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Abstract: The detailed structure elucidation of the three new cytotoxic sesterterpenoids, inorolides
B(2), and C(3), which have been isolated from a Japanese nudibranch Chromodoris inornata was

described. In addition, five new scalarane-type scstcrterpenmds, 4 - 8 isolated in this time, were characterized

CITOSCOPIC analyses. © 1999 Eisevier Science Lid. Ali rights reserved.

In the course of our continuing research on biologically active compounds from Japanese marine mollusks,
we have been investigating the allelochemics of the Opisthobranchs. In a previous paperl), we briefly
reported the isolation and structures of three new sesterterpenoids, inordlides A (1), B (2) and C (3). While
their structures were mainly established by single crystal X-ray analysis, their NMR chemical-shifts
assignments and absolute stereo structures were not established. We have now investigated the chemical-shift

assignments of these compounds, and determined the absolute stereo structures of 1 and 2 by spectroscopic

deacetyl-12, 16-episcalarolbutenolide (8) were also isolated. These structures have been elucidated by a
. 2

companson of the NMR and CD prCll'al data with those of known compounas 12- eplacoxoscmann

deoxoscalarin3) (10). We also report the biological activity of these new sesterterpenoids.

C. inornata was collected by hand at depths of 1 to 2 m off Koino-ura, Fukuoka prefecture, Japan, in 1991
and 1995. The CHCI3 soluble part of the CHCI3/MeOH extract obtained from the whole bodies of C.
inornata showed cytotoxic activities against L1210 and KB cells (L1210, IC50=1.0 pg/ml; KB, IC50=7.4

ug/ml). The CHCI3 extract was purified hy Sephadex LH-20 and silica gel column chromatography, and
1,0.009%), B (2, 0.006%), C (3, 0.005%)

pllun\.« LEX Xan Eu}uv J v e 0L £ 2, V.AAUD ]y 12
and four new scalarane type sesterterpenoids (4, 0.002%), (5, 0.007%), (6, 0.003%), (7, 0.008%) and one
. . ket arman g A4) 10 nnAa Voaries writh tho Lo Y anidanvacnalania Q NNQROL
scalaroibutenolide type sesterterpenoid®) (8, 0.004%) , along with the known 12-epideoxoscalarin (9, 0.08%)

and deoxoscalarin(10, 0.02%).

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00477-9
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crystaillography */. *tH-*H CUSY, 1 Y, HOQ, and B experiments permitieda all proton and caroon

assignments of the inorolides to be made as shown in Tables 1 and 2. The absolute stereo structure of 1 was

determined by application of the CD exciton chirality method>).



Table 1. IH-NMR Data for 1,2, and 3 (600 MHz, in CDCI3)

Proton 1 2 3
1p 1.73(%) 1.76(dt, 3.1, 13.3) 1.61(%)
la 0.80(*) 0.82(1d, 4.1, 13.3) 0.80(*)
2B 1.28(*%) 1.29(td, 4.1, 10.6) 1.27(%)
20 1.45(*%) 1.50(*) 1.49(%)
3B 1.60(br.d, 12.9) 1.62(*) 1.63(%)
3a 0.74(*) 0.72(*) 1.01(%)
5 0.73(%) 0.74(*) 0.77(%)
6f 1.35(%) 1.36(*) 1.33(%)
6c 1.51(% 1.54(dt, 3.4, 13.3) 1.54(%)
To 1.05(id, 4.G, 13.5) 1.06(id, 3.8, 13.7) 1.06(m)
78 1.31(*) 1.30(*) 1.31(m)
9 0.75(*) 0.78(*) 0.78(*)
118 1.31(%) 1.33(*%) 1.21{dd, 2.7, 11.5)
1o 1.65(*) 1.62(*) 1.55(%)
120 1.12(m) 1.17(m) 1.28(*%)
12 1.83(m) 1.94(dq, 3.4, 13.3) 1.67(*)
13 1.73(%) 2.34(m) 1.70(%)
14 1.27(*) 1.42(*) 1.40(1d 2.7, 9.9)
158 1.659(*) 1.43(*) 1.05(m)
15a 1.96(dd, 4.3, 15.4) 2.14(m 1.61(*)
16 5.83(br.s) 5.92(d. 5.1) 4.68(d, 12.0)
18 6.05(br s) 6.16(br.s) 5.85(s)
20 0.79(s, 3H) 0.80(s, 3H) 0.79(s, 3H)
21 0.75(s, 3H) 0.75(s, 3H) 0.74(s, 3H)
22 0.75(s, 3H) 0.78(s, 3H) 0.77(s, 3H)
23 0.73(s, 3H) 0.76(s, 3H) 0.78(s, 3H)
24 3.98(br.s) 5.72(dd, 1.9, 3.2) 5.96(d, 3.0)
25 5.10(br.s) - 4.74, 4.78(each d, 18.0)
COCHj3 2.02(s, 3H) 2.05(s, 3H) 2.04(s, 3H)
OH 2.31(d, 3.4) - -

*. Submerged by other signais. td; triple doublet, dt; double tripiet.

Figure 2. CD exciton chirality view of 1

HaG CH3
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Namely, the monobenzoate (11) of 1
showed the exciton-split curve ([6],53 + 0.4,

[(-)]230 - 20.0) of the enone-benzoate due to

positive chirality, which suggested that the

absolute confiocuration of C-24 was R ag
absolute configuration of L-24 was R as
chawn in Fignra 7 Martharmmare wa triad f
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apply the modified Mosher's method®) to 1
for the purpose of further confirmation of its
absolute configuration. However, the
esterification between 1 and MTPA with
DCC and DMAP gave a C-29 dehydro

derivative (=inorolide B) in spite of the

expected MTPA ester. These results clarified that the absolute configurations of 2 were same as those of 17)-
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Table 2. 13C-NMR Data for 1,2, 3,4,5,6,7.8,9, and 10 (in CDCI3)

Carbon 12 22 3 4b sb & 7b sb 9b 10b
C- 39.7* 399* 399 389 390 392 392 39.8 35.6 35.7
C- 18.6 18.5 18.4 33.8 330 17.8 17.7 18.2 18.0 18.1
C- 39.9*  400* 404 2176 2177 35.3 35.8 420 414 415
C- 33.3 33.3 333 47.1 413 37.6 36.9 33.3 33.2 33.3
C- 566  56.5 56.6 53.6 535 50.2 50.8 566 564 56.5
C- 18.6 18.6 18.5 19.0 19.0 17.8 18.0 18.4 18.4 18.5
C- 420 420 421 40.4 405 41.1 41.1 42.1 420 42.1
C- 37.9 37.8 37.6 37.1 371 37.7 37.7 36.9 37.4 36.9
C- 59.4 59.0 59.5 57.3 53.5 52.5 52.7 52.1 58.3 526

37.6 376 37.6 36.7 37.6 36.7 36.7 38.0 375 37.8
20.8 20.5 19.5 24.0 23.0 229 229 21.6 235 229
335 349 29.6 82.2 74.6 749 74.8 76.6 82.6 74.9

1

.I\)l‘J.rJNN(‘\)—-—.a,——‘-——__.-.——-

- 434 40.0 37.5 38.1 37.1 376 36.5 439 38.0 365
- 47.7 48.7 46.3 544 50.1 49.5 50.2 47.1 53.9 50.3
- 27.6 303 27.8 222 232 22.7 227 312 22.1 227
- 67.0 65.7 68.2 116.3 i15.5 115.6 115.6 68.3 116.4 115.7

164.0 147.0 169.6 136.2 136.6 136.5 136.6 172.1 136.2 136.5
122.6 120.9 114.8 61.2 53.5 53.5 534 82.1 61.4 53.5

1t m 100 £ 12 A no < no g ne « 09 £ 1192 1 nnQ no

172.5 168.6 173.3 98.6 98.5 58.6 98.6 173.1 55.8 98.6
333 333 333 68.4 68.9 69.0 68.9 112.2 68.3 69.0
213 214 214 268 26.6 71.9 732 333 332 333

N W= OO0 IONA & WER =D\ 08 1A & ) b o
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- 16.1 16.3 16.4 20.8 20.8 17.3 17.2 21.3 215 215
- 14.8 14.8 14.6 16.0 16.2 16.7 16.6 16.1 16.5 16.3
- 75.7 123.4 93.5 16.5 15.5 15.9 15.9 17.1 16.5 15.9
- 83.5 1538 709 9.9 i4.8 14.8 14.9 i2.0 9.8 14.8

COCH3 214 212 21.0 214 214 215 21.5 213 21.3 214

COCH3 169.5 169.9 169.6 - 1714 170.8 170.9 170.9 169.3 171.0 170.8
COCH 3 21.1

SRS T S

COCH3 171.4

The assignments of 1, 2, and 3 were aided by 'H-1H COSY, HSQC and HMBC experiments.

4 Spectra recorded at 150.9 MHz, b Spectra recorded at 68.8 MHz.
* These assignments may be interchanged in the same column.

12-epideoxoscalarin-3-one (4) was obtained as an amorphous ® /\Eo\ /OH ©
solid. The molecular formula, C27H4005, was elucidated by the P s /
molecular ion peak at m/z 445 [M+H]* of positive ion FABMS, ;

d the fragment ion peak due to dehydroxylation at m/z L _.§\ OAG

426.2786 [M-H20, C27H3804, A -5.8 mmu] of HREIMS. The \f/ EH3
IR spectrum of 4 exhibited absorptions due to hydroxyl (3450 ———}\..-—J
cm” ), ester carnony1 {1735 cm“l), and ketone {1700 civ 1) HaC '}""I
functionalities. The !H-, and !3C-NMR spectra of 4 suggested MOy 3 1
the presence of five tertiary methyls, six methylenes, four / %Ha
methines, four quaternary carbons, one oxygenated methylene, ) HaC § @

one oxygenated methine, one acetal, one ketone, one tri-
substituted olefin, and one acety! groups. These data indicated Figure 3. Back octant projection of 4

pentacyclic sesterterpenoid possessing a scalarane skeleton. Comparison of the 13C.NMR spectral

that 4 is a pentacyclic sesterterpenoid ses

tnat 4 P

data of A with thnee of 12_enideoxoscalarin (9. which i1s a tvnical scalarane- tvr)e segte_rr_ernenmd indicated
Udaila Ui T Vil MRUOY ULl L L&TURRATUAUSURIRL I T ), L R 8 0 aial

elent ¢l 131' Abhanmnimal chifte ~nf A4 vwara Aanite cimilar tn thncae Af O aveant for the cionale dne tn the A_rinog
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A remaining ketone functionality was placed at C-3, because the 13C chemical shifts were in good
agreement with those of urs-12-en-3-one8). The absolute stereo structure of 4 was investigated by
application of the octant rule9). The CD spectrum of 4 showed positive Cotton effect curves at 293 nm (Ae
ext T 0.-5). The octant projection predicted the sign of a positive contribution. Thus, the absolute

configurations of 4 were 5R, 8R, 95, 10R, 12R, 13§, 145, 185, and 19R.

ormula, HanO 1 M+H mm as the same as 4 and the IR and NMR ¢nectra of
ALY 5 s = anCc NG 1 and INNVIX S§pecira of
& wag rnita cimilar tm thaca af A Camnaricnn af tha 13O NMD datn ~F & and A and o saatlhine mombmms ol o
S Wad Juiie dlial U UiUst Ul . CuUipalisun Ul uie LoINIVIR Uata Ul O dild %, dill a iICUINne prowii S1gidi
due to H-12 at 8§ 4.96 (1H, t, J=2.8 Hz) in the |H-NMR suggested that 5 is the 12-epimer of 4. Furthermore,
s Ty et O L el Vst 0k o & MYNA e L A 1 O\ 2L - L TR Y
i o SpCUU 11 U1 O MIUWCU PpOMLIVEC L OLLLVL C11 LCUIVEDS dl L2749 THII (A ext + 1.8), INC 4DSOUIC

configurations of § were 5R, 8R, 95, 10R, 128§, 135, 1485, 185, and 19R as shown in Figure 1.

21-Hydroxydeoxoscalarin (6) was 841 0.86 GHL 5) u 0-243 (3H,s) 8 0.82 GH, )
obtained as an amorphous solid. The Y S S -
molecular formula, C27H4205, was . —»H: ra *CH3 CHs
established by HRFABMS (m/z 8 0.75 3H,5) C\ ,\\I /
447.3080[M+H] *, A - 3.2 mmu) 2y ""7\__/ R\
The [H- and 13C-NMR spectral data g p— c{ Ac ‘

; \ OH

were quite similar to those of | ¥
deoxoscalarin (10), except for an %H\.VH S 3.36, 3.46 (each d, 10.9)
additional oxygenated methylene 21 \_“ e
func‘ionality [8H 336’ 346(€aCh OH I‘lguu: “+. I\Cy IRJC COLITCIAtIOnNnS O1 0.

1H, d, J=10.9 Hz), 8C 71.9 (1)]. Since nOe correlations were observed between the oxygenated methylene
protons and Me-22 [8H 0.75(3H, s)], and between Me-22 and Me-23[8H 0.86(3H, s)], and between Me-23
and Me-24[3H 0.93(3H, s)], the structure of 6 was concluded to 21-hydroxydeoxoscalarin.

21-acetoxvdeoxoscalarin (7) had a molecular formmla of ChoH440&( m/z 489.3220 IM+H1 ¥ . A + 0.2 mm

21-acetoxydeoxoscalarin (/) had a molecular formulia of C29HA4Qg( m/z 489 3220 IM+H] 7 A + 0.2 mmu,
HREFARMS \ Thic malacular formula ic CAAN laraer than that of & The 1. and 130 NMBR cnactra of 7
LIANE 72WLZIVEDD ’ EERAED RARWJINACUATGE IV A0IREIER DY \1‘[‘.4\1 .lﬂ.lé\al L1 LISCAL AJE Wr. k1IN i3 CARILE NTINAVAEN aywtla Lo Sy
bl el o3 Aiel ot el o R Y 1NSILY Ko~ 177 L vzl Lamniics tha
showed ine additional acetyl group [OH <Z.1U{5m, 8), OC 17/ 1, because the

compared with those of 6. Thus the structure of 7 was identified as 21-acetoxydeoxoscalarin as shown in

Figure 1.

12-O-acetyl -16-O-deacetyl-12, 16-episcalarolbutenolide (8) was obtained as an amorphous solid. The
molecular formula, C27H4005, was elucidated by the molecular ion peak at m/z 445.2948 [M+H]*, A -0.7
mmu of the positive ion FABMS. The IR spectrum of 8 exhibited absorptions due to hydroxyl (3600, 3450

em-1), y-lactone (1780 cm-1), and ester carbony! (1740 cm-1). The IH-, and 13C-NMR spectra of 8
cniggactad tha nracancre af ana v Ronincaturated v.lactone one acetovyv and one hvdroxvl functinonality The
Duésbblbu (991w Plbbbllu\/ Ul VLIV W, prulisatuaivi (T1avViviiv, Viiv QUWiUAy, GliU Ul 1Yy UL VA YL TUIIVUIVIIALt 11w

detailed structure determination including the stereo structure was investigated with the monobenzoate
derivative (12) of 8. The IH-1H COSYand TOCSY correlations identified the isolated four spin-systems
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AcO z o 19
mﬁ%s 0 'H-'H correlations from COSY and TOCSY

—
23 /2
V"W ﬂ‘!\ 13 H m g 3¢ correlations from HMRBC
‘ ﬁ“'&* u.., v| H-""C correlations from HMBC
't 5
P RS 491(s
0Bz .- . H (s)
10 8 ‘

ations from 2D-NMR specira and CD excit
indicating the four partial structures, [C-1 - C-3], [C-5 - C-7], [C-9 - C-12] and [C-14 - C-18, C-20]. These
partial structures could be merged by HMBC experiment as shown in Figure 5. The relative stereo structure of
12 is proposed on the basis of the |H-NMR J-values and NOESY data as shown in Figure 5. Furthermore, the
absolute stereo structure of 12 was examined by application of the CD exciton chirality method. The CD
spectrum of 12 showed the exciton-split curve ([6]y5¢ - 0.9, [6]p31 + 1.1) of the enone-benzoate due to

which suggested that the absolute configuration of C-16 in 12 was S . Thus, the structure of

A v 11t 5 Wi 1 3 1

1-16-O-deacetvl-12. 16-eni

as )-acetyl -16-O-deacetyl-12,

1 T o PR P TI WY D 3

Cytoioxic and Neuritogenic Aciivity: We evaluaied the cyiotoxic activity of inorolide A{1}), B(2), C(3), and
five new sesterterpenoids 4, 5, 6, 7, 8, and two known sesterterpenoids (9), and (10) against Murine
lymphoma [.1210 and human epidermoid carcinoma KB cell lines. As a result, 2 and 7 showed good activities
as shown in Table 3. On the other hand, the neuritogenic activity against the rat pheochromocytoma PC-12

cell line was observed only in deoxoscalarin-3-one (5§) at a concentration above 10 pug/mL.

e 3. Cytotoxic Activities (IC50, pg/mi)

1 2 3 4 5 6 1 8 9 10

L1210 19 072 19 6.6 095 4.1 035 24 82 1.4
KR 34 22 64 228 52 210 3.1 7.6 30< 6.4

b—

o e e R s L‘. nm

Recently, various oxygena(ea scalarane sc:bu:ncrpcnmus ave been isolated from the marine Spoiig
metabolite. The 3-oxo scalarane sesterterpenoid has been reported as a potent antitumor compound from a
marine sponge, Hyrtios erecta 10), and 21-acetoxyscalarane sesterterpenoid has been reported as a cytotoxic
compounds from Hyrtios cf.11). C. inornata have both 3-oxo and 21-oxygenated scalarane sesterterpemoid in

their body and mantle.



EXPERIMENTAL SECTION

General Experimental Procedures. - Details have been reported in a previous paperl3). Spectra were
recorded on the following instruments: NMR, JEOL FX-270 (270 MHz) spectrometer, chemical shifts
are referenced to TMS and Varian Unity 600 (600 MHz) spectrometer, chemical shifts are referenced to
the solvent signal (CDCl3: §H=7.24, dC=77.0).

(@)
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solation. - Chromodoris inornata(198 bodies, 320.0

V—v - 9 — - — T e e - Vi e d
collected from the .r%ky coast of Koino-ura, Fukuoka Prefecture Japan, 1-2 m deep, in June 1991 and
1995. The animal extracted with CHCI3/MeOH(1:3, 0.8L, 1:1,2 x 0.5L) overnight, then filtrated.

3 .L

The extract was e “;‘x‘) ted in vacuo, and the rcsumng aqueous suspensmn was diluted with 112U(1L)
extract (3.28g). The CHCI3 extract was subjected to Sephadex LH-20 column chromatography with
CHCI13/MeOH(1:1) to give three fraction [Fr. 1(682.2 mg), Fr. 2(2.31 g), Fr. 3(152.3 mg)]. Fraction 2
was chromatographed on Silica-gel with n-hexane/ EtOAc(4/1— EtOAc) to give seven fraction [Fr. 4(
186.7 mg), Fr. 5(63.0 mg), Fr. 6(283.7 mg, cholesterol), Fr. 7(136.3 mg), Fr. 8(412.6 mg), Fr. 9(356.8

mg), Fr. 10(682.9 mg)]. Fraction 5 was chromatographed on Silica-gel with n-hexane/ EtOAc(7/1),
followed by reversed phase HPLC with 95% MeOH/H20 to give inorolide B(2, 20.5 mg). Fraction 7,

fraction 8, and fraction 9 were purified with Silica-gel column chromatography, followed by reversed
phase HPLC to give inorolide A(}, 30.2 mg), C(3, 16.0 mg), 12-epideoxoscalarin(9, 59.8 mg), 12-
epideoxoscalarin-3-one(4, | mg), deoxoscalarin(10, 150.0 mg), deoxoscalarin-3-one(5, 22.4 mg), 21-

hydroxydeoxoscalarin(6, 10.8 mg), 21-acetoxydeoxoscalarin(7, 25.4 mg) and 12-O-acetyl-16-O-
deacetyl-12, 16-episcalarolbutenolide(8, 11.9 mg).

Cytotoxic Activity. - Details have been reported in a previous paper 13). The results are summarized in
Table 3.

Neuritogenic Activity. - Details have been reported in the preceding paperl4).

Inorolide A (1). - Physicochemical and spectroscopic data except for the NMR data were suminarized in
V. ‘__A_l\ ] _‘J]"r‘ b 5 JP U Py a = and N
a previous paper:/. *H- and*-C NMR daia (see Table 1 and 2)

Benzoylation of 1. - Inorolide A (1, 1.5 mg) was dissolved in pyridine (0.1 ml) and added to benzoyl
chloride (0.1 ml). The reaction mixture was stood for 10 hr at room temperature, and was then poured
into excess H2O (30 ml). The aqueous layer was extracted with CHCI3 (15, 10, 10 ml). The CHCI3 layer
was evaporated in vacuo to yield a crude extract, which was subjected to Silica-gel column

chromatography using n-hexane /AcOEt (8:1) as eluent to yield pure monobenzoate (11, .6 mg).

2

Ud

o
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Mionobenzoate (i1). - FABMS(mv/z), 549[M+H]*, UV(EtOH), emax=3200(A=282 nm),
E€max=14800(A=220 nm); lH—NPAR(6001\.41"12, CDCl3), 0.70(3H, s), 0.78(3H, s), 0.79(3H, s), 0.85(3H,
s), 1.12(1H, dt, J/=13.2, 3.6 Hz), 1.2-2.0(14H, m), 2.11(3H, s, Ac), 2.0-2.2(2H, m), 5.33(1H, s), 5.37(1H,
s), 6.08(1H, br.s), 6.24(1H, s), 7.39(2H, t, J=7.8 Hz), 7.54(1H, t, J=7.8 Hz), 7.79(2H, m).

Esterification of 1 with MTPA. - Inorolide A (1, 2.0 mg) was dissolved in CH2Cl2 (0.1 ml) and added
to dicyclohexylcarbodiimide(5.0 mg), 4-(dimethylamino)pyridine (3.0 mg), and (+) -MTPA acid (6.0

mo\ The reaction mixture was stood for 12 hr at room tempne

avannratinn nf the enlvent wac treated hy chramatoor ilica-o, romatnoranhvy ncing »_

\/'I&t".’l GRLAV/EL W1 LIFW OWV1 VALl VY 6D L wéalwne VJ Vluvlll“‘vb‘“}’“] Al Adiw e & AARAAR lllv“lu‘-vé‘“k’ll uﬂllls s
...... FTA e 7 I\ no asliiniet dn xrinld o nw lid, D Vo 2N T SRR |

HCAIIC /JACULE (J. 1} ad CIUCHT WU YICIU IHUIVIIUC D (&, 1.1 111E).

Inorolide B (2). - Physicochemical and spectroscopic data except for the NMR data were summarized in
a previous paperl). IH- and13C NMR data (see Table 1 and 2).

Inorolide C (3). - Physicochemical and spectroscopic data except for the NMR data were summarized in
a previous paperl). IH- and13C NMR data (see Table 1 and 2).

S
M
§
z
»
.
=
LY
3
3
:
)
3
g
3
a
2
O
=
E
=
l\)
u
W
a0

CLIVIS{/Z ), #45{IVI+E1] ", 4441 IVi]  * 440{0asc pCax}, 398; HREIM
426.2786(C27H3304 requires 426.2728); |H-NMR(270 MHz, CDCl3), 0.91(3H, s), 0.92(3H, s),
0.98(3H, s), 1.03(3H, s), 1.08(3H, s), 1.92(1H, m, H-2), 2.05(3H, s, Ac), 2.25(1H, br.s, H-18), 2.47(2H,
dd, J=6.3, 8.6 Hz, H-2), 4.15(1H, br.d, J=11.4 Hz, H-20), 4.42(1H, br.d, J=11.4 Hz, H-20), 4.68(1H, dd,
J=4.4, 11.2 Hz, H-12), 5.41(1H, d, J=4.2 Hz, H-19), 5.52(1H, br.s, H-16) ; 13C-NMR data (see Table 2).

Deoxoscalarin-3-one (5). - Amorphous solid(MeOH); mp 65-67 °C; [a]5’ +63.6° (c=0.87, CHCI3);
IR(CCla, cm™1), 3600, 2850-3000, 1735, 1710, 1245; CD(MeOH, ¢=3.0 x 10-4), Ae= +1.4 (247 nm),
Ag= +1.8 (294 nm); FABMS(positive, m/z), 445[M+H]*, 427, 351, 205; HRFABMS found [M+H]*,

AAS VOKAICA"H 410 g roguirag A4S OORA\ ll'-l NMRM70 MHz CDCI ) R4(R <) noonu L\
DA LTIRN Y JERG VY ILUILDS F7U.4 705 EATINAVAIN L 1V AVALLEy k71 D ]y Vo U\ DLl 3 )y V. T\ DX
nnnnnn T TY A\ A IDAITT L rqn\ .li!\ T
2), 2.79(1H, br.s, H-18), 4.19(iH,

0.97(3H, s), 1.04(3H, s), 1.09(3H, s), 2.08(3H, s, Ac), 2.47(2H, m, H-

79(1
d, J=11.5 Hz, H-20), 4.48(1H, d, J=11.5 Hz, H-20), 4.96(1H, t, J=2.8 Hz, H-12), 5.26(1H, d, J=4.0 Hz,
H-19), 5.46(1H, br.s, H-16) ; 13C-NMR data (see Table 2).
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21-Hydroxydeoxoscalarin (6). - Amorphous solid(MeOH); mp 121-122 °C; [a]F +55.4° (¢=0.90,
CHCI13); IR(CCl4, cm-1), 3600, 3450, 2850-3000, 1720, 1400, 1260; FDMS(m/z), 447[M+H]*, 429(base
peak), 400; HRFABMS found [M+H]+, 447.3080(C27H4305 requires 447.3048; |H-NMR(270 MHz,
CDC13), 0.75(3H, s, 22-CH3), 0.82(3H, s, 25-CH3), 0.86(3H, s, 23-CH3), 0.93(3H, s, 24-CH3), 2.09(3H,
s, Ac), 2.77(1H, br.s, H-18), 3.03(1H, d, J=3.3 Hz, 19-OH), 3.11(1H, d, J=10.9 Hz, H-21), 3.46(1H, d,
J=10.9 Hz, H-21), 4.18(1H, br.d, J=11.5 Hz, H-20), 4.48(1H, br.d, J=11.5 Hz, H-20), 4.95(1H, t, J=2.8
Hz, H-12), 5.25(1H, br.t, J=3.5 Hz, H-19), 5.45(1H, br.s, H-16) ; I3C-NMR data (see Table 2).

It F4 ..._- REEE; DI, S0 124 112 14aia

21-Acetoxydeoxescalarin (7). - Amorphous solid(MeOH); mp 70-72 °C; rnl” +60.6° (=090 C

=i lwwn.y VRNV AU SEESEE AL SR RS SeRAYARAR SRR g, 23 TV L R, Qg YUV

IR(CCly4, cm1), 3600, 3450, 2850-3000, 1740, 1240; FDMS(m/z), 489[M+H]+, 471(base peak),;
HRFABMS found [M+H]™, 489.3220(C29H450¢ requires 489.3217, 'H—NMR(Z'?'O MHz, CDCl13),
0.83(3H, s, 25-CH3), 0.84(3H, s, 22-CH3), 0.86(3H, s, 23-CH3), 0.93(3H, s, 24-CH3), 2.08(3H, s, Ac),
2.10(3H, s, Ac), 2.80(1H, br.s, H-18), 3.67(1H, d, J=10.9 Hz, H-21), 3.86(1H, d, J=10.9 Hz, H-21),
4.18(1H, br.d, J=11.5 Hz, H-20), 4.48(1H, br.d, J=11.5 Hz, H-20), 4.95(1H, t, J=2.6 Hz, H-12), 5.26(1H,

d, J=4.0 Hz, H-19), 5.45(1H, br.s, H-16) ; I3C-NMR data (see Table 2).

12-0-acetyl-16-O-deacetyl-12, 16-episcalarolbutenolide (8). - Colorless needles(MeOH); mp 179-180
°C; Ia126 +61.9° (c=0.88, CHCI3); IR(CHCI3, cm‘l) 3600, 3450, 2850-3000, 1780, 1740, 1390, 1250;

Raliv]

INTVIEHOH) o __«=SINW2A=213 nm) FARMSi(nogitive m/7) 4454 ]+(h e nealk) 38§ 3R7

VLN ER ], CIIIAX ™~ YV Iv— L i llll}, LRSIV PUSI Y, WL, S5 1] URsT plas ), 2382, 30

HRFABMS found {}V{TH]*’ 4452943(C27H4 03 lU\iullCD 445, 2955), 1H—NPAR(27G MHz, CDC13),
0.77(3H, s, 25-CH3), 0.81(6H, s and 23-CH3), 0.86(3H, s, 22-CH3), 0.90(3H, s, 24-CH3), 1.17(1H,

m, H-11), 1.48(1H, m, H-15), 2.01(1H, br.d J=10.5 Hz, H-11), 2.12(3H, s, Ac), 2.21(1H, dd, J=7.6, 10.9
Hz, H-15), 4.53(1H, br.t, J=7.6 Hz, H-16), 4.89(1H, br.s, H-12), 4.91(1H, br.s, H-18), 5.95(1H, s, H-20);
13C-NMR data (see Table 2).

Benzoylation of 8. - 8 (1.0 mg) was benzoyled as described above and purified with Silica-gel column

chromatography using n-hexane /AcOEt (6:1) as eluent to yield a pure monobenzoate (12, 0.4 mg).
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{ , 11.7 Hz, H-1B), 0.79(3H, s, 22-CH3), 0.80(3H, s, 23-CH3), 0.83(
.85(1H, m, H- SB) 0.85(3H, s, 21-CH3), 0. 90(?H s, 24-CH3), 1.14(2H, m, H-3p and H-7B), 1.27(1H,
br.d, J=15.0 Hz, H-98), 1.37(2H, m, H-3q,, H-2P), 1.39(1H, m, H-6ar), 1.56(1H, dd, J=2.7, 13.6 Hz),
1.58(1H, m, H-68), 1.60(2H, m, H-1ct, H-2B), 1.64(1H, t, J=12.6 Hz, H-11la), 1.66(1H, q, /=13.2 Hz, H-
15a), 1.82(1H, dt, J=2.4, 12.6 Hz, H-7w), 1.97(1H, br.d, J=14.4 Hz, H-11P), 2.12(3H, s, COCH3),
2.36(1H, ddd, J=2.0, 7.2, 7.8 Hz, H-150), 4.91(1H, s, H-12), 5.02(1H, s, H-18), 5.80(1H, t, J=9.0 Hz, H-

s
=
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i6), 5.89(iH, s, H-20), 7.48(2H, t, J=7.2 Hz, benzoyi), 7.61(iH, t, /=7.2 Hz, benzoyl), 8.07(2H, d, J=7.2
Hz, benzoyl); 13C-NMR(125 MHz, CDCI3), 12.0(q, C-25), 16.1(q, C-23), 17.1(g, C-24), 18.2(t, C-2),
18.2(t, C-6), 21.3(2C, q, C-22 and COCH3), 21.7(t, C-11), 27.7(t, C-15), 33.3(s, C-4), 33.3(q, C-21),
36.9(s, C-10), 38.2(s, C-8), 39.8(t, C-1), 41.9(t, C-3), 42.0(t, C-7), 43.0(s, C-13), 47.0(d, C-14), 52.2(d,
C-9), 56.5(d, C-5), 69.6(d, C-16), 74.2(d, C-12), 82.1(d, C-25), 112.9(d, C-18), 128.7(2C, d, benzoyl),
129.1(s, benzoyl), 129.8(2C, d, benzoy}), 133.7(d, benzoyl), 167.4(s, C-17), 169.2(s, COCH3), 172.3(s,
C-19).
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