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ABSTRACT.-TWO new cytotoxic canthin-6-ones, 10-methoxycanthin-&one (1) 
and 10-hydroxycanthin-6-one (2) were isolated from the wood of Simqba multifEora 
(Simaroubaceae). Three canthin-2,6-diones1 10-hydroxy-3-methoxycanthin-2,6-dione 
(31, 3-methoxycanthin-2,6-dione (4) and canthin-Z,&dione (5 ) ,  as well as scopoletin 
(7) and the novel coumarino-lignan cleomiscosin A (6) were also obtained. 

In  a continuing search for anticancer and cytotoxic agents from the wood of 
Simaba multijora A. Juss (Simaroubaceae) (1, 2 ) ,  further bioactivity-directed 
fractionation resulted in the isolation of two novel cytotoxic canthin-6-ones, 
10-methoxycant hin-6-one (1) and 10-hydroxycant hin-6-one (2). Three canthin- 
2 ,6-diones1 10-hydroxy-3-met hoxycant hin-2,6-dione (3), 3-met hoxycant hin-2,6- 
dione (4) , and canthin-2,6-dione (5 )  , the novel coumarino-lignan, cleomiscosin A 
(6) ( 2 ) ,  and the widely distributed coumarin, scopoletin (7), were also isolated. 
In  this paper we present evidence for the structures of compounds 1, 2, 3 and 4 
and identify the known compounds 5 and 7. The structure determination of 6 
will be discussed elsewhere ( 2 ) .  

EXPERIMENTAL4 
INITIAL FRACTIONATION.-The initial fractionation of an ethanol extract of the wood (318 

kg) of S. multifEora5 has been described previously (1). 

SEPARATION A N D  ISOLATION.-A portion (76.3 g) of the chloroform-soluble, petroleum ether- 
insoluble residue was treated with methanol and the methanol filtrate evaporated in z'acuo, 
redissolved in chloroform and chromatographed on silica gel6 (700 g) packed in chloroform. 
The column was eluted successively with mixtures of chloroform and methanol of increasing 
polarity. The eluate from a chloroform- lcc methanol mixture afforded scopoletin (7, 105 mg, 0.000167c) from fraction 6, 10-methoxy- 
canthin-6-one (1, 43 mg, 0.oooO66~) from fraction 7 and 3-methoxy~anthin-2~6dione (4, 256 mg, 
O . o o o 4 O ~ )  from fraction 10. Mixtures containing 2Yc methanol afforded lGhydroxycanthin-6- 
one (2, 107 mg, 0.000167,) from fraction 12 and cleomiscosin A (6, 24 mg, O.ooOo3770) from 
fraction 14. Fraction 15, eluted with chloroform-4x methanol, afforded 10-hydroxy-3- 
methoxycanthin-2,6dione (3, 32 mg, 0.0000497,) ; and fraction 16 afforded canthin-Z16-dione 
(5, 34 mg, 0.00005270). 

IDENTIFICATION OF SCOPOLETIN (i').-Yellowish ereen needles. mD 198-199": ir. vmax (KBr) 

A total of 21 fractions (2 liters each) was collected. 

3340, 3020, 2990, 2950, 1705, 1630, 1610, 1565, 1510, fi50, 1435, 1375, i290, 1260, 1215, 1190; 1135, 
1100, 1015, 920, 860, 820, 740 and 660 cm-l; uv, Xmax (MeOH) (log e) 344 (4.13), 297 (3.98), 
260 (sh) (3.94), 252 (3.96) and 229 nm (4.14); pmr, (60 MHz, DMSO-&) 6 3.84 (3H, s, OCHI), 
6.21 ( lH,  d, J=9 .5  Hz, 3-H), 6.79 ( lH,  s, 8-H), 7.21 ( lH,  s, 5-H) and 8.06 ppm ( lH,  d, J=9 .5  
Hz, 4-H); ms, m / z  192 (M+, loo%), 177 (51), 164 (17), 149 (33) and 121 (15). Identification 
was established by comparison with an authentic sample of scopoletin (7) isolated from 
Zanthoxylum belzzense (3) .  

'For Paper XXIII  in this series see reference 1. 
2These data were first presented a t  the Joint Meeting of the American Society of Pharma- 

cognosy and the Society for Economic Botany, Boston, Mass., July 1981. 
Present address: Faculty of Pharmaceutical Sciences, Toyama Medical and Pharma- 

ceutical University, Sugitani 2630, Toyama 930-01, Japan. 
4Jlelting points were determined using a Kofler hotrstage instrument and are uncorrected. 

Uv spectra were measured on a Beckman model DB-G grating spectrophotometer, and the 
ir spectra were obtained on Beckman model 18-A spectrophotometer, with polystyrene calibra- 
tion a t  1601 cm-1. Pmr spectra were recorded on a Varian model T 4 A  instrument, equipped 
with a Nicolet model TT-7 Fourier Transform attachment. Tetramethylsilane was used 
as an internal standard, and chemical shifts are reported on the 6 (ppm) scale. Low resolution 
mass spectra were obtained with a J-arian MAT 112s double-focusing spectrometer operating 
a t  70 ev. High resolution mass spectra were obtained with a Varian 731 double-focusing 
spectrometer operating a t  70 eV. 

5The extract was supplied by Polysciences, Inc. through a contract with the Natural 
Products Branch, Division of Cancer Treatment, National Cancer Institute, Bethesda, MD. 

6E. Merck, Darmstadt, UT. Germany. 
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1 - R =  CH, c 3 OCH, OH 
2 R = H  4, OCH, H 
8 R = A c  5 H  H 
- 
- G OCH, OAC - 

OCH, 
6 7 - - 

CHARACTERIZATION OF ~O-METHOXYCANTHIN-~-ONE (1)  .-Pale yellow needles, mp 175-178"; 
ir, vmax (KBr) 3020, 1670, 1635, 1610, 1495, 1465, 1455, 1440, 1425, 1395, 1350, 1335, 1310, 1275, 
1250, 1225, 1155, 1060, 1030, 915, 845, 835 and 815 cm-1; uv, hmax (MeOH) (log e) 352 (3.83), 
310 (3.69), 274 (4.06), 266 (sh) (3.95), 232 (sh) (3.81) and 212 nm (4.20); pmr, (60 MHz, CDCls) 

d, J=2 .4  Hz, 11-H) and 8.65ppm ( lH,  d, J=5.0 Hz, 2-H); ms, m/z 250 (XI+, 100Cjc), 249 (14), 222 
(IO), 221 (20) ,  220 (151, 207 (8),  192 (14), 179 (19), 153 ( l l ) ,  125 (11), 111 (12) and 97 (19); mass 
measurement, m/z 250.0750 (CljHlaN2OZ requires 250.0742). 

posed at 237-240" and above 280°, did not melt; ir, vmax (KRr) 3025, 2950, 1645, 1625, 1605, 
1490, 1460, 1415, 1360, 1330, 1245, 1180, 1155, 1140, 1080,975, 955,900, 885, 835, 775, 755, 745 and 
645 cm-1; uv, hmax (MeOH) (log e)  420 (4.13), 403 (sh) (3.97), 325 (3" 302 (4.011, 292 (4.011, 
253 (sh) (4.21), 248 (4.22), 232 (sh) (4.24) and 227 nm (4.24); pmr, (60 MHz, CDC13) 6 4.20 (3H, 
s, 3-OCH3), 6.90 ( lH,  d, J=9 .8  Hz, 5-H), 7.26 ( lH,  s, 1-H), 7.44 ( lH,  m, J=1.9, 7.2 Hz, W H ) ,  
7.57 (lH, m, J=1.9,  7.2 Hz, 9-H), 7.73 ( lH,  d ,  J=9.8 Hz, 4-H), 7.99 (lH, dd, J=1.9, 7.2 Hz, 
11-H) and 8.62 ppm (IH, dd, J=1.9, 7.2 Hz, 8-H); ms, m/z 266 (>I+, 75%), 225 (48), 234 (100), 
208 (22), 207 (931, 180 ( l l ) ,  179 (a), 152 (16), 151 (201, 133 (91, 128 (21), 127 (16), 101 (411, 100 
(ll),  90 (15) and 89 (17); mass measurement, m/z  266.0690 (CljH10N203 requires 266.0691). 

canthin-2,6dione (4, 30 mg) in 107' potassium hydroxide solution (50 ml) was added a solution 
(10%) of sodium hydrogen sulfite a t  room temperature until there was no more color change. 
The reaction mixture was neutralized with dilute hydrochloric acid, and the solid which 
separated was collected and washed wito water. Recrystallization from methanol afforded 
yellow microneedles of canthin-2,Gdione (5, 25 mg), mp 295-305" (dec.) identified by com- 
parison with an authentic sample. 

a t  288-293'; did not melt: ir, vmax (KBr) 3070, 2640, 1695, 1645, 1610, 1510, 1475, 1450, 1400, 
1355, 1320, 1285, 1250, 1170, 1155, 1065, 985, 930, 850, 835, 815, 801, 790, 720 and 620 cm-l; uv, 
hmax (MeOH) (log e) 352 (4.17), 312 (4.07), 304 (sh) (4.04), 275 (4.25), 269 (sh) (4.22) and 288 
nm (sh) (4.19), hmax (MeOHfNaOMe) (log e) 428 (3.931, 356 (4.04), 320 (sh) (4.111, 297 (4.191, 
283 (sh) (4.14) and 238 nm (sh) (4.20): pmr, (60 MHz, DMSO-de) 6 6.94 (lH, d, J=9 .9  Hz, 5-H), 

8.11 ( lH,  d, J=4.9 Hz, 1-H), 8.14 ( lH ,  d, J=8.5 Hz, 8-H) and 8.74 ppm ( lH ,  d ,  J=4 .9  Hz, 
2-H); ms, m/z  236 (?*I+, loo%), 209 (14), 208 (99), 179 (26), 153 (15), 127 (13), 126 (13), 118 (7), 
104 (20),  77 (12), 76 (24), 75 (20),  74 (12), 62 (25), and 52 (18); mass measurement, m/s 236.0581 
(ClrHsN2O2 requires 236.0586). 

treated with acetic anhydride-pyridine (l : l ,  1 ml) on a steam bath for 1 hr. Work-up in the 
usual way afforded a monoacetate 8 (28 mg) as colorless needles, mp 240"; pmr, (60 MHz, 
CDCIJ) 6 2.39 (3H, s, IO-OAc), 6.95 ( lH,  d, J=9.8 Hz, 5-H), 7.27 ( lH,  dd, J=2.0, 8.4 Hz, 
9-H), 7.91 ( lH,  d, J=5.0 Hz, 1-H), 8.01 ( lH,  d, J=9 .8  Hz, 4-H), 8.08 ( lH,  d, J=8.4 Hz, 8-H), 
8.42 ( lH,  d, J=2 .0  Hz, 11-H) and 8.81 ppm (lH, d, J=5.0 Hz, 2-H); ms, m/z 278 (M+, 87c) ,  
236 (17), 225 (loo), 208 (35), 179 (14), 153 (3), 161 (i), 126 (6), 104 (4), 75 (6), 62 (6), 51 (5) and 

METHYLATIOS OF ~ O - H Y D R O X Y C A K T H I N - ~ O S E  (2).-A methanolic solution of 2 (20 mg) was 
treated with ethereal methanolic diazomethane' a t  room temperature overnight. Evaporation 

6 3.91 (3H, S, OCHa), 6.83 ( lH,  d, J=9.8 Hz, b H ) ,  6.91 ( lH,  dd, J=2.4, 8.5 Hz, 9-H), 7.65 
( lH,  d, J=5.0 Hz, 1-H), 7.74 ( lH,  d, J ~ 8 . 5  Hz, 8-H), 7.89 ( lH,  d, J=9 .8  Hz, 4-H), 7.97 (lH, 

IDENTIFICATION OF 3-XETHOXYCAKTHIK-2,6DIONE (4).-Reddish-brown needles, decom- 

CONVERSION OF 3-METHOXYCANTHIS-2,6-DIONE (4) TO CANTHIN-2,6-DIONE (5 )  .-TO Bmethoxy- 

CHARACTERIZATION OF lO-HYDROXYCANTHIN-6ONE (2).--E'ellOw micro needles, decomposes 

6.99 ( lH,  dd, J=2.3,  8.5 Hz, 9-H), 7.99 ( lH,  d, J=2.3 Hz, 11-H), 8.10 ( lH,  d, J=9.9 Hz, 4-H), 

ACETYLATION OF 1O-HYDROXI-CANTHIN-6oh-E (2) .-lO-Hydroxycanthin-6one (2, 30 ma) Was 

43 (37). 

'Prepared from Diazald, Aldrich Chemical Co., Milwaukee, WI. 
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afforded a crude solid; which crystallized from methanol as pale yellow needles, 18 mg, mp 
177"; the compound was identified as 10-methoxycanthin-Bone (1) by direct comparison with 
natural 1. 

CHARACTERIZATION OF CLEOMISCOSIS A (6 )  .-Colorless needles, mp 250-252"; the structure 
determination of cleomiscosin A (6 )  will be described elsewhere (2). 

needles, decomposed a t  2&290"; ir, rmax (KBr) 3440, 3050, 2950, 1650, 1620, 1575, 1490, 1450, 
1415, 1360, 1305, 1290, 1270, 1230, 1155, 1130, 1090, 950, 845, 820, 815, 785, 760, 735 and 650 cm-l; 
uv, Xmax (MeOH) (log C)  448 (4.24), 423 (4.25), 400 (4.181, 382,(4.17), 365 (4.151, 288 (4.051, 
272 (4.09), 248 (sh) (4.25) and 220 nm (4.32); pmr, (60 NHz,  pyridine-&) 6 4.20 (3H, s, 3-OCH3), 
6.92 ( lH,  d, J=9.9 Hz, 5-H), 7.25 ( lH,  s, 1-H), 7.69 ( lH,  d, J=9.9 Hz, +Hj, 7.72 (lH, s, OH, 
exchanged with D,O), and 8.31 ppm ( lH,  d, J=7.6 Hz, 8-H), ms, m / z  282 (If+, 67%,), 252 (loo), 
251 (72), 239 (19), 223 (66), 195 (29), 167 (ll),  140 (22), 126 (ll),  115 ( l l) ,  114 (15), 113 (10) and 
98 (14); mass measurement, m/2: 282.0610 ( C I ~ H , ~ N ~ O ~  requires 282.0611 ).  

canthin-2,Bdione (3, 25 mg) was reacted with acetic anhydride-pyridine (l:l, 0.5 ml) on a 
steam bath for 1 hr. Work-up in the usual way gave colorless needles of a monoacetate 9 
(17 mg), mp 222"; pmr, (60 MHz, CDC13) S 2.37 (3H, s, GOAc) ,  4.19 (3H, s ,  %OCH,), 6.89 

J=9.6  Hz, 5-H), 7.92 ( lH,  d, J=8.6 Hz, 8-H) and 8.34 ppm ( lH,  d, J=1 .1  Hz, 11-Hj, ms, 
m / z  324 (M+, Sl%), 293 (15), 282 (43), 253 (16), 252 (96), 251 (loo), 224 (22), 223 (631, 222 (81, 
196 ( 8 ) ,  195 (X), 195 (13), 169 (7), 168 (6), 167 (5), 166 ( 8 ) ,  144 ( 6 ) ,  141 (5), 140 (16), 114 (9), 
113 (7), 89 (lo), 87 ( S ) ,  80 (9), 62 (13), 61 (ll),  52 (10) and 43 (59). 

IDENTIFICATIOK OF CANTHIN-~,&DIONE ( 5 )  .--Yellow microneedles, mp 290-305" (dec.): ir, 
rmax (KBr) 3080, 2980, 2860, 1640, 1610, 1580, 1490, 1460, 1420, 1355, 1325, 1240, 1185, 1150, 
1120, 1025, 975, 945, 835, 775, 750, 705, 655 and 630 em-'; uv, Xmax (MeOH) (log E )  445 (4.14), 
421 (4.11), 400 (sh) 3.91), 300 (4.01), 291 (3.99), 253 (4.31), 247 (4.34) and 227 nm (4.44); pmr, 
(60 MHz, CFaCOOD) 6 7.41 ( lH,  d, J=9.7 Hz, 5-H), 7.72 ( lH,  m, J=1.0, 7.5 Hz, 10-H), 7.85 
(IH, br s, 3-H), 7.96 (lH, d, 1-H), 7.96 (lH, m, J=l.O, 7.5 Hz, 9-H), 8.16 ( lH,  d ,  J=9 .7  Hz, 
4-H), 8.30 (IH, dd, J = l . O ,  7.5 Hz, 11-H) and 8.69 ppm ( lH,  dd, J = l . O ,  7.5 Hz, 8-H); ms, 
m/z 236 (M+, l00Yc), 208 (20), 180 (ll),  179 (13), 154 (4j, 153 ( 6 ) ,  152 (4) ,  128 (a), 127 ( 8 ) ,  126 
(4), 118 (9), 101 ( 6 ) ,  90 ( l o ) ,  77 (a), 76 (8 ) ,  75 (7), 74 (4) and 62 (6); mass measurement, m/2: 
236.0583 (ClrH5N,O~ requires 236.0586). 

of 2 was determined to be ClrH8NzOz by high-resolution mass spectrometry; the fragmentation 
pattern was similar to that  of 8-hydroxycanthin-Bone (4).  Both the ir and uv spectra also 
displayed similarity with those of canthinaone derivatives (5). Acetylation afforded a 
monoacetate, and methylation produced a monomethyl ether. From this information the 
isolate was considered to be a monohydroxycanthin-gone derivative. The location of the 
hydroxyl group on the nucleus was established to be at  the 10-position from its IH nmr chemical 
shifts; a large bathochromic shift occurred in the iiv spectrum on the addition of alkali. 
Doublets were observed for H-1 and H-2 a t  8.11 and 8.74 ppm, respectively, and for H-5 and 
H 4  a t  6.94 and 8.10 ppm, respectively (5). Substitution is, therefore, limited to the benzenoid 
nucleus; and from the alkali-induced bathochromic shift of 76 nm, C-8 (or tho)  or C-10 (porn) 
were considered as possible sites of substitution by a phenolic group. Direct comparison with 
8-hydroxycanthin-Bone (4) indicated the two compounds were not identical. The chemical 
shifts and coupling constants of the three remaining aromatic protons indicated a 1,2,Csub- 
stituted nucleus, placing the functional group a t  C-9 or C-10. This interlocking evidence 
indicates the isolate to have the structure 10-hydroxycanthin-&one (2). 

A second canthin-Bone possessing a IIV spectrum similar to 2 was isolated. From the 
observation of a molecular ion a t  m / z  250, it was thought to be a methyl ether of 2. Confirma- 
tion of this hypothesis came from the 1H nmr spectrum, whioh showed a three-proton singlet 
a t  3.91 pprn for an aromatic methoxy group and an aromatic proton region, very similar to 
that  of 2. With doublets for H-1 and H-2 a t  7.65 and 8.65 ppm and for H-5 and H-4 at  6.83 
and 7.89 ppm, respectively, substitution could again be limited to the aromatic nucleus. 
Methylation of 2 with diazomethane produced a methyl ether identical with the isolate which 
could, therefore, be assigned the structure lO-rnethoxycanthin-8one (1). Compound 2 also 
yielded a monoacetate derivative 8 in which the acetyl singlet appeared a t  2.32 ppm, and the 
three aromatic protons were shifted downfield 0.34-0.45 ppni in comparison with 1. Com- 
parison with the published data for 9-methoxycanthin-Bone, also isolated from S .  nrirltiflorn 
( 6 ) ,  indicated that our isolate possessed a different substituent pattern. 

The uv spectra of 3,4 and 5 were found to be similar with that  of indacanthinoiie (5methoxy- 
canthin-2,Gdione) (i), and their mass spectra showed molecular ions a t  nr/z 282, m / z  266 and 
m/z 236, respectively. In the 1H nmr spectrum of 4, a pair of doublets a t  6.90 and 7.73 ppm 
were assigned to H-5 and H-4, a one-proton singlet a t  7.26 ppm was attributed to  H-1, and a 
three proton singlet a t  4.20 ppm to a methoxy group attached to nitrogen (8). Four aromatic 
protons were observed a t  7.44, 7.57, 7.99 and 8.62 ppm for H-10, H-9, H-11 and H-8, respec- 
tively, indicating the aromatic nucleus to be unsubstituted. Reaction of 4 with alkaline sodium 
hydrogen sulfite solution afforded 5 ,  identified by direct coniparison with the natural material 
( d e  suprn j .  

The molecular formula of 3 was determined to be C I ~ H ~ O N Z O ~  by high resolution mass 
spectrometry. Acetylation afforded a monoacetate 9 ,  which in the 'H nmr spectrum displayed 
two three-proton singlets a t  2.37 and 4.19 ppm, attributed to 0-acetyl and X-methoxy groups, 
respectively. Doublets a t  6.89 and 7.74 ppm were attributed to H-5 and H-4, and a one-proton 
singlet a t  7.22 ppm was attributed to H-1. A doublet of doublets a t  7.23 ppm and two doublets 

CHARACTTARIZATIOK OF 1&HYDROXY-3-METHOXYCAXTHIS-2,6DIONE (3).--Tellow micro- 

ACETYLATION OF 1&HYDROXY-3-~ETHOXYCASTHIS-2,6DIONE (3).-10-Hydrouy-3-methoxy- 

(lH, d, J=9.6 Hz, 4-H), 7.22 (lH, S, 1-H), 7.23 ( lH,  dd, J z l . 1 ,  8.6 Hz,  9-H), 7.74 ( lH,  d, 

STRUCTCRE DETERMINATION OF THE CANTHIS-6OXE DERI\.ATIVES.-The mOleCUlar formula 

On this basis 4 was identified as 3-methoxycanthin-2,Bdione. 
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a t  7.92 and 8.34 ppm were attributed to H-9, H-8 and H-11, respectively, by comparison with 
8 .  The parent compound was, therefore, identified as 1O-hydrouy-3-methouycanthin-6-one (3). 

The molecular formula of 5 was deduced to be Cl4HsN2O2 by high resolution mass spec- 
trometry. In the ‘H nmr spectrum doublets for H-5 and H-4 were observed a t  7.11 and 8.16 
ppm, together with a singlet a t  7.96 ppm assigned to H-1 and a broadened singlet a t  7.55 ppm 
assignable to  H-3. Four aromatic protons at  7.72, 7.96, 8.30 and 8.69 ppm for H-10, H-9, 
H-11 and H-S on the A-ring, indicated the nucleus to be unsubstitnted; consequently, the 
structure is suggested to be canthin-2,Gdione ( 5 ) .  

BIOLOGICAL ACTIVITY OF THE IsoL.lms.-Of the canthinone derivatives tested for cytotoxic 
activity (9), only 1 @met hoxycan thin-6-one (1 , RSC-3415M) and IO-h ydroxycant hin-&one 
(2, NSC-341583) displayed activity (KB system, ED,o 2.1 and 2.2 pg/ml, respectively). The 
in vitro cytotoxicity of cleomiscosin A (6) will be reported elsewhere (2). 

DISCUSSION 
Canthin-6-ones are now well established as occurring in the family Simarou- 

baceae having been prwiously isolated from the genera Picrasma (10-14), Samadera 
(i), Ailanthus (4, 15-17), Simarouba (18-20), Soulamea (10, 21-23) and Simaba 
(6). Canthin-2,6-diones are more rare, and previously only the 5-methoxy- 
( 7 )  and 3-methoxy- (19, 20) derivatives had been reported. 

We report here the isolation and structure elucidation of four new canthinone 
derivatives, namely 1, 2, 3 and 5 ,  including two canthin-2,6-diones. Compounds 
1 and 2 were interrelated through 0-methylation and 4 could be correlated with 
5 by reduction with sodium hydrogen sulfite. Interpretation of proton nmr 
spectral data permitted the unequivocal assignment of structures. Recent work 
by Polonsky et al. (6) on the stem bark of S.  multijora afforded 9-methoxy canthin- 
6-one, but the proton nmr spectral data clearly establish the difference between 
our isolate and that obtained by the French group. 

This 11-ork also extends the biological activity of canthin-6-ones which hitherto 
have not displayed cytotoxic activity. 
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