
Tamkdmn Vd 41. No. 6. pi. 995 lo IQU. 1983 
RimdinGrafBliti. 

- s3.00 + .Q) 
Rrpm~n Rsr Ltd. 

NEW PROSTANOIDS FROM SOFI- CORAL’ 

ho KITAGAWA,* MJTOMMA KOLIAYASH, TOHRU YASUUWA, BYENG WHA SON 
and MINORU YOSHIHARA 

Faculty of I’harmaautical!3cienca, Oxaks University, l-6. Ysmada-oka. Suita, Osaka 565. Japan 

and 

YB KYCKJOKU 
Institute for Protein Rcsarcb, Osaka University. 3-2. Yamada-oka. Suita, Osaka, 565, Japan 

(Receioed in USA 29 August 1983) 

Abbrt-Four new anti-tumor active prostanoids. named chviridcnone-a (3). claviridenom-b (4). claviri- 
denowc (5). and claviridcnoned (6)). ax well as 2kcctoxyclaviridcnonc-b (7) and Macetoxy4aviridenon- 
c (8), have been iW from the Okhwan soft coral (stolonifer) Chwhiu viridis Quov and Gmum 
(Stolonifm, clr_). The absohlte swas of these xix plwstMoids have been elucidated on 
the baais of cbcmical and pbysicocbcmical evideDcc which includes tbc application of tbc CD exciton cbirality 
mctbod to their various bcnzoyl derivotivcs hsving bcnzoa!c and wqjug&d dicne cbromopborcs. Clsviri- 
denones possess a cbamctcrirtic cross~oqjuga!~I dienonc-cnone cbromopborc. 

Marine prosranoids 
F4ostagiandins (PCs) exhibit a variety of significant 
physiological activities. They have ban known as 
autacoids occurring in various terrestrial animal Or- 
gans and in recent years shown to be distributed also 
in marine life such as fish.’ In 1969, Weinheimer and 
Spraggins reported the lirst high-yield isolation of 
nonmammalian-type (lSR)-PGA2 (1) and the methyl 
ester acetate (2) from the Caribbean gorgonean Piex- 
aura homomalla.~ This 6nding stimulated a world- 
wide survey of FG’s in marine life. It was demon- 
strated that some forms of P. homomaiia contained 
various mammalian-type (15s~PG’s such as 
FGAz,“*’ 5,6-rrons-PGAz,Y K&,3b 13,14-cis-~A2 
15_acetate,” 13,Mdihydro-PGA2 acetate methyl es- 
ter,” and 13.14-dihydro-PGA,.” Later on, by mon- 
itoring the activity towards isolated guinea-pig ileum, 
PGF2, was isolated from the Japanese coastal gor- 
gonean Eupiexaura ertwa.” The oazwrcnce of PG’S 
in marine life other than gorgoneans has been also 
reported. The isolation of FGI& and PGFI, f&m the 
Australian red alga Gracilaria licheno&s was the first 
reported occurrence of FG’s in a plant.‘# The Red Sea 
soR coral L.obophylon dcpressta was shown to con- 
tain PGF, I 1 -acetate methyl eater and its I &acetoxyl 
derivative as well as their two corresponding free 
carboxylic acids.” Recently, Scheuer et al. demon- 
strated the occurrence of a seria of highly func- 
tionalized halogenated prostannids (named puna- 
glandins) together with s&I amounts of pregnanes 
in the Hawaiian octccoral Tekssro riisei.” Although 
the structures of these prostanoids are still under 
investigation, the authors have pointed out that T. 
riisei lacks symbiotic photosynthetic algae and it is 
thus likely that this octocoral biosynthesizes the 
prostanoids. I’ 

In a continuing search for bioactive marine natural 
products, we have investigated the chemical constitu- 
ents of the Okinawan soft coral Cfwulur~ uirti 
QUOY and GAIMMD (subclass: Cktocorallia; or- 
der : Stolonifera; family : Clavulariidae) and isolated 
six new prostanoids which comprise anti-tumor active 
claviridenonc-a (3), claviridenone-b (J), claviridenone- 

c (5). and claviridenoned (6). all having a chara&istic 
cross-conjugated dienone-enone chromophore,“‘” 
and 2&acetoxy-claviridenone-b (7) and 2@acetoxycla- 
viridenonec (8). This paper deals with details of the 
absolute stereostNcture elucidation of these highly un- 
saturated prostanoids on the basis of chemical and phy- 
sicuchemical evidence, including the application of the 
CD exciton chirality method.’ 

Planar slruc1ures of claviridenones. Repeated chro- 
matographic separation (Si02 column and HPLC) of 
the AcOEt soluble portion of the soft coral, which was 
collected in July 1981 at Kohanqjima coral reefs, Oki- 
nawa Prefecture, Japan, furnished six prostanoids 
named claviridcnone-a (3). claviridcnone-b (4), clavir- 
idenonec (5). claviridcnone-d (6), 2@acetoxyclaviri- 
denone-b (7). and 2&acctoxyclaviridenone-c (8) in 0.3, 
3, 5, 3.0.4, 0.6% yields respectively from the AcOEt 
soluble portion. Very recently, claviridenones have 
been found to exhibit the growth inhibitory activity 
a$nst L 1210 leukemia cultured cells: ICso 0.2-0.4 @g/ 

Claviridenones are unstable oils. The IR spectrum 
of claviridenone-b (4) showed presence of an ester 
function and a conjugated enone chromophore, while 
the uv qectrum suggested presence of the cross- 
conjugated dienone moiety in 4. The detailed ‘H 
NMR (200 and 5OOMHz) and “C NMR (22.5 and 
SO MHz) analyses demonstrated that claviridenone-b 
(4) is a monocyclic fatty acid analog comprising 
partial structures i. ii, iii, iv and v (Tables 1 and 2; 
Chart 1). 

In the ‘H Nh4R examination of the tetrahydro 
derivative 9, which was prepared by NaBH, reduc- 
tion of claviridenone-b (4). a 20% NOE was observed 
on the H-6 signal (a 6.65, dd, J = 15.6 and 1 I .2 Hz) 
upon irradiation of H-9 (6 4.74, br dd, / = co 4.5 and 
9 Hz) while 13% NOE observed when Hd was irra- 
diated. Furthermore, comparison of the ‘c NMR 
data for claviridenone-b (4, Table 2) with those for 
CL-2-octene7# and linoleic acid7b and the MS analysis 
led to the formulation of a prostanoid structure (4, 
except stereochemistry) for claviridenone-b. 
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Table I. ‘H NMR data* 

2-H2 
3-H2 
4-H 
5-H 
6-H 
7-H 
10-H 
11-H 
13-H2 

14-H 

15-H 
16-H2 
17-19 
2O-H3 

mQf3 
OAc 

2-H2 
3-H2 
4-H 
5-H 
b-H 
7-H 
10-H 
11-H 
13-H2 

14-H 

15-H 
l6-H2 
17-19 
2O-Ii3 

cf==l 
OAc 

3 

2.37ft,J=7.31 
ca.2.02fm) 
5.83fdt,3=8.5,7.5) 
5.76(dd,J=10.8,8.5) 
7.62(dd,J=10.8,12.21 
7.02(d,J=12.2) 
6.3b(d,J=6.2) 
7.50(d,J=6.2) 
2.64,2.84(AB in ABX, 
J llB=14.4,JAX=7.4, 
JBX=7.3) 

5.27(X in ABX,dt- 
like) 
5.54(m) 
ca.1.95(m) 
1.23-1_32(6H,m) 
0.88(t,3=6.81 
3.68(s) 

2.38(t,J=7.4) 
ca.1.95Cm) 
5.85(m) 
5.85M 
6.59(dd,3=10.0.12.7) 
7.27(d,J=12.7) 
6.43(d,J=b.4) 
7.48(d,J=b.4) 
2.66,2.96(AB in ABX. 
3 AB=14.4,JAx=7.8. ~ 
+)[‘7.0) 
5.20(X in ABX,dt- 
like) 
5.52(m) 
1.95(m) 
1.23~1.32(6H,lU) 
0.88(t,J=b.8) 
3.701s) 
2.031~),2.05(s) 

4 

2.39ft,J=7.8) 
2.03(m) 
5.44(dt,3=6.1,5.5) 
6.02(dd,J=15.4.6.1) 
7.74(dd,J=15.4.11.2) 
6.51(d,3=11.2) 
6.36(d,3=6.4) 
7.51(d,J=6.4) 
2.68,2.82(A8 in AEzX, 
J J~=14.4,JAX=7.0, 
BX=7.5) 

5.21(X in ABX,dt- 
llke,J=ll.O,ca.7.3) 
5.52(dt,J=l1.0,7.5) 
1.96(dt,J=7.5,?.5) 
1.23+1.32(6H,m) 
0.88(t 

3.68(s 
2.02(s 

2-H2 
3-H2 
4-H 
5-H 
6-H 
7-H 
10-H 
11-H 
13-H2 

14-H 

15-H 
l6-H2 
17518 
19-H2 
20-H2 

ma3 
OAc 

,J 

1 -L 

M.8) 

5 

2.38(t,J=7.6) 
ca.2.03W 
5.42(dt,3=7.0,7.01 
6.02(dd,J=l4.2,7.0) 
6.74(dd,J=l4.2,11.7) 
6.87(d,J=11.7) 
6.41(d,J=6.3) 
7.47(d,J=6.3) 
2.66,2.89fAB in ABX, 
;~=14.4.JA~=8.3, 
BX=6.8f 

5.20(X III ABx,dt- 
like) 
5.52(m) 
1.96(m) 
1.23~1.3216H,mf 
0.88(t,J=6.8) 
3.68(s) 
2.0bfsl,2.07ts) 

2.39(t,J=7.6) 
2.05(m) 
5.44(dt,J=6.1,6.4) 
6.031dd,3=15.3,6.1) 
7.74Ldd,3=15.3,11.6) 
6.52(d,J=11.61 
6.36(d,J=6.1) 
7.50(d,J=b.l) 
2.62.2.87CAB in ABX. 
JAB=14.3,JAX=7.6, 
J&7.7) 

5.23(X an ABX,dt- 
likc,J=11.0,ca.7.51 
5.51(dt,J=11.0,7.3) 
1.99(m) 
1.34(4H,m) 
l.bl(tt,J=b.7,6.7) 
4.04(t,J=b.7) 
3.67(s) 
2.02,2.05,2.1Ofs) 

a) 4,. 1 and &were measured dt 500 t%iZ in CDcl3 
and ;?, Zand $ were at 200 MHz in CM313. 

2.38(t,J=7.3) 
2.02(m) 
5.41fdt,J=7.3,5.8) 
6.04ldd,J=14.6,7.3) 
6.75(dd,J=14.6,12.2) 
6.87(d,3=12.2) 
b.41(d,J=6.1) 
7.48(d,J36.1) 
2.69,2.88(1\8 in ABX, 
Jm=l4.3,JA~=8.2, 
JBX=~.O) 

5.2lfX in 1\BX,dt- 
like,J=ll.O,ca.7.6f 
5.51(dt,J=11.0,6.7) 
1.96(m) 
1.33(4H,ml 
l.bl(tt,J=6.7,6.7) 
4.04(t,J36.7) 
3.68(s) 
2.05,2.07,2.08(s) 

Claviridenone-a (3), claviridcnonc-c (S), and 
claviridenoned (6) possess the same molecular com- 
position as claviridtnonob (4). As shown in Tables 
1 and 2, these compounds gave analogous ‘H and ‘%I 
NMR signals attributable to their wchains and 
unsaturated 5-membered rings. Thus, it has kome 
clear that all four cIaviridenoncs arc prostanoids 
having a cir-14-ent wchain and are geometrical 
isomers of each other in regard to their conjugated 
5,7dicne chromophorcs. Sina: the four clavi- 
ridenones (3.4, $6) were not&d to isomerize while 
allowing to stand in the laboratory for a while, the 
benzene solution of each claviridcnone was irradiated 
in a Pyrex tube with fluorescent lamps (15 W x 2) for 
40 hr. It was found that each claviridenone (3,4,5 or 
6) was phot~i~rne~~ under these irradiation con- 
ditions, to an identical mixture of four ciaviridenonts 
(3. 4, 5 and 6) in 1:6:12:2 ratio. Therefore, it has 
become clear that the four claviridenoncs possess the 
common absolute stercost.ructures at C-4 and C-12, 
but ditTer at their dicnone geometries. 

In regard to the 5,Micne geometry in each clavi- 
ridenone, the ‘H NMR examinations were informa- 

tive. Thus, 2 geometry of A’ in claviridenonc-a (3) 
and d (6) was determined from the Js,-vahres (10.8 
and 10.0 Hz for 3 and 6). while clavihdenonab (4) 
and c (5) were shown to possess the SE geometry 
(Js.e = 15.4 and 14.2 Hz for 4 and 5). On the other 
hand, the geometry of A’ was elucidated from the 
chemical shift of the H-6 signal. In the 7Zcompounds 
(3, 4). the H-6 signals were observed at & 7.62 and 
7.74, whereas in the 7E isomers (5, 6), these signals 
were observed at lower positions (6 4.74 and 6.59) 
due to the anisotropic effect of the C-9 carboayl 
moiety. 

The ‘H and 13C NMR spectra of 2O_acetoxy_clavir- 
idenone-b (7) and 20-acetoxyclaviridenone-c (8) 
showed signals assignable to the a-chains and the S- 
membered ring enone moieties that were virtually su- 
perimposable to those of claviridenone-b (4) and 
claviridenonc-c (5). However, these spectra clearly in- 
dicated absence of the terminal methyl group but pres- 
ence of C-19 CH@COCHr group (8 4.04,ZH. t, J = 
6.7 Hz; 6 2.05,3H. s; 8 c 64.4, t) in ‘land 8 as compared 
with 4 and 5. Fiially. the detailed ‘H NMR decoupling 
experiments (500 MHz) have led to the structures 7 
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Table 2. “C NMR data’ 

997 

carbon 2 1 2 6 7 8 10 
z E 

20 

2 

4 

5 

6 

8 

9 

10 

127.9 133.8 129.6 

136.5'=) 137.0 135.3 

137.1 136.0 137.3 

194.2 194.3 193.6 

126.1 126.8 127.2 

173.2 

29.1b' 

30.0b' 
69.6, 

139.0 

;;",:,":I 

137.9 

193.5 

124.6" 

133.4 129.3 126.6 125.8 124.1 

136.7 135.0 128.3 128.4 128.3 
135.6 136.9 148.9 144.2 144.5 

193.9 193.1 75.5 76.2 75.1 

126.5 126.7 32.0 29.8b) 32.3 

128.0 

151.6 

75.5 

32.6 

11 156.7 156.3 158.3 158.1 156.0 157.9 37.1 37.8 37.5 39.1 

12 85.0 85.5 85.4 85.4 85.2 85.0 88.0 87.6 89.4 79.3 

13 36.1 35.7 36.1 36.0 35.6 35.9 32.6 33.7 32.9 36.0 

14 121.5 121.7 121.4 121.4 121.8 121.5 123.1 123.0 123.6 124.2b) 

15 134.7 135.1 135.3 135.3d) 134.2 134.4 134.2 134.5 134.4 133.5 

172.9 

29.Lb' 

29.6b' 
68.2 

136.6C' 

16 27.4 

17 29.eb) 

18 31.5 
19 22.5 

20 14.0 

Cc??3 51.6 

170.1 

169.8 
a,:- 21.5 

0 21.0 

173.4 

29.lb) 

29.4b) 
72.7 

141.3 

173.2 

:;:;Z 

73.0 

141.5 

173.0 

28.9b) 

29.2b) 
72.5 

141.1 

27.5 27.5 27.5 27.3 

29.9b) 29.7b3 3o.ob) 29.eb' 

31.6 31.5 31.5 25.6 

22.6 22.6 22.5 28.Sb) 

14.0 14.0 14.0 64.4 

51.8 51.8 51.8 

170.3 170.2 170.1 

169.9 169.7 169.4 

21.7 21.2 21.2 

21.0 21.0 20.9 

51.6 51.6 
171.0 171.0 
170.0 169.7 
169.6 169.3 

21.6 21.1 
20.9 20.9 

20.9 20.9 

';;*;b, 

29:lb) 
72.7 

141.2 

27.2 

29.sb) 

25.5 

28.sb) 

64.3 

173.1 173.2 63.2 

29.2b) 29.sb) 28.0b) 

29.sb) 29.sb' 34.7 
73.4 73.3 72.2 

133.1 133.2 139.4 

27.5 

29.4') 
31.5 

22.5 

14.0 

51.7 

170.8 
170.0 

21.6 

21.1 

62.8 

28.6 

31.1 
74.9 

132.4 

L24.ob' 

27.6 27.7b) 27.5 

29.3b) 29.3 29.3 
31.6 31.6 31.6 

22.6 22.6 22.6 

14.1 14.1 14.1 

51.7 

170.0 

169.5 

21.7 

21.2 

a) 2, 2, 2, p and 1p were measured at 50 mz in CCC13 and 

z, g, 12, 1,9 and z_O were at 22.5 Mz III CDC13. 

b-d) The assignments for these signals wlthln the same 

vertical column may be interchanged. 

and 8 for 20-acetoxyclaviridenone-b and 2O_acetoxy- 
claviridenonec.’ 

Absolute stereostructures of claviridenones. Two 
tctrahydro derivatives, 10 and its 9-epimer (II), 
which were obtained by NaBH, reduction of 
claviridenone-c (5). possess OH functions at C-4, C-9, 
and C-12, which are allylic to the 5,7diene chromo- 
phores. In order to determine the absolute stereo- 
structures at C-4 and C-12 of the claviridcnones. we 
synthesized various benzoate derivatives as shown in 
Scheme I and examined them by the application of 
the CD exciton cbirality method.5 

Since two 9-benzoates 12 and 14, which were 
synthesized from 10 and 11, can be predicted to have 
opposite chiraiities between the respective benxoate 
and dienone chromophores (Fig. 1). we first syn- 
thesized various 9benzoates (12-14. 21-25) and ex- 
amined their CD spectra. 

As shown in Table 3, 12 exhibited a negative Erst 
Cotton effect at longer wavelength, while 14 showed 
a positive tirst Cotton effect in their CD spectra, thus 
the 9R and the 9s configurations in 12 and 14 have 
been determined as predicted. In the cases of 
9-p-methoxybenzoate (13). 9-p-bromobenzoate (22). 
and 9-pqanobenzoate (23). which have the beuzoate 
7r -+ 7r* transitions at wavelengths closer to the diene 
I[ +n+ transition wavelength (ca 24&25Onm), in- 
tense excition-split CD curves were observed. It has 
become clear that the CD exciton chirahty method’ 
may be extended to the benzoate/conjugted diene 
system itrespective of the diene geometry. In addi- 

tion. in the CD spectra of the respective 9-benzoate 
derivatives, it was found that the CD amplitudes of 
the first and the second Cotton ctfects were not 
identical and these amplitude differences coincided 
approximately with the CD amplitudes of the parent 
Phydroxyl compounds (9-11.26.27). In other words, 
in the CD spectra of these benzoatekot@rgated diene 
systems, the observed CD curves have arisen from the 
addition of the Cotton effect due to the coupling of two 
excitons and the Cotton effect due to the dieae helicity. 

Next, the CD exciton chirality method was applied 
to determine the C-12 absolute configuration of cla- 
viridenones. LiAEL reduction of 10 gave the tetraol 
(15) which was subjected to t-butyldimethylsilylation 
(TBDMS) to furnish the tri-TBDMS and di-TBDMS 
derivatives (16, 17). Benzoylatioo or p-nitrobenzoyl- 
atioo of 16 in the presence of A8CNs provided the 12- 
benzoate (18) or the 12-p-nitrobenzoate (19) (Scheme 
1). As shown in Fig. 2.18 gave a complicated CD spec- 
trum which was presumably due to the overlap of the 
benzoatekbene excitoo-split CD curve and the 5.7- 
diene helicity CD curve. However, the CD spectrum 
of 19 exhibited a positive first Cotton effect at 265 nm 
due to the coupling of the p-nitrobcnzuatidieo ex- 
citoos. Thus, the l2R conf@ra&m has been substan- 
tiatai.‘O 

Recently, Nakanishi et al. reported that the CD 
cxcitoo chkality method can be applied to the deter- 
minatioo of the absolute coniigurations of acyclic 
allylic alcohols.” In order to determine the C-4 
absolute configurations of the claviridenones, we next 



1 : R1= R2= H v 

2 : R1= CH ,, R2= AC 

OAc 

5 claviridenone-c 

3 claviridenone-a 

OAc 

6 claviridenone-d 

8 20-acetoxy- 9 
claviridenone-c - 

i 'C=CH-CH=CH-CHtOAd-CH2-CH2-COCCHJ , 
a./ 

4 claviridenone-b 

6Ac 

7 20-acetoxy- 
M claviridenone-b 

ii -CO-CH=CH-w 

gi I-CH~-CH=CH-CH~-(CH~)~- , fcv -(I~H~)~-CH~ , _v_ -+-0Ac 

(0 denotes a quaternary carbon, n + m = 3) 

chart I. 

examined the applicability of the chirality method to 
the acyclic conjugated dicne/allylic bcnzoatc system. 
The above-mentioned di-TBDMS derivative (17) was 
hcnzoylatcd under ordinary conditions to tiord the 
C-ate (20). In the ‘H NMR spectrum of u) (in 
CD,OD), the & value was 7.0Hz.” and the CD 
spectrum of 20 (in CH,OH) showed a negative lirst 
Cotton etTcct at 246 mn Fable 4). Consequently, the 
configuration around the 4-bcnzoate/5,7dicnc moi- 
ety in #) was presumed as shown in Fig. 3, thus the 
4R con&ration in 20 has been determined. The CD 
spectrum of di-TBDMS Cbcnzoate (29). which was 
derivable from clavirideoooed (6) via 28, also exhib 
itcd a negative first Cotton effect at 247 nm (Table 4). 
It ti now been demonstrated that the CD excitoo chir- 
ality method can be applicable to the acyclic coqiu- 
gatcd dien&llylic bcnzoate-system. 

In order to w&m the 4R configuration in clavi- 
r&nones chemically, we tinally applied Horcau’s 
method” to 32. which was obtained by splitting the 
S.&double bond of claviridenooes via ozonolysis 
followed by the reaction procedure as shown in 
Scheme 2. The recovered a-pheoylbutyric acid 
showed [aID + 4.6” (c = 0.7, bcmzne), so that the 4R 
configuration in the claviridenones has been again 
Wlli3lllCd. 

Based on the above mentioned evideocc, the 
absolute stcreosmcturcs of clavirideoooe-a (3). 
clavirideoone-b (8, clavirideoooec (5). clavi- 
ridenoned (6), 20-acetoxyclavtidcoooe-b (7). and 
2&acetoxy-clavirideoooe-c (8) have been eluci- 
dated. After completion of our work we became 
aware of independent work by Kikuchi, Yamada et 
al. They elucidated the structures of three prostaooids 
named clavulooe I, clavulone II, and clavulone III 
which were isolated from the same kind of soft 
coral.” The structure3 proposed for clavulooe I, II 
and 111 arc identical with thoee of our claviridcnoncd 
(6), -c (5). and -b (4). rcspcctivcly. Very recently, we 
have been able to identify these three prostanoids by 
comparison of their physicochemical data.” 

ExPcRtMmTAL 

ht.manm~ion. IR ape&~ were obtained using a Hitachi 
260-30 grating spectrometer. Optial rotations were ma- 
surcd with a JASCO DIP-181 d@ital polarimetcr. ‘H NMR 
spectra were mcaaufal with JEOL JNM FX-5tNX 
(WMHz), JEOL JNM IX-200 @@MHz), and JEOL 
FX-90Q (90 MHz) rpactrowtcta with Me’Si a~ the internal 
standard. “C NMR spectra were determined on JEOL JNM 
FX-200 (5OMHz) and JOEL FX-!9OQ (22.5MHz) spce 
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I 
2 

NaBH4 

OAC 
11 

?? : X= H, 13 : X= 0CH3 

OH 

++> +&+V.,&.J&20~ ;&,+t&"++ 

OH OH 

15 1,6 17 

I 
AqCN 

‘2 : X- H, 19 : X= uo2 

SchemeI. 

tromctcrs with Mc,Si (0 ppm) or CDCI, (77. I ppm) a.9 the 
internal standard. UV spectra were obtainal using a Hitachi 
330 spedromcfer. CD spaztra were taken on a JASCO 
J-SOOA spectropolarimcter and a JASCO DP-501 data 
processor. Low rcsolutioo and high rwolution maaa spectra 
(MS. High MS) were mauurcd with a JEOL D-300 mau 
spectrometer and a JEOL OISG ma8a qcctromcter. 

holotion of cloviridenones. The fmb soft coral (Japanese 
name: tsutsu-umizuta, tincly cut, 3 kg) was extracted with 
acetone at 20“ and the syrup, obtaiacd by evaporation of 
acetone under redua?d pra8ure bdow 35”. was partitionai 
by an A&Et-water rolvcnt systan. Ranoval of the solvent 
undarCdWCdpR8SUR fromtllcAcOEtphasca5ordcdtlle 
residue (30g) which wan subjected to column chro- 

14 (9s) 

Fig. I. 
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Table 3. UV (&OH 

Compound UV and CD Maxima 

‘,2 245(E 20000) 

a3 
229(c 25000) 

[01,46 -95000 

"l225 
+37000 

2 hm-BZO 
249(c 36000) ‘2 M 250(~ 23000) 

Kl12,, -35000 

maJ 232(~ 28000) 

lel 246-111000 

*.- 
MC 

IO],,, +79000 

z kc 
243(~ 35000) 

[0]253-240000 

*.- lOI 
OAt 

234+133000 

i-2 k0 
ma3 24occ 44000) 

PI 252-264000 

,-- 
OAC 

IO1 232+150000 

k0 
% 248(c 35000) 

[O] 262-131000 

I- 
'01239 

i66000 
olc 

td CD (MeOH) data 

Compound UV and CD Maxima 

2 -3 243(c 42000) 

.-- 
fO1255-272000 

Dllc lOI,,, t85000 

‘cf 25O(c 25000) 

2 cam3 247(~ 23000) 

101 
s- 

250 -27000 

OAC 

2 AC0 
“+-JW 245k 18000) 

,-- lel 245 +6500 

OAC 

27 25O(c 22000) 

s- tQ1247 
-43000 

matography (SiOl. Merck. 60-230 mesh. I .5 kg). The &ate 
with n-hcxanc-AcOEt (3 : I) gave a claviridcnonca fraction 
(825mg). claviridcnoncb (4) (83Omg). a mixture of 
claviridcnone-b and claviridcnoncc (890 mg). and 
claviridcnoncc (5) (1.16 g). Successive elution with n- 
hexane-AcOEt (2: I) gave claviridenoned (6) (930 mg). a 
fraction containing 20-acetoxyclaviridcnonc-b and 
Macetoxy<laviridenonoc (9OOmg). and a fraction con- 
taining minor amounts of more polar claviridenoncs. The 
claviridcnone-a fraction (825mg) was further purified by 
HPLC [waters Assoc. ALC/GPC 201 or Shimadzu LC-SA 
with Semi Prep pPORA.SlL (Waters Assoc.)] cluting with 
n-hcxancAcOEt (3: I) and again purified by eluting with 
CHCl,-AcOEt (IO: I) to furnish claviridenone-a (3) 
(80 mg). The mixture of claviridcnonc-b and -c (890 me) wax 
purified with a Lobar column [LiChroprep Si 60 W-63 pm)] 
eluting with n-hcxane-AcOEt (3: I) to furnish 4 (230 
me) and 5 (445 me). The tiaction containing 

chromatography (elution with CHCI,-AcOEt IO: I) and by 
HPLC [Semi Prep Coamosil (SC,,), clution with 
MeOH-H,O (6:l)j to furnish 7 (IlOmg) and 8 (170mg). 
Compound 3. colotiess oil, [a]g - 82.2” (c = 0.5. CHCI,); 
HR MS: M’ = 446.230 (Calc for CyH& = 446.230); IR 
(CHCI,) 1732, 1690. 1632, 122Ocm - ; UV (MeOH) 230nm 
(c l2.000). 294 nm (( 14,000); ‘H NMR: Table I; “C NMR: 
Table 2; MS m/z (%): 446 (M +, 2). 404 (M l - 42, 2). 386 

+ - AcOH 16) 344 (M ’ - 42-AcOH 50) 287 
I:* - 42-C,Hd_AcdH 43) 233 (M * - 42-C I-i -A’cOH 
31). 201 (100). Compouid i, colotiess oil, [i]d’+ 22.4’ 
(c = 0.6, CHCI,); HR MS: M’ = 446.229 (Calc for 
C,,H,,O,= 446.230); IR (CHCl,) 1730, 1693, 1634, 
1235~~‘: UV (MeOH) 230nm (c 13,300). 2% (t 13,100); 
‘H NMR: Table I; ‘C NMR: Table 2; MS m/z (%): 446 
(M’, 2). 404 (M’ - 42, 2). 386 (M’ - AcOH. IS). 344 
(M * 42-AcOH. SO). 287 (M + -42C,l+AcOH. 46). 233 
(M l 42-C,HIs-AcOH. 34). 2001 (100). Compound 5. col- ._. 

20-acetoxy-clavirideonc-b and 20-acctoxy-claviridcnoncc orless oil; lalb’ + 8.4” (c = 3.0. CHCI,); HR MS: 
(9Wmg) was purified successively by a Lobar column M+ = 446.232 (Calc for C&H& = 446.230); IR (CHCM 
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Fig. 2. UV (MeOH) and CD (MeOH) data. 

Table 4. UV (MeOH) and CD (MeOH) data 

Compound UV and CD Maxima 

17 
d 051. 

245(c 29000) 
*24O(.z 26000) 

247(~ 27500) 28 
239(c 28000) - 

245(c 26000) 

"I247 
-114000 

M [@I 224 +51000 
1(31,,, -25000 

M 

Fig. 3. 
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6 (0.33, I8’3tY). The composition ofcacb photo-isomctizatioo 
product was found to be almost identical (3:4:5:6 = 
1:6:12:2)asjudgai&omthcan?aofcachpcakonHPLC. 
The @or ppodrrts 4 and 5 obtained by respective phote 
isomeriutionofJand6wm~byHPU:andideo- 
t&d with authentic compounds by ‘H NMR (200 MHz, 
CD&) and [a]D. 4 obtained from 3: [a]EP + 21’ (c = 0.4. 
CHCl,); 4 from 6: [afl + tz” (c = 0.5, CHCl,); 5 from J: 
[a@ + 9” (c = 0.5, CHCl,); 5 from (: [aB + 8” (c = 1.0. 
CHCl,). 

NaB& Reduction of cfavide~~ne-c (!I) giving 10 and 1 I. 
AnicecookrlsdaotS(l.l2I)in60mLTHF-’-MeOH(2:1) 
wastrertedwithNPBH4(~mg)aadstimdforlOmin. 
Thcmixturcwaspouredintoicewaterandthewholcwas 
exeacted with AcOEt. Work-up of the AcOEt extract BS 
desctibcd for 4 mve two tetrahydtu derivatives 10 (850 
mg) and 11 (95 I&). 10, colaicsi cd; [aIS - 24” (c = 
1.0. CHClr): HR MS: M’ = 450.259 (Calc for 
C,,iI,&, =-450.261); IR (CHCI,) 3490 (br), 1725; 1230 (br) 
cm-‘; UV and CD: Table 3; ‘H NMR (200 MHz. CDCI,) 
6: 2.35 (2H. 1.1 = 7.6. ~-HZ). 5.30 IIH. dt. J = 7.1.6.7.4-H). 
5.56 (I& dd, J = 14:9. 7.-i; 5-H), 6.66 ilH, dd; J = 14.9; 
11.7, CH), 6.28 (IH, d, J = 11.7, 7-H). 4.37 (lH, br s, 9-H). 
2.60. 2.42 (AB -in ABX, Jo= 14.9. JM =-6.1. J,=7.j, 
13-H,). 5.s5.6 (W. m. 14. 15-H). 0.89 (3H. t. J=7.0. 
2GH;). 3.67 (3& ;, C-O&H,), x08, 2.03 (3H each, s-, 
OAc x 2). 3.94 (I H, br s, 9-OH), 6% NOE was observed oo 
the 7-H signal upon the irradiation of 9-H; ‘,C NMR: Table 
2; MS m/z (“A): 450 (M +, 5). 390 (M + - AcQH, IO), 348 
(M’ -42-A&H, IO), 330 (M+ - 2AcOH. 35). 11, cd- 
orless oil; [aIf: - 13” (c = 1.0, CHCI,); HR MS: 
M + = 450.262 (Calc for GH,O, -450.262); IR (CC&) 
3600,3500 @r), 1736. 1234 an - ‘; UV and CD: Table 3; ‘H 
NMR (200 MHz. CDCI,) b: 2.35 (W, t, J = 7.4,2-H&, 5.31 
(IH. dt, J = 7.1. 6.5, 4-H). ca 5.5 (IH, m, 5-H), 6.72 (1H. 
dd. J= 15.0, 11.5, CH), 6.15 (1H. d, J = 11.5. 7-H). 4.75 
(lH, br II. 9-H). ca 5.5 (ZH, m. 14. 15-H). 0.89 (3H, t, 
J = 6.8,2&H,), 3.76 (3H, s, COOCH,), 2.05, 2.03 (3H each, 
s, OAc x 2); “C NMR (50 MHz, CDCl,) &: 172.3 (s, IX). 
29.5 (1,2-C), 29.9 (t, 3-C), 73.5 (d, 4-Q 132.2 (d, 5-C), 124.1 
(d. 6-C), 128.5 (d. 7-C). 149.4 (s, 8-C). 74.9 (d, 9-C), 32.2 (t, 
IO-C), 38.1 (1, I I-C), 87.1 (s, 12-C). 328 (t, 13-C). 123.5 (d, 
14-C). 134.1 (d. 15-C). 27.6 (t, 16-C). 29.3 (1. 17-C). 31.6 (t, 
18-c). 22.6 (t, 19-c). 14.1 (q, #)-c). 51.7 (q. CoocH,), 
170.0 (8). 169.8 (s). 21.6 (q), 21.2 (q) [OAc x 21. 

NaBH, Rrduction o/ c&wlridmonc-d (6) @uing 27. 
Claviridenoncd (6) WBB subjected to NaBH, rcduction in 
the same way a3 *bed above to furnish the tctrahydro 
derivative Z?: 27. cdorkrs oil; [a&’ - 81” (c = 0.5. CHCI,); 
HR MS: M + = 450.261 Kale for G&.0. = 450.260): ‘H 
NMR (200 MHz, CDCl,j b: 6.69 (rH,=d,‘J = 12.2, j:H), 
4.41 (IH, br dd, J =9.5. cu 4.9, 9-H). 3.97 (IH. br d, 
J = 9.5, 9-OH). 

WH, Reduction of 10 giufng the tetraol 15. An ia- 
cooltdsolaoflO(~me)in30mLdryTHFwastreated 
with LiAIH, (63 me) and stirred for IO min. The reaction 
was quenched by sucaz~ll ‘vc treatment with A&Et, MeOH. 
and water and the whole was extractal with AcOEt. The 
AcOEt phase was washed successively with dil aq HCl. satd 
aq NaHCO,, satd aq NaCl, and dried over Mg!!iO,. The 
product, obtained after removal -of the solvent under rc- 
hued pressure, was puriticd by column chromatography 
ISiO, clution with CHCI,McOH (lO:l)l to furnish 15 
i230’&. 15, colorless oil; ia% - & (c =’ 1.4. CHCI,); IR 
(CHCI,) 3460 cm-‘; ‘H NMR (200 MHz, CDCI,) 8: 3.69 
(2H, t, J = 5.6, I-H,). 4.27 (IH, m, 4-H), 5.71 (lH, dd. 
J = 15.0, 6.8. 5-H). 6.92 (1H. dd, J = 15.0, 11.5, dH), 6.24 
(IH, d. J = 11.5. 7-H). 4.38 (IH, br s, 9-H). 2.61, 2.41 (AB 
in ABX, Jm = 14.3, I, = 7.7, Jm = 7.0. 13-H& co 5.5 (2H. 
m. 14. 15-H). 0.88 (3H, t, /=6.8. 20-H,). 

Benzoylation of 10 g&kg 12. A aoln of 10 (15 mg) in t-ButyMimethyl.dylatton of 15 givhg 16 and 17. A soln of 
0.5 mL pyridinc was treated with bcnxoyl chloride (0. I mL) 15 (230mg) in 3 mL dry DMF wan treatal with t- 
and the whole soln was stirred under an N, atmosphere at butyldimcthylsilyl chloride (307 mg) and imidazolc (400 mg) 
22” (r.t.) for 10 min. The mixture was poured into ice water and the whole mixture was stirred under an N, atmosphere 
and the whole was extracted with AcOEt. The AcOEt phase at 20” (r.t.) for 2Omin. The mixture was poured into ice 
was washed with satd aq NaHCO, and satd aq NaCl and water and the whole was extractal with A&Et. The A&Et 
dried over MgSO,. The product, obta&d by removing the phase was washed with satd aq NaCl and dried over MgSO,. 
solvent under reduced pressure, was purified by SiO, column The product, obtained after removal of the solvent under 
chromatography (&ion with o-hcxanc-AcOEt IO: I) to reduced pf~ssurc, was purified by SiO, column chro- 
furnish the benzuatc 11 (19 mg). 12. colorless oil; matography (elution with n-bcxane-AcOEt 5: I) to furnish 
[a]g - 61.5” (c = 0.9, CHCI,); HR MS: M+ = 554.288 
(Calc for C&,0, = 554.288); IR (CC&) 1736, 1721. 1696, 

16 (339mg) and 17 (57mg). 16, colorleas oil; HR MS: 
M l = 680.502 (Calc for C,H,O.Si. = 680.505k IR (CCL) 

1600. 1268an-‘; UV and CD: Table 3; ‘H NMR 3600. 1457.124i) cm - ‘; UV-(hi%H j 240 nm (6 26,00ci), 2dj 
(200 MHz. CDCl,) 6: 2.35 (2H. 1. J = 7.5,2-H,), co 5.3 (IH, 
m, 4-H). 5.55 (IH. dd. I- 15.0, 7.3, 5-H), 6.77 (IH, dd, 

(c 28.000); CD: Fig. 2; ‘H NMR (200 MHz., CDCl,) b: 3.61 
(2H. br s. I-H,). 4.20 (IH, m. 4-H). 5.65 (IH. dd. J = 15.0. 

J= 15.0. 11.5,bH).6.19(IH.d.J= 11.5.7~H).5.73(1H.br 
1, J = 6,9-H), 2.75,.2.59 (AB in ABX, Jo.= l&2. J,= 7.1. 

6.4. 5-H). 6.83 (IH. dd, J = 15.0. 11.8, bH). 6.10 (IH, d. 
J = 11.8.7-H). 4.30 (IH. br f J = 7.2,9-H), 0.94.0.90,0.89 

J, =7.7, 13-H& co 5.5 (2H, m, 14, 15-H), 0.89 (3H, t, (each 9H. 0,0.13,0.10,0.05,0.03 (ach 3H. s). 0.04 (6H. s); 
J = 7.0,2&H,), 8.12 (2H. d. J = 7.0). 7.45(2H, t. I = 7.0). 
7.56 (IH. t, J = 7.0); ‘,C NMR: Table 2; MS m/z &): 554 

“C NMR (22.5 MHz., CDCl,) 6,: 63.3 (t, 1-C). 28.7 (t, 2-C). 
34.8 (1. 3-C). 73.2 (d, 4-C). 138.7 (d. 5-C). 124.7 (d. 6-C). 

(M+. 0.05). 494 (M+ -AcOH, 0.3). 435 124.8 (d. 7-c). 149.8 (s, 8-Q 75.7 (d, 9-C). 32.7 (t, IO-C). 

(M + - AcOH-COOCH,, 0.5). 434 (M + - UcOH, O.S), 
432 (M + - C$&OOH, 0.4). 105 (C,H,O, 100). 

plWcthoxybenzoyfarior’ c# 10 giving l3. A soln of 10 
(35mg) in 0.5 mL pyridine was treatai with p- 
methoxybcnxoyl chloride (40mg) and the whole solution 
was mtirrcd under an N, atmoaphcre at 35” for 2 hr. Work- 
up of the reaction mixture aa dcacribed above furnished the 
p-methoxybcnzoate 13 (40mg). I& colorless oil; HR MS: 
M’ = 584.299 (Calc for C,,H,,O, = 584.299); UV and CD: 
Table 3. 

Renzoylotion of 11 giving 14. A solo of 11 (50 mg) in 
0.5 mL pyridine was treated with bcnxoyl chloride (0.1 mL) 
and the whole soln was stirred under an N, atmosphcrr at 
20” (r.t.) for IOmin. Work-up of the mixture as dcacribcd 
above furnished the bcnxoatc 14 (31 mg). 14 colorless oil; 
HR MS: M + = 554.290 (talc for C,,H,O, = 554.288); UV 
and CD Table 3; ‘H NMR (200 MHz_ CDCI,) 6: 5.30 (IH, 
dt. J = 6.8, 6.6. 4-H). 6.72 (IH. dd. J = 15.0. 11.6. bH), 
6.31 (IH. d, J = 11.6,7-H). 5.92 (Ifi. 5 J = 5.3, 9-H). 0.86 
(3H. L J = 7.0.2&H,); ‘,C NMR (50 MHz, CDCI,) 6,: 172.9 
(9 lc), 29.3 (t. 2-C). 29.7 (t, 3-Q 73.2 (d, 4-C). 133.5 (d, 
SC). 127.4 (d. 6-C). 128.1 (d, 7-C). 144.5 (a, 8-C). 78.7 (d. 
9-C). 30.0 (1. 10-C). 38.6 (1, II-C). 87.3 (8, 12-C). 34.5 (t. 
13-c). 123.3 (d, 14-C). 133.8 (d. 15-C). 27.6 (t. 16-C). 29.3 
(t. 17-c). 31.5 (1. 18-Q 22.5 (& 19-Q 14.0 (q. 20-c). 

svluhescs of 21. 22. 23. 24 and 25. valioug bmzoates 
(21-k) (TabI; 3) ~sy&caizzd in the same manner as 
dcscribai above. 21, colorless oil; HR MS: M + = 554.288 
(Cak for C,&O, = 554.288). 22, colorless oil; HR MS: 
M+ =632.201. 634.195(Calc for C,H,,O, ?lr=632.199, 
C&,0, “Br = 634.1%). 23, colorless oil; HR MS: 
M + = 579.283 (Calc for C,,H,,NO, = 579.283). U, col- 
OA?S oil; HR MS: M+ =599.273 (Calc for 
GzHd01o = 599.273). 25. colorless oil; HR MS: 
M + = 632.201, 634.198 (Calc for C,.&O, mBr = 632.199, 
C,*H,,O, “Br = 634.197). 
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38.8 (1, I I-C). 79.4 (s. 12-c). 36.0 (1. 13-C). 125.4 (d. 14-C). 
133.2(d, 15-c), 27.6 (1. 16-C). 29.4 (t. 17-C), 31.6(t, 18-C); 
22.7 (1. 19-C). 14.1 (a. 20-C). 17. colorless oil: HR MS: 
M l = 566.417 (Calc’. for ‘C,,H,O,Si, = 566:418); IR 
(CHClJ 3600.3380 (br), 1093 cm - ‘; UV and CD: Table 4; 
‘H NMR (200 MHz. CDCI,) 6: 3.64 (2H, br s, I-Hr), 4.19 
(Ill. tn. 4-H). 5.68 (IH. dd. I = I5.1, 6.8, 5-H). 6.89 (IH. 
dd, J= 15.1. 11.7, 6-H). 6.10 (IH. d, J= 11.7, 7-H), 4.28 
(IH, br 1, J = 7.1, 9-H), 0.93. 0.89 (both 9H, s). 0.1 I, 0.09 
(both 3H, s), 0.06 (6H. s); “C NMR (22.5 MHz. CDCl,) 6,: 
63.4 (t, 1-C). 28.9 (1. 2-C). 34.5 (1, 3-C). 72.4 (d. 4-C). 137.8 
(d, 5-C). 124.6 (d, 6-C). 125.9 (d. 7-C). 150.5 (s. 8-C). 75.6 
(d. P-C), 37.7 (1; 10-C); 38.9 (t, i I-C), 79.4 (s, 12-c), 36.1 (t, 
13-c). 124.3 (d. 14-C). 133.5 (d, 15-C) 27.6 (1. 16-C). 29.4 
(1. 17-C), 31.6 (1. 18-C). 22.6 (t. 19-C). 14.1 (q. 20-C). 

tioy&fiun of 16 giving 18. A soln of 16 (20mg) in 
0.5 mL nvridinc was treated with ARCN (20 ma) and bcttxovl 
chloride (20 mg) and the whole rt-uxture w& heated with 
stirring at 80” under an N, atmosphere for 6 hr. After 
dilution with A&Et, the mixture was passed through a 
Celite column. The AcOEt eluate was then washed with satd 
aq NaCI, satd aq NaHCOr and dried over MgSO,. The 
product, which was obtained alter removal of the solvent 
under reduced pressure, was purified by SiO, column chro- 
matography (elution with n-hcxane-AcOEt 20: I) to furnish 
18 (I5 mg). 18, colorless oil; [a]$ - 4.3” (c = 0.3, CHCls); 
IR (CCl,) 1721 (sh), 171 I, 125Ocm-‘; W (MeOH) 232nm 
(c 35,OOC$, 247 (c 27.000); CD: Fig. 2; ‘H NMR (200 MHz, 
CDC1,)6:3.53(2H.brs. I-H,).4.13f1H.m.4-H).564(1H. 
dd, J: 15.0, 5.6. j_H),‘6.73;iH, dd, J’= is.O,‘il.6, 6-H); 
6.15(lH,dd.J= ll.6,2.0,7-H),4.39(lH,brt,J=8,9-H). 
3.10, 2.71 (AB in ABX, JM = 14.0, Ju = 7.5, J, = 7.0, 
13-H3. 0.95, 0.89. 0.77 (each 9H. s). 0.14, 0.12, - 0.12, 
- 0.13 (each 3H, I)), 0.03 (6H, s), 7.84 (ZH, d. J = 7.0). 7.39 
(2H. 1. J = 7.0). 7.57 (IH, 1, J = 7.0); “C NMR (22.5 MHz, 
CDCI,) 6,: 63.3 (1. I-C). 28.2 (t, 2-C). 34.7 (t. 3-C). 72.5 (d. 
4-Q 138.8 (d, 5-Q 124.3 (d, 6-C) 128.2 (d. 7-C), 145.1 (s. 
8-C), 75.2 (d, 9-Q 32.4 (t. IO-C), 37.8 (t. II-C), 87.9 (s. 
12-C). 32.9 (t, 13-C), 123.6 (d, H-C), 134.0 (d, IJC), 27.6 , 
(1. IGC). 29.4 (1, 17-C). 31.6 (t. 18-C). 22.6 (t. 19-Q 14.1 
(q. 20-C); MS m/z (“A): 784 (M +, 0.7). 662 
(M + - C,H,COOH, 25). 

pNirrobenzoyf&on of 16 giving 19. A soln of 16 (30 mg) 
in I mL pyridine was treated with AgCN (13Omg) and 
p-nitrobenxoyl chloride (90 mg) and the whole mixture was 
stirred at 60” under an N, atmosphere for 3 hr. Work-up of 
the mixture as described above furnished 19 (IOmg). 19, 
colorless oil; [a]6 - 5.9” (c = 0.4, CHCl,); HR. MS: 
M + = 829.512 (Calc for C,&+NO,Si, = 829.516); IR 
(CCl,) 1718. 1605, 1225cm-‘; W (MeOH) 247nm (c 
37.000); CD Fig. 2; “C NMR: Table 2. 

Benzovlarion of17 nivina 20. A soln of 17 (20 ma) in I mL 
pyridine- was t&ted-with benxoyl chloride (0.rmL) and 
stirred under an N, atmosphere at 20” (r.t.) for ISmin. 
Work-up of the mixture in the usual manner furnished the 
benzoate 20 (22 mg). 20. colorless oil; [a]g - 32” (c = 0.5. 
CHCI,); HR MS: M’ = 670.445 (Calc for 
C&OsSis = 670.445); IR (CCL) 3592, 1712, 1264 cm-‘; 
UV and CD: Table 4; ‘H NMR (200 MHz, CDCI,) b: 3.65 
(2H, 1, /=6.1, I-H3. 5.6O(lH, dt, J=6.7. 6.1, 4-H). 5.74 
(IH, dd, J = 15.0, 6.7, 5-H). 7.07 (IH. dd, J = 15.0, 11.5, 
bH), 6.11 (IH, d. J= 11.5, 7-H),4.29(lH. br 1. J=7.0, 
MI), 2.58, 2.40 (AB in ABX. J- = 14.0, Ju = 7.7, J,,x = 
6.6, 13-H& 0.93, 0.89 (both 9H, s), 0.11. 0.09 (both 3H, s), 
0.05 (6H, s). 8.06 (2H, d, J = 8.0). 7.43 (2H, t. J = 8.0). 7.55 
(IH, t, J = 8.0); “C NMR: Table 2; MS m/z (%): 670 (M’. 
O.l), 652 (M’ - HsO, 3). 548 (M’ - C+.HsCOOH. 32). 

Synthesis of the benzoarc 29 from clwiridenone-d (6). The 
bcnzoate 29 was synthesixed from 6 via 28 through the same 
reaction procedure as carried out for the synthesis of 20 
from 5 via 17. 28, colorless oil; UV and CD Table 4. 29. 
colorless oil; HR MS: M + = 670.442 (Calc for 
C,,&O,Si, = 670.445); UV and CD: Table 4; ‘H NMR 
(200 MHz. CDCI,) 6: 3.63 (2H, t, J = 6.1, I-H,), 4.35 (IH, 

brf J=ca7.8.9-H). 554(lH,dt-like, J = 11.0.7.3, 15-H). 
0.97, 0.88 (each 9H, s). 0.19, 0.13 (each 3H, s), 0.04 (6H, s). 
8.05 (2H. d, J = 6.8), 7.28-7.55 (3H. m). 

Degraaiztion of claviridenones gtuing 32. A soln of clavi- 
tidenones (200 mg, a mixture of 3.4, 5 and 6) in IOmL 
CH,Cl, was bubbled through with a stream of oxonated Or 
at 0” for 75 min. The mixture was treated with NaBH, (I g) 
at 0” and stirred under an N, atmosphere for 1.5 hr. Alter 
filtration, the solvent was removed under reduced pressure 
IO give the residue. The residue was dissolved in 2mL 
pyridinc and treated with p-anisylchlorodiphenyl-methane 
(245mg) and the whole mixture was stirred under an Ns 
atmosphere at 20” (r.t.) for 36hr. The product, obtained 
after removal of the solvent under reduced pressure, was 
~urilied by SiO, column chromatogranhv (elution with 
?HCI,-M&H 260: 1) t0 furnish 30 (hm&. jo, IH NMR 
190 MHL CDCl.1 6: 2.08 (3H. s. OAA. 3.65 (3H. s. 
CODCH;). 3.79’(3H. s), 7.21-7.46 (m, ‘MMTr): To a 
suspension of LiAlH, (22 mg) in 2 mL dry ether was added 
a soln of 38 (130 mg) in 2 mL dry ether and the whole 
mixture was stirred under an Nr atmosphere at 20” for 
30 min. Alter dilution with IO mL.CHCl,, the mixture was 
filtered. The product, obtained after removal of the solvent 
under reduced preraurc, was purified by SiO, column chro- 
matography (c&ion with CHCl,-M&H 200: I) to furnish 
31(65 mg). 31, colorless oil; [a]$? + 3.5” (c = 1.0, benzene); 
IR (CHCIs) 3585. 3415. 1605 cm-‘; UV (MeOH) 230 nm (c 
12,000). 275 (c 1300); ‘H NMR (9OMHz, CDCl,) d: 3.78 
(3H. s). 7.24-7.40 (m): MS m/z (%): 392 (M + . 0. I ). 274 (66). 
273 (MMTr. 100): A.soln of 3135 mg)‘in Z.mL’dry DMF 
was treated with t-butyldimethylsilyl chloride (20mg) and 
imidazole (I6 mg) and stirred at 0” under an N, atmosphere 
for 45 min. The reaction mixture was poured into ice water 
and worked up as described above to furnish 32 (20 mg). 32, 
colorless oil; [al?? + 4” (c = 1. I. benzene); IR (CHCls) 
3580, 1606 cm - ‘; UV (MeOH) 230 nm (c IS,OOO), 275 (c 
1500); ‘H NMR (90 MHz, CDCI,) 6: 0.03 (6H, s). 0.87 (9H, 
s), 3.79 (3H, s), 7.22-7.40 (m); MS m/r (%): 505 
(M+ - 1. 0.1). 274 (88). 272 (100). 

A&cation of Horeau’s method. A soln of 32 (20 ma) in 
I mi’pyridine was treated with ( f )-a-phenylbutyric a&y- 
dride (18mg) and stirred at 20” (r.t.) under an N, atme 
sphere for 48 hr. After addition of 1 mL water, the reaction 
mixture was stirrcd further for I hr and partitioned by an 
AcOEt-aq NaHC4 solvent system. Work-up of the AcOEt 
phase in the usual manner followed by SiO, column chro- 
matography (elution with n-hexane-AcOEt 4:l) furnished 
the ester 33 (9 mg) together with recovered 32 (I 2 mg). The 
aq NaHCOs phase was acid&d with 2N aq HCl and the 
whole was extracted with AcOEt. Purification of the AcOEt 
extract by SiOr column chromatography (elution with a- 
hexane-AcOEt 3 : I) recovered a-phenylbutyric acid (7 mg), 
[alp + 4.6” (c = 0.7, benzene). 33, colorless oil; 
IalI?’ + 1.3” fc = 0.5. benzene): IR (CHCb) 1720. .~ _I 

1247 cm - ‘; UV (MeOH) 228 urn (t I i.bOO), 277 (e i&10); iH 
NMR (90 MHz, CDCI,) d: 0.00,0.24 (total 6H, s). 0.87,0.90 
(total 9H. s), 3.82, 3.83 (total 3H. s), 7.20-7.40 (m); MS m/z 
(%): 652 (M +, 0.1). 274 (IOO), 273 (100). 
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