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Chlorinated Annonaceous Acetogenins and Their Bioactivities

Qing Ye, Guoen Shi, Kan He, and Jerry L. McLaughlin*

Department of Medicinal Chemistry and Molecular Pharmacology, School of Pharmacy and Pharmacal Sciences,

Purdue University, West Lafayette, Indiana 47907

Received June 11, 1996®

4(S)-Chloro-4-deoxygigantetrocin A and 4(S),18-dichloro-4,18-dideoxyasimilobin were obtained
by treating gigantetrocin A with triphenylphosphine and CCl,. The structures were determined
by spectroscopic methods. The chlorinated compounds show decreased bioactivities in the brine
shrimp lethality test and against human tumor cell lines.

The annonaceous acetogenins are a class of promis-
ing anticancer, antiinfective, and pesticidal natural
products.!=> These compounds typically have zero to
three tetrahydrofuran (THF) rings, a number of oxy-
genated moieties in the middle of the long hydrocar-
bon chains, and terminal lactones. So far, more than
220 annonaceous acetogenins have been reported;* most
of the oxygenated moieties are found to be free hy-
droxyls. Until now, no chlorinated acetogenins have
been prepared. To test how chlorination might affect
the bioactivities of the acetogenins, two chlorinated
products, 4(S)-chloro-4-deoxygigantetrocin A (1) and
4(S),18-dichloro-4,18-dideoxyasimilobin (2), were pre-
pared and tested in the brine shrimp lethality test
(BST)®7 and against six human solid tumor cell
lines. The results showed that chlorination decreased
the bioactivities but indicated some cytotoxic selectivi-
ties.

Triphenylphosphine (TPP) and CCl, are useful for the
chlorination and dehydration of primary and secondary
alcohols.® Gigantetrocin A%1° was refluxed with TPP
and CCl, for 16 h. After separation by HPLC, com-
pound 1 was obtained as a colorless wax. The CIMS
gave two molecular ion peaks at m/z 614 and 616, with
the peak ratio of 3:1, suggesting the presence of one
chloro atom in the molecule. Comparing the spectral
data of 1 with that of gigantetrocin A, 1 showed the
characteristic features for the a, S-unsaturated y-lactone
moiety, a mono-THF ring with one flanking hydroxyl
group, and two vicinal diols in the hydrocarbon chain
(Table 1). The presence of one chloro atom was evi-
denced by peaks at 6 4.10 (1H) in the *H-NMR and at
0 60.4 in the 13C-NMR spectrum. The proton resonance
at 0 4.10, which was correlated with two peaks at 0 2.76
(H-3a) and 6 2.64 (H-3b) in the COSY spectrum,
suggested that the chloro group was located at the C-4
position.

As has been shown by Downie et al.}! and by Ried
and Appel'2 phosphines attack CCl, at chlorine, forming
a chlorophosphonium trichloromethide salt, which re-
acts with alcohols with inversion of the stereochemistry
of the alcohol, in accord with a modified Sy2 reaction.
The absolute stereochemistry of C-4 in gigantetrocin A
has been determined as R by Mosher ester methodology,
therefore, this position is most likely to be S in com-
pound 1. The other chiral centers in 1 are expected to
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retain their stereochemistries. Compound 1 was, thus,
identified as 4(S)-chloro-4-deoxygigantetrocin A.

Compound 2 was isolated, from HPLC separation of
the reaction mixture, as another colorless wax. CIMS
gave three molecular ion peaks at m/z 614, 616, and 618,
with the ratio of 9:6:1, indicating the presence of two
chloro atoms. These were also evidenced by peaks at ¢
4.04 and 4.14 in the 'H-NMR and at 6 60.4 and 66.0 in
the 13C-NMR spectrum (Table 1). Again, the proton
resonance at 6 4.10 was correlated with two peaks at o
2.75 (H-3a) and ¢ 2.63 (H-3b) in the COSY spectrum,
suggesting that one chloro group was located at the C-4
position. The proton resonance at 6 4.04 was correlated
with a peak at 6 3.93, which was further correlated with
two peaks at 6 1.98 (H-16a) and 1.75 (H-16b), suggesting
that the second chloro atom was located adjacent to a
THF ring. The molecular formula of 2, C35HgoO4Cl>,
having five indices of hydrogen deficiency, indicated
that a bis-THF ring had been formed. This was fur-
ther evidenced by the 1H signals at ¢ 3.93 (m, 4H, H-10,
13, 14, 17) and 13C-NMR signals at ¢ 79.8 (C-10), 82.2
(C-13), 82.3 (C-14), and 80.4 (C-17). As with 1, the
stereochemistry of C-4 is proposed as S, and those at
C-10 and C-13 are expected to be the same as those in
gigantetrocin A. However, the absolute stereochemis-
tries of the remaining chiral centers are difficult to
predict, because the cyclodehydration of the 1,2,5-triol
to form a THF ring could undergo different pathways,
either by dehydration of the C-17,18 diol to form an
epoxide followed by the attack of C-14 OH to open the
epoxide or by cyclodehydration of the C-14,17 diol
directly to form a THF ring. The two pathways would
give different stereochemistries at C-14,17,18. Fur-
ther mechanistic studies are needed to elucidate the
stereochemical changes involved in the reaction. Thus,
the structure of 2 was determined as illustrated and
named as 4(S),18-dichloro-4,18-dideoxyasimilobin, al-
though the stereochemistry may be different from that
of asimilobin.13

Compounds 1 and 2 are moderately toxic to the brine
shrimp larvae, and they show decreased bioactivities
against the six human tumor cell lines as compared with
the unchlorinated parent compounds, gigantetrocin A
and asimilobin (Table 2). These results suggest that
chlorination does not enhance, but decreases, the bio-
activities of the annonaceous acetogenins. However, 1
was selectively cytotoxic to the colon cell line (HT-29),14
and 2 was selectively cytotoxic to the prostate cell line
(PC-3);1" the selective potencies of both were about one-
tenth that of Adriamycin.
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Table 1. 'H and 1¥C-NMR Data of Compounds 1 and 2
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1 2
H/C no. H 13C H 13C
1 1741 174.2
2 130.0 130.0
3a 2.76 ddt (15.1, 3.2, 1.6) 22.7-37.7 2.75ddt (15.1, 3.2, 1.6) 22.7-37.7
3b 2.64 ddt (15.1, 8.2, 1.3) 2.63 ddt (15.1, 8.2, 1.3)
4 4.15m 60.4 4.14m 60.4
5-9 1.20—1.50 m 22.7-37.7 1.20—1.50 m 22.7-37.7
10 3.89m 79.2 3.93m 79.8
11a, 12a 1.98 m 22.7-37.7 1.98 m 22.7-37.7
11b, 12b 1.53—-1.70 m 22.7-37.7 1.75m 22.7-37.7
13 3.81m 81.8 3.93m 82.3b
14 3.45m 74.3 3.93m 82.2b
15a, 16a 1.20—1.50 m 22.7-37.7 1.98 m 22.7-37.7
15b, 16b 1.20—1.50 m 22.7-37.7 1.53—-1.70 m 22.7-37.7
17 3.45m 74.4 3.93m 80.4
18 3.45m 74.3 4.04 m 66.0
19-31 1.20—1.50 m 22.7-37.7 1.20—1.50 m 22.7-37.7
32 0.88 t (6.9) 14.1 0.88 t (6.9) 14.0
33 7.19q (1.5) 152.0 7.19q (1.5) 152.2
34 5.06 qq (6.5, 1.5) 777 5.06 qq (6.5, 1.5) 77.7
35 1.43d (6.5) 19.0 1.43d (6.5) 19.0
b Signals may be interchangeable.
Table 2. Bioactivity Data of Compounds 1 and 2 (LCso and EDsg: ug/mL)
compound BST?2 A-549° MCF-7¢ HT-294 A-498¢ pPC-3f PaCa-29
1 54.6 >10 5.74 3.8 x 107t >10 >10 >10
2 31.9 2.39 >10 >10 2.47 7.55 x 1071 1.16
gigantetrocin A 2.6 25 x 107t 6.3 x 107t 4.1 x 1075 NT NT NT
asimilobin 1.06 3.01 x 1072 2.14 6.3 x 1072 2.26 x 1072 1.47 1.04 x 107
adriamycin NT 2.43 x 1072 2.09 x 1071 3.46 x 1072 6.49 x 1073 2.62 x 1072 7.90 x 1073

a Brine shrimp lethality test.®? ® Human lung carcinoma.® ¢ Human breast carcinoma.'® 4 Human colon adenocarcinoma.’* ¢ Human
kidney carcinoma.’®> f Human prostate adenocarcinoma.’’” 9 Human pancreatic carcinoma.!®

35

3~ (CHy),

Experimental Section

General Experimental Procedures. LRMS were
recorded on a Finnigan 4000 mass spectrometer. The
exact masses were determined on a Kratos MS 50 mass
spectrometer through peak matching. 'H- and 13C-NMR
spectra were recorded on a Varian VXR-500S spectrom-
eter, using the Varian software systems. HPLC was
carried out with a Rainin HPLC instrument using the
Dynamax software system and a Si gel column (250 x
21 mm) equipped with a Rainin UV-1 detector set at
220 nm.

Bioassays. The BST was conducted in our labora-
tory.87 The cytotoxicity tests against A-549 (human
lung carcinoma),’® MCF-7 (human breast carcinoma),'®
HT-29 (human colon adenocarcinoma),’4 A-498 (human
kidney carcinoma),!®> PC-3 (human prostate adenocar-
cinoma),” and PaCa-2 (human pancreatic carcinoma)®
cells were performed in the Purdue Cell Culture Labo-
ratory, Purdue Cancer Center, using standard protocols
in 7-day assays using MTT with Adriamycin as a
positive standard control.

Preparation of Chlorinated Acetogenins. Gigan-
tetrocin A (50 mg, 0.08 mmol) and 45 mg (0.17 mmol)
of TPP were dissolved in 1 mL of CCl,. After refluxing
for 16 h, the mixture was purified over a micro-column
(0.6 x 6 cm) of Si gel eluted with 2 mL of CH,Cl..
The eluate was purified by HPLC (Si gel column,
10% MeOH—THF, 9:1 in hexane) to give compounds 1
and 2.

4(S)-Chloro-4-deoxygigantetrocin A (1): colorless
wax; yield (7.3%); mp 65 °C; [a]p +6.1° (c 0.1, CHCly);
UV 1 max (¢) (MeOH) 219 nm (8500); IR, (film) v max
3433, 2920, 1745, 1321 cm~%; CIMS m/z 614, 616; H
and 13C NMR See Table 1.

4(S),18-Dichloro-4,18-dideoxyasimilobin (2): col-
orless wax; yield (32.6%); mp 58 °C; [o]p +16.1° (c 0.1,
CHCl3); UV 4 max (¢) (MeOH) 217 nm (8500); IR, (film)
v max 2921, 1745, 1321 cm™1; CIMS m/z 614, 616, 618;
1H and 3C NMR See Table 1.
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