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Abstract-A toxic diterpenoid diester and a monoester were isolated from the fruits of Aleuritesfordii. The struc- 
ture of the monoester was found to be 13-0-acetyl-16-hydroxyphorbol by transforming it into bisdehydro- 
phorbol-(12,20)-diacetate. The structure of the toxic constituent was established as 12-0-palmityl-13-0-acetyl-16- 
hydroxyphorbol by partial synthesis from the monoester. 

INTRODUCTlON 

Tung oil and meal, produced from the fruits of 
trees of the genus Ahrites (Euphorbiaceae) are 
toxic and cause diarrhoea and irritation of the skin 
and internal organs, etc. [l]. The toxic principle 
has also been the subject of a number of investiga- 
tions and two amorphous toxic substances were iso- 
lated from tung press cake by Holmes pt ul. [2]. who 
attempted to detoxify tung meal so that this pro- 
tein-rich meal could be used as an animal food. 
Unsaturated acyclic ester structures were pro- 
posed for these substances almost entirely on the 
basis of UV and IR spectra [Z] but the compounds 
were not fully characterised. We have now isolated 
a toxic principle 1 and a related diterpenoid 2 in 
a crystalline form from the fruits of Alruritrs~fordii 
and elucidated thc~r \~I~IICIII~C’S. 

RESULTS AND DISCUSSION 

The seeds and the outer parts of fresh green 
fruits of A. firdii were separately extracted with 
MeOH. The concentrated extract from the outer 
parts, which showed strong toxicity to Oryzias lap- 
tipes (killie-fish) was extracted with EtOAc, and 
this extract was chromatographed on a silicic acid 
column using gradient elution with CHCl,- 
- 

* A preliminary communication of this work has already 
been published: Okuda, T., Yoshida, T., Koike, S. and Toh, N. 
(1974) Chem. Pharm. Bull. 22,971. 

Me,CO mixtures. The fraction eluted with 10% 
Me,CO was toxic and was further purified by PLC 
to yield I m.p. 177-178”, C38Hb009, [&]A2 +43” 
(c 0.30, MeOH), M’ 660. The UV, (MeOH) 
230 nm (log E 3.68), and the IR, v(KBr) 3400, 3300, 
1740, 1719, 1703, 1629 and 1260 cm- ‘, spectra 
show the presence of a conjugated carbonyl group. 
The concentrated MeOH extract of the seeds was 
defatted with petrol after adding water, and the 
residual aq soln was then extracted with EtOAc. 
The EtOAc solution was concentrated to give crys- 
tals of 2. m.p. 278-282” (decomp.), C22H3008, 
[XI:’ f65” (c 0.11, EtOH). The UV, i.(MeOH) 
232 nm (log E 3.70), and the IR, (KBr) 3550, 3.500, 
3400, 3250, 1705, 1695 (shoulder) and 1630cm-‘, 
spectra show the similarity of 2 to 1. The presence 
of an acetyl and a palmityl group in 1 is shown by 
the NMR (CSD,N-D,O, 6 2.10, and 6 087, 1.24 
and 2.12) and MS (M+-60, M+-255) spectra, while 
an acetyl group is shown by the NMR (6 2.13) and 
the MS (Mf-60) spectra of 2. 

The NMR spectrum of 2 (Table 1) shows an ace- 
tyl group and a tertiary (6 1.53), a secondary (6 
1.51,d,J6Hz)andavinyl(6 1.71,dd,J2and 1 Hz) 
methyl group. An olefinic proton, assignable to the 
P-proton of r&unsaturated carbonyl system, is 
exhibited at 6 7.86 as a multiplet coupled with a 
proton at 6 3.63 and also with the vinyl methyl 
protons, and these couplings were confirmed by 
the NMDR experiments (Table 2). A signal assign- 

509 



ff-i 

H-7 

H-X 

H-IO 

H-i I 

H-17 

1-l-11 

tf-lO(Me) 

tf-I7 

H-IX 

H-I’) 

H-20 

H-16 

((‘Hl) 

OAc 

MC 

II C‘H, 

COC’H z 
.___-_ 

6.11: 

3.05. li, 

(‘0 2.90 

6.04. tl 
J IO 

OhSCLlrCd 

1.5s. 5 

1.63, C/ 

Jh 

I .hY. rltl 
J 7. I 

3.36. \ 

3.16. ., 

2.10. .> 

0.87. 1)) 

1.74. \ 

242. 1 

7.86. l,? 
J ?.I 

2.9 I, 3.07 

ALL/. .I 1 Vi 

6. IO. rl 

.I 6 

3 97. i,, 

3.63. I,, 

2.72. Ciy 
J IO, 6 

44Y. 11 
J 10 

Obscured 

1.53. \ 
1.51. iI 

Jh 

1.71. dd 
.I 2. I 

$74. .s 

4.42, 4.20 
ARC/. .I I? 

2.13. .$ 

7.86. ,,I 

J 2.1 

343. s 

3.66, lil 

2.75. r/q 

.I IO. 6 

5.04. ti 

.J IO 

I-53. tig 
.J 5 

I .x3. ., 

1.59. d 
56 

1.69. r/d 
J 3. I 

4.25. s 

4.57. 4.17 
.4Bq. J I;! 

‘46. i/ 

J 6 

2.90. 111 

379. d 

.I IO 

0.70. tl 
J 5 

1.19. $ 

0.95, iI 

J6 

I G, t/d 
.I 3, I 

3.73. \ 

3.4x, s 

?.S3. ri 
.I IO 

0.57. J 
.I 5 

I I 4. .s 

1.02. * 

0~02. (I 

.I 0 

I .65. t/t/ 

.I?. I 

1.12. , 

- 
* C’oupling constants arc giwn in HI. Spectra eerc taken in C,D,N- DIO (a). C,DiN (b) and (CD,I:SO (cl at 90 MH/. 
t (j 3~03. .s. in C‘,DiN. 
$ O\erlappcd b\ H-12. 

\\ Appeared m c,D,U DZO at 8 3.95 (H-8) and I.51 (H-13) in 4. and at 6 3.93 (H-8) and 133 (H-i-l) m phorhol [A]. 

able to a cyclopropane proton, which is over- 
lapped by the secondary and tertiary methyl sig- 
nals in the NMR spectrum obtained in C,D,N-~ 
D,O. is shown at ii 1.13 (d. J 5 Hz) in (CD,),SO. 
The presence of two tertiary, a secondary and two 
primary hydroxyl groups in 2 is also shown by two 
singlets at rS 5Gl and 5.67, a doublet at d 5.20, and 
two triplets at ci 4.50 and 4.73 ((CD,)2SO). which 
were all substituted by deuterium on treatment 
with D,O. These NMR spectra which indicate the 
similarity of2 with phorbol [3], also show that one 
of the geminal methyl singlets on the cyclopropane 
ring in phorbol is replaced in 2 by an AB quartet 
(J 12Hz) centered at ii 4.20 and 4.42 (C,D,N-m 
D,O). which is assignable to a hydroxymethyl 

group. These data lead to the assumption that 2 is 
an acetate of 16-hydroxyphorbol. 

Acetylation of the monoacetate 2 with Ac,O 
C,H,N gave a tetraacetate 3. C1,H,,O,, The 
NMR spectrum (C,DSN) shows three newly 
formed acetyl groups, among which two arc on the 
primary (d 4.31 --+ 4.66 or 4.77: (5 4.51 and 4.30 
(ABy)+ 4.77 (s) or 4.66 (s)). and one is on the 
secondary (6 4.56--t 6.05) hydroxyl group. 1Jpon 
methanolysis with NaOMe. 2 afforded the parent 
diterpenc alcohol 4, CzOH280Y. A tctraacctate was 
produced from 4, and was identical \vith 3 derived 
from 2. The tertiary hydrox!,l group at C-13 in 
phorbol is also acctyled with AczOm C,H,N [-I]. 
Therefore. the acetjl group in 2 hvould be at C- 13, 
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since if the acetyl group is on one of the other ter- 
tiary hydroxyl groups, a penta-acetate would have 
been formed upon acetylation. 13-O-Acetyl- I6- 
hydroxyphorbol is then regarded as the most 
plausible structure for 2. and this structure is sup- 
ported by the NMDR data shown in Table 2. 

( 1 I I?, = COMe 

R2 = CO(CHZh Me 

R3= Rq= i-l 

( 2 ) R, = COMe 

R2= R3= R,= H 

(3) R,= R,=R1=R4=COMe 
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Table 1. NM DR data of 2 at 90 MHz 
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The structure and the absolute configurations of 
2 were confirmed by transforming it into bisdehyd- 
rophorbol-( 12,20)-diacetate [S]. On treatment of 2 

OH 

with 0.02 N H,SO, in aq. MeOH, a less polar 

compound 5, m.p. 244248” (decomp.). CZOHZhOh, 
R(MeOH) 245 nm (log E 3.65) was produced. The 
NMR spectrum showed that the methyl group on 
the cyclopropane ring, and C,,-methylene (ABq) 
in 2 are replaced in 5 by an isopropenyl group (6 
1.54, 4.75 and 4.92 in (CD,)2SO-D,0). Elimina- 
tion of the acetyl group upon this transformation 
is also observed. This acid catalyzed reaction, 
which can be depicted as shown is analogous to 
the alkali catalyzed transformation of 16-hydroxy- 

12-deoxyphorbol-( 13)-tiglate into crotophorbo- 
lone [6], although 2 was hydrolyzed to yield 4 
upon the treatment with NaOMe. The identity of 
the diacetate 6, m.p. 191&192”, C24H3008, 
obtained by acetylation of 5 with Ac20-C5H,N, 
with bisdehydrophorbol-( 12,20)-diacetate was 
established by m.m.p., and NMR, IR, ORD and 
CD spectra. 

The NMR spectrum of 1 (Table 1) is almost 

identical with that of 2 except the presence of a pal- 
mityl signal in the former. An acetyl group (8 2.10, 
s) is also exhibited by 1. One of these two acyl 
groups in 1 would be at C- 12 as H- 12 (Ii, J 10 Hz) 
in 1 shifts downfield by 1.55 ppm from that in 2. 
Upon methanolysis with NaOMe. 1 yielded 
methyl palmitate which was identified by GC-MS, 
and the parent alcohol which was converted to a 
tetraacetate and found to be identical with 3. Ace- 
tylation of 1 with Ac,O-C,H,N resulted in the in- 
troduction of two additional acetyl groups to yield 
7, C,2H,,0,,, whose NMR spectrum (C,D,N- 
DZO) showed that the newly formed acetyl groups 
are on the primary hydroxyl groups whose methy- 
lene protons are at ii 4.62 (s) and 4.77 (s). indicating 
that the tertiary hydroxyl group at C-13 in 1 is 
masked by an acyl group. The two acyl groups in 
1 are therefore at C- 12 and C- 13. The MS of 1 exhi- 
bits m/r 405 (M+-255) and 600 (M+-60) peaks 
which arise by the loss of a palmityl radical and an 
acetic acid molecule respectively, indicating the 

MeeoH 
2 CHPOH CH,OR 

(2) (5)R= H 

(6)~ = CO& 
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location of the palmityl and acetyl groups at C-12 
and C-1 3 respectively rather than the reverse. 
Fragmentation of phorbol- 12,13-diesters give M +- 

RC‘OO. ions by elimination at C-12, and M +- 
RCOOH ions by elimination at C-13 [7]. Partial 
methanolysis of 1 was carried out, and the pro- 
duct which migrated slower than 1 on TLC was 

purified by PLC. This product failed to show the 
M + peak in the MS spectrum. but exhibited the 
prcscncc of the palmityl group by the ion peaks 
produced bq the successive loss of methylenes in 
the palmityl group. and was acetylated to give a 
product which was identical with 7 by TLC and 
MS. These results show that the palmityl group is 
retained in the partial mcthanolyzate, and that its 
location is at C-12 since it is known that the acyl 
group at c‘- 13 on the phorbol skeleton is methano- 
lyzed before that at C-12 (71. The structure of 1. 
thcrcforc. is I’-O-palmit>l- I .3-O-acctyl- 16-hydrox- 
qphorhol. 

C‘onvcrsion of 2 to 1 was achieved by reaction 

with palmityl chloride and CRH,N. 2 yielding a 
Gcous oily tripalmitatc 8. c’,,,H, L,,O, I, and a 
dipalmitate 9. m.p. 84--X5 . C,,H,,,,O,o, which was 
shown to bc 16, 20-dipalmitate by the shifts of the 
methylene signals in the NMR spectrum (CSD5N-- 
DzO. ci 4.71 and 4.84). The tripalmitate was par- 

tially hydrolyrcd with hO”,, HC104 in MeOH, and 
the hydroljzatc ~+,as purified by PLC to afford 
another dipalmitate 10, CiicH90010. whose spec- 
tra wcrc different from those of 9, along with a 
monopalmitate. C3HHhOOLj. which was identical 
with 1 (m.m.p.. IR. and ORD spectra). The C-16 
and C-20 mcthylenc signals (C,D,N-D,O), at is 
46X and 4.71 in 8. at ij 4.79 and 4.28 in 10. and at 
(j 4.16 and 4.36 in 1, and the essentially equal 
chemical shifts of H- 12 in 8. 10 and 1 arc in accord 
with the location of the palmityl group at C-12 in 
1. The synthesis of 1 from 2 establishes the struc- 
ture and the absolute configurations of 1 to be II- 
O-palmityl-I 3-0acetyl-l O-hydroxyphorbol. The 
attempts of NOE measurement to determine the 
configurations at C-15 failed to detect the effect 
between C- 16. 17 and C-X. 1 1 pyotons. J t is possible 
that the C-l 6 hydroxymethyl group is exo-oriented 
if an acctonide is formed between C- I5 and C- 13 

h\,dros\ 1 groups. and that C- I6 is endo-oriented if 
an acctonide is formed between C- 16 and C- 12 hy- 
droxyl groups. But the attempts of acid catalyzed 
acctonide formation from 4 failed because of facile 

cleavage of the cyclopropane ring in 4 to produce 
5, and the reactions without addition of acid 
resulted in recovery of 4. Although further experi- 
mental evidence would be required for the dcter- 
mination of the configurations at C-15. the hyd- 
roxymethyl group is probably exo-oriented by 
comparison of the NMR spectra of 4 and phorbol 
(Table I), as all of the protons in these fwo com- 
pounds except those of C-I 7 methyl and C- 14 
methine show almost identical chemical shifts in 
C,D,N and also in (CD,)2S0. The C-14 proton 
signal of 4 (ii 152 in CSDiN and (i 0.70 in 
(CD,)?SO) in both of thcsc solvents is about 
0.2ppm lower than that of phorbol (0 1.30 in 
C,D,N and ii 0.52 in (CD,),SO). If the C-16 hyd- 
roxymethyl group is cndo oriented. effects would 
be observed at the protons at C-8 and C- 1 1. 

Table 3. Touiclt! of 1 and ~rotenone to klllic-tiah 
___-__ 

Compound Original Uumber of test fish 

(org. Cont. number of sur\ ivcd after 

solbent) (ppm) 1SSL fish 24 hr 38 hl 
___-________ 

1 (MeOH) 0~034 IO I 0 
0030 I 0 3 I 
002.5 IO 6 4 
0~02 I 10 1( 7 
04 I 8 IO 9 9 

Control IO I 0 IO 
Rotenone 0035 IO I I 
(Mc,(‘O) 0011 10 I I 

0.016 I 0 1 3 
04 IO IO 6 6 
O-007 I 0 x x 

Control 10 IO I 0 

The toxicity of 1 to killie-fish, as shown by the 
TLm values after 24 and 4X hr (Tables 3 and 4). 
was found to be almost equivalent to that of 
rotenone. 

Table 4. Median tolerance limits (TLm) of I and rotcnone 

EXPERIMEYTAI, 

NMR spectra were determined at 90MHz. and chemical 
shifts (6) are given in ppm relative to TMS as internal standard. 
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MS were obtained with a GC-MS combination using 2m x 
3 mm i.d. glass columns containing 1% OV-1 on 6O80 mesh 
Ghromosorb W and also using a direct inlet system (ion source 
temp. 27O, separator temp. 250”, electron energy 70eV). GLC 
was carried out with 2 m x 3 mm glass columns packed with 
l.S”< SE-30 on Chromosorb W. Kieselgel G and PF,,, were 
used for TLC. and silicic acid (100 mesh) was used for column 
chromatography. The organic solns were dried over MgS04 
and evaporated in rotary evaporator below 50“. The isolation 
procedure was governed by the killie-fish bioassay [S]. 

~~fr{l~fi~n and isolation c$ 1 and 2. A&writes &rdii Hemsl. 
fruits were collected in September and October at Okayama 
University campus and Handayama Botanical Garden. The 
seeds were removed, and the outer parts (29 kg) of the fruits 
were soaked in MeOH (701.) twice for a week at 20”. The com- 
bined MeOH solns were concn to 7 I. and were extracted x 7 
with EtOAc (5 1.). The EtOAc extracts were dried and evapor- 
ated to afford a dark green residue (150 g). A portion of the resi- 
due (log) was redissolved in EtOAc (3 1.) and washed successi- 
vely with 0.5 N NaOH and H,O. A dark green residue (3 g) 
which showed strong toxicity to kilhe-fish was obtained upon 
evaporation of the EtOAc soln. This residue was dissolved in 
MeOH, silicic acid (5 g) was added to the soln, and the solvent 
evaporated. The siticic acid which had adsorbed the extract was 
placed on the top of a silicic acid column (25Og), and eluted 
with CHCI,-Me,CO (lOO:O-+ 50:50). The active fractions 
(CHCl,-MeiCO,-9: 1) were combined and purified further by 
PLC on silica gel PF, Fd and develooment with CHCl,-Me,CO 
(3:2) to yield c&de crystals of 1. Re&ystaIlization from MeOH- 
HZ0 afforded pure toxic principle 1 (27 mg), m.p. 177 178”. 
[=I:’ + 43 (c 0.3, MeOH). v;:; 3400, 3300, 1740, 1719, 1703, 
1629 1260cm- ‘. E.z$” 230 nm (log E 3.68). MS m/e 660 (M+), 
642 in*-~~0). 600 (M*-HoA+ 582 (M+-HOAC-H~~), 405 
(M’-Me(CHz),&OO.), 387 (M+-Me(CH~),~COO.-H~O). 
NMR Table 1. (Found: C. 67.93; H, 9.09. C,sH,,09.MeOH 
requires: C, 6760; H, 9.31%). The powdered seeds (12 kg) were 
defatted with petrol (5 I.), and soaked x 5 in MeOH (10 1. each) 
for 5 days. The combined solns were concentrated to M 1.5 I., 
and extracted x 5 with n-hexane, and then with EtOAc (1.5 1.). 
The combined EtOAc solns were dried and evaporated to give 
a crystalline residue (0.8 g). Recrystallization from MeOH gave 
2 as colourless needles. m.n. 278-282” (decorno.\. Fal!,i i- 65’ tc 
0.11, EtOH), I!% 3550, 35O0, 3400, 3250, 1705, J6‘95’(shoulder), 
1630cm‘-‘. J$:;’ 232 nm (log E 3.70). MS m/e 422 (M’), 404 
(M’-H,Ok 362 (M-HOAcl. NMR Table 1. (Found: 
H, 7.37.-Ci,H,,,i>s requires: C, 62.54; H, 7.16:‘,). 

C. 62.25: 

Tetm-ucerote 3. A mixture of 2 (105 mg), Ac,O (3 ml) and 
C5HJN (3 ml) was allowed to stand 18 hr at 20”, and then 
poured into ice-H,O. The resultant soln was extracted with 
EtOAc, the EtOAc washed successively with 10% HCI, 5% 
KHC03 and H,O. dried and concentrated to give a pale yeliow 
residue. The product was purified by passing through an A&O3 
(IOg) column and eluting with Et,0 which afforded a syrup of 
acetate 3 (72 mg) which showed one spot on TLC (silica gel, 
Et,O). [r]:: +SO” (c 0.15, MeOH). P::; 3550, 3380, 1730, 1710 
(shoulder), 1630, 123O-12iOcm-‘. MS 548 (M+). NMR 
(C,D,N) 7.75 (IH, m, H-If. 2.93 (2H, s, H-5), 6.10 (lH, H-7, 
overlapped by H-12). 3.89 (IH, f, J 5 and 7 Hz, H-8), 3.60 (lH, 
m, H-lo), 2.77 (lH, dq, J 10 and 6Hz, H-11), 6.05 (lH, d, _I 
LOHz, H-12), 4.77 (2H, s, H-16). 144 (311, s, H-17), 1.20 (4H, d, 
J 6 Hz, H-l 8 and H- 14). 1.73 (3H, dd. J 2 and 1 Hz, H-l 9), 466 
(2H, s, H-20), 1.87, 1.98, 2.03, 2.05 (4 OAc). (Found: C. 61.52; 
H, 673. C2,H,,0,, requires: C, 61.35; H, 662%). 

~~~~~~~o~~.~js o#‘Z. A soln (0.2 ml) of NaOMe (250 mg of Na 
in 50 ml of drv MeOH) was added to a soln of 2 (56 mg) in dry 

MeOH (20 ml), and the mixed soln was stirred at 20” for 5 hr. 
Amberlite IR-120 (H form) was added to neutralize the soln. 
After filtration the filtrate was evanorated to give a syrupy resi- 
due which was purified by PLC on silica’gel PF,,;-using 
CHCI,-Me,CO(l:3)and subseauent elution from theadsorbent 
with MeOH. The MeOH soln was evaporated to yield amor- 
phous 4 (36 mg). [r];’ + 103” (c 0.51, MeOH). $$l;“” 230 nm 
(loge 3.75). I!::; 33701broad). 1697. 1622 cm-‘. NMR(CD~OD) 
7.63 (lH, m, H-l), 2.43 (IH, s, H-51, 5.61 (lH, d. J 6Hz, H-71, 
3.09 (2H, m, H-8 and H-101, 1.87 (IH, m, H-l 1). 4.03 (lH, d, J 
10 Hz, H-12), 0.92 (lH, d, J 5 Hz, H-14}, 360 and 3.73 (2H, ABq, 
f 12Hz, H-16), I.32 (3H, s, H-17). 1.07 (3H, d, J 7Hz. H-18), 
1.72 (3H, dd, J 2 and 1, H-19). 3.91 (2H, s, H-20). (Found: C, 
58.69; H. 7.64. C,,H,sO, .3/2H20 requires: C, 58.90; H, 
76OYA). A soln of4 (16 mg) in Ac,O (0.2 ml) and C5H5N (O2 ml) 
was left IX hr at 20” and concn. The residue was purified by 
PLC (silica gel PFls4) with Et,0 to afford a syrupy acetate 
(12 mg) which was identical with 3 by comparison of IR (KBr) 
and NMR spectra. 

Tran$iirmutidn c$‘Z info hisdehydrophorbol 5 and its diacrtutr 
6. A suspension of 2 (80 mg) in a mixture of MeOH-HZ0 (7:2, 
9 ml)and 0.1 N H2S0, (2 ml) was refluxed in NZ for 1.5 hr. and 
kept at 20’ for 18 hr. The resulting soln was neutralized with 
Amberlite IRA-410 (OH form). filtered and evaporated. The 
residual crystalline mass was suspended in CHCI,-Me,CO 
(7:3), the insoluble crystals filtered and recrystallized from 
MeOH to afford the starting material (35mg). The mother 
liquor was concn to give colourless plates, which were recrystal- 
lized from CHC1,~~MeZCO (7:3) to afford 5 as colourless nee- 
dles (15 mg), m.p. 244-248” (decomp.). I$,!; 3520, 3450, 3330, 
1693 1650 162Ocm- ‘. ;w’Ow 245 nm (log E 3.65). CD(diox- 
ane,‘AG) 284nm (-+221):““!,45nm (- 1.29) (c 0.125). NMR 
((CD&SO-DZO) 7.62 (1 H, m, H- 1). 234 (2H. s. H-5). 5.3 1 (1 H, 
d J SHz, H-7), 2.98 (lH, m, H-10). 215 (obscured, H-II), 3-93 
(lH, d, J 1 I Hz, H-12), 4.92 and 4.75 (2H, H-16), I.54 (3H. s, H- 
17), l-07 (3H. d, J 7Hz, H-181, 1-66 (3H, dd, J 2 and 1 Hz, 
H-19). 3-71 (ZH, s, H-20). NMR [(CD,,$O] 4.68 (IH, t. .f 
5 Hz), 4.52 (1 H, d, J 5.5 Hz), 5OO (I H, s), 5.76 (1 H, s). These sig- 
nals disappeared upon addition of D,O. MS m/e 362 (Me). 
(Found: C. 65.78; H, 7.21. Calc. for C,,H,,O,: C, 66.28; H, 
7.23%). A mixture of 5 (20 mg), Ac,O (1 ml) and CsHSN (1 ml) 
was allowed to stand 18 hr at 20”. poured into ice-H,O, and the 
resultant soln was exhaustively extracted with EtOAc. The 
EtOAc was washed successively with dil. HCI, satd NaHCO, 
soln and HZO. dried and concentrated to give a pale brown 
syrup which was crystallized from CHCl,-petrol. Recrystaltiza- 
tion from the same solvent mixture afforded fine colourless nee- 
dles (19 mg), m.p. 123-125”. This product was shown to be a 
CHCI, solvate by the JR spectrum (76Ocm-‘) and elemental 
analysis. Found: C, 5304; H, 551. C,,H,,O,.CHCI, requires: 
C, 53.09; H, 5300/;;). After drying at 1 to‘ for 20 hr, solvent-free 
crystals of6, m.p. 191-192”. (Found: C, 64.26; H, 6.74. Calc. for 
CZ4H,,0,: C, 64.56; H, 6,77x), were obtained and identified 
with authentic bisdehydrophorbol-( 12,20)-diacetate by m.m.p. 
and IR, NMR, ORD and CD spectra. 

Acetylatian qf 1. A mixture of 1 (12 mg), Ac,O (0.3 ml) and 
C5H5N (03 ml) was kept 18 hr at 20” and concn. The residue 
was chromatographed over AlzO, (1 g) with CHCI,-Me,CO 
(9: 1) to give diacetate 7 (9 mg) as a colourless syrup [r]ts + 52” 
(c 0.365. dioxane), YE?’ 3350, 1737, 1725, 1610, 1265, 
1235cm-r. NMR (C,D,N-D,O), 7.76 (IH, m, H-t), 2.98. 282 
(2H, ABq, .I 19 Hz, H-5), 6.06 (lH, H-7, overlapped by H-12), 
3~83(lH,m,H-8).3~62(1H,m,H-l0),6~04(lH,d,J10Hz,H-l2b 
477 (2H, s, H-16 or H-20), 4.62 (2H, s, H-20 or H-16). 1.48 (3H, 
s, H-17), 1.74 (3H, dd, J 2 and t Hz, H-19). 2.11, 203, 1.90 (3 
OAc), 088, 1.27, 2-43 (palmityl). MS m/e 744 (M’ ), 684 (M’- 
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HOAcl. 614(6X4 HOAc). 564(624_HOAc). 4X9 (M ‘.-Me(CHI)_ 
,,CO, .). 429 (M--HOAc Me(CH,),,CO> .). 

2!ct/1trr1o/~si of I. 4 soln of 1 (3 mg) in O.l”,, NaOMe m 
McOH (I.1 ml) was kept at 20 for 14 hr. and treated with 
Amherlitr IR-120 (H form). The resin was filtered with suction 
and the filtrate was concn. The residue was taken up in HzO, 
and cxtractcd with CHCI,. The CHCI, was washed with H,O. 
dried and evaporated to pivc a colourlcss syrup, which had an 
Identical GLC Rt and MS to authentic methyl palmrtate. 

The acl. laler and the washing were combined and evapor- 
ated to drqncss. and the residue was treated with Ac,O (0.5 ml) 
and c’,H;N (05 ml) at 20 for 15 hr. The reaction mixture was 
e\npowted to alrord the acetate (I.3 mg) as a colourlcss syrup. 
This acetate was idcntitied with 3 by TLC‘ (Et:0 and also 
CH(‘I, Me,C‘O (_;:I)). and by MS and ORD spectra. 

~t~rritr/ ,,I~,//~~~,I(J~~,s~,~ of 1. A soln of 1 (3 mg) in O.I”,, NaOMe 
m MeOH (I.1 ml) was allowed to stand at 20 and the reactlon 
monitored by TLC‘ (CHC‘I, Me2C0. I: 1 L The reaction was 

stoppxi after 2 hr h! addition of HOAc 11 drop). and the sol- 
vent U;LS distlllcd irl rucuo to give a mixture which was frac- 
tionatcd hy PLC usmg CHCI,-Mc?CO (1: I). Recovery was 
carried out mith MeOH. and the syrupy partial methanolyzatc 
(0.7 mg) ahich had a lower K, than 1 on TLC was obtained by 
e\aporutlon of the cluant. Upon acetylation with Ac,O and 
(‘,H <N IO.05 ml each). an acetate which was lclcntical with 7 h! 
MS ~\a\ ohtaincd. 

I’[i/~l~/rr,/trrir~r~ o/ 2. To a stirred soln of 2 (330 mg) m C,HiN 
(IO ml). palmito!l chlot-ide (1.3 ml) was added dropwise at 0 
1‘1~ mixture v,ab allo\\cd to stand at 20 for 35 hr. poured mto 
ice-H10 (60 ml). and estractcd *pith CHCI,. The CHCI, soln 
\\\;Ls uashcd ~~CCC~~ILCI\ \blth I N HCI. 05 N NaOH and satd 
NaC‘I soln. dl-icd and &,nccntratcd to yield a pale brown oil) 
pi-oduct. ~~hich \\a\ chroll7atographcd on adicic acid (30 g) with 
<‘tl(‘l 1: IO ml ftractions wcrc collected. Evaporation of fractions 
3.3 X3 gave the tripalmltate 8 (I 5X mg) as a colourless viscous 
oil. [xl/>’ t 34.7 (c, 0.72, dioxanc). $::‘I 3360. 1710, 1620. 1200. 
I140 c,n /. NMR ((‘,Di\j D,O) 7.74 (I H. ,~i. H-I ). 1.93. 2.X0 
(1H. ABq. .I Ii). H-i. Thcsc protons appear as a singlet at 8 2.X6 
m C’iD.N. )_ 6.07 f I H. H-7. ovcrlappcd hq H-12). 3.74 ( I H. 11,. 
H-X). 3.50 (II-L ,?i. H-IO). (‘<I. 2.0 (IH. ,I,. H-II). 5.94 (IH. ri. .I 
IO H/. 11-121. 1.66 (7H. \) and 1.72 (ZH. \. H-16 and H-20). I-4X 
t-711. .s. H-17). I%4 (:H. ~1. J OH?. H-IS). I.76 (3H. r/r/. .I 2 and 
I. H-19). 2.04 t3H. .s. 0~). 0X9. I-28. 2.36 (palmit>l). (p-ound: 
C’. 72.X): H. 10.21. (‘7,,H ,2,,0,, MeOH rcq;llrc\: c’. 72.X4: H. 
10~60”.,). I,\am)l-ation of fractions X4 IO5 afl’ol-dcd the dinalmi- 
tats 9 which wall recrystalli/cd from McOH to give fine colour- 
Ichs nccdlcs 1223 mg). m.p. X4 X5 Lx];,” 4 60 (( 0.3. dioxane), 
I,~“’ UOO. 1730. 1710. 1695. 1625. l?hOcm II NMR (C‘<D,N ,li.li 
DIO) 7-X0 (I H. 111. Ii- I ). h-OS ( I H. ii. .I 5 H/. El-71 4.X4 (‘H. s. 
H-16 or H-20). 4.71 (7H. 5. H-20 or H-16). 3.47 (IH. cl. .I 10 I--1(. 
H-12). 3.X0 (IH. i. .I 5 Hz. f&XI. 3-54 (IH. ,,I. H-10). 1.97. 2.X2 
IZH. AH</. .I I9Hr. H-5). 2.67 (IH. 111. H-II). I.71 (.JH. r/t/. .I 
?and I II/. H-19). 1.62 (?H. ~1. .I h H/. H-18). I.47 (3H. \. H-17). 
‘.Oh (itl. j. OAc). OXX. 1.24. 3.20 (palmityl). (Found: C’. 71.71: 
71. IO I I. (‘,,H,,,,O,,, I-cquires: C‘. 77.1 I : H lU4N”,,). 

.Sc,/ct tirt’ /r~-tird~~.si~ c~/ fripcrimlrtrrc, 8. A \oln of the tripalmitate 
8 (1% mf) in LlcOH (12 ml) containing hOi’,, H(‘l0, (0.1 ml) 
wa\ Lcpt at 20 for- 61 hr. The reaction was stopped b\ adding 
TL:tO.Ai (200 mg). and the mixture was cvapor~~;cd t; yield a 
coIourlch\ oil\ residue which was dissolved in I!tOAc. The 
EtO.Ac joln was washed with 0.5 N NaOH and satd NaC1 soln. 
dried and c\aporated to alrord an oily residue. which was 
<houn by TLC‘ (Cl-ICI, Me,CO. 7:2) to be a mixture of 3 pro- 
ducts (K, 06X. 0~0, 0.1 1 (tract)) in addition to a small amount 
ol’thc htarting matcrlal (K, 0X5). This mizturc wa\ fractlonatcd 
h! PLC‘ (CHCI, Mc,CO. .3:2) and the hand K, 068 area 

yielded upon elution and evaporation the dipalmitate 10 
(49 mg) as a colourless syrup. [r]:’ + 42.9’ (c 1.17, dioxane). 
I,;,;;~ 3350. 1723, 1625, 120&1240 cm ‘. NMR (CSD,N-DZO) 
7.73 (IH, ~1, H-l). 299 (2H. ). H-5). 6.14 (I H, H-7. owxlapped 
t-q H-12). 3.81 (IH. ,,I. H-8). 3-61 (IH. ~1. H-IO). (‘(I 3.5 (IH. ~1,. 
H-l I). 6.03 (1H. ri, J IO Hz, H-12). 3.28 (2H. s. H-16 ok- H-20). 
1.49(3H, \. H-17). 1.63 (3H. rl. J 6 Hr. H-18). 1.67 (?H. r/t/. .I 7 
and I Hz. H-191. 4.79 12H. .Y. H-20 or H-161. 2.12 (3H. .s. OAc). 
#X9. I .2X. 2-36 ipalmityl). 

The product obtained from band N, 0.30 arca was reel-ystal- 
lired from MeOH Hz0 to afford the monopalmitate as colour- 
less needles (1 I mg). m.p. 17?%175 . which were identical with 
1 (m.m.p.. and IR and ORD spectra). 

P~&cctrorr of’5 ~rpx m trtluitlllt of’ trcid c~ctfrrlv:~‘tl uwlor~i(l~~ 
pw/~uratior~ fro/u 4. A soln of 4 (70 mg). camphorsulfonic acid 
i3O.mg) and 2.?-dimethoxypropane (i.4 ml) in DMF (0.5 ml) 
was stirred at 0 for 3 hr and poured into sat. NaHCO, soln. 
and extracted with EtOAc. The t:tOAc extracts were wnshcd 
with sat. NaCl soln. dried and evaporated to gtvc a colourlcss 
oily residue which was purified hy PLC (CHCl,, Me,C’O. I :3) 
to alTord a crystalline mass (42 mg). Rccrvstalliration from 
CHCI, Mc,(‘O gave colourless prisms. m.p ‘47 ‘49 
(decomp.). which were identical usith 5 (m.m.p. and IR and 
NMR spectra). 

Crtr/~~fi~~~ of toyicfrjs of’1 to kill&fir/l. The bioassay using kil- 
lie-fish was carried out essentialI>) in the same wa> as dcscribcd 
by Kawazu el al. 181. and the toxicity of 1 was compared with 
that of rotenone. ,4 test soln waa prepared by adding a Me,(‘O 
or McOH soln (0.5 ml) of the compounds of known con- 
centration into aerated H:O (200 ml). The median tolerance 
limits were estimated h> straight-lint gl-aphical mtcrpolu- 
tion [9]. 

Aclr,lolc,/~,[ly~,~~~,~~~,\ We thank Professor Dr. E. Heck-~ for his 
kind supply of the sample of bisdeh!drophorbol-( 12.20)-diace- 
tatc. A part of the expense of this wet-k was supported hq a 
Grant-in aid from the Ministry of Education. .lapan. to which 
our thanks arc due. 
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