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Short-term in vitro assays for tumor promoters and antitumor promoters (Epstein-Barr virus activation test)
were carried out for semisynthetic quassinoids (3—7), which were obtained by esterification of the C-15 OH group
of deacetylated isobrucein-B (2). All the ester derivatives showed higher antitumor promoting activity than that of
the potent compound 2. A compound containing a fluorinated aliphatic ester showed the highest potency.
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Recently, several natural products including flavo-
noids,? steroids,? triterpenoids,® triterpenoid saponins,*
and quinones® have been investigated for their inhibitory
effects on 12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced Epstein-Barr virus early antigen (EBV-EA) ac-
tivation and, thus, as potential antitumor promoting
agents. In the previous paper,® we reported the inhibitory
activities of forty-five natural quassinoids, which we had
isolated from plants of the Simaroubaceae family, such as
Brucea javanica, Brucea antidysenterica, and Picrasma
ailanthoides. The ten most potent quassinoids were
obtained from B. antidysenterica. These ten compounds
are aglycones with C=0 and OH groups in ring A, a
—CH,0O- bridge between C-8 and C-13, and an ester side
chain at C-15. In contrast, several analogous glycosides,
which have these same moieties, showed only moderate
activity. This fact suggested that the added suger moiety
decreases the activity. The quassinoid glycosides were
obtained mainly from B. javanica. The ten least active
compounds, obtained from P. ailanthoides, lacked the
~CH,0O- bridge and the ester side chain.

In structure—activity relationship studies of anti-
tumor”® and anti-inflammatory® quassinoids, we found
that the lipophilicity of the ester side chain at C-15 is
very important for the activity. However, incubation of
bruceantin (a quassinoid obtained from B. antidysenterica)
in Streptomyces griseus gave three metabolites, an epox-
ide and two alcohols, which might have been formed
by enzymatic oxidation of the C-15 ester side chain.'®
Introducing fluorine into the quassinoid side chain might
increase both lipophilicity and bond strength; the modified
quassinoid then could be transported easily into the cell,
but might not be decomposed by enzymatic oxidation.

In this paper, we report the esterification of the C-15
OH group of deacetylated isobrucein-B (2) and the
inhibitory effect of these ester derivatives, including
fluorinated esters, on EBV-EA activation.

Results and Discussion
The quassinoid derivatives (compounds 3—7) used in
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the inhibition assay were obtained by acylation of the C-
15 OH group of compound 2. The following acid chlo-
rides were used: isovaleryl chloride, 3,3-dimethylacryloy!
chloride, 4.4,4-trifluoro-3-methylbutanoyl choloride, 3-
fluorobenzoyl chloride, and 3-trifluoromethylbenzoyl
chloride. Compound 2 was obtained by alkaline hydroly-
sis of isobrucein-B (1) in 66% yield. Compound 3 is
isobrucein-A, which has been isolated from Soulamea
tomentosa (Simaroubaceae)'”; however, we prepared a
synthetic sample, since we could not obtain the compound
as a natural product. The yields of compounds 3, 4, 5, 6,
and 7 were 26%, 7%, 14%, 4.8%, and 27%, respectively.
The yields in the acylation reaction were not very high.
This was because acylation also occurred at other hydroxy
groups.

Table 1 shows the inhibitory effects of the five semi-
synthetic quassinoids on TPA-induced EBV-EA activa-
tion compared with that of the starting material, com-

Fig. 1
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Table 1. Inhibitory Effects of Quassinoid Derivatives on TPA-Induced EBV-EA Activation
EBV-EA-positive cells (%)
Compound Compound concentration (mol ratio/TPA®) ECs,
Control
1000 500 100 10
2 0(80)° +0 0+2 19+3 3642 40+2 94.7
3 0(80)” +0 0£2 11+2 3342 4012 63.2
4 0(80)”+0 0+l 1342 3642 40+2 72.6
5 0(80)2+0 0+1 4+1 1242 4042 7.1
6 0(80)° +0 0+1 6+1 1943 4042 9.5
7 0(80)” +0 0+2 8+2 2442 40+2 325
Curcumine 0(70)2 £ 0 10+2 2943 40+2 4042 289
f-Carotene 3(60)2+ 1 1243 3242 40+1 40+2 340
Glycyrrhizin 5(60)"+0 2142 3242 40+1 4042 531

a) TPA=32pmol. b) Values in parentheses are viability percentages of Raji cells.

pound 2. Esterification of the C-15 group of these quas-
sinoids enhances the activity. The inhibitory effect of
compound 3 is almost the same as that of compound 4.
This fact indicates that saturation and unsaturation of the
aliphatic side chain essentially do not affect the activity.
Compound 5, a quassinoid containing a fluorinated
aliphatic side chain, was the most potent compound
among these semisynthetic quassinoids, followed by
quassinoids containing fluorinated aromatic side chains,
compounds 6 and 7. Thus, fluorination of the side chain
enhances the antitumor promoting activity.

Materials and Methods

General Experimental Procedures Melting points were determined on
an MRK air-bath melting point apparatus and are uncorrected. IR and
UV spectra were recorded on a Jasco IR-810 spectrometer and a Hitachi
320-S spectrometer, respectively. 'H- and '*C-NMR spectra were
measured on Varian VXR-500 and JEOL ALPHA-400 instruments in
CsD;N using tetramethylsilane (TMS) as an internal standard. Mass
spectra (MS) were recorded on a Hitachi M-80 instrument. Precoated
silica gel plates (Merck, 60F,s,) of 0.25mm thickness were used for
analytical TLC and plates of 1 mm thickness were used for preparative
TLC. Components were detected on TLC by using UV light (254 and
365nm). Analytical HPLC was performed on a Tosoh liquid chromato-
graph equipped with a UV detector set at 254nm and a reverse-
phase column (TSK-gel ODS-80Ts) using a mixed solvent of MeOH/H,0
or MeOH/H,0/AcOH. Preparative HPLC was carried out on a Tosoh
or Gilson liquid chromatograph equipped with a reverse-phase column
(Dynamax-60A and/or Lichrosorb RP-18) at 254nm using the same
solvents as used for analytical HPLC.

Compound 2 A methanolic 0.5 M-KOH solution (3.0ml) was added
to a solution of isobrucein-B (1, 100 mg, 0.209 mM) in MeOH (10 ml) at
0°C. The reaction was monitored by analytical HPLC (MeOH/H,0,
3:7). After 1 h, the reaction mixture was neutralized with Dowex 50W-X2
(cation exchange resin) and the resin was filtered off. The solution was
evaporated in vacuo to give a residue, which was subjected to preparative
HPLC (MeOH/H,0, 3:7) to afford compound 2 (60.4mg, 66%) as a
colorless amorphous solid: mp 279—282°C. [«]3’ +34.2 (c= 0.076,
EtOH). UV A%% nm (g): 240 (9800). IR (KBr)cm ™ !: 3400 (OH), 1740
(ester, d-lactone C=0), 1660 (a,B-unsaturated C=0). 'H-NMR
(CsDsN) 6: 1.44 (s, 3H, Me-10), 1.72 (s, 3H, Me-4), 2.44 (dd, IH, J=12,
2Hz, H-6a), 2.89 (d, 1H, J=5Hz, H-9), 3.07 (d, 1H, J=12Hz, H-5),
3.61 (dd, 1H, J=12, 2Hz, H-14), 3.79 (s, 3H, OMe-20), 3.93 (d, 1H,
J=THz, H-172), 4.53 (s, 1H, H-1), 4.86 (s, 1H, H-7), 5.07 (s, 1H, H-12),
5.13 (d, 1H, J=7Hz, H-17p), 5.53 (d, 1H, J=4Hz, H-11), 6.12 (s, 1H,
H-3). EI-MS m/z (rel. int. %): 438 (M, 100). HR-EI-MS m/z 438.1538
(M*, 438.1526 Calcd for C,,H,40,,).

Compound 3 A solution of compound 2 (50mg, 0.114mm) in dry
CHN (2.0 ml) was added to a solution of isovaleryl chloride (27.5 mg,
0.228 mm) in dry CHCl, (1.3 ml) at 0°C under N,. The reaction mixture
was stirred at 0 °C for 1 hand at 25 °C for 3 h. The reaction was monitored

by analytical HPLC (MeOH/H,0/AcOH, 50: 50 1). Then, MeOH (3 ml)
was added to the reaction mixture, and the solution was evaporated in
vacuo to dryness. The residue was extracted with CHCl,, washed with
H,0, and dried (MgSO,). The solution was concentrated to give a crude
product, which was purified by preparative HPLC (MeOH/H,O/AcOH,
50:50:1) to afford pure compound 3 (isobrucein-A) as a colorless
amorphous solid (15.3 mg, 26%); mp 146—148 °C. [«]3" +30.3 (¢=0.119,
EtOH). UV AE nm (g): 240 (11000). IR (KBryem™1: 3450 (OH), 1740
(ester, d-lactone C=0), 1660 (a,f-unsaturated C=0). 'H-NMR
(CsDsN) 6: 0.94 (d, 3H, J=7Hz, Me-3'), 0.97 (d, 3H, J=7Hz, Me-3'),
1.37 (s, 3H, Me-10), 1.71 (s, 3H, Me-4), 1.72 (dd, 1H, J=13, 13Hz,
H-6f), 2.20 (m, 1H, H-3'), 2.22 (d, 1H, J=9Hz, H-6a), 2.33 (t, 1H,
J=T7Hz, H-2'), 2.76 (d, 1H, J=4Hz, H-9), 2.94 (brs, H, H-5), 3.77 (s,
3H, OMe-20), 3.82 (d, 1H, J=8Hz, H-17a), 3.82 (brs, 1H, H-14), 4.17
(s, 1H, H-1), 4.95 (brs, 1H, H-7), 5.00 (brs, 1H, H-12), 5.05 (d, 1H,
J=8Hz, H-17p), 5.39 (d, 1H, J=4Hz, H-11), 6.08 (s, 1H, H-3), 6.55
(brs, 1H, H-15). EI-MS m/z (rel. int. %): 522 (M*, 52). These physical
and spectral data coincided with those of authentic isobrucein-A.*"
Compound 4 Compound 2 (40mg, 0.091 mM) was reacted with
3,3-dimethylacryloyl chloride (21.6mg, 0.182mm) in a similar manner
to that described for the synthesis of compound 3, at 25°C for 2h. The
reaction mixture was monitored by analytical HPLC (MeOH/H,0/
AcOH, 55:45:1). HPLC analysis showed starting material remain-
ing, and more 3,3-dimethylacryloyl chloride (43.2mg, 0.364 mM) in dry
CHCI; (2ml) was added to the reaction mixture, which was then re-
fluxed for 3h. After the usual work-up, the crude product (79.5 mg) was
subjected to preparative TLC (AcOEt/Et,0O, 1:1) to give 7 fractions:
fr-1 (5.3 mg), fr-2 (4.0mg), fr-3 (3.9mg), fr-4 (11.7mg), fr-5 (4.6 mg),
fr-6 (4.7mg), and fr-7 (6.1 mg). Fr-4 (11.7mg) was further subjected
to preparative HPLC (MeOH/H,O0, 4:6) to afford pure compound 4
as a colorless amorphous solid (3.1mg, 7%): mp 149—151°C. [«]33
+21.7 (¢=0.046, EtOH). UV 129" nm (g): 223 (26000). IR (KBr)cm ™ *:
3460 (OH), 1750 (ester, d-lactone C=0), 1675 (a,f-unsaturated C=0).
'H-NMR (C;D;N) §: 1.45 (s, 3H, Me-10), 1.66 (s, 3H, Me-3"), 1.73 (s,
3H, Me-4), 1.77 (dd, 1H, J=13, 13Hz, H-6p), 2.16 (s, 1H, H-3"), 2.26
(d, 1H, J=15Hz, H-6a), 2.88 (d, 1H, J=5Hz, H-9), 3.05 (brs, 1H, H-5),
3.73 (s, 3H, OMe-20), 3.90 (d, 1H, J=6Hz, H-17¢), 4.01 (brs, 1H,
H-14), 4.30 (s, 1H, H-1), 5.12 (brs, 1H, H-12), 5.14 (d, H, J=6Hz, H-
178), 5.52 (d, 1H, J=5Hz, H-11), 6.13 (s, 1H, H-3), 6.71 (brs, 1H, H-
15). EI-MS m/z (rel. int. %): 520 (M ™", 0.7). These physical and spectral
data coincided with those of a derivative of yadanzioside-E.!?
Compound 5 Compound 2 (51.2mg, 0.118 mm) was reacted as above
with 4,4,4-trifluoro-3-butanoyl chloride (41.4 mg, 0.237 mM). After 1 h at
1°C and 2h at 25°C, an additional portion of 4,4,4-trifluro-3-butanoyl
chloride (41.4mg, 0.237mm) was added, and the solution was refluxed
for 3h. The reaction was monitored by analytical HPLC (MeOH/H,0/
AcOH, 50:50:1). The usual work-up gave a crude product, which was
purified by preparative HPLC (MeOH/H,O, 1:1) to afford pure
compound 5 as a colorless amorphous solid (9.4mg, 14%): mp
148—150°C. [2]3® +8.0 (¢=0.05, EtOH). UV AE%H nm (¢): 238 (10600).
IR (KBr)em™': 3450 (OH), 1740 (ester, é-lactone C=0), 1660
(a,B-unsaturated C=0). 'H-NMR (C;D;N) §: 1.26 (d, 3H, J=6Hz,
Me-3), 1.44 (s, 3H, Me-10), 1.74 (s, 3H, Me-4), 1.78 (brs, 1H, H-6f),
2.28 (d, 1H, J=13Hz, H-6a), 2.52 (m, 1H, H-3"), 2.89 (brs, 1H, H-9),
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2.94 (brs, 2H, H-2'), 2.99 (brs, 1H, H-5), 3.79 (s, 3H, OMe-20), 3.93 (d,
1H, J=6Hz, H-170), 3.97 (brs, 1H, H-14), 4.28 (s, IH, H-1), 5.11 (brs,
1H, H-12), 5.07 (brs, IH, H-7), 5.47 (brs, 1H, H-11), 6.14 (s, 1H, H-3),
6.74 (s, 1H, H-15). EI-MS m/z (rel. int. %): 576 (M*, 31). HR-EI-MS
mfz 576.1817 (M* , 576.1817 Caled for C,¢H;,F30,,).

Compound 6 Compound 2 (50mg, 0.114mm) was reacted with 3-
fluorobenzoyl chloride (23 mg, 0.14mm) in the usual manner. After
24h at 25°C, more 3-fluorobenzoyl chloride (23 mg, 0.14mm) in dry
CHCI; (0.3ml) was added. This addition of the reagent was repeated
four times in 24 h, and the reaction mixture was stirred for an additional
24 h at the same temperature. The reaction was monitored by analytical
TLC (CHCI4/EtOAc, 1:1). After the usual work-up, the crude product
was subjected to preparative TLC (CHCI;/EtOAc, 1:1) to give fr-1
(27.7mg), which contained the desired product, and fr-2 (95 mg) which
contained mainly the reactant. The fr-1 was subjected to preparative
HPLC (MeOH/H,O0, 6:4) to afford pure compound 6 as a colorless
amorphous solid (3.1 mg, 4.8%): mp 105—108 °C. [«]3% —25.0 (c=0.016,
EtOH). UV AE%" nm (g): 235 (10700). IR (KBr)cm™!: 3450 (OH), 1745
(ester, d-lactone C=0), 1660 (a,f-unsaturated C=0). 'H-NMR
(CsDsN) 6: 1.44 (s, 3H, Me-10), 1.76 (s, 3H, Me-4), 1.82 (ddd, 1H,
J=14.8, 13.2, 3.0Hz, H-6p), 2.32 (ddd, 1H, /=148, 2.8, 2.8 Hz, H-61),
2.95(d, 1H, J=4.8Hz, H-9), 3.05 (d, 1H, J=13.2 Hz, H-5), 3.59 (s, 3H,
OMe-20), 3.98 (d, 1H, J=7.6Hz, H-17a), 4.11 (J=13.2Hz, H-14), 4.28
(s, 1H, H-1), 5.12 (s, 1H, H-7), 5.13 (brs, 1H, H-12), 6.16 (s, |H, H-3),
7.39 (m, 2H, H-4, H-5), 8.12 (d, 1H, J/=9.6Hz, H-2'), 8.18 (d, 1H,
J=7.6Hz, H-6'). EI-MS m/z (rel. int. %): 560 (M *, 18). HR-EI-MS m/z
560.1678 (M*, 560.1682 Calcd for C,gH,oFO, ).

Compound 7 Compound 2 (20 mg, 0.046 mm) in dry CsHsN (0.6 ml)
and 3-trifluoromethylbenzoyl chloride (40 mg, 0.18 mMm) were reacted in
an identical manner to that described for the synthesis of compound 6.
Five additional portions of 3-fluoromethylbenzoyl chloride (40mg,
0.18mmol) in dry CHCl; (0.3ml) were added. The reaction was
monitored by analytical TLC (CHCl,;/EtOAc, 1:1). After the usual
work-up, the crude product was subjected to preparative TLC (CHCl,/
EtOAc, 1:1) to give fr-1 (36.4 mg), which contained the desired prod-
uct, and fr-2 (119mg), which contained mainly the reactant. The fr-1
was subjected to preparative HPLC (MeOH/H,O0, 6:4) to afford pure
compound 7 as a colorless amorphous solid (7.7mg, 27%): mp
130—133°C. [a]3! —37.5 (¢=0.048, EtOH). UV JE%nm (g): 237
(10700). IR (KBr)cm ™ !: 3450 (OH), 1745 (ester, p-lactone C=0), 1660
(o, B-unsaturated C=0). '"H-NMR (C;D;N) §: 1.46 (s, 3H, Me-10), 1.78
(s, 3H, Me-4), 1.83 (ddd, 1H, J=14.4, 13.2, 3.6 Hz, H-6p8), 2.98 (d, 1H,
J=44Hz, H-9), 3.09 (d, |H, /J=13.2Hz, H-5), 3.63 (s, 3H, OMe-20),
4.00 (d, 1H, J=7.2Hz, H-17), 4.13 (d, 1H, J=11.6 Hz, H-14), 4.29 (s,
1H, H-1), 5.12 (brs, 1H, H-7), 5.16 (brs, 1H, H-12), 5.18 (d, IH,
J=7.2Hz, H-178), 5.54 (brs, 1H, H-11), 6.17 (s, 1H, H-3), 6.69 (brs,
1H, H-15), 7.50 (t, 1H, J=8.0Hz, H-5"), 7.81 (d, IH, J=8Hz, H-4"),
8.35 (d, 1H, J=8Hz, H-6'). EI-MS m/z (rel. int. %): 610 (M*, 15).
HR-EI-MS m/z 610.1644 (M*, 610.1604 Calcd for C,oH,oF;0, ).

EBV-EA Activation Experiment EBV-genome-carrying lymphoblas-
toid cells (Raji cells derived from Burkitt’s lymphoma) were cultured
in RPMI 1640 medium (Nissui) as described in the literature.!®
Spontaneous activation of EBV-EA in our subline of Raji cells was less
than 0.1%.

The inhibition of EBV-EA activation was assayed using the literature
method.'® TPA (32pmol) and a test compound were added to the
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medium containing the cells and n-butyric acid (4 mm), and the mixture
was incubated at 37°C for 48h. Smears were made from the cell
suspension, and the cells were stained by means of an indirect
immunofluorescence technique,'® using nasopharyngeal carcinoma
patient’s serum and anti-human IgG conjugate FITC (goat). In each
assay, at least 500 cells were counted and the number of stained cells
(positive cells) was recorded. Triplicate assays were performed for each
data point. The EBV-EA-inhibitory activity of the test compound was
evaluated by comparison with that of the control, containing n-butyric
acid plus TPA. In the control experiments, the EBV-EA activities were
usually around 40%. The viability of cells was assayed by the trypan-blue
staining method. For the determination of cytotoxicity, the cell viability
was required to be more than 60%.'>
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