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hesmcr.-Efficient syntheses of (-)-arbusclin D and (+)-4+arbuxlin D are re- 
ported. By these syntheses the C-4 stereochemistry of arbuxlin D and the absolute configura- 
tion of (-)-arbuxlin D have been determined to be as  shown in structure 1. The biological ac- 
tivities, such as cytotoxic activity toward P-388 lymphocytic leukemia, plant growth regulating 
activity, and antimicrobial activity of compounds 1, 3, 7, 9, 12, and 14 were also studied. 

In a previous paper (1) we reported on an efficient methodology for the synthesis of 
C- 12 functionalized endocyclic a,P-unsaturated y-lactones such as A (X=OH, OAc, 
Br) (2). In the present paper we present an application of this methodology to the syn- 
thesis of arbusclin D, a representative naturally occurring sesquiterpene of this type. 

The structure of arbusclin D was proposed as B by Irwin and Geissman (3) on the 
basis of spectral data, but spectral and chemical evidence for the C-4 stereochemistry 
and the absolute configuration of this compound were not established. We decided 
therefore to synthesize the two possible diastereoisomers of arbusclin D, 4a, 12dihy- 
droxyeudesm-7( 1 1)-eno- 13,6u-lactone [l} and 4f3,12-dihydroxyeudesm-7( 1 l)-eno- 
13,&-Iactone [2}, in optically active form. 

The starting material (+) -arbusclin A 131 and (+)-4-epi-arbusclin A 141 (Scheme 1) 
with known stereochemistry (4) were synthesized from santonin (5,6). Bromination of 
3 with bromine in CH,CI,, in the presence of NaOAc, gave dibromide 5 stereoselec- 
tively in 8 1% yield. The paramagnetic shift of H-6 of 5 (0.37 ppm) compared with that 
of 12 (4-6) indicates the f3 orientation of bromine atoms at C- 1 1. 

Dehydrobromination of 5 with a mixture of LiBr and Li,C03 in DMF at 75' gave a 
C- 12 brominated endocyclic CY, P-unsaturated y-lactone derivative 7 in 84% yield. 

A B 

'A preliminary report of this work was presented at the 3 1st Symposium on the Chemistry of 
Terpenes, Essential Oils, and Aromatics (TEAC), Kyoto, September, 1987. For Part 13, seehdoctcrl. (1). 
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3 X=Me,Y=OH 5 X=Me,Y=OH 7 X=Me,Y=OH 
4 X=OH,Y=Me 6 X=OH,Y=Me 8 X=OH,Y=Me 

/ 
AgOAc, DMF, room temperature 

AgOAc, DMF, J 

H 
room temperature 

9 X=Me,Y=OH 
10 X=OH,Y=Me 

SCHEME 1 

Treatment of 7 with AgOAc in DMF at room temperature gave an acetate 9 in 74% 
yield. Alternatively, treatment of 5 with AgOAc in DMF at room temperature gave 9 
directly, in 69% yield, accompanied by exocyclic a, P-unsaturated y-lactone E111 
(8%). Cleavage of 9 with a 0.2 M aqueous solution of Na2C03 in MeOH at room tem- 
perature gave 4 a ,  12-dihydroxyeudesm-7( 1 I)-eno- 13,ba-lactone E11 in 63% yield. 

Conversion of (+)-4-epi-arbusclin A 141 to 2, the C-4 epimer of 1, was accom- 
plished by a method analogous to that described above. Thus, bromination of 4 with 
bromine in CH2CI, in the presence of NaOAc gave dibromide 6 stereoselectively in 
78% yield. The paramagnetic shift of H-6 of 6 (0.39 ppm) compared with that of 13 
(5) indicates the P orientation of bromine atoms at C-11. 

Dehydrobromination of 6 with a mixture of LiBr and Li,CO, in DMF at 75' gave a 
C- 12 brominated endocyclic a, P-unsaturated y-lactone derivative 8 in 78% yield. 
Treatment of 8 with AgOAc in DMF at room temperature gave an acetate 10 in 24% 
yield. Under the same reaction conditions 6 gave 10 in 34% yield. Cleavage of 10 with 
0.2 M aqueous solution of Na2C03 in MeOH at room temperature gave 4P, 12-dihy- 
droxyeudesm-7( 1 l)-eno- 13,6a-lactone E21 in 73% yield. 

Compound 1 was identical with arbusclin D by comparison of their 'H-nmr spec- 
tral data and melting points (3). Compound 2 showed a significantly different 'H-nmr 
spectrum and melting point compared with those of arbusclin D. Since the {CY)D value 
of naturally occurring arbusclin D was not reported, we could not determine its abso- 
lute configuration. However, the absolute configuration of (-)-arbusclin D was deter- 
mined to be as shown in structure 1 by this synthesis. 

To examine the relationship between sesquiterpene structure and cytotoxic, plant 
growth regulating, and antimicrobial activities, the compounds 1,3,7,9,12, and 14 
were assayed. Because of the very limited amount of 4 available and the poor yield of 
10, we could not test the compounds of the 4P-OH series, 2, 4 6 ,  8, 10, and 13. 

The a-methylene-y-lactone 3, C- 12 brominated compound 7, and C- 12 chlori- 
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10 pg/ml 

nated compound 14 showed significant cell growth inhibitory activity against murine 
lymphocytic leukemia (P-388) in vitro (Table 1). It is interesting that C-12 
functionalized endocyclic a, P-unsaturated y-lactone derivatives 7 and 14 showed sig- 
nificant activity as well as a-methylene y-lactone derivative 3. 

The plant growth regulating activity of compounds 1, 3, 7, 9, 12, and 14 was 
studied using three kinds of seeds, Echinochh frumentaceu (Japanese millet, Japanese 
name shokuyo hie), Brassica junceu (brown mustard, Japanese name seiyo karashina), 
and Cucumis sativus (cucumber, Japanese name Kyuri). Germination of seeds and seed- 
ling growth were observed. The results are summarized in Table 2. It is noteworthy 
that the compounds 3 and 14 showed significant growth inhibitory activity toward C. 
sativus at 100 ppm. 

1 pg/ml IO-' pg/ml lop2 pg/ml 
~ 

3 . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . .  
14 . . . . . . . . . . . . . .  
adriamycin(contro1) . . . . . .  

~~ ~ ~ 

10 1 45 2 
102 44 3 
103 65 26 

105 99 38 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES-AII melting points are uncorrected. 'H-nmr spectra 

were recorded at 90 MHz and 200 MHz in CDCI,. Coupling constants are in Hz. Mass spectra (eims) were 
recorded at 25 eV. Optical rotations were determined in CHCI,. Reactions were run under an atmosphere 
of N,. DMF was dried by removing the C6HdH20 azeotrope. CH,CI, was distilled from CaH,. Kieselgel 
60 (Merck 70-200 mesh) was employed for cc. To describe hplc conditions, we designate column, solvent, 
flow rate in mumin, and the retention time (Rt) in minutes in this order. The column codes are as follows: 
A, 250 X 4 mm i.d. stainless steel column packed with 10 pm Si gel; B, 250 X 8 mm i.d. stainless steel 
column packed with 10 pm Si gel; C, 300 X 20 mm i.d. stainless steel column packed with 15-25 pm Si 
gel. 

busclin A 131 (534 mg, 2.13 mmol) and NaOAc (262 mg, 3.2 m o l )  in CH2C12 (25 ml) was added a so- 
lution ofBr, (120 p1, 2.34 mmol) in CH,CI, (0.66 ml) at 0". The mixture was stirred for 15 min at O'and 
for 4 h at room temperature and poured into saturated aqueous NaHCO, (20 ml). T h e  organic layer was 
separated, and the aqueous layer was extracted with CHCI, (3 X 50 ml). The combined organic layers were 
washed successively with 10% aqueous Na,S203 (20 ml) and saturated aqueous NaCl (20 ml), dried 
(Na,S04), and concentrated to give a pale yellow crystalline material, which was separated by hplc IC, 
EtOAc-hexane (2:8), 291. 

The first peak (Rt 6.6) gave spectroscopically pure 5 (705 mg, 8 1%) as a white solid, which was crys- 
tallized from a mixture of hexane and EtOAc to give colorless needles: mp 113"; ir (KBr) 3595, 1785 
cm-'; 'Hnmr(90MHz)G 1.02(3H, S, 10-Me), 1.36(3H, s, 4-Me), 1.86(1H, d , j =  11.7, H-5), 3.82 

[cx]~~D +22.0 (c= 1.04). Anal. calcd for CI5H,,O3Br,, C 43.93, H 5.41, Br 38.96; found C 43.69, H 
5.47, Br 39.08. 

1 IP, 1 2 - D I B R O M ~ a - H Y D R O X ~ E S M A N O - 1 3 , 6 a - L A < ; T O N E  [5l.-T0 a stirred mixture Of ar- 

(1H, d,  /=10.7,  H-12), 4.13 ( lH ,  d,  /=10.7,  H-12), 4.39 ( lH ,  dd, ]=11.7, 9.6, H-6); 
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TABLE 2. Plant Growth Inhibitom Activities ofCompunds 1, 3, 7 ,  9 ,  12, and 14.' 

Compound 

1 . . . . . .  

3 . . . . . .  

7 . . . . . .  

9 . . . . . .  

1 2 . .  . . . .  

1 4 . .  . . . .  

~ 

Plant 

Erhinorhloa fwmentacu 

Brassica junru 

Cururnis satiuus 

E .  frumentacea 

B . @rea 

C . satiuus 

E .  fwmentaceu 

B . junreu 

C . satiuus 

E .  fnrmentaceu 

B .  j u n w  

C. satiwrs 

E .  fwmenwu 

B . junreu 

C . satiuus 

E .  fwmentacea 

B . juncea 

C. sativur 

Part 

stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 
stem 
root 

lo00 

++ 
++ 
+ 
++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+ 
+ 
+++ 
+++ 
+ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

- 

Activities (ppm) 

500 

+ 
+ 
- 

- 
- 
++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+ 
+ 
++ 
++ 
+ 

- 

- 

- 
- 
- 
- 
++ 
++ 
+++ 
++ 
+++ 
+++ 
+++ 
++ 
+++ 
++ 
+++ 
+++ 
+++ 

250 

- 
- 
+ 
- 
- 
++ 
+ 
+ 
++ 
+++ 
++ 
++ 
- 
- 
- 
- 
- 
+ 
- 
- 
- 
- 
- 
+ 
+ 
+ 
+ 
+++ 
+++ 
+ 
+++ 
++ 
++ 
++ 
+++ 

- 

50 

"Key: + + +, serious or complete inhibition of seed germination and seedling growth; + +, obvious 
effect on seed grminarion and seedling growth, +, slight effect; -, no effect. 

12-BROMo-4a-HYDROXuUDESM-7( 11)-ENO- ~ ~ , ~ U - L A C T ~ N E  [n.-A mixture Of 5 (494 mg, 
1.20 mmol), Li2C03 (222 mg, 3.01 mmol), and LiBr (170 mg, 11.9 mmol) inDhfF(22 m1)wasstirredat 
75" for 40 rnin, cooled to room temperature, poured into 1 M aqueous H2S04 (20 ml), and extracted with 
EtOAc (3 X 50 ml). The combined extracts were washed successively with saturated aqueous NaHCO, (20 
ml) and saturated aqueous NaBr (50 ml), dried (Mgm4), and concentrated to give apale yellow oil (1.0 g), 
which was chromatographed over Si gel (25 g, 1.5 cm i.d. column) and eluted with hexane-EtOAc (7:3) to 
give spectroscopically pure 7 (333 mg, 84%) as a colorless solid. Recrystallization from a mixture of hexane 
and E t20  gave colorless prisms: mp 103.5"; ir (KBr) 3570, 1770, 1675 cm-'; 'H nmr (90 MHz) 6 1.08 
(3H,s,  10-Me), 1.40(3H,s,4-Me), 1.47(1H,d,J=11.6,H-5),2.55(1H,ddd,]=14.8, 12.9,6.0, 
H-8~),2.92(1H,ddd,]=14.8,4.5,2.1,H-8~),4.08(2H,brs,H-12),4.98(1H,brd,J=11.6,H- 
6); [a]24D -6.lO(r=0.86). A d .  calcdforC,SH2,03Br, C 54.72, H6.43, Br24.27;foundC 54.53, H 
6.46, Br 24.00. 

12-ACETOxt-4U-HYDROxYEVDEsM-7( 11)-ENO-13,6a-LACTONE [9I.-Amixtureof7(161 mg, 
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0.49 mmol)andAgOAc(105 rng, 0.63 mmol)inDMF(9ml)wasstirredatroomtemperatufffor5 hand 
filtered. The filtrate was poured into saturated aqueous NaHCO, (20 ml) and extracted with EtOAc (50 
ml, 2 X 20 ml). The combined extracts were washed with saturated aqueous NaCl (20 ml), dried 
(Na,S04), and concentrated to give a pale yellow oil (500 mg), which was chromatographed over Si gel (15 
g, 1.5 cm i.d. column). Elutionwith hexane-EtOAc(2:l)gavespectroscopicallypure9(111 mg, 7 4 % ) ~  
colorless crystals, which were recrystallized from hexane-Et,O (1: 1) to give colorless prisms: mp 62-63"; ir 
(KBr)3570, 1750, 1685cm-';'Hnmr(90MHz)G l.O8(3H,s, 10-Me), 1.41(3H,s,4-Me), 2.06(3H, 

(2H, brs,H-12),4.97(1H, brd,]= 11.8,H-6);[a]24D-6.31(r= 1.87).Anal.~alcdforC,~H,~0~,C 
66.2 1, H 7.84; found C 65.87, H 7.95. 

REACTION OF^ wITHA@Ac: DIRECTFORMATIONOF~FROM S.-Amixtureof5(625 mg, 1.52 
mmol) and AgOAc (813 mg, 4.88 mmol) in DMF (28 ml) was stirred at mom temperature for 23 h, 
poured into saturated aqueous NaHCO, (20 ml), and filtered through celite. The filtrate was extracted 
with EtOAc (50 ml, 2 X 20 ml). The extract was washed with saturated aqueous NaCl (20 ml), dried 
(Na,SO4), and concentrated to give a pale yellow oil, which was chromatographed over Si gel (50 g, 3 cm 
i.d. column) with hexane-EtOAc (2: 1). 

The first fraction gave 12-bromo-4~-hydroxyeudesm- 11( 12)-eno- 13,6u-lactone 111) (40 mg, 8%) 
as a colorless solid, which was recrystallized from hexane-EtOAc (1: 1) to give colorless prisms: mp 165'; ir 
(KBr) 3670, 1760, 1640 cm-'; 'H nmr (200 MHz) 6 1.00 (3H, s, 10-Me), 1.33 (3H, s, 4-Me), 1.83 
( lH,d,]= 11.8, H-5), 2.61(1H, m, H - ~ u ) ,  2.69(1H,dddd,]= 11.8, 10.4, 3.2, 3.2Hz,H-7),4.14 
(lH,dd,]=11.8,  10.4,H-6),7.42(1H,d,J=3.2,H-12).AnaI.calcdforC,5H,,03Br,C54.72,H 
6.43, Br 24.27; found C 55.02, H 6.46, Br 24.66. 

~,-OA~),2.52(1H,ddd,]=14.7, 13.1,5.9,H-8B),2.98(1H,ddd,j=14.7,4.5,2.4,H-8~),4.78 

The second fraction gave 9 (322 mg, 69%). 

4a, 12-DIHYDROXYEUDESM-7( 11)-ENO-13,6U-LACTONE (ARBUSCLIN D [l]).-A mixture Of 9 
(18 mg, 0.06 mmol), 0.2 M aqueous Na,CO3 (0.75 ml) in MeOH was stirred at room temperature for 13 
rnin, poured into saturated NH4CI (10 ml), and extracted with EtOAc (4 X 10 ml). The combined extracts 
were washed with saturated aqueous NaCI, dried (MgS04), and concentrated to give a colorless oil (12 
rng). This crude product was purified by hplc [B, EtOAc-hexane (1: l), 5, Rt 13.61 to give specrroxopi- 
cally pure 1 (10 mg, 63%) as a colorless solid, which was subsequently crystallized from EtOAc to give col- 
orless needles: mp 174-175'; ir (KBr) 3540, 3425, 1753, 1685 cm-'; 'H n m r  (90 MHz) 6 1.07 (3H, s, 
10-Me), 1.41(3H,s,4-Me), 1.49(3H,d,]=11.3,H-5),2.48(1H,ddd,]=15.0, 13.26.6,H-8B), 
2.88(1H,ddd,]= 15.0,5.3,2.4,H-8~),  3.23(lH,brs,-OH),4.36(2H,brs,H-12),4.95(1H, brd, 
] = 11.3, 6-H); [a]24D -38.4 (c= 1.16). Anal. calcd for CI5H,,O4, C 67.65, H 8.33; found C 67.69, H 
8.24. 

118, ~ ~ - D ~ R ~ M ~ ~ - H Y D R ~ X Y E W D E S M A N O - ~ ~ , ~ ~ - L A C T O N E  [6].-To a stirred mixture of 4 
(38 mg, 0.15 mmol) and NaOAc (19 mg, 0.23 mmol) in CH,CI, (2 ml) was slowly added Br, (8.6 PI, 
0.17mmol) at 0'. The mixture was stirred for 10 rnin at 0' and for 1 h at room temperature poured into 
saturated aqueous NaHCO, (5 ml), and extracted with CHCI, (3 X 15 ml). The extracts were washed with 
saturated aqueous NaCl(50 ml), dried m a w 4 ) ,  and concentrated to give a colorless oil (58 mg), which 
was chromatographed over Si gel (25 g) and eluted with hexane-EtOAc (9: 1) to give spectroxopidy pure 
6 (48.5 mg, 78%) as a colorless oil: ir (CHCI,) 3600, 1790 cm-'; 'H nmr (90 MHz) 8 1.19 (3H, s, 10- 
Me), 1.42(3H,s,4-Me), 1.64(1H,d,~~11.4,H-5),2.28(1H,m,H-7),3.82(1H,d,]~11.0,H- 
12),4.16(1H,d,~=11.0,H-12),4.52(1H,dd,~=11.4,9.2,H-6);[a~24D+30.2(r~0.52). 

12-BROMo-4~-HYDROXYEUDESM-7( 11)-ENO-13,6U-LACTONE [8].-A mixture Of 6 (58 mg, 
0.12 mmol), Li,CO, (22 mg, 0.29 mmol), and LiBr (16 mg, 0.18 mmol) in DMF (2.5 ml) was stirred at 
75' for 45 min, cooled to room temperature, poured into 1 M aqueous H$04 (10 ml), and extracted with 
EtOAc (20 ml, 2 X 25ml). The combined extracts were washed successively with saturated aqueous 
NaHCO, (5 ml) and saturated aqueous NaBr (5 ml), dried (MgS04), and concentrated to give a pale yellow 
oil (76 mg), which was chromatographed over Si gel (3.5 g, 1.2 cm i.d. column). Elution with hexane- 
EtOAc (3: 1) gave spectroscopically pure 8 (30 mg, 78%) as a white solid, which was recrystallized from 
hexane-EtOAc (1:l) to give colorless needles: mp 150-15 1'; ir (KBr) 3570, 1765, 1675 cm-'; 'H n m r  
(90MHz)G 1.24(3H,s, 10-Me), 1.44(3H,s,4-Me),2.64(2H,m,H-8),4.10(2H,s,H-12), 5.12(1H, 
br d,]= 11.7, H-6). 

0.047 mmol) and AgOAc (10 mg, 0.061 mmol) in DMF (0.5 ml) was stirred at room temperature for 18 
h, poured into saturated aqueous NaCl(l0 ml), and filtered through celite. The filtrate was extracted with 
EtOAc (20 ml, 2 X 15 ml). The combined extracts were dried (MgS04) and concentrated to give a crude 
oily product, which was purified by hplc [B, hexane-EtOAc (6:4), 7.51. The second peak (Rt 4.8) gave 

12-ACETOXY-4B-HYDROXYEUDESM-7(1 1)-ENO-13,6u-LACTONE [IO].-A mhtureof8(15 mg, 
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spectroscopically pure 10 (3.4 mg, 24%), which was subsequently recrystallized from a mixture of hexane 
and EtOAc to give colorless plates: mp 168'; ir (KBr) 3505, 1745, 1740, 16% cm-'; 'H nmr(90 MHz)8 
1.23(3H,s,  IO-Me), 1.45(3H,s,4-Me),2.05(3H,s,-OAc),2.56(1H,ddd,]=15.5, 12.3, 5.3,H- 
88), 2.92(1H,ddd,]= 15.5, 5.3, 2.3, H-Sa), 4.78(2H, brs, H-12), 5.09(1H, brd,]=11.6,H-6); 
[a]24D + 25.2 (c = 0.27). Anal. calcd for C,,H,40,, C 66.2 1, H 7.84; found C 66.45, H 8.00. 

THE REACTION OF 6 WITH AgOAc: DIRECT FORMATION OF 10 FROM 6.-A mixture of6 (13 mg, 
0.032 mmol) and AgOAc (17 mg, 0.102 mmol) in DMF (1 ml) was stirred at rwm temperature for 24 h, 
poured into saturated aqueous NaHCO, (5 ml), and filtered through celite. The filtrate was extracted with 
EtOAc (20 ml, 2 X 15 ml). The extract was washed with saturated aqueous NaCl(20 ml), dried (MgS04). 
and concentrated to give a pale yellow oil, which was purified by hplc [A, hexane-EtOAc (6:4), 3, Rt 4.2 
min] to give spectroscopically pure 10 (3.3 mg, 34%) as colorless crystals. 

4p,  12-DIHuDROXuEUDEsM-7(1ItENO-13,6Q-LACTONE [2].-A mixture Of 10 (17 mg, 0.55 
mmol) and 0.2 M aqueous Na,CO, (1.3 ml) in MeOH (2.6 ml) was stirred at room temperature for 10 
min, poured into a mixture of s a t q t e d  aqueous NH&I (5 ml) and NaCl(1 g), and extracted with ErOAc 
(20 ml, 2 X 15 ml). The combined extracts were washed with saturated aqueous NaCI, dried (MgS04), and 
concentrated to give a colorless oil (17 mg), which was purified by hplc IB, hexane-EtOAc (1: l), 7.51. T h e  
major peak (Rt 8) gave 2 (1 1 mg, 73%) as a colorless solid, which was recrystallized from a mixture of 
hexane and EtOAc to give colorless prisms: mp 188'; ir (KBr) 3380,2930, 1735, 1675 cm-'; 'H nmr (90 
MHz)G l .23(3H, s, IO-Me), 1.45(3H, s, 4-Me), 2.64(2H, m,H-8),4.38(2H, brs,H-12), 5.10(1H, 
br d,]= 10.4, H-6); [a]24D + 11.3 (c=0.83); hrms m/z 267.1595 (CI5H2,O4 requires 267.1595). 

~ ~ - C H L ~ R ~ - ~ ~ - H Y D R ~ X ~ L J D E S M - ~ (  1 ~)-ENo-  LACTONE TONE E141.-A mixture of 2 M aque- 
ous HCI (50 ml) and 7 (246 mg, 0.75 mmol) in DMF (14 ml) was stirred for 30 min, poured into saturated 
aqueous NaCI, and extracted with EtOAc. The extract was washed with saturated aqueous NaCI, dried 
(Mgm4), and concentrated to give a crude product as a pale yellow oil, which was chromatographed over Si 
gel (30 g) and eluted with a mixture of hexane and EtOAc (3: 1) to give 14 (2 I3 mg, 100%) as a colorless 
oil: ir(CHCI3) 3580, 2945, 1765, 1680, 1395, 1330, 1100, 1005,91Ocm-'; 'H nmr(90MHz)8 1.09 
(3H, s, IO-Me), 1.41 (3H, s, 4-Me), 2.55 (IH,  ddd,J= 13.5, 13.5, 6.0, H-SP), 2.92 ( lH ,  ddd, 
/=  13.5,4.95, 2.25, H-8a), 3.21(1H, brs,OH),4.24(2H, brs, H-12),4.99(1H, brd,]= 12.2, H- 
6); eims m/z (rel. int.) IM+ (,'CI) 286 (0.6), IM+ (35Cl) 284 (2), 190 (100). 

IN vITRO.-Murine lymphocytic leukemia cells (P-388) were incubated with the compounds at 37" in a 
humidified atmosphere of 5% CO, for 48 h. After incubation, cells were counted with a Coulter counter 
(Model ZBI, Coulter Electronics, Inc., Hialeah, FL.), and the cell growth inhibition ratio (%) was calcu- 
lated (Table 1). 

THE CELL GROWTH INHIBITORY BIOASSAY TO MURINE LYMPHOCYTIC LEUKEMIA CELL (P-388) 

THE PLANT GROWTH REGULATING BIOASSAY.-Each compound (15 mg) dissolved in 0.3 ml of 
solvent [Me,CO-Tween 80 (IO: l)] was diluted with H,O to give a test solution. Three kinds of seeds, 
Echinochlou fwmtacw, Bfasicu junrra, and CIInrmis rutivuc, were sown in a Petri dish (10 cm X 15 cm) con- 
taining 10 ml of the test solution and incubated under light (4000 lux) at 27' for 10 days. Germination of 
seeds and growth of seedlings were observed and examined (Table 2). 
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