-C~,), 8-91 (xx&). 

lO&#ydroxyenantiopo&codocarpa-5,7,13-trien-l6_oic acid (X). Hy&olysi,s of lOa-hydroxyenantiopodo- 
carpa-5,7,13-Ken-16-oic mid 16 + 1 Oo&ctone (IX) 

A solution of IX (100 mg) in 10% KOH aq (3 ml) and MeOH (added until complete dissolution) 
was refluxed for 30 min. After the solvent was evaporated off and the residue diluted with H,O, it 
was extracted with ether to separate alkaline H&layer (acidic part) and ether extract (neutral 

part). 
(i). Acidic part. After the alkaline H&layer was acidified with ice cooling and extracted with 

ether, the ether extract was washed with HI0 and dried over Na,SO,. After evaporating the solvent, 
the residue (70 mg) was recrystallized from MeOH-HI0 as colourless fine prisms of X (35 mg), 
m.p. 163.5-165”, as analytical sample. (Found : C, 74.42; H, 7-92. Calc. for CI,H,,OI : C, 74.42; 
H, 8*08x), IR VKmBI: cm-‘: 3210, 2360, 1935, 1675, 1270, NMRcDc,, (I): 8.72 (-CO-C-C&), 
8.63 (-C-Q&). Mixed m.p. of this X with isomeric VII showed depressed m.p. 

(ii). Neutral part. The ether extract was washed with HI0 and then dried over Na,SO,. After 
evaporating the solvent, the residue (23 mg) was recrystallized from MeOH-II,0 as colourless 
needles, m.p. 174-177*, whose physical constants (m.p., mixed m.p. and IR spectrum) were identical 
with those of the starting IX. 

Lactonizution of 1 O&Jiydroxyenantiopodocarpa-5,7,13-t&n-164c acid (X) to 1 O&ydroxyenantio- 
podocarpa-5,7,13-trien-16-oic mid 16 --c IOa-lizctune (IX) 

A solution of X (50 mg) in 10% HCl(7n5 ml) and MeOH (10 ml) was refluxed for 30 min. After 
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the MeOH was evaporated, it was extracted with ether. The ether extract was washed with ether. 
The ether exm was washed with 10% NaOH aq and with H,G successively and then dried over 
Na$G,. After evapo~ting the solvent, the residue (43 mg) was ~~~ from MeOH-H,G 
to coiour1ess fine prisms, m.p. 174-176”. whose physical constants (m.p., mixed m.p. and IR 
spectrum) were identical with those of IX. 

Compound X (15 mg) was ~thyla~ with excess di~o~th~e~h~. The residue (15 mg) was 
recrystallized from M&H-H,O as wlourless needles of XI, m.p. W-147”, as analytical sample. 
{Found: C, 74.93; H, 8*27. Calc. for ClrHuOI: C, 74.97; H, 8.397& NMRenc,, (7): 623 
(COOC~,), 8.70 (-CO-C-C~& 8-63 (--C-C&), GC,UI~: 64 (15% SE-30 on Anakrom A 
(SO-100 mesh), l-5 m x 3-O mm, 181”). 

hfkz-red spectra ana&esS of methyl lOg-frydroxy-enantiopod&urpu-5,7,13-Men-ldoate (VIII) a& 
methyl lOar-hydroxy-e~tio~oiopodocarpa-5,7,13-trie~~-l(isate {XI) 

IR absorption bands (in Ccl,) wrresponding to hydroxy and cetrbonyl groups of VIII and XI 
were observed as follows : 

(i). ~~~~~yd~oxy ester (VIII). IR rE:i cm-l : 3618 (Q_& 3548 (hydrogen bonded ~+a), 
1732 {Ye&, 1713 {hydrogen bonded or e,&, which is constant in following concentration; {a). 
c = 0.140 M/L, 1 (cell length) = O-1 mm for Q=~, 0.5 mm for 10-H. {b). c = 0~014 /ML, 1 = 0.5 
mm for ~~~~ and ~~_n, (c). c = @OOS M/L, I= 1-O mm for a+EO 10.0 mm for Ye+. 

(ii). l~-~~~ox~ ester {XI). IR ~~~~crn-l~ 3485 (hy~o~n bonded z+,_u), 1715 {hyd~n 
bonded me,&, which is constant in following concentration; (a). c = @MO M/L, I = 0.1 mm for 
Q~,-, and Y~_~. (b). c = O-014 M/L, I = O-5 mm for q.=,~ and I’~_~. (c). c = 0.005 M/L, 
I = 1.0 mm for yc_o and Y~-~. 

Since the above hydrogen bonded absarptions were not shifted with dilution of the samples, 
these hydro~n bonds were not inte~ol~ular, but in~mol~ular. 

Catalytic hydrogenation of lO~-hydrox~~nantio~cu~~-5,7,13-trie~-l6-oic acid 16+1Oz-ltrctcms(IX) 
to enantiopodocarpa3,7,13-triers-l6sic acid (I-ukoxy~docarpk acti XII) 

A solution of IX (42 mg) in AcOH (15 ml) containing H&C& (1 drop) was shaken under Ht atm. 
in presence of 10% Pd-C (40 mg). After Ht auction ceased, the catalyst was filtered off and 
the filtrate evaporated in PCZCUU. The residue was diluted with H,O and extracted with ether. The 
ether extract was washed with 10% NaOH aq and the alkaline extract acidified and then extracted 
again with ether. The ether extract was washed with H,O, then dried over Na$O, and evaporated 
to give a residue (36 mg), m.p. 165-180”, which was chromatographed on silicic acid-celite (1: 1; 
6 g) to give wlourless prisms, m.p. 192-197”, in pet, ether-ether (20: 1) elution. Its physical constants 
{m.p., mixed m-p. and IR s~rn~ were identical with those of the authentic X11. 

Dehydratiun of methyl lO@hy&oxy_enantiop&c~p~5,7,13-trfen-ltiare (VIII) and methyl lOr- 
hyd~oxy-enantiopodouu~-5,7,I3-?rrien-l6-oote {Xl) by methu.tresu@otzyZ chIork& 

{i). In the cuse of log-hyd~oxy ester (VIII). A ~lution of VIII (113 mg) and met~~ulphonyl 
chloride (123 mg) in absolute pyridine (0.7 ml) was warmed for 100 min on a water bath maintained 
at 80 & 5’ and then was left standing overnight at room temp. After the reacuon mixture was 
diluted with H,O and then acidified with 10% HCI, the precipitate (95 mg) was wllected, washed 
with H,G and then chromatographed on neutral alumina (5 g) to give the following three fractions 
successively in pet. ether elution: Fraction a (21 mg) was ~~~11~ from MeOH-HO0 as 
colourless needles, m.p. 7678”, whose physical constants {m.p., mixed m.p. and IR spectrum) 
were identical with those of the authentic VI. Fraction b (18 mg) was recrystallized from MeOH- 
Hz0 as wlourless needles, m.p. 115-l 17”, whose physical constants (m.p., mixed m.p. and IR 
s~trum) were identical with those of authentic V. Fraction c (13 mg) was recrystallized from 
M&H-Ho0 as colourless fine prisms, m.p. 162-170”, whose IR spectrum was identical with that 
of the authentic IX. 

(ii). in the case of lO&rydroxy ester (Xi). A solution of Xl (103 mg) and methanesulphonyl 
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chloride (120 mg) in absolute pyridine (O-7 ml) was treated as in (i). The precipitate was chromato- 
graphed on neutral alumina (10 g) to give successively the following three fractions: Fraction a 
(22 mg) appearing in pet. ether elution, was recrystallized twice from MeOH and then from pet. 
ether as colourless needles, m.p. 68-73”, whose physical constants (m.p., mixed m.p. and IR spectrum) 
were identical with those of the authentic VI. Fraction b (22 mg) appearing in pet. ether-ether 
(10 : 1) elution, was recrystallized twice from MeOH and then from pet. ether as colourless needles, 
m.p. 114117”, whose physical constants (m.p., mixed m.p. and IR spectrum) were identical with 
those of the authentic V. Fraction c (52 mg) eluted in pet. ether-ether (5: 1) portion, was recrystallized 
from MeOH-H,O as colourless fine prisms, m-p. 162-170”, whose IR spectrum was identical 
with that of the authentic IX.*& 

An isomerization of V to VI did not occur under these dehydration conditions as described 
below. 

Alkaline hydrolysis of methyl 10~-~y~roxyenantio~od~car~~-5,7,13-rrien-16-oare (VIII) and merhyZ 
lOrx-hydroxyenantiopadocarpa-Z,7,13-~rien-l6-oafe (XI) fo the currespondiqq ucidr (VII and X) 
rqectiCely 

(i). In the case of IO/?-hydroxy ester (VIII). A solution of VIII (55 mg) and KOH (120 mg) in 
MeOH (15 ml) and H,O (1 ml) was refluxed for 1.5 hr. After evaporating the MeOH, the mixture 
was diluted with HI0 and the neutral compound removed by ether extraction. The aqueous layer 
was, after acidification, extracted with ether and the ether extract washed with Hz0 and dried over 
Na,SO,. After evaporating the ether, the residue (42 mg) was recrystallized from MeOH-Hz0 
as colourless fine prisms, whose IR spectrum was identical with that of the authenticV11. On the other 
hand, an oil (l-2 mg) was obtained as neutral compound. 

(ii). In the case of lOz-hydraxy ester (XI). A solution of XI (50 mg) and KOH (100 mg) in MeOH 
(10 ml) and HI0 (1 ml) was treated as in (i). The acidic residue (37 mg) was recrystallized from 
McOH-HsO as colourless prisms, whose IR spectrum was identical with that of X. On the other 
hand, the IR spectrum of the neutral fraction (8 mg) showed that it consisted of IX and the 
starting XI. 

Drastic alkaline hydrofysis of methyf 1 Op-hydroxy-enantiopodocurp-5,7,13-triers-1 tile (VIII), 
methyl 1 Oz-hydroxyenantiopodocarpa-5,7,13-trien- 16-oare (XI) and 1 Ott-hydroxyenantiopodocprpa- 
5,7,13-trien-ldoic acid 16 4 lO&acfone (IX) 

(i). 1n the case of log-hydroxy ester (Wl); preparation of the carres~ndiqq acid (VII). A 
solution of VIII (100 mg) and KOH (40 mg) in ethylene glycol(5 ml) and HI0 (0.5 ml) was refluxcd 
for 15 min on an oil bath maintained at about 200”. The reaction mixture was diluted with H,O, 
acidified and then extracted with ether. The ether extract was washed with 10% NaOH aq. (a). 
Acidic part. After the alkaline (NaOH) extract was acidified, then extracted with ether, the ether 
extract was washed with H,O and was dried over Na,SO,. After evaporating the ether, the residue 
(102 mg), m.p. 15&153”, was identical with the authentic VII by comparison of their IR spectra. 
(b). Neutral part. The ether layer was washed with 10% NaOH aq and with HI0 successively and 
was dried over Na,SO,. After evaporating the ether, the resulting neutral part was undetectable. 

(ii). In the case of lodl-hydroxy ester (XI); preparation ofA%cid (XIII). A solution of XI (39 mg) 
and KOH (20 mg) in ethylene glycol (2 ml) and H,O (0.3 ml) was refluxed for 15 min on an oil bath 
maintained at about 185-200”. The reaction mixture was treated as in (i). (a). Acidic purr. The 
residue (31 mg) was recrystallized from MeOH-Ho0 as colourless cubes of XIII, m.p. 145-148”, 
as analytical sample. (Found : C, 79.79; H, 7.94. Calc. for G,H,,O,: C, 79.65; H, 7.86%), 
IR vz cm-‘: 1690 UV proa rnp: 265. (b). Neutral part. This part (5 mg) was identical with IX 
by comparison of tlteir IR rktra. 

(iii). In the case of lOa-lactose (IX); preparation of A*-ucid (XIII). A solution of IX (100 mg) 
and KOH (25 mg) in ethylene glycol (5 ml) and HI0 (0.25 ml) was refluxed for 15 min on an oil 
bath maintained at 190-200”. The reaction mixture was treated as in (i). (a). Acidic part. The 
residue (78 mg) was recrystallized from MeOH-H,O as colourless cubes, m.p. 145-148*, whose 
physical constants (m.p., mixed m.p. and IR spectrum) were identical with XIII. (b). Neurrnlpart. 

I5 Since the IR spectrum of the prechromatographic crystalline product showed no absorption 
corresponding to lactone, the lactone would be considered to arise from the unreacted 10or-hydroxy 
ester (XI) during chromatography on neutral alumina. 
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The residue (25 mg) was recrystallized from MeOH-H,O as colourless fine prisms, m.p. 174-I 
whose physical constants (m.p., mixed m-p., and IR spectrum) were identical with those of IX. 

779, 

Methyhz&r af enantio~~rpa-5,7,9,13-te~zt~-l daic acid (XIII). 

Compound XIII (31 mg) was methylated with excess diazomethane-ether. The resulting product 
(28 mg) was twice recrystallized from MeOH-I-&O as colourless needles (27 mg), m.p. 79”, whose 
physical constants (m.p., mixed m.p. and IR spectrum) were identical with those of VI. 

Treutmerrt of methyf lOg~~~~~~enantiopodocarpa-5,7,13-rrien-l6s4fe (VIII) CIlfd methyl IOar- 
hydroxyenantiopodocarpa-5,7,13+ien- 1 Goate (XI) with uluminium oxide 

(i). In the case uf lO&vdruxy ester (VIII); recovery of the starting material. A solution of 
VIII (18 mg) in ether (0.5 ml) and pet, ether (5 ml) in presence of neutral alumina was left standing 
at room temp for 3 days. Alumina was filtered off and the filtrate evaporated. The residue was 
identical with the starting VIII by comparison of IR spectra. 

(ii). In the case of lOa-hydroxy ester (XI) und prepurution of the &tone (IX). Compound XI 
(30 mg) was treated at room temp overnight with neutral alumina (3 g) as in VIII. The residue 
(25 mg) was recrystallized from MeOH as colourless fine prisms, m.p. 170-173*, whose physical 
constants (m.p., mixed m.p. and IR spectrum) were identical with IX. 

Thermal treatment of methyl lO&hydroxyenantio@c~~-5,7,13-t&n-ldoate (VIII) und methyl 
1 Oa-hydroxyenantio+cur~-5,7,13-trien-1 dwte (XI) 

(i). ln the cure of lO&hydroxy ester (VIII); recouery of the sturtiqq materiial. A solution of 
VIII (45 mg) in ethylene glycol(1 ml) was refluxed for 30 min on an oil bath maintained at 180-210”. 
The reaction mixture was diluted with Ha0 and extracted with ether. The ether extract was dried 
over NalSOI and evaporated to give an oil (41 mg), whose IR spectrum showed it mainly consisted 
of the starting VIII. 

(ii). In rhe case of lOa-hydroxy ester (XI); preprution of AD-ester (VI), ArO-ester (V) and the 
Iactone (IX). A solution of XI (42 mg) in ethylene glycol (1 ml) was refluxed for 30 min on an oil 
bath maintained at 180-210”. After the reaction mixture was treated as in (i), the oil (37 mg) was 
chromatographed on neutral alumina (4 g) to give an oil (12 mg), whose IR spectrum was identical 
with that of VI, and an oil (3 mg), whose IR spectrum was identical with that of V, in pet. ether 
elution successively and then to give colourless prisms (24 mg), whose IR spectrum was identical 
with that of IX, in pet. ether-ether (5: 1) elution. 

Treatment of mthy/ lOjUy&~xy-enantiopodocarpa-5,7,13-trien-ldoafe (VIII) turd methy IOa- 
hydroxyenantiopodocarpa-5,7,13-trkn-16-oute (XI) witk twmoniu water 

(i). In the cuse of lo@-hydroxy ester (VIII); preparation of lO#?-kydroxy*nantiop&ocurpu- 
5,7,13-trien-16-ami (XIV), A solution of VIII (100 mg) in 28% NH,OH (2 ml) and dioxane (1 ml) 
was heated at 13&150” in a sealed tube for 6 hr. After the reaction mixture was diluted with HIO, 
it was extracted with ether. The ether extract was washed with 10% HCl and HI0 successively and 
then dried over Na$O,. After evaporating the ether, the resuhing yellow oil (73 mg) was chromato- 
graphed on silicic acid-celite (1: 1; 3 g) to give oil (45 mg), which was slowly crystallized, in pet. 
etherether (1: 1) elution. The colourless fraction, m.p. 165-168”, was recrystallized from MeOH- 
Ha0 as colourless fine prisms, m.p. 170-171”. (Found : C, 74.66; H, 8.22; N, 5.20. Calc. for 
C1,HO1O,N: C, 74.69; H, 8.48; N, S-12%), IR eai cm-I: 3460,3160,1655. 

(ii). In the case of IOar-hflroxy ester (XI); preparatbn of the hzctone (IX). A solution of 
XI (50 mg) in 28 % NH,OH (4 ml) and diotine (1 ml) was heated at 1 l&125” in a sealed tube for 
4 hr. After the reaction mixture was diluted with H,O, the resulting precipitate (37 mg) was collected 
and recrystallkd from MeOH-HI0 as colourless fine prisms, m.p. 173-176”, whose physical 
constants (m.p., mixed m.p. and IR spectrum) were identical with those of IX. 

Isomerization of methyl enantiopodocarpa-5,7,10,13-tetraen-16safe (V’) fo methy enantiopotkurpo- 
5,7,9,13-terraen-16-oate (VI) by alkaline treatment following by methyiatio~ 

A solution of V (29 mg) and KOH (100 mg) in ethylene glycol (5 ml) containing HI0 (4 drops) 
was refluxed for 1 hr on an oil bath maintained at 190-205”. The reaction mixture was diluted with 
H,O and then extracted with ether. (i). Neutrul part. The ether extract was washed with H,O, 
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dried over N&SO, and then evaporated to give an oil (9 mg), whose IR spectrum showed it wn- 
sisted of VI and V. (ii). Acidic part. The aqueous layer of the ether extraction was acidified and 
then extracted with ether. After the ether extract was treated with excess diazomethane-ether 
solution and evaporating the ether and the resultant oil (19 mg) was chromatographed on neutral 
alumina (4 g) to give the following fractions in pet. ether elution successively: Fraction a (12 mg), 
which was recrystalhxed from MeOH--)I,0 as wlourless needles, m.p. 74-78”, whose physical 
constants (m.p., mix& m.p. and IR spectrum) were identical with those of VI. Fraction b (5 mg), 
whose IR spectrum showed it consisted of VI and V. 

Srubilities of methyl enantiopocdocmpa-5,7,10,13-retran- 6-uufe (V) 

Compound V was not isomerized to VI or XIII and was quantitatively recovered under the 
following conditions: 

(i). TAermal treatment. Under N,-stream, V (33 mg) was heated for 3 min on a metal bath main- 
tained at 290-300’. 

(ii). Treatment wifh H,SO, in AcOH. A solution of V (20 mg) in AcOH (05 ml) containing 
H$O, (1 drop) was warmed at 80” for 20 min. 

(iii). Treutmerrf with methmres~~honyl chioride in pyridiine. A solution of V (35 mg) in pyridine 
(0.5 ml) containing MsCl(1 drop) was warmed at 80 f 3” for 2 hr and then left standing at room 
temp for 3 hr. 

(iv). Acidic treutmnt. A solution of V (12 mg) in MeOH (5 ml) and 10% HCl (2 ml) was re- 
fluxed for 2 hr. 

(v). Alkaline ~reutme~ A solution of V (20 mg) and KOH (20 mg) in MeOH (5 ml) and H,O 
(I ml) was refluxed for 1 hr. 

Oxidation of C,-methyf group of methyl lO~-h~drroxycnantiopodocorpo-5,7,13-trietz-l6sate (VIII) 
with feud tetruucetufe. MethyI 10~,15-e~xy~nantiopodocur~-5,7,13-trie~16-~~fe (XVIIl) 

Under N&ream a solution of VIII (1053 mg) in absolute benzene (40 ml) was illuminated by 
UV lamp (penetrative type) in presence of Pb(OAc), (2.3 g) and I, (1.3 g) at 10” for 10 hr. After 
filtering off the unsoluble precipitate, the benzene solution was washed with 10% Na,S,OI aq, sat. 
NaHCO, aq and H,O successively and dried over Na,SG,. After evaporating the solvent, the residue 
(1138 mg) was chromatographed on neutral alumina (30 g) to give the following fractions in pet. 
ether-ether (10: 1) elution successively; (i). Colourlcss needles (40 mg), whose physical constants 
(m.p., mixed m.p. and IR spectrum) were identical with those of IX. (ii). Colourless needles (1000 
mg) which were recrystallized from pet. ether as wlourless needles of XVIII, m.p. 161-163” as 
analytical sample. (Found : C, 75.36; H, 7-74. Calc. for CleHIIOI: C, 75.49; H, 7*74%), IR 
vzt: cm-l : 1710, NMR,,,, (7): 6.28 (-COW&), 8.96 (-C-C&), GCmin: 4.3 (1.5% SE-30 
on Anakrom A (8&140 mesh), l-5 m x 3-O mm, 180”). (iii). An oily solid (15 mg), whose IR 
spectrum showed it consisted of XVIII and the starting VIII. 

The same reaction of VIII (107 mg) at 23” gave IX (23 mg), XVIII (53 mg) and the starting VIII 
(7 mg). In another case, the same reaction of VIII (111 mg) at 5659” gave IX (14 mg), XVIII 
(30 mg) and VIII (48 mg). 

However, the same reactions of VIII without I, at lOogave only recovered VIII and ofVIII(lO0 mg) 
under reflux gave XVIII (17 mg) and VIII (59 mg). 

Oxiiiution of Cln-methyl group of methyl 1 Oar-hydroxFnantiopc&curp-5,7,13-t&n-l doate 
with lead tetraacetafe. Methyf lOa, 17-e~xy-enantioporibcarpu-5,7,13-trhn-l&uute (XIX) 

(XI) 

Under N&ream a solution of XI (323 mg) in absolute benzene (60 ml) was illuminated by 
UV lamp (penetrative type) in presence of Pb (OAc), (500 mg) and II (350 mg) at 60” for 18 hr. The 
reaction mixture was treated as in ‘XVIJI. The brown oil (302 mg), whose IR spectrum showed 
XIX was contaminated with IX and the starting XI, was refluxed with KOH (3 g) in MeOH (20 ml) 
and Ha0 (@5 ml) for 30 min. After evaporating the MeOH, the residue was diluted with H,O and 
extracted with ether. The ether extract was washed with HIO, then dried over Na$O, and evaporated. 
The resulting residue (265 mg) was chromatographed on neutral alumina (5 g) to give a fraction 
(240 mg) in pet. ether-ether (20: 1) elution. It was recrystalIized twice from MeOH-H,O as wlour- 
less needles of XIX, m.p. 128-129”, as analytical sample. (Found : C, 75.43; H, 7.56. Calc. for 
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C1bH,&?t: C, 75-49; H, 7*74%3, IR y~~l:crn--‘: 1715, NMRoDOlt (T): 630 ( --COOC&), 8.74 
(-GO--C-CB& GCmin: 4.8 (1.0% SE-30 on Anakrom A (80-100 mesh), 1.5 m x 3vOmm, 
181”). 

merhyl 

(i). lo@, 15-epo~y~nantiopodoca~pa-S,7,13-t~i~n-l6sZ (XX). A solution of XVIII (5Omg) in 
tetrahydrofuran (I ml) was treated with LiAlH,, (10 mg) for 2 days. The reaction mixture, treated 
as usual, yielded a residue (46.5 mg), m.p. 220-227”, which recrystallized from MeOH-HnO as 
colourless prisms of XX, m.p. 229-231”, as analytical sample. (Found: C, 7&92; H, 8-47. Calc. 
for CltHaaOo: C, 79*02; H, 8-58x), NMR~~~,~ (7): 8.85 (-C--CH8). 

(ii). l&, 17-e~~~~nantiopodoc~~~-5,7,13-tri~~-16-01 (XXI). A solution of XIX (41 mg) in 
absolute ether (7 ml) was refluxed with LiAlH, (40 mg) for 3 hr and then left standing overnight at 
room temp. After treating the reaction mixture as usual, the quantitatively oil obtained (slowly 
cry&l&d) was recrystallized twice from M&H-H@ as colourless prisms of XXI, m.p. 98-lOl”, 
as analytical sample. {Found: C, 73-66; H, 8.69. Calc. for G~~H~O**H~O; C, 73.88; H, 8.75 %), 
NMRcDc ( (7): 8.91 (-C-C&,,. 

LiAIHa reduction of methyl lO~-~~~uxy~nantiopodoc~~5,7,13-trien-16-oate (VIII) and methy 
10rr-hyd~~~y~nantio~~~~-5,7,t3-trien-l6_Oflte (Xi) 

(i). lO~-hyd~~x~~tio~oc~~~-5,7,13-t~~e~-l~~~ (XxX1). A solution of VIII (60 mg) in 
absolute ether (20 ml) was refluxed with LiAlH, (55 mg) for 3 hr and then left standing at room 
temp overnight. After treating the reaction mixture as usual, the residue was recrystallized from 
MeOH-H40 as colourless fine prisms of XxX1, m.p. 163-1645, as analytical sample. (Found: 
C, 78%; H, 9-17. Gale. for CL,H140t: C, 78.42; H, 9*29ya+ IR vE:E cm-l; 3310, NMRemI, (7): 
8.71 (6H~(HOH~C~~*, -C-CIj& 

(ii). lOac-hyd~~~y~nantio~~~c~~~-5,7,13-zri~n-l610t (XXXiI). A solution of XI (10 mg) in 
absolute ether (4 ml) was refluxed with LiAlH( (22 mg) for 2 hr and then was left standing at room 
temp overnight. After the reaction mixture was treated as usual, the residue was recrystallized from 
MeOH-H&O as colourless needles of XxX11, m.p. 17&177*5”, as analytical sample. (Found: 
C, 78*17; H, 9.07. Calc. for Cf,HBIOt: C, 78.42; H, 9*29%), IR ~5:; cm-l: 3310, NMR~e,~ (7): 
8-90 (HOH&--C-C&), 8.45 (-C-C&). 

Hydroboration of methyl enantiopodocarpc+5,7,10,13-tetruen-16sate (V) 

lO~-~~r~x~nantio~~~c~r~-S,?,l3-tr~~~-l~~ (XxX1). A solution of V (50 mg) in tetra- 
hyd~fu~n (2 ml) was ad&d dropwise to a mixture of NaBH, (40 mg) and BF,-etherate (250 mg) 
in tetrahydrofuran (2 ml) at 4” during 10 min. The reaction mixture was left standing at 4” for 30 
min, then at room temp for 30 min and finally warmed at 45” for 5 min. After adding 10% NaOH aq 
(2 ml) and then 30% HIOp (3 ml) to the reaction mixture at 50”, it was left standing at room temp 
for 30 min and then extracted with et&r. The ether extract was washed with H,O, dried over Na,SO, 
and evaporated. The resulting oil (47 m) was ~hromatog~ph~ on neutral alumi~ (3 g) to give 
successively fractions (7 m@ in pet. ether elution and (27 mg’, in ether elution. IR spectrum of 
the former fraction was identical with that of the starting V. The latter fraction was recrystallized 
from MeOH--Ha0 as colourless fine prisms (21 mg), m-p. 162-164”, whose physical constants 
(mixed m-p. and IR spectra in CHCl* and KBr) were identical with those of XXXX. 

Hydroboration of methyl enantiopodocarpa-5,7,9,13- tetraen-16-oate (VI) 

Methyl 9&hydroxy_enantiopodocarpa-5,7,13-t&z-l (ioate (XXXVIII). Under N&ream a 
solution of BF,-etherate (180 mg) in diglyme (3 ml) added dropwise to a reaction mixture of VI 
(100 mg) and NaBHI (20 mg) in diglyme (3 ml) at 7’ during 10 min and the reaction mixture left 
standing for 10 min at 7-10”. After adding 2 N NaOH aq (1 ml) and 28 % H,OB (2 ml) su~si~ly at 
lo”, it was extracted with ether. The ether extract was washed with H,O, dried over Na,SO, and then 
evaporated, The residue (70 mg), m.p. 145-156”, was chromatographed on neutral alumina (4 S, 
to give a fraction (57 mg) from pet. ether-ether (5 : 1) elution which was recrystallized from MeOH- 
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H,O to give colourless needles of XXXVIII, m.p. 165-168”, as analytical sample. (Found: C, 
7468; H, 7.90. Calc. for C,sHHOI: C, 74.97; H, S-39%), IR vzi cm-*: 3530, 1708. 

Chromium trioxide oxidation of methyl 9p-hydroxy-enantiopodocurpa-5,7,13-rrien-1 bare (XXXVIII) 

Methyl 9_oxoenantiopodocarpa-5,7,13-rrien-ldoate (XxX1X). A solution of CrOo (30 mg) in 
AcOH (0.4 ml) and H,O (4 drops) was added to a solution of XXXVIII (20 mg) in AcOH (0.3 ml). 
After the reaction mixture was warmed at 75” for 30 min, MeOH (1 ml) was added to decompose 
excess CrOl. After evaporating the AcOH and adding HaO, it was extracted with ether. The ether 
extract was washed with sat. NaHCO, aq and with Ha0 successively and then dried over Na,SO,. 
After evaporating the ether, the residue (15 mg) was recrystallized from MeOH-H,O to give colour- 
less prisms, m-p. 144-I46”, whose physical constants (mixed m.p. and IR spectrum) were identical 
with those of authentic XXXlX.6 

NaBH, reduction of methyl 9-uxo-cnantiopodocarp4;5,7,13-trien-l6-wte (XxX1X) 

Methy 9a-hydroxyenantiopodocurpu-5,7,13-rrien-16-oate (XL). NaBI& (50 mg) was added to 
a solution of XxX1X (55 mg) in MeOH (10 ml). After the reaction mixture was stirred at 25-28” 
for 2 hr, the MeOH was evaporated in ~acuo and Ho0 was added. The precipitate (55 mg) was 
collected and recrystallized from MeOH-H,O as colourless needles of XL, m.p. 167-170”, as 
analytical sample. (Found : C, 74.51; H, 8.05. Calc. for ClsH,,Os: C, 74-97; H, 8.39x), IR 
v:f: cm l: 3520, 1702. Mixed m-p. of this compound with XXXVIII showed a depressed m.p. 
and its IR spectrum was different from that of XXXVIII. 

Reaction of methyl lOa, 17_epoxyenantiopodocarprr-5,7,13-trien-l&oate (XIX) with BF,-etherute 

Methy! 17-ncetoxyenantiopodocarpa-5,7,9,13-tetrue~-l6-oate (XL]). BF,-etherate (0.5 ml) was 
added dropwise to a solution of XIX (100 mg) in Ac,O (4 ml) with stirring. After the reaction 
mixture was left standing at room temp for I.5 hr, Hz0 and then KICOO powder was slowly added 
to neutralize with ice cooling. It was extracted with ether, the ether extract was washed with 10% 
NaHCO, aq and with HtO successively and dried over Na,SO,. After evaporating the ether, a 
light yellow oil XL1 (115 mg), b.p. 175-180” (bath temp)/l mm Hg, gaschromatographic pure, was 
obtained. (Found: C, 73.22; H, 7.19. Calc. for C&,HtlOl: C, 73.14; H, 7*37x), IR 2~2:; cm-l: 
1740, 1230, UV i.$‘f: 262.5 m/l (E = 7900). 

Alkaline hydrolysis of me+1 17acetoxyenantiopodocarpa-5,7,9,13-telruen-I 6-oate (XLI) 

17-Hydroxy-enantiopodocar~-5,7,9,13-tetrasn-l6-oic acid 16 -+ 174actone (XLIII). A reaction 
solution of XL1 (270 mg) and KOH (2-O g) in diethylene glycol(l0 ml) and HI0 (0.5 ml) was refluxed 
for 30 min on an oil bath (bath temp 20&210”). After the reaction mixture was diluted with H,O, 
it was acidified with cont. HCI and extracted with ether. The ether extract was washed with 10% 
NaOH aq and with HI0 successively and dried over Na,SO,. After evaporating the ether, the 
colourless fine needles (177 mg), m.p. 176-177”, were recrystallized from MeOH--He0 to m.p. 
176*5-177.5” as analytical sample of XLIII. (Found: C, 80.07; H, 7.01. Calc. for CI,HIROL: 
C, 80.28; H, 7.13 “/@, IR v”,“,: cm-*: 1730. 

CatalyGc hydrogenation of 17-hydroxyenantiopodocurpa-5,7,9,13-terraen- 6-oic acid 16 + 174actone 
(XLIII) 

17-Hydroxy-enantiopodocarpa-5,7,13-trien-164c acid 16 + 174acrone (XLIV). Compound 
XL111 (30 mg) in MeOH (4 ml) was cataIytica1ly hydrogenated in H,-atm. in the presence of the 10% 
Pd-C (15 mg). After treating as usual, the colourless needles (26 mg), m.p. 145-173’, were re- 
crystallized three times from MeOH-H,O to m-p. 184-185” as analytical sample of XLIV. (Found : 
C, 79.33; H, 8.21. Calc. for C1,HIDOt: C, 79.65; H, 7.86%) IR Y::: cm-l: 1730. 

Thermal lactonizalion of 1 O/3-hydroxyenantiopodocarpa-5,7,13-trien-16-oic acid (VII) 

1 Op-Hydroxyenantiopod5,7,13-trien-16-oic acid 16 --c lo@-&tone (XXX). Compound 
VII (150 mg) was heated at about 200’ for 3 hr in a sealed tube. The resulting brown oil was dissolved 
in ether and the solution washed with 10% NaOH aq and H,O successively and dried over Na,SO,. 
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After evaporating the ether, an oily product (Acrystals; 100 mg) was obtained. The IR spectra 
was distinguishable from that of the stable 16 -+ lOa-lactone (IX) as shown below. 

Comparison of IR spectra (cm-l) 
between both lactone (XXX and DQa‘ 

17 --+ lOj%ctone (XXX) 16 + 1 Oa-lactone (IX) 

1774 (KBr) 1758 (KBr) 
1090 (ccl,) 1110 (CC13 

1040 (CClJ 

The Acrystals were recrystallized twice from MeOH as colourless fine needles (Crystals), 
m.p. l&142”, which were once more recrystallizd from MeOH-H,O to give colourlcss fine needles 
(C-crystals), m.p. 137-145”. (Found for &rystals: C, 79.62; H, 7.92 and for C-cxystals: C, 79.41; 
H, 7.71. Calc. for C1,HnoOp: C, 79.65; H, 7.86x.) A comparison on the IR spectra of A-, B- and 
C-crystals showed that the typical absorptions for IX at 1110 and 1040 cm-l were gradually increased 
by recrystallization in order of A-, B- and Ccrystals. The 16 -+ lO/&ctone (XXX) is so unstable 
that it would be now impossible to purify and even Auystals seem to he contaminated with small 
amounts of the stable 16 + lOa-lactone (IX). On the other hand, the alkaline extract (NaOH) 
was acidified and extracted with ether. The ether extract was washed with H,O, dried over 
Na,sO, and evaporated. The residue (20 mg) was identical with the starting VII by comparison of 
IR spectra. 

Isomerizution of 1 OB-hydroxy-enantiopodoccrrpa-5,7,13-fries-1 doic acid 16 + 1 OB_ractone (XXX) to 
lOar-irydroxyenantiopodocarpa-5,7,l+trien-16-oic mid 16 ---t IOa-locrone (IX) 

(i). Thermal freatmenr. Compound VII (100 mg) was heated at about 200” for 3 hr (the condition 
for the preparation of XXX) and then heated at about 240” for 5 hr in a sealed tube. The resulting 
product (87 mg), m.p. 152-160°, whose IR spectrum was very similar to that of IX, was heated 
again at 270” for 4 hr to give a product (80 mg), which was recrystallized twice from MeOH-H,O 
as wlourless fine prisms, m.p. 169-172”, whose physical constants (mixed m.p. and IR spectrum) 
were identical with those of IX. 

(ii). Treatment on AI,Ol. A mixture of the 16 4 lO&lactone (A-crystals; 10 mg) and neutral 
alumina (2 g) in ether (5 ml) was left standing at room temp for 2 days. After the alumina was 
filtered off and the ether evaporated, the residue (10 mg) was recrystallized from MeOH-HI0 as 
colourless fine prisms, m.p. 173-175”, which were identical with 1X by comparison of their m.p. 
(mixed m.p.). 

LiAlH, reduction of lOg-hydroxycnantiopodocarpa_5,7,13+ien- 1 doic acid 16 - 1 O/%!ucfont(XXX) 
Md lOa-hydroxyenantiopodocarpa-5,7,13-trien-16-oic acid 16 + lOa-&tone (IX) 

(i). In the cuse of ihe I6 + lO/&ctone. LiAlH, (40 mg) was added to a solution of XXX (A- 
crystals whose IR spectrum showed it was contaminated with a small amount of IX; 34 mg) in 
absotute ether (10 ml) and the reaction mixture was refluxed for 7 hr. After H,O was added, ether 
layer was washed with H,O and dried over Na$O,. After evaporating the ether, the residue (31 mg) 
was recrystallized from MeOH-H,O as colourless fine prisms, m.p. 161-165”, whose physical 
constants (mixed m.p. and IR spectrum) were identical with those of XXXI. 

(ii). In the case of the 16 + lOa-iactone. LiAlH, (50 mg) was added to a solution of IX (52 mg) 
in absolute ether (20 ml) and the reaction mixture refluxed for 8 hr. It was treated as in the case of 
XXX. The resulting product was recrystallized from MeOH-H*O as colourless needles (36 mg), 
m.p. 17&177*5”, whose physical constants (mixed m.p. and IR spectrum) were identical with those 
of XXXII. 

log, 15-@oxycnantiopodocarpa-j,7,1Ztrien-l6-oic acid (XXII) 

A solution of XVIII (100 m& and KOH (40 mg> in ethylene glywl (4 ml) and H,O (O-3 ml) was 
refluxed for 20 min. The reaction solution was diluted with H*O and then acidified. It was extracted 
with ether and the extract was washed with 10% NaOH aq (acidic part). The ether layer (neutral 
part) was washed with H,O, then dried over NatSOl and evaporated. The residue (31 mg), m.p. 

*O These values were measured by kindness of Dr. W. Nagata, Shionogi and Co., Ltd., Osaka. 
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14&147”, had an IR spectrum, which was identical with that of the starting XVIII. On the other hand, 
the alkaline extract (NaOH) was acidified and was extracted with ether. The ether e&act was 
washed with H’O, then dried over N&SO, and evaporated. The residue (70 mg), m.p. 242-252”, 
was recrystallized twice from M&H-H,0 as colourless fine prisms, m.p. 260-262*, as analytical 
sample of XXII. (Found: C, 74-84; H, 8*05. Calc. for CI,HlOOl: C, 74.97; H, 7.40%) IR uk:: 
cm-l: 3480, 1730, NMRcDcl, (T) : 8*82= (-C-C43. 

Compound XXII (2 mg) was treated as usual with excess diazomethanesther solution to give 
a product (2 mg), m.p. 156160”, whose physical constants (mixed m.p. and IR spectrum) were 
identical with those of XVIII. 

102, 17-Qux~nantiopodocarpa-5,7,13-tr~en-l6-o~c u& (XXIII) 

A solution of XIX (300 mg) and KOH (250 mg) in ethylene glycol(2 ml) and H,O (0.5 ml) was 
heated at 18%200” in a sealed tube for 40 min. The reaction mixture was treated as in the case of 
XVIII. The acidic product (280 mg), m-p. 222-226”, was recrystallized twice from MeOH-HI0 
as cdourless needles, m.p. 233-236”- analytical sample of XXIII. (Found: C, 75.47; H, 7.98. 
Calc. for Cl,H4001: 
(HOOC-C<41.) 

C, 74.97; H, 7*40x), IR YE; cm-‘: 3420, 1725, NMRcw,, (2): 8.74 

lob, 15-~xycnantiopocloctrrpa-5,7,13-trien-1 We (XXIV) 

Thionyl chloride (0.2 ml) and pyridine (1 drop) was successively added to a solution of XXII 
(57 mg) in absolute benzene (2 ml). The reaction solution was refluxed for 3 hr and then evaporated 
in ~acuo. The resulting oil was dissolved in absolute ether, into which NH, gas was bubbled and the 
reaction mixture left standing overnight. After it was extracted with 10% NaOH aq, the alkaline 
extract (acidic part) was acidified and extracted with ether. The ether extract was washed with H,O, 
then dried over Na,SO, and evaporated. The acidic product (16.5 mg) was identical with the starting 
acid (XXII) by comparison of their IR spectra. On the other hand, the ether layer (neutral part) was 
washed with H,O, dried over Na&IO, and evaporated. The neutral residue (60 mg) was recrystallized 
from MeOH-H*O as colourless prisms, m.p. 218-220”, as analytical sample of XXIV. (Found: 
C, 75.33; H, 7.78; N, 5.09. Calc. for CI,H,,O,N: C, 75.24; H, 7.80; N, 5*16x), IR YEA cm-l: 
3490, 3380,32(M), 3060,1660, 1635, 1590, NMRWl, (7): 8~83(-C--c~H,). 

lOz, 17-~xShenantiopadocarpa-5,7,13-lr~en-l~~i~ (XXV) 

Thionyl chloride (2 ml) and pyridine (1 ml) were successively added to a solution of XXIII 
(200 mg) in absolute benzene (20 ml) and the reaction mixture refluxed for 2 hr and treated as in 
the case of XXII. Negligible acidic and neutral fractions (210 mgl, m.p. 8%130”, were obtained. 
A part (65 mg) of the neutral product was chromatographed on neutral alumina (3 g) in pet. ether- 
ether (1: 1) to give a fraction (55 mg), which was recrystallized from MeOH-H,O as colourless 
needles, m.p. 87-90”, as analytical sample of XXV. (Found: C, 70.30; H, 8.14; N, 4.78. Calc. 
for C,,H,,O,N.H,O:C, 70.56; H, 8.01; N, 4*84Yd, IR vki: cm-*: 3530, 3410, 3210, 1670, 1645, 
1610, NMRcDcll (7): 8.72 (H,NOC--C-CII,), G&I,,: 11.6 (1.5% SE-30 on Gaschrom (8&100 
mesh), 1 a5 m x 4.0 mm, 172’). 

1 O/?, 15-E;poxy-enantiopodacarpa-2,7,l3-trien-ldnitrife (XXVI) 

A solution of XXIV (85 mg) and POClt (5 drops) in pyridine (2 ml) was refluxed for 1 hr on an 
oil bath (bath temp, 120-140”). After ice water was added to the reaction mixture, it was acidified 
and extracted with ether. The ether extract was washed with 10% Na,CO, aq and HI0 successively, 
then dried over Na,SO, and evaporated. The residue (82 mg) was chromatographed on neutral 
alumina (5 g) in pet. ether-ether (10: 1) to give a fraction (65 mg), which was recrystallized twice 
from MeOH-H,O as colourless needles, m.p. 147-149”, as analytical sample of XXVI. (Found: 
C, 80.45; H, 7.64; N, 5.59. Calc. for C1,H,,ON: C, 80-57; H, 7.56; N, 5*53*), IR pE:i cm-l: 
2220, NMRcDcl, (7): 8-62 (-C-C4,), GCln~n: 
l-5 m x 4 mm, 170”). 

8-l (1.5% SE-30 on Gaschrom p. (SO-100 mesh) 

101, 17-~xyenantiopodocruprr-5,7,13-rrien-l6-nirrile (XXVII) 

A solution of XXV (130 mg) and POClt (5 drops) in pyridine (2 ml) was refluxed for 45 min on 
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an oil bath (bath temp 130-135”). The reaction mixture was treated as in the case of the dehydration 
of XXIV. The residue (107 mg), m.p. 139-145”, was chromatographed on neutral alumina (2 g) 
to give in pet. ether-ether (20: 1) a crystalline fraction (85 mg), which was recrystallized twice from 
MeOH-H,O as colourless prisms of XXVII, m.p. 142-144”, as analytical sample. (Found: C, 
79.93; H, 7.44; N, 5.86. Calc. for C1,Hl,ON: C, 80.57; H, 7.56; N, 5.53 %), IR vzf cm-‘: 
2210, NMRcDcll (T) : 8.56 (NC-C-C&,). 

10/3,15-Epoxy-5,7,13-trien-en~tiupodocarpane (XXIX) from lop,1 5-epoxy-enanriopodocarpa-5,7, 
13-trien-16-01 (XX) viu the corresponding aldehyde (XXVIII) 

A solution of CrOB (40 mg) in 90% AcOH-HI0 (4 ml) was added to a solution of XX (150 mg) 
in AcOH (4 ml). After it was left standing for 3.5 hr at room temp, MeOH (to decompose excess 
00,) and then Ho0 were added to the reaction mixture, which was extracted with ether. The ether 
extract was washed with 10% NaOH aq and H,O successively and then dried over Na,SO,. The 
extract was evaporated to give a colourless oil (95 mg), which was slowly crystallized to colourless 
plates, m.p. 157” (presumably XXVIII), IR vE:i cm-l: 2750, 1725. 

A reaction mixture of the above crude aldehyde (XXVIII), NHINHt.H,O (5 ml), KOH (2 g) and 
diethylene glycol(l0 ml) was added and the mixture heated to 145” during 30 min and at 145” for 2 
hr. After the reaction mixture was heated to 200” for 4 hr in order to distill off excess NHINH,.HIO, 
it was diluted with HpO, then acidified with cont. HCl and extracted with ether. The ether extract 
was washed with H,O, then dried over NasSOI and evaporated to give an oily residue (70 mg), 
which was chromatographed on neutral alumina (2 g) to separate crystalline fractions (35 mg) in 
pet, ether elution and (13 mg) in ether elution successively. The latter fraction was identical with 
the starting XX by comparison of their IR spectra. The former fraction was recrystallized from 
MeOH-Ho0 as colourless leaflets, m.p. 7&77”, as analytical sample of XXIX. (Found: C, 83.99; 
H, 9%. Calc. for C&H,,O: C, 84.25; H, 9*15x), NMRcDcla (7): 8.82 (6 protone), [alEa = -136.5 
(EtOH, c = O-59) (cf. Wenkert’s sample (XLVI): [z]rsL = ~121.6 (EtOH, c = 0*63)), whose IR 
and NMR spectra were identical with those of Wenkert’s sample (XLVI).** 
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