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.iBsrR.\cr.-The cytotoxic drimane derivatives cinnamodial (1 J ,  capsicodendrin 
(2),  a partially characterized tetramer of 1! and cinnamosmolide (31 n-ere obtained from 
Cilpsiiodendropi di t i is i i  (Canellaceae). .4 new compound, 03-acetosyisodrinienin 14) and 
ngandensolide ( 5 )  and futronolide (6) n-ere also isolated, hut were not cj-totosic. 

In  a continuing search for anticancer and cytotoxic ageritq from plantq. chloro- 
form extracts of s tmi  bark and leaf-twig sample. of the South -\nierican arboreal 
species CapSicodei idroi i  diizisii (Canellaceae) n ere found to exhibit cytotoxic 
activity against the Eagle's 9KB carcinoma of the nasopharynx in cell culture (l).3 
Separation of active fractions from the root bark by column chromatography 
over silica gel4 resulted in the isolation of two cytotoxic compounds. cinnamodial 
(1) and capsicodendrin (2). Three inactive compound-. Gp-acet oxyiqodrimenin 
(4), ugandenqolide (5 )  and futronolide (6) were also obtained. The cytotoxic 
compound cinnamosmolide (3) n-a? isolated from the leaf-twig extract of C. diais i i .  
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I n  this communication we pre.ent evidence for the partial structural char- 
acterization of capsicodendrin (2), which is the first sesquiterpene tetramer to 
be discovered. The structure of Go-acetoxyisodrimenin (4) was assigned b>- 
analysis of mass and pmr spectral data, and the knon-n compounds 1, 3, 5 and 6 
n-ere identified by comparison with authentic samples or published spectral data. 

1For the previous paper in this series see Gunasekera, S. P., G .  -4. Cordell and S.  PI. 
Farnsworth. Phgfochemzs t ry ,  in press. 

2-4 summary of the present n-ork was presented a t  the 20th Annual Meeting of the American 
Society of Pharmacognosy, held a t  Purdue University, West Lafayette, Indiana, July 29- 
August 3, 1979. 

3The extracts, fractions and compound were tested under the auspices of the Develop- 
mental Therapeutics Program of the Sa t iona l  Cancer Institute. An isolate IS considered 
active if  i t  shows an ED,a<4 p g  ml in the 9KB and P38S 111 ~ z i r o  cell culture assa:s, and T C 
>1307c in the P-388 zn i z t o  assay. 

4E. l le rck ,  Darmstadt,  IT. German?-. 
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EXPERIMEKTAL6 
PLANT xiTERI.iL.-The stem bark and leaves and twigs of Cupszcodendron dznisii (Schwacke) 

Occhioni n-ere collected in Brazil in October, 1975, and the plant was authenticated6 under 
the direction of Dr. R .  E. Perdue, Jr. 

EXTRACTION .4KD FRacTIo~ATIoiY.-The dried, milled stem bark of C. dznisiz (58 kg) was 
extracted with 600 liters of methanol. Following removal of the solvent, the residue (3.5 kg) 
was partitioned between water (4 liters) and chloroform ( 1 0 x 2  liters). The dried chloroform 
extract (2.8 kg) was shown to be active (ED,c 2.8 pg/ml) in the 9KB cell culture test system, 
while the aqueous extract and interfacial materials were inactive. 4 portion of the chloroform 
extract (205 g) was repeatedly chromatographed by gradient elution over columns loaded 
with siiica gel4, successively n-ith mixtures of benzene, chloroform and methano! as solvents. 
Purification of cytotoxic fractions yielded, in order, crystals of cinnamodial (1) , G$-acetoxy- 
isodrimenin (4), ugandensolide ( 5 ) ,  futronolide (6) and capsicodendrin (2). 

When a similar procedure was repeated for a mixture of the leaves and twigs of C. diniszi 
(1.2 kg) , crystalline cinnamosmolide (3) was isolated. 

CHAR~CTERIZATIOS OF CIKKAMODIAL (1) .-Cinnamodial (1 , 0.31 g, 0.00737,) mp 135-137", 
[cul2'D-416 (c 0.5, CHC13), exhibited the following spectral properties, uv, X max (bleOH) 
215 nm (log t 4.14), ir,  Y max (KBr) 3440, 2870, 2710, 1740, 1725, 1700, 1390, 1370, 1240 and 1045 
cm-1; pmr, (CDCI,) 6 1.02 (3H, s ) ,  1.16 (3H, s ) ,  1.34 (3H, s, lO-CH,), 2.05 (lH, d, J = 4 . 6  Hz, 
S H ) ,  2.14 (3H, s, -OCOCH,), 4.01 ( l H ,  br  s, exchanged with D20, 9-OH), 5.87 (lH, t ,  J=4.6 
Hz, 6-H), 7.01 ( l H ,  d,  J = 4 . 6  Hz, 7-H), 9.47 ( l H ,  s, 12-CHO) and 9.75 ( l H ,  d,  J = 1 . 5  Hz: s after 
D 2 0  exchange, 11-CHO): cmr, (CDCl,), see table 1: ms, m / e ,  ?rl-308 (28%), 279 (24), 278 (97), 
248 (82), 237 (lOO), 220 (83), 205 (28), 124 (22) and 95 (11). These physical data  are in agree- 
ment R-ith those published for cinnamodial (1) (known also as  ugandensidial) (2-4), and the 
identity was confirmed (mmp, pmr, ms, tlc) by comparison with an authentic sample.' 

Melt ing points were determined using a Koffler hot-stage instrument, and are uncorrected. 
Specific rotations were obtained on a Carl Zeiss 0.05 circle polarimeter. Uv spectra were 
measured on a Beckman DB-G grating spectrophotometer, and ir spectra on a Beckman model 
18-A spectrophotometer, with polystyrene calibration a t  1601 cm-l. Pmr and certain cmr 
spectra were recorded on a T-arian model T-60A instrument, operated a t  60 hlHz and 15.06 
MHz, respectively, equipped with a Kicolet model TT-7 Fourier Transform attachment.  
Tetramethylsilane was used as internal standard, and chemical shlfts are reported on the 6 
(ppm) scale. Low-resolution mass spectra %-ere obtained on a Hitachi Perkin-Elmer, model 
RMU-GD single-focusing instrument, operating at 70 eT-. The high resolution mass spectrum 
was obtained on a Varian JL4T 112s spectrometer, equipped with an E l  ion source, maintained 
at 220", and operated at 70 eV. Elemental analysis was determined on a Perkin-Elmer 240 
CHK analyzer, and osmometric determination of molecular weight was performed on a Wescan 
Vapor Pressure Osmometer, operated at a temperature of 47". 

SThe plant material was supplied through the auspices of the Developmental Therapeutics 
Program of the National Cancer Institute by the Economic Botany Laboratory, BARC-East, 
U.S.D.A., Beltsvllle, Maryland. An herbarium specimen documenting the collection is de- 
posited in the Sat ional  rlrboretum, .4gricultural Research Service, U.S. Department of Agri- 
culture, Washington, D.C. 

'Generously supplied by Dr. A .  Corbella, University of Milan, I ta ly .  
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TABLE 1. Comparison of cmr spectra of cinnamodial (1) 
and capsicodendrin (2). 

Carbon numbep ~ Cinnamodial (1) ~ Capsicodendrin (2)b 

11 i 201.0 

12 192.9 
16 1 T O .  0 
T 148.5 

8 141.3 

9 

6 

5 

3 

10 

4 

13 

1 

15 

14 

9 - 
15 

-- 
I I  . 5  

66 2 

45.2e 

4 4 . 2  

41.7 

34.0 

32 6 

31.9 

24.5 

21 3 

19 9 

1 i  7 

-I- - 
203.5 
203 1 

1 T O  Oc 
110 3 
139 0 
135 1 
134 3 
128 5 
128 0 
124 9 
124 G 
104 8 
102 3 
100 6 
100 3 
98 G 
98 0 
90 6 
90 5 
80 5 
-d 

GT 1 
GG 9 
66 4 
GB 3 
4G 5 
46 3 
44 8 
44 6 
44 2 
41 9 
3T 0 
33.9 
33.8 
32.8 
32.6 
32.2 
31 9 
24.T 
21.4 
21.G 
21 .4 
20.0 
19.6 
18.1 
1T.9 

asumbering of carbons applies to  1 only. 
bComplete resolution of 2 into the projected number of car- 

cPeak intensitj- indicated four carbon atoms. 
S i g n a l  obscured by CDCI, signal. 
e-lssignment may be reversed. 

bon atoms was not observed. 

CHIR.ICTERIZ.\TIOS 01: CAPSICODESDRIS (2 )  .-Capsicodendrin ( 2 , 3 . 8  g, 0.089$), mp 210-211”, 
[ a l 2 ’ D - 2 i s  (c 0.5, CHCl.,), exhibited the following spectral properties, LIV X max (MeOH) 214 
nm (log E 3.88), ir, Y mar  (KBr) 3.500, 2870, 1735, 1T25, 1470, 1390, 1368, 1240 and 1020 cm-’: 
pmr, (CDCI,) 6 1.06 (3H, s) ,  1.16 (3H, s) ,  1.43 13H, s) ,  2.03 (3H, s, -OCOCH,), 3.96 i lH,  br s? 
exchanged m-ith D,O, -OH), 5.26 ( lH ,  s), 5.T9 ( lH ,  m) ,  6.48 ( lH ,  m) and 9.84 ( lH ,  d ,  J = l . s  
Hz);  cmr, (CDCl,), see table 1: ms, ) I !  ‘ e ,  11- not observed, fragment ions a t  279 ( 4 2 5 ) ,  248 
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(361, 205 (24), 124 (16), 92 (20) and 43 (100). Elemental analysis*, calculated for C1;HpaOh (or 
multiple thereof) C, 66.20%, H ,  7.80; found, C, 66.09, H ,  7.84. 

ATTEMPTED KETALIZATION OF 2.-Capsicodendrin (2, 200 mg) in 80 ml of dry toluene was 
treated with 30 mg of p-toluene sulfonic acid in 2 ml of ethylene glycol, and maintained at  GO" 
for 12 hr. A single reaction product (mp, 270°, decomp.) was crystallized from methylene 
chloride and exhibited a chemical shift for a proton at  9.84 ppm in the pmr spectrum. 

ATTEMPTED ACETTLATIOS OF 2.-Capsicodendrin (2, 50 mg) was reacted with acetic an- 
hydride-pyridine (l:l ,  2 ml) at  25' for 24 hr .  Two products, with P\ f  values 0.64 and 0.69, 
n-ere separated by preparative tlc on silica gel9 in chloroform-methanol (97:3). Both products 
exhibited a chemical shift in their pmr spectra for a deuterium-exchangeable proton at  about 
3.90 ppm. 

COST-ERSIOS OF 2 TO 1.-Capsicodendrin (2, 10 mg) was treated A-ith 0.5 ml pyridine for 24 
hr at  ambient temperature. Removal of pyridine under nitrogen, and preparative tlc on 
silica gel9 in chloroform-acetone (97:3) of a band m-ith p i t  0.29, afforded a product identical to  
(mmp, pmr, nis and tlc) cinnamodial (1, 6 mg).  

CHARICTERIZATION 01- CIZS.WOSMOLIDE (3) .-Cinnamosmolide (3, 0.14 g, 0.0125) , mp, 
197-198", [0r]~'~-336 (e 0.5, CHCl,), exhibited the following spectral properties, uv, X max 
N e O H i  212 nm iloe t 3.96). ir v max (KBr) 3410. 1750. 1730. 1467. 1390. 1368. 1230 and 1070 
em-'; pmr, (CDC13)U6 1.03 (3H, s), 1.13'(3H,'s) 1.15 (3H: s ) ,  2.08 (3H, s -OCOCHa), 3.18 ( lH ,  
br s ,  exchanged with D20,  9-OH), 4.36 (ZH, q ,  J = 9 . 9  Hz, Il-Hn), 5.78 ( lH ,  t ,  J = 4 . l  Hz, GH)  
and G.72 ( l H ,  d ,  /=4.1 Hz, 7-H); cmr, (CDCla), see table 2 ;  ms, m l e ,  hI- 308 (35%), 291 (671, 

T.\BLE 2 .  Cmr spectra of bicyclofarnesane sesquiterpenoids. 

Carbon number 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Cinnamosmolide (3) ~ Ugandensolide (5j ~ Futronolide (6) 

31.8 33.1 I 35.0 
19.6 
44.5 
33.7 
45.0 
7 5 . 2  

134.9 
132.2 
76.9 
39.0 
66.5  

169.4" 
32.9 
21.4 
18.4 

170.0" 
24.3 

22.0 
~ 42.5 

20.3 
43 1 
35.4b 
49.3 
69.8 
73.8 

154.5 
137.9 
3G.jb 

172. lC 
66.1 
33.4 
21.4 
18.4 

1 7 0 . 9 ~  
23.1 

33.7 
47.0  
61.9 
70.3 

160.6 
136.4 
35.8 

172.4 
67.4 
39.2 
29.3 
19.1 

~ ~~ ~~~ ~ ~ 

Assignments bearing the same alphabetical superscript are tentative and 
may be reversed. 

248](83), 231 (SO), 192 (42), 142 (ii), 109 (92), 91 (38) and 43 (100). These physical data are in 
agreement with those reported for cinnamosmolide (3) (2, 3), and the identity was confirmed 
(mmp, pmr, ms, tlc) by comparison n-ith an authentic sample.' 

CHARACTERIZATION OF ~ B - . ~ C E T O X Y I S O D R I V E ~ I N  (4).-Gp-rlcetoxyisodrimenin (4, 0.008 g, 
O.O002%), mp, 220-224", [~ r ]~~0-272  (c 0.2, CHCla), exhibited the following spectral properties, 
uv, X mas (MeOH) 212 nm (log t 3.77), ir,  v mas (KBr) 1745, 1730, 1470, 1380, 1360 and 1240 
em-1; pmr, (CDC13) 6 0.93 (3H, s) ,  0.99 (3H, s), 1.14 (3H, s ) ,  1.36 ( lH ,  d, J=4 .3  H z L 5 H ) ,  2.06 
(3H, s ,  -OCOCH,), 2.33 ( lH ,  d of m, J = 5 . l  Hz, 1-pH), 5.47 (2H, s ,  12-Hz) and 5 . i o  (lH, m, 
G-H): ms, i ? z / e  M+ 292 (7%),  232 (47), 217 ( 2 7 ) ,  109 (W), 95 (30), 69 (83) and 43 (100). Mass 
measurement: Found, 232.1463, Calcd. for CljH2002; 232.1480. 

CHARACTERIZATIOK OF UGANDESSOLIDE ( 5 )  .-Ugandensolide (5 ,  0.58 g, 0.014%), mp, 213- 
21Gc, [a Iz i~  28 (c 0.5, CHCl,), exhibited the following spectral properties, uv, X max (MeOH) 

SPerformed by Micro-Tech Laboratories, Inc., Skokie, IL. 
"repared plates (0.25 mm thick) (E. Merck, Darmstadt,  W. Germany) visualized with 

70% w/w sulfuric acid. 
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214 nm (log B 4.11), ir, Y ma\; (KBr) 3450, 1740, 1735, 1385, 1368, 1250, 1140 and 1020 cm-l. pmr, 

ni. J=12 Hz. 1-BH). 3.15 1lH. hr  s .  elchanged with DvO. 7-OH). -1.21 i lH .  br s .  ( -HI.  4.57 i lH .  
ICDC13) 6 1.03 (6H, s, 4 ,4WH3j ,  1.47 (3H, s ,  lO-CHS), 2.08 (3H, s ,  -OCOCH,),-2.51 (1H, d of 

d , ' J = 1 7  Hzj 12-Hj; 4.95 ~ ( l H ,  d, >=17 HY, 12-H) a i d  5.35 ( l H ,  m, 6-H'): cmr, (CDCl,), see 
table 2 :  nis, r)i,'e?\I-308 (2253,266 (681,248 (94), 234 (li), 205 ( lo) ,  165 (24), 95 (12j and43 (100). 
These physical data  are in agreement with those reported for ugandensolide ( 5 )  (4) ,  and the 
identity was confirmed (mmp, pmr, ms, t lcj  by comparison with an authentic sample.1° 

Cgandensolide ( 5 ,  10 mg) n a s  treated overnight with acetic anhydride-pyridine (l:l ,  0.5 
ml j ,  Following removal of excess reacents and crvstallization from acetone. the acetvlation 
product ( 7 ,  6 m i ) ,  mp, 103-104', e\hibired the f o l l o k g  spectral properties, uv, X max (3IeOH) 
212 nm (log E 3 9), ir, Y ma\ (KBr) 1770, 1760, 1390, 1370 and 1240 em-'. pmr ICDC1,) d 1 0 4  
iGH, s ,  4,4'-CHs), 1.50 (3H, s, lO-CH,), 2 07 (3H, s ,  -OCOCH,), 2 14 (3H, S, -OCOCH,), 2.56 
t lH,  d of ni, J=12 Hz,  1-BH), 4.64 (2H, br s )  12-Hz), 5.14 ( lH ,  m, 7-H) and 5.54 (lH, m, 6-H): 
ms, vi e 11- 350 [-IT), 308 (71, 290 (261, 248 t37), 230 (3), 109 (11) and 55 (100). 

CY]"D 119 (c 0.5, CHCl,,, exhibited the following spectral propertiel,'uv, 11feOHi X max 218 
nm (log E 4.84 I ,  ir, v ma\ (KBrl 3410, 1735, 1670, 1387, 1368 and l O i O  em-': pmr, 1CDC13) 6 0.91 
t3H, s ) ,  0.95 (3H, s ) ,  1.12 13H. sj, 2.57 (1H. d of m, J = 1 2  Hz,  l-BH), 4 48 ( l H ,  m, i - H ) ,  4.77 
i2H; a B  system, 12-H2): cmr, seet'able 2 :  ms; m ' e ,  31-250 (955j ,  235 (h), 232 (l3),  217 (84), 128 
t100), 124 (8l j  and 95 (24). The identity of 6 as futronolide was confirmed by comparison of 
the ir and pmr data  with the spectra of epifutronolide (8) and futronolide (6), obtained syn- 
thetically (5)11. 

Futrcmolide (6, 10 mg) was treated overnight a t  room temperature with acetic anhydride- 
pyridine ( l : l ,  0.5 ml).  Follon-ing removal of excess reagents and crystallization from methanol, 
the acetylation product (9, 7 mg), mp, 119-121", exhibited the following spectral properties, 
IIV, (AIeOH) X mas 216 nm (log E 4.2)  , ir, Y niax (KBr) 1760,1740, 1390,1368 and 1240 cm-l: pmr, 
1CDC1,) 5 0.92 (BH, br, s ) ,  1.13 (3H, SI, 2.09 13H, s, -OCOCH,), 2.60 i lH ,  d of m, J = 1 2  Hz! 
1- HI, -1.G3 i2H, s, 12-Hz) and 5.47 ( l H ,  m, 7-Hj: ms, ni e ,  hI- 292 1935),  232 (loo)? 217 f65), 
119 (50) and 116 139). 

BIOLC)GIC.~L ACTIYITI- OF THE IsoL.\TEs.-Cinnamodial (1, SSC-277293) and capsicodendrin 
12, SSC-277291) showed EDjo's of 2.2 and 2.9 Fg.ml, respectivelj-, in the P-388 test system in 
; , i i ro .  Cinnamosmolide (3, SSC-277292) exhibited an ED;n of 1.2 pgjml in the 9KB5 cell cul- 
ture system. Sone  of the isodrimenin derivatives ( 2 4 )  demonstrated cytotoxic activity in 
either the 9BB or  P388 in ; . i t y o  assays. -111 isolates (1-6) were devoid of in ;mix activity in the 
P-388 lymphocytic leukemia test system. 

DISCUSSIOS 
Although no phytochemical or pharmacological studies on plants in the genua 

Capsicodettdroiz have appeared in the literature, bicyclofarnesane (2-4, 6-9) and 
ereniophilane type (10) sesquiterpene. have been isolated from other genera in 
the Canellaceae. Among the known compounds (1, 3, 5 ,  6) identified in this study. 
only futronolide (6) has not previously been found in this family. 

Capsicodendrin (2),  the major se5quiterpene con.tituent of C. diiiisii Stem 
bark obtained in thiq *tudy, TT a. found to be a molecule of con4derable complexity. 
While differing substantially from cinnaniodial (1) in melting point and specific 
rotation, the UT, ir and m. data of the tn-o conipounda were very similar and 
demonbtrated the presence of hydroxy, aldehyde and acetate groups. In  addition, 
the qignals assigned to  gem-dimethyl (ir, 1390, 136s cni-l: pmr, 1.06, 1.16 ppm), 
angular methyl (pmr. 1.43 pprn) and olefinic functionalities (pnir 6.48 ppm) 
indicated that 2 n-as a driniane derivative (2, 8). Since the resonance at 9.M ppm 
in the pmr spectrum of 2 became a singlet from a doublet on the addition of D20, 
the aldehyde group was shon-n to be attached to carbon bearing a hydroxy group 
(2-4). 

Efforts were made to prepare derivatives of capsiodendrin (2) that would 
The further clarify the nature of the functional groups present in the molecule. 

l0Generously supplied bj- Prof. C .  J .  W. Brooks, University of Glasgow, Scotland. 
"Kindly provided by Dr. T. Kato,  Tohuku Cniversity, Sendai, Japan. 
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persistence of a deuterium oxide-exchangeable proton, absorbing at  about 3.90 
ppm in the pmr spectra of two products obtained on attempted acetylation of 2, 
indicated that the hydroxy group was tertiary. Likexvise, pmr experiments on 
the reaction product of an attempted ketalization of 2 showed the presence of a 
saturated aldehyde group, leading to the conclusion that, unlike cinnamodial (l), 
no adjacent aldehyde groups n-ere present in 2. The close relationship of 2 n-ith 1 
was established by the inherent instability of capsicodendrin (2) in pyridine, 
resulting in the generation of cinnamodial (1) as the sole sesquiterpene product. 

The proton-noise decoupled cmr spectrum of capsicodendrin (2) indicated 
the presence of a t  least 44 carbon atoms in the molecule. Eight olefinic and four 
acetate carbonyl resonances were in evidence, as well as six resonances assignable 
to carbons attached to two oxygen atoms each, and eight carbons attached to one 
oxygen atom. Of significance n-as the absence of any resonance attributable 
to an unsaturated aldehyde, analogous to  that appearing at  192.9 ppm in cinna- 
modial (1). Accordingly, cmr confirmed the previous observation of the lack of 
an ap-unsaturated aldehyde group in 2, although two signals (203.5 and 203.4 ppm) 
at approximately equivalent chemical shifts to the C-11 aldehyde group in cinna- 
modial (l), were observed in the cmr spectrum of capsicodendrin (2) (11). 

Experiments have not yet led to a definitive molecular weight for capsico- 
dendrin (2), although a molecular weight of over 1200 seems likely, as determined 
by osmometry.12 I t  should be pointed out that the similarity of capsicodendrin 
(2) with cinnamodial (1) was further established by elemental analysis of 2, since 
the same molecular formula for both compounds is evident. 

Therefore, it may be tentatively suggested that capsicodendrin (2) is a tetra- 
meric conjugate of cinnamodial (l), apparently free of bound vater.  The linkage 
of the four constituent monomers of 2 appears to  be between the four ap-unsatu- 
rated aldehyde groups and only two of the saturated aldehyde functionalities. 
Field-desorption mass spectrometry has indicated that capsicodendrin (2) is 
free of dimeric and trimeric forms of cinnamodial ( l ) . I 3  Since there are over SO 
structural possibilities for capsicodendrin (2) that satisfy the criteria discussed 
thus far, attempts are currently being made to produce crystals of the compound 
suitable for X-ray crystallography. 

Capsicodendrin (2) is apparently the first sesquiterpene tetramer to be found 
in nature, although a drimenoid trimer from Drimys =tint& Forst. was recently 
described (11). I n  an attempt to satisfy the question of Tr-hether capsicodendrin 
(2) or cinnamodial (1) were artifacts, both isolates were resubjected to  the extrac- 
tion and chromatographic procedures used in their work-up. Since no breakdown 
of either compound and no interconversions ITere apparent, both 1 and 2 appear 
to be naturally occurring compounds. 

G/3-4cetoxyisodrimenin (4), a trace constituent of C. di~zisii  root bark, was 
assigned an isodrimenin, rather than a drimane, skeleton from the absence of an 
olefinic proton in the pmr spectrum and the appearance of a doublet of multiplets 
at 2.33 ppm. The latter signal is due to the deshielding of the C-lp-equatorial 
proton by the lactone carbonyl group, which is located in the same plane (4). 

One functional group, an acetate, u-as evident from characteristic signals in 
the ir, pmr and mass spectra of 4. The observation of typical methyl signals in 
the pmr spectrum of 4 for an isodrimenin compound with no ring A substitution, 

12Performed by Galbraith Laboratories, Inc., Knoxville, TK. 
13We are grateful t o  Dr. B. W. Wilson, Mass Spectrometry Facility, Massachusetts In- 

s t i tute  of Technology, Cambridge, Mass. for these data .  



MAl'-JUS 19801 JiAH3IOUD ET AL.  : BICI  CLOF-4RSESSSE SESQUITERPESOIDS 371 

limits the possibilities for the placement of the acetate group t o  either C-6 or C- i .  
Since the chemical shift of the methine proton ( 5 . i j  ppm) was closely comparable 
to  that of cinnamosmolide (3), but further downfield than the C-i acetylated 
compounds 7 and 9, the acetate in 4 was placed at C-6, by analogy. 

I n  spite of the fact that the C-6 proton in 4 occurred as a complex multiplet. 
the small coupling constant (4.3 Hz) of the C-5 proton at 1.36 ppni, indicated 
the C-6 methine proton to be a- and equatorial. Hence the structure of 4 is 
tentatively assigned as 6P-acetoxyisodrimenin. The fact that all naturally 
occurring 6-acetylated bicyclofarnesane sesquiterpenoids isolated to date also 
possess this same stereochemistry supports this proposal on biogenetic grounds. 

This stud>- ic the first to demonstrate the cytotoxic activity of bicyclofarnesane 
sesquiterpenes. although compounds of this class have been found n ith pungency 
(12-15), in*ect antifeedant (8, 9, 16) and antibiotic activities (16). Since only 
the drimane compounds 1-3 were cytotoxic, activity may be attributed to the 
presence of a double bond allylic t o  either a lactone carbonyl function or an alde- 
hyde group. Although no ap-unsaturated aldehyde u-ac thought to be evident 
in 2, the activity of this compound ma?- be due to decomposition to 1 in the bio- 
logical test diluent . Compounds 4-6 were not cytotoxic, possibly because. in 
the iqodrimenin skeleton. the C-8, C-9 double bond is endocyclic to the lactone 
ring. 
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