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ABSTRACT.—The leaves of Annona muricata have yielded twoadditional monotetrahydrofuran
Annonaceous acetogenins, annomuricin C {1} and muricatocin C {2}. Compounds 1 and 2 each
possess five hydroxyl groups; two hydroxyl groups are at the C-10/C-11 and C-10/C-12 positions
in 1 and 2, respectively. The absolute configurations of 1 and 2, except for positions C-10 and
C-11 or C-12, were determined by Mosher ester methodology. The C-10/C-11 and C-10/C-12
acetonides (1¢, 2¢) suggested relative stereochemistry and significantly enhanced the cytotox-
icities against the A-549 human lung and the MCF-7 human beast solid tumor cell lines. One
known monotetrahydrofuran acetogenin, gigantetronenin, not described previously from this

plant, was also found.

Previous studies on the seeds of
Annona muricata L. (Annonaceae) have
resulted in the isolation and characteriza-
tion ofa number of cytotoxic and pesticidal
monotetrahydrofuran (mono-THF)
acetogenins (1-9). Our previous studies
with the leaves have yielded the new
bioactive mono-THF acetogenins,
annomuricins A and B (10) and
muricatocins A and B (11). In the present
bioactivity-directed work, the leaves have
yielded two new closely related com-
pounds, annomuricin C [1] and
muricatocin C {2}. One known mono-
THEF acetogenin, gigantetronenin (12),
not described previously from this plant,
was also isolated from the leaves.

As previously reported (10), the
leaves of A. muricata, obtained from
plantation trees growing in Java, were
extracted with EtOH, and the extract
residue (FOO1) was partitioned to fur-
nish the aqueous MeOH residue (FOO05)
which was bioactive in the shrimp le-
thality test (BST) (13,14). Cc of FOO5
over Si gel, using gradient elucion, gave
154 fractions (10). Two active fractions
were further subjected to repeated flash
chromatography and hplc to yield com-

pounds 1 and 2. The known compound,
gigantetronenin (12), was isolated from
a third active fraction using similar
methods.

Annomuricin C{1}and muricatocin
C [2} were obtained as colorless amort-
phous powders. The ms and nmr spectra
indicated that 1and 2 are adjacent mono-
THEF ring acetogenins (4-6) (Figures 1
and 2). In the hrfabms both 1 and 2 gave
[MHY" ions at m/z 613.4661 (calcd
613.4679) consistent with a molecular
formula of Cy;Hy Oz Both 1 and 2
showed a broad OH stretching absorp-
tion in the ir spectrum at 3250-3550
cm . Five successive losses of H,O (m/z
18) from the ([MH]" from 1 and 2 in the
cims (m/z 595, 577, 559, 541, and 523)
showed the existence of five OH groups,
and these were confirmed by the forma-
tion of penta-acetates (1a and 2a) and
penta-trimethylsilyl (TMSi) ethers (1b
and 2b). Compounds 1aand 2a gave five
singlet proton peaksat 82.02—-2.08 (Table
1) representing the Me groups of the
penta-acetates. The positions of the OH
groups in 1 and 2 were assigned, respec-
tively, at C-4, C-10, C-11, C-15,and C-
20,and at C-4,C-10,C-12,C-15,and C-



910 Journal of Natural Products

&
treo T phreo threo ORz Ry 3 ,;4
/
o
S/CHZ)IIM(CHZ)S 4 N
o]

[Vol. 58, No. 6

5

P 10
2 193" 16™Y1s 1
OR; ORy OR;

1 R,R,=H
1a R, R,=Ac
1b R, R,=TMSi

1c R,=H, R=acetonide
1r R, R,=(R)-MTPA
1s R, R,=(@)-MTPA
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20, by careful analysis of the fragments in
the eims spectra of the TMSi derivatives
(1b and 2b) at 7/z 701, 631, 487, 385,
271, and 213 (Figure 3) and at m/z 701,
631, 503, 573, 385, 341, 271, and 213
(Figure 4). The placement of the mono-
THEF ring in each compound was deter-
mined to be at C-16/C-19 by the diag-
nostic fragments at m/z 631 and 701,
341, 271 (TMSi-eims).

The mono-THF ring, with the usual
flanking OH groups on each side, was
indicated in 1 and 2 by 'H-nmr chemical
shifts (Table 1) at 8 3.41 (H-15), 3.83
(H-16), 3.85 (H-19), and 3.40 (H-20),
for 1, and & 3.45 (H-15), 3.85 (H-16),
3.80 (H-19), and 3.89 (H-20), for 2, and
by "’C-nmr signals (Table 1) at & 74.39
(C-15), 82.72 (C-16), 82.56 (C-19), and
74.39 (C-20), for 1, and at § 74.28 (C-
15), 83.04 (C-16), 82.22 (C-19), and
71.48 (C-20), for 2. However, the hy-
droxyls in 1 at C-10/C-11 and in 2 at C-
10/C-12 were obviously different. For 1,
the carbinol protons at C-10/C-11 reso-
nated at 8 3.43 and the corresponding
PC-nmr signals were at 8 74.14 (C-10)
and 74.16 (C-11); for 2, the carbinol

protons at C-10/C-12 resonated at 8 3.94
and 3.86, respectively, and the corre-
sponding ’C-nmr signals were at 8 69.85
(C-10) and 69.23 (C-12). These upfield
positions for the ’C-nmr signals for C-'
10/C-12 in 2 illustrated a mutual beta
effect (15). The chemical shifts of H-4
and C-4 in 1 and 2 were almost identi-
cally located at 8 3.81 and 8 69.85,and at
9 3.81 and & 69.86, respectively, show-
ing identities in this region of the mol-
ecules.

These structural units in 1 and 2
were further confirmed by COSY and
single-relayed COSY data in which the
proton coupling correlations from (H-
3)>(H-4) and (H-10, H-11, and H-
12)¢>(H-8, H-9, and H-13), and (H-15
and H-20)>(H-13,H-14,H-16,H-17,
H-18,H-19, H-21, and H-22) (Table 1)
could be clearly seen. The assignments of
the relative stereochemistries around the
mono-THF rings of 1 and 2 were deter-
mined using the methodologies of Hoye
and co-workers (16,17) and Born e /.
(18), and by comparison with several
acetogenins having both the threo and
the erythro configurationat C-19 to C-20
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TaBlEl. 'H-Nmr Spectral Data for 1, 2, 1a, 2a, 1c¢, and 2¢, and
PC-Nmr Data for 1 and 2 (CDCl,, §).

'H Nmr (500 MHz) *C Nmr (125 MHz)
Position
1 2 1a 2a 1c 2¢ 1 2
Do — — 174.65 | 174.68
2 — — 131.12 | 131.12
33 e 237 m 241 m 251m 2.52m 237 m 241 m 33.35 33.33
3b i 250m | 251m | 256m | 255m | 250m | 251m
- 38lm 3.8l m 5.09 m 5.09 m 38lm 3.8l m 69.85 69.86
5=9 i, 1.25- 1.25- 1.25- 1.25- 1.25- 1.25- 22-34 | 22-34
16lm | 1.61lm | 16lm | 1.6lm | 1.6lm | 1.61m
10 .00 343 m 394m | 497m" | 5.02m* | 3.96m" | 3.98 m" 74.14 69.62
1 S 343m | 20lm | 497m" | 1.96m | 2.02m | 203m 74.16 42.67
12 0 3.86m 5.08m° | 3.99m" | 4.06m® 69.23
13-14 ......es. 1.25- 1.25- 1.25- 1.25- 1.25- 1.25- 22-34 | 22-34
1.6l m 1.6l m 1.61m 1.6l m 1.6l m 1.6l m
15 .. oo 34l m 345m | 485m | 485m 341 m 3.45m 74.39 74.28
16 .o 383m | 3.85m [ 395m | 395m | 3.86m | 3.88m 82.72 83.04
17-18 .....oou.l 1.57- 1.57- 1.57- 1.57~ 1.57- 1.57- 22-34 | 22-34
2.00m 2.00m 200m 2.00m 200m 2.00m
19 i 38m | 3.80m | 395m | 393m | 38im | 3.80m 82.56 82.22
20 . 340 m 389m | 482m | 492m 340m 390m 74.39 71.48
21-31 ..o 1.25- 1.25- 1.25- 1.25- 1.25- 1.25- 22-34 | 22-34
1.6l m 1.6l m 1.6l m 1.6l m 1.6l m 1.61m
32 088t | 088c | 088t | 088c | 088t | 0.88¢ 14.11 14.11
33 i, 7.19d | 7.19d | 7.09d | 7.09d | 7.194 | 7.19d | 151.96 | 151.91
34 5.05dq | 5.07dq | 5.01dq | 5.01dq | 5.06dq | 5.06dq | 78.03 78.06
35 e 1.42d 1.43d 1.39d 1.39d 1.43d 1.43d 19.18 19.09
OAc4 ........... 2.035 2.03s
OAc-10 .......... 2,085 | 2.05s
OAc-11 .......... 2.08s
OAc-12 .......... 204
OAc-15 .......... 2.08s 2.08s
OAc-20 .......... 205s | 2.04s
Me ... 1.37s 1.37s
*® Assignments are interchangeable.
‘Acetonide methyls.
(15,19-23). Inaddition, the recent paper chemistry; 1 matches very well with the
by Fujimoto ez «/. (24) describes model threo-trans-threo model and 2 with the
mono-THF analogues, with flanking hy- threo-trans-erythro model. In 1 and 2,
droxyls, having all possible relative stereo- the OH-substituted CH centers, at C-15
-18
199* 275> 253+ 141%

271%* w7018 61120 521+ - 45738 397 %8-—> 213"

1
[l
1]
\
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55~ (CHD1t
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341+ a——> 631220 541 24118 223*
269
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FIGURE 3. Diagnostic eims fragment ions (m/z) of 1 and its penta-
TMSi derivative [1b].
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and C-20 flanking the ring region (C-16
to C-19), gave very similar chemical shifts
in the 'H- and ®C-nmr spectra as with
the above models (Table 1); the stereo-
chemistries of C-15/C-16and C-19/C-20
were concluded to be threo and threo for
1,and threoand erythro for 2, respective-
ly, and the stereochemistry was conclud-
ed to be trans for the THF ring in each
compound. The relative stereochemis-
tries around the mono-THF rings were
then confirmed by comparing the 'H-
nmr data of the acetates (1a and 2a,
Table 1) with those of the model acetylat-
ed compounds of known relative stereo-
chemistry (16,18). The proton signals for
H-15at53.41 and H-20at 8 3.40,in 1,
and, for H-15 at § 3.45 and H-20 at &
3.80, in 2, were shifted downfield in 1a
to 8 4.85 for H-15 and 8 4.82 for H-20
and in 2a to 8 4.85 for H-15 and 8 4.92
for H-20.

To determine the relative configura-
tionat C-10/C-11in1and at C-10/C-12
in 2, the acetonide (dioxolane) deriva-
tives, 1¢ and 2c¢, were prepared. The 'H-
nmr signals for H-10 and H-11 of threo
and erythro vicinal diols have been previ-
ously reported in other Annonaceous
acetogenins (10, 11, 23-25), If the con-
figuration of the vicinal diol is threo, the
two acetonyl proton Me signals will ap-
pear together as a six-proton singlet; and,
if the configuration iserythro, theacetonyl
Me proton signals will appear as two
separated three-proton singlets (15). The

acetonyl Me protons in 1C gave a six-
proton singlet at § 1.37 (Table 1), show-
ing their equivalence and demonstrating
that the vicinal diol at C-10/C-11 is
threo. Although the acetonide 2¢ pos-
sesses six carbons in the dioxolane ring, it
is, nevertheless, analogous with the C-
10/C-11 acetonides that bear five carbons
in their dioxolane rings (11). The 'H-
nmr signals for the acetonyl methyl pro-
tons, between H-10 and H-12 in 2¢, at &
1.37 (Table 1) also showed a six-proton
singlet; consequently a pseudo-threo con-
figuration was suggested for the 1,3-diol
group at C-10/C-12 in 2.

The (§)- and (R)-methoxytrifluoro-
methyl phenylacetic acid (MTPA) esters
(Mosher esters) of 1 and 2 were prepared
(6,26) and numbered 1s, 1r and 2s, 2r.
COSY 'H-nmr analyses of these deriva-
tives were then performed. The 'H-nmr
chemical shift data of 18, 1r, 2s, and 2r
showed that the absolute configuration at
C-4 of 1and 2 is R (Table 2). This result
is identical to all acetogenins examined
so far that possess an OH at C-4.

Similarly, the Mosher ester data
(Table 3) allowed the absolute stereo-
chemical assignments of the carbinol cen-
ters adjacent to the mono-THF ring as C-
15Rin1and 2,andas C-20R in 1 and C-
20S in 2. The assignment of the absolute
stereochemistries of the asymmetric
carbinol centers at C-10/C-11 of 1 and at
C-10/C-12 of 2 could not be achieved by
direct analyses of the per-Mosher esters.
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‘H-Nmr Chemical Shifts for the Determination of the Absolute Configuration at C-4 of

the Penta (§)- and (R)-MTPA Esters of 1 and 2.

MTPA HC-5 | HC4 H,C-3 HC-33 | HC34 | HC35
ester of
185(5) ... 159 | s28 | 257 | 252 673 | 486 | 128
SR ....... 158 | 534 | 265 | 2.6 695 | 49 | 130
AS......i.. +0.01 4R | —008 |-004 | -024 | ~004 | —0.02
258(5) ....... 157 | s28 | 257 | 252 672 | 48 | 128
208QR) ....... 156 | 534 | 265 | 256 | 695 | 48 | 130
Ao +0.02 4R | —008 |-004 | —023 | —004 | —0.02

*‘Absolute configuration of chiral center.

TasBLE 3. 'H-Nmr Chemical Shifts for the Determination of the Absolute Configurations ac C-15
and C-20 of the Penta (5)- and (R)-MTPA Esters of 1 and 2.

MTPA H,C-
Eecer of HC14 | HC15 | HC16 | i | HC19 | HC20 | HC-21

1s3¢) ....... 1.53 5.21 3.92 1.85 3.87 4.85 1.53
1.46 1.65 1.49
IrdR)....... 1.48 5.26 3.98 1.82 3.94 4.92 1.54
1.42 1.56 1.50
AS...... ... pos. 15R* neg. pos. neg. 20R* neg.
2838 ....... 1.53 5.20 3.90 1.86 3.88 4.92 1.53
1.46 1.65 1.49
2r5@® ....... 1.48 5.26 3.96 1.83 3.65 4.90 1.52
1.42 1.57 1.48
Ad...... pos. 15R* neg. pos. pos. 20s8* neg.

“Absolute configuration of chiral center.

Compound 1 differs from annomuricin A
(which is erythroat C-19/C-20) and from
annomuricin B (which is erythro both at
C-19/C-20 and C-10/C-11)(10); thus, 1
is isomeric with these two compounds
and was named annomuricin C. Com-
pound 2 differs from muricatocin A
(which is also threo at C-19/C-20 but
pseudo-erythro at C-10/C-12), and from
muricatocin B (which is erythro at C-19/
C-20 and pseudo-erythro at C-10/C-12);
thus, 2 is isomeric to these two com-
pounds and was named muricatocin C.
Annomuricin C and muricatocin C
(1 and 2) were significantly bioactive
in the BST and were also cytotoxic
(seven-day MTT assays) to human solid
tumor cell lines in culture (Table 4). In
comparison with annonacin (5), 1 and
2 have one additional OH group, and
their cytotoxic effects to these tumor

cell lines are notably reduced (5,23).
The acetonides (1¢ and 2¢) showed
improved bioactivities and were one to
threefold more cytotoxic against the
human lung cell line (A-549) and the
human breast cell line (MCF-7) and
three times more toxic in the BST than
1and 2(Table 4); this improvement of
bioactivity with acetonides has also
been observed with other compounds
such as annomuricins A and B and
muricatocin Aand B (10,11). The simi-
lar susceptibilities of the cell lines to 1,
2 and 1c, 2c, respectively, (Table 4)
suggest that the stereochemistry at C-
20 does not play a significant role in
controlling selectivity toward specific
cell lines and tumor types. All of the
Annonaceous acetogenins act, at least
in part, as potent inhibitors of complex
I in mitochondria (27,28).
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TABLE 4. Bioactivities of 1 and 2 and Their Acetonide Derivatives (1¢ and 2c).
Compounds BST* A-549° MCE-7° HT-29°
LC,, (g/ml) ED,;, (ug/ml) ED,, (pug/ml) ED,, (ug/ml)
1. .. 6.13%X107" 3.08X107" 2.28%X107" 1.54
2 6.04X107" 9.09X1072 6.45%X1072 1.48
.. 2.35%X107" 6.98X1072 4.81X107° 1.41
2. . 1.89%107} 3.76X107 3.98X107° 2.61X107
Adriamycin®® . . .. — 2.94%X107° 1.06X107} 3.48X107*

‘Brine shrimp lethality test (13,14).
*Human lung carcinoma (29).
‘Human breast carcinoma (30).
*Human colon adenocarcinoma (31).

**Same cytotoxicity runs; values in different runs were within one order of magnitude of each other.

£Positive control standard.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—As
described previously (10,11).

PLANT MATERIAL.—As described previously
(10,11).

EXTRACTION AND ISOLATION.—The mate-
rials and methods employed for isolation and
derivatization were as described previously
(10,11). A large Si gel column was used to
resolve the BST-active fraction FOO5 into 154
fractions (10). The bioactive fractions Nos.
128-129 {BST, LC,,=1.25 pg/ml (No. 128)
and 1.80 pg/ml (No. 129)] were subjected to
repeated flash chromatography to yield crude
compounds 1 and 2; each was then purified
with hplc over Si gel, eluted by hexane-MeOH
(90:1, flow rate 10 ml/min), to afford the two
colorless, amorphous powders, 1 and 2. One
additional mono-THF acetogenin (8 mg) was
isolated from bioactive fraction No. 101 (BST,
LC,, 0.55 pg/ml) using similar methods and
was identified ('H nmr, cims) as
gigantetronenin (12).

Annomuricin C {11.—White powder (8 mg);
[aF’D +57.7° (¢=0.0005, EtOH); it v max (film)
3411 (br OH), 2920, 2851, 1743, 1467, 1321,
1073 ¢cm™'; uv A max (MeOH) 220 nom
(€=3.8X10%; hrfabms (glycerol) m/z [MH"}
613.4661 for C,H,,0, (caled 613.4679); cims
(butanol) m/z 613 (100), 595 (21), 577 (45), 559
(42),541(10),395(2),353(10),325(10),271(3),
269 (5), 253 (5), 241 (38), 223 (3), 205 (4), 199
(4), and 141 (3); eims m/z 341 (2), 325 (9), 307
(14), 269 (4), 241 (22), 223 (4), 213 (4), 205 (2),
199(7), and 141 (10); ‘*H-nmr (CDCl,, 500 MHz)
data, see Table 1; C-nmr (CDCl,, 125 MHz)
data, see Table 1.

Muricatocin C {2}.—White powder (7 mg);
[o}*D +32.5°(c=0.001); ir v max (film) 3410 (br
OH), 2920, 2850, 1745, 1466, 1322, 1074 cm ™'}

uv A max(MeOH) 225 nm (€=9.1 X 10%); hrfabms
(glycerol) m/z[MH "1613.4661 for C;;H O, (calcd
613.4679); cims m/z [MH 1613 (100), 595 (46),
577 (68), 559 (29), 541 (10), 523 (2),413 (1), 395
(1),377(3),359(3),343(2),325(7),285 (4), 271
(3), 269 (8), 267 (4), 253 (6), 241 (48), 223 (8),
205(2), 199(5);eims m/z413(2),377(5),359(8),
343 (2), 325 (33), 307 (26), 285 (2), 269 (8), 253
(3), 241 (36), 223 (4), 213 (7), 199 (2), 141 (10);
'H-nmr data (CDCl,, 500 MHz); BC-nmr data
(CDCl,, 125 MHz), see Table 1.

TMSi DERIVATIVES [1b AND 2b}.—Eims of
1b m/z 701 (1), 631 (6), 611 (4), 587 (2), 541 (3),
521 (2), 497 (4), 487 (1), 485 (1), 385 (29), 341
(7), 295 (4), 271 (18), 213 (6); eims of 2b m/z 701
(4), 631 (9), 611 (8), 573 (1), 541 (20), 521 (7),
503 (1), 483 (2), 413 (5), 385 (77), 341 (17), 323
(4), 295 (8), 271 (41), 213 (18).
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