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The antileukemic activity of Brucea antidysenterica and 
its active principles, bruceantin2r4 and bruceantinol,2 
prompted us to investigate other plants of the Simarouba- 
ceae family. An alcohol extract of Pierreodendron kerstin- 
gii Little5 was found to show significant activity in vivo 
against P-388 lymphocytic leukemia in the mouse (PS) and 
in vitro against cells derived from human carcinoma of the 
nasopharynx (KB).6 We report herein the fractionation of 
an active extract of P. kerstingii and the isolation and 
structure elucidation of a new antileukemic quassinoid, 
dehydroailanthinone (l),‘ and the companion quassinoids, 
glaucarubinone (4), 2’-acetylglaucarubinone (5), and ailan- 
thinone (6). 

1, R’ H; R2 COCH(CH&H, 
2, R’ CH,; R2 = COCH(CHJCzH5 
3, R1 = R2 = H 

OH 

4, R = COC(OH)(CH,)C,H, 

6 ,  R =i COCH(CH,)C,H, 
7 , R = H  

5, R = COC(OAc)(CH&H, 

Fractionation of an alcohol extract, guided by assay 
against KB and PS, revealed that the inhibitory activity 
was concentrated, successively, in the ethyl acetate layer of 
an ethyl acetate-water partition, and the aqueous metha- 
nol layer of a 10% aqueous methanol-petroleum ether par- 
tition. Column chromatography of the aqueous methanol 
solubles on SilicAR CC-7 yielded KB and PS active frac- 
tions, F and G, on elution with chloroform and 2% metha- 
nol in chloroform, respectively. Rechromatography of frac- 
tion G on SilicAR CC-7 using 2% ethanol in dichlorometh- 
ane gave the known glaucarubinone (4, 0.05%).8 

Further fractionation of F was effected with two succes- 
sive high-ratio chromatographic columns on SilicAR CC-7, 
first with isopropyl alcohol in dichloromethane, and then 
with ether in benzene as eluents, giving three major compo- 
nents: dehydroailanthinone (l), 2’-acetylglaucarubinone 
(5),9 and ailanthinone (6).9 

The molecular formula C25H3209 was advanced for dehy- 
droailanthinone (1) on the basis of elemental analysis and 
mass spectral data. The presence of an a-methylbutyrate 
ester was indicated by the loss of 84 amu in the mass spec- 
trum and the presence of peaks at  mle  85 
[OICCH(CH~)CH~CH~].+ and 57 [CH(CH3)CHzCHs].+. 
Furthermore, there appeared in the nmr spectrum signals 
for primary and secondary methyl groups assignable to the 
ester and corresponding in chemical shift to the peaks as- 
signed to the a-methylbutyrate of ailanthinone (6). The 
presence of the ring A moiety as in 1 was supported by the 
uv spectrum, the vinyl methyl signal in the nmr spectrum 
(7 8.26), and the mass spectral fragment ions a t  mle  247 
and 151, which are common ions in quassinoids with a simi- 
lar A ring and an 11,30-hemiketal in the C ring.s 

Alkaline hydrolysis of dehydroailanthinone (1) gave 
A13~18-glaucarubolone (3)lO which displayed resonances in 
the nmr spectrum for the C-4 and C-10 methyl groups but 
lacked a signal corresponding to the C-13 methyl group. 
The presence of an AB quartet a t  T 4.77 in the nmr spec- 
trum of 1 was consistent with the presence of a 13,18-dou- 
ble bond. Except for these nmr spectral differences, the 
close similarity of all other nmr signals in the spectra of 1 
and 6 strongly supported the same stereochemistry at  all 
other positions in dehydroailanthinone (1) and ailanthi- 
none (6). 

By an isolation procedure very similar to that described, 
glaucarubinone (4) and 2’-acetylglaucarubinone (5) were 
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also isolated from the wood of stems of Picrasrna excelsa 
Planch., in 0.007 and 0.001% yields, respectively. 

Earlier studies11 in this laboratory have demonstrated 
the importance of Michael-type additions of model biologi- 
cal nucleophiles to highly electrophilic conjugated systems, 
especially methylene lactones and a,/?-unsaturated esters, 
in relation to the cytotoxicity of several classes of terpe- 
noids. An extension to selective alkylation of biological 
macromolecules has been proposed for unsaturated ketones 
in the cucurbitacins.12 

Saturation of the conjugated A3 double bond in the 
quassinoids is accompanied by a profound lessening in cy- 
totoxicity of the resulting dihydroquassinoid derivatives.13 
It  is suggested that reactions of the conjugated ketone with 
biological nucleophiles may play an important role in the 
mechanism by which quassinoids exert their biological ac- 
tivity. In vitro models for such Michael-type additions 
have been reported.14 

Methylation of the C-1 alcohol of dehydroailanthinone 
(1) results in a diminution of cytotoxicity and of in vivo an- 
tileukemic activity. The decrease in activity which accom- 
panies methylation suggests that the free hydroxyl in 1 
may also play an active role in the mechanism of biological 
action. Possibly the hydroxyl group enhances the reactivity 
of the conjugated ketone toward biological nucleophiles 
through intramolecular hydrogen bonding, as shown. The 

lowered biological activity of the methyl ether 2 may result 
from the diminished reactivity of the conjugated ketone. 

Investigations are in progress to explore further the sig- 
nificance of the a,/?-unsaturated ketone and of other struc- 
tural features in relation to the tumor-inhibitory activity of 
the quassinoids. 

Experimental Section 
General. Melting points were determined on a Fisher-Johns 

melting point apparatus and are corrected. Ultraviolet absorption 
spectra were determined on Beckman Model DK-LA and Cole- 
man Hitachi Model EPS-3T recording spectrophotometers. In- 
frared spectra were determined on a Perkin-Elmer Model 257 re- 
cording spectrophotometer. Nuclear magnetic resonance spectra 
were determined on a Varian HA-100 spectrometer or a JEOL 
PS-100 p FT NMR spectrometer interfaced to a Texas Instrument 
JEOL 980A Computer, with tetramethylsilane as an internal stan- 
dard. Mass spectra were determined on Hitachi Perkin-Elmer 
Model RMU-6E and AEI Model MS-902 spectrometers. Values of 
[a]D were determined on a Perkin-Elmer Model 141 automatic po- 
larimeter. Microanalyses were carried out by Spang Microanalyti- 
cal Laboratory, Ann Arbor, Mich. Petroleum ether refers to the 
fraction with bp 60-68'. All thin-layer chromatography was car- 
ried out on prepared plates (Brinkmann, Mallinckrodt, and 
Camag). Visualization of tlc was effected with ceric ammonium 
sulfate solution. 

Extraction and  Preliminary Fractionation. The dried 
ground stem bark of P. kerstingii (2.1 kg)5 was continuously ex- 
tracted with hot 95% ethanol for 24 hr and the ethanol extract was 
concentrated under reduced pressure to a dark brown residue (A, 
182 8). Fraction A was partitioned between water (1.5 1.) and ethyl 
acetate (1.5 l.), and the aqueous layer further extracted (2X) with 
ethyl acetate (2.5 1.). The aqueous layer was evaporated to give 
fraction B (132 g), as a brown foam. The combined ethyl acetate 
layers were evaporated to give C (50 g), which was then partitioned 
between 20% aqueous methanol (1 1.) and petroleum ether (3 x 1 
I . ) .  The combined petroleum ether layers and the aqueous metha- 
nol layer were evaporated to give D (24 g) and E (25 g), respective- 
ly. 

Fraction E was subjected to column chromatography (SilicAR, 

940 g) and eluted with chloroform followed by chloroform contain- 
ing increasing amounts of methanol. Elution with chloroform gave 
fraction F (3.8 g) and elution with 2% methanol in chloroform gave 
fraction G (3.5 8). 

Glaucarubinone (4). Fraction G was further fractionated by 
coIumn chromatography on SilicAR (175 g) with 2% ethanol in di- 
chloromethane as eluent, to yield a residue which gave needles 
from acetone-hexane (4, 1.07 g, 0.05%). The material was identi- 
fied by comparison of its melting point, [ a ] ~ ,  uv, ir, and nmr spec- 
tra with those reported.s 

2'-Acetylglaucarubinone ( 5 ) .  Fraction F was subjected to col- 
umn chromatography on SilicAR (760 g). Elution with 1% isopro- 
pyl alcohol in methylene chloride gave a two-component mixture 
(PI, 895 mg), while elution with 2% isopropyl alcohol in methylene 
chloride gave, after crystallization from acetone-hexane, 5 (0.20 g, 
0.01%): mp 170-172'; [ c ~ ] * ~ D  +77.0° (c 0.10, CHC13) (lit.' mp 173', 
[ a ] D  +74'); uv max (EtOH) X ( e )  240 (10,700) nm; ir (KBr) 2.82, 
2.93, 3.05, 5.75, 5.98, 8.78 p; nmr (CDC13) T 9.03 (3 H, t, J = 7 Hz, 
CH2CH3), 8.87 (3 H, d, J = 6 Hz, 13-CH3), 8.79 (3 H, S, 10-CH3), 
8.38 (3 H, s, 2'-CH3), 7.99 (3 H, s, 4-CH3), 7.93 (3 H,  s, 
C(=O)CH3), 6.41 (1 H, m, 12-H), 6.38, 6.12 (each 1 H, d,  J = 8 Hz, 
CH'zO), 6.01 (1 H, s, 9-H), 5.32 (1 H, br s, 7-H), 4.90 (1 H, d,  J = 12  
Hz, 15-H), 3.95 (1 H, br s, 3-H); mass spectrum 536 (M+), 518,394, 
247,151,43. 

Anal. Calcd for C27H36011: C, 60.43; H, 6.76. Found: C, 60.30; H, 
6.81. 

Ailanthinone (6). Separation of the remaining two-component 
mixture (H) was effected with a SilicAR column (90 g), eluting 
with ether-benzene (1:l). The first material from the column was 
crystallized from acetone-hexane as needles (6,0.008%, 0.17 9): mp 
227-230'; +90.0° (c 0.10, CHC13) (lit.' mp 231', [ a ] D  88'); 
uv max (EtOH) X ( e )  239 (11,550) nm; ir (KBr) 2.82, 5.70, 5.74, 
5.93, 8.18, 9.4 1; nmr (CDCl3) T 9.03 (3 H, t, J = 7 Hz, CH2CH.0, 

8.80 (3 H, S, 10-CH3), 7.99 (3 H, S, 4-CH3), 7.25 (1 H, S, 9-H), 6.45 
(1 H, d, J = 3 Hz, 12-H), 6.34, 6.04 (each 1 H, d, J = 8 Hz, CHzO), 
5.91 (I H, s, 1-H), 5.36 (1 H, br s, 7-H), 4.41 (1 H, d, J = 11 Hz, 15- 
H), 3.85 (1 H, br s, 3-H); mass spectrum mle 478 (M+), 394, 377, 
247, 151,85, 57. 

Anal. Calcd for C25H3409: C, 62.75; H, 7.16. Found: C, 62.78; H, 
7.27. 

Dehydroailanthinone (1). Continued column chromatography 
of fraction H by elution with ether-benzene (1:l) gave, after fur- 
ther purification by ptlc (ChromAR, 2% isopropyl alcohol in di- 
chloromethane), dehydroailanthinone ( I ,  270 mg, 0.015%) as a col- 
orless glass: [aJZ3u +39.6' (c 0.24, CHCl3); uv max (EtOH) X (0  
238 (10,900) nm; ir (KBr) 3.08, 5.71, 6.00, 8.45, 9.5 1; nmr (pyri- 
dine-dB) T 9.05 (3 H, t, J = 7 Hz, CHzCH?), 8.85 (3 H, d, J = 7 Hz, 
2'-CH3), 8.50 (3 H, s, 10-CH3), 8.26 (3 H, br s, 4-CH3), 6.43 (1 H, s, 
9-H), 6.32, 5.92 (each 1 H, d, J = 8 Hz, CHzO), 5.79 (1 H, s, 1-H), 
5.48 (1 H, s,12-H), 5.25 (1 H,  br s, 7-H), 4.84,4.'70 (each 1 H, d, J = 
2 Hz, =CH2), 3.95 (1 H, br s, 3-H), 3.67 (1 H, d, J = 1 2  Hz, 15-H); 
mass spectrum mle 476 (M+), 458, 447, 432, 392, 330, 247, 151, 85, 
57. 

Anal. Calcd for C25H3209: C, 63.01; H, 6.77. Found: C, 62.79; H, 
6.83. 

Ai"3*1s-Glaucarubolone (3) from Dehydroalilanthinone (I). A 
solution of dehydroailanthinone (1,25 mg, 0.0525 mmol) in sodium 
hydroxide (IN, 0.4 ml) was allowed to stand at  room temperature 
for 30 min. The mixture was neutralized (5% hydrochloric acid), 
evaporated to dryness, and extracted with methanol. The alcohol 
solubles were submitted to preparative tlc (ChromAR, 5% metha- 
nol-chloroform) and the major component was crystallized from 
methanol to give A13~18-glaucarubolone (3, 7.4 mg, 36%). Recrystal- 
lization from methanol gave an analytical sample: mp 224-226" 
(lit.9 mp 230'); [a]24D +55.0' (c 0.20, MeOH); uv max (EtOH) X ( e )  
239 (8850) nm; ir (KBr) 2.80, 2.93, 5.79, 5.94, 8.27, 9.52 p; nmr 
(CDC13) T 8.43 (3 H, S, 10-CH3), 8.22 (3 H, s, 4-CH3), 6.39 (1 H, s, 
9-H), 6.31 (1 H, s, 12-H), 6.23, 5.87 (each 1 H, d,  J = 9 Hz, CH20), 
5.53 (1 H, s, 1-H), 5.29 (1 H, br s, 7-H), 4.59 (1 H, d,  J = 11 Hz, 
15-H), 4.52, 4.48 (each 1 H, br s, =CH2), 3.85 (1 H, br s, 3-H); mass 
spectrum mle 392 (M+), 374,248,151. 

Anal. Calcd for C20H2408. H2O: C, 58.53; H, 6.39. Found: C, 
58.51; H, 6.61. 

Dehydroailanthinone I-Methyl E the r  (2). A solution of dehy- 
droailanthinone (1, 30 mg, 0.063 mmol) in methanol (5 i d )  was 
treated with excess ethereal diazomethane for 5 hr. The solution 
was evaporated and submitted to preparative tlc on ChromAR 
with 3% methanol-chloroform as eluent, to give a slightly yellow 
crystalline product. Recrystallization from acetone-hexane gave 

8.88 (3 H, d, J = 6 Hz, 13-CH3), 8.83 (3 H, d, J = 7 Hz, 2'-cH3), 
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dehydroailanthinone I - m e t h y l  ether (2, 14 mg, 45%): mp 272- 
273.5’; [aIz6D -8’ (c 0.11, CHC13); u v  Jnax (EtOH) X ( 6 )  239 
(11,650) nm; ir (KBr) 2.86, 3.08, 5.82, 5.95, 8.30, 13.3 p; nmr 
(CDC1:J 7 9.04 (3 H, t, J = 7 Hz, CH&Ns), 8.81 (3 H, d, J = 7 Hz, 
2’-CH3), 8.73 (3 H, S, IO-CHs), 8.02 (3 H, S, 4-CH3), 7.06 (1 H, S, 9- 
H),  6.45, 6.07 (each 1 H, d, J = 8 Hz, CHzO), 6.27 (I H, s, 1-H), 
6.22 (3 H, s, OCHs), 5.94 (1 H, s, 12-H), 5.40 (1 H, br s, 7-H), 4.80, 
4.62 (each 1 H, s, =CH2), 4.28 (1 H, d, J = 12 Hz,  15-H), 3.94 (1 H, 
br s, 3-HI; mass spectrum mle 490 (M+), 390, %I., 229, 165, 135, 
85, 51. 

Anal. Calcd for C26H5409.0.5Hzo: C, 62.50; H, 7.06. Found: C, 
62.51; H, 7.02. 

Registry No.-1, 53683-70-8; 2, 53683-71-9; 3, 63683-72-0; 4, 
1259-86-5; 5,33957-83-4; 6,53683-73-1. 
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The alkaloids of Heimia salicifolia (Lythraceae) are a se- 
ries of compounds which contain a quinolizidine nucleus 
substituted a t  positions 2 and 4 by a 12-membered lactone 
ring including a biphenyl grouping. The structures of the 
alkaloids are based upon chemical correlations1-8 with 
lythrine (2) whose structure was assigned by X-ray crystal- 
10graphy.~ Furthermore, there have been recent synthes- 
eslo,ll of methyldecinine, the dihydromethyl ether of 2, and 
of several lythraceous alkaloids containing biphenyl ether 
groupings12 l5 not found in the alkaloids of Heimia. 

A minor alkaloid, C26H31N06, for which we propose the 
name abresoline (l) ,  was isolated as a noncrystalline solid 
from H. salicifolia in very low yield. The uv spectrum, 
which is unlike those of the other Heimia alkaloids,l6 ex- 
hibits two maxima a t  284 and 323 nm; the two transitions 
are readily correlated with those of trans-ferulic acid (3)17 
and the quinollizidol (4),18 which are at  236 and 322 nm and 
282 nm, respectively. Base hydrolysis ofthe alkaloid gave 3 

bCH , 
OCH, 
/ 

l ,R=RZ=H; R,=G€OCH=CH & - O H  

4. R = R 2  = H R, =OH 
5. R,R, = 0; R = CH2C6Hj 

OCH, 
/ 

6. R = CHjC6Hj; R: = OCOCHsCH -&Hs; R2 = H 

.o 

OCH, OH 
2 

and 4, and the presence of these two units in the structure 
of 1 could also be inferred from the mass spectrum of the 
alkaloid, which contained strong transitions at  mle 276 and 
177 corresponding to the fragment ions 4 and 3. The ir 
spectrum of 1 has strong bands at  1706 and 2793 cm-l, the 
first assigned to an ester carbonyl and the second to the 
Bohlman bands,lg indicative of a trans-quinolizidine. The 
nmr spectrum of abresoline is also fully compatible with 
the assigned structure. Thus, typical upfield absorptions 
are seen for the quinolizidine ring protons; H-4 appears as 
a quartet (Jaa = 10 Hz, Jae = 1 Hz) supporting the trans 
configuration of the ring and the axial orientation of the 
proton.*6z20 H-2 is seen a t  5.18 ppm with a half-height 
width of 8 Hz indicating its equatorial orientation.16,21,22 
The olefinic protons a t  6.36 (H-2”’) and 7.63 (H-1”’) form 
an AB quartet with 9 = 18 Hz; the trans geometry of the 
side chain is thus established. 

Since the proposed formulation I represents a hitherto 
unknown structural variation in the series of Heimia alka- 
loids, its synt,hesis was undertaken. Pelletierine was con- 
densed with 3-hydroxy-4-methoxybenzaldehyde to give the 
trans-quinolizidone, which was converted to its benzyl 
ether (5) and reduced with NaBH4 to a mixture of epimeric 
alcohols. The alcohols could not readily be separated, and 
were therefore converted by transesterification with methyl 
benzyloxyferulate to a mixture of esters which was resolved 
by chromatography. The axial ester 6 was debenzylated 
with concomitant reduction to dihydroabresoline (7), which 
was chromatographically and spectroscopically identical 
with the reduced form of the natural alkaloid. 

In 1966, it was proposed by Ferris and his coworkers23 
that the lythraceous alkaloids might be formed in nature 
by a series of steps very similar to those leading to synthet- 
ic abresoline. The biphenyl system would be derived from 
the trans-cinnamyl esters by isomerization and oxidative 
phenol coupling. The isolation of 1 certainly provides cir- 
cumstantial evidence for the biosynthetic proposal, al- 


