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Corrosolin and Compound-2: Cytotoxic Annonaceous
Acetogenins from the Seeds of Annona cherimolia

Dal-Hwan Kim and Mi-Hee Woo”
College of Pharmacy, Catholic University of Taegu-Hyosung, Kyongsan 712-702, Korea

Abstract — Bioactivity-directed fractionation from the seeds of Annona cherimolia resulted in the isolation

of two known cytotoxic compounds :

corrosolin (1) and compound-2 (2). The structures of these com-

pounds were characterized on the basis of chemical and spectral data. Corrosolin has a relative ste-
reochemical relationship of threo/trans/threo for the mono-tetrahydrofuran (THF) ring with two flanking
hydroxyls, from C-15 to C-20, which is the annonacin type. Compound-2 has a relative stereochemical rela-
tionship of threo/trans/threo/trans/threo for the adjacent bis-THF ring with two flanking hydroxyls, such as
in the asimicin type. The absolute configurations of carbinol carbons in corrosolin were determined as 10R,
15R, and 20R by analysis of its Mosher ester derivatives. Corrosolin and compound-2 are known, but are

first isolated in this plant.

Keywords [ | Annonaceous acetogenin; Annona cherimolia; corrosolin; compound-2; cytotoxicity.
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Aol A3tol AEH F8I8S A% methanols
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o}2 ERlale) et d3tEe HYey T AES
g <roln 7] 98l brine shrimp lethality test
(BST)'*192 AsHTE

dEuy

AgxiE - 2 Ao AMS Annona cherimolia®)
Aok Hurov Botanicals and Seeds(Chula Vista,
CA, USA)ZHE Tiated 231 - Aldsiod ARgst
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At ¥ 7(71 — Aol AFESEE column chromato-
graphy- silica gel> Kieselgel 60(Merck Art. 7734,
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Fig. 1 - Structures of compound 1 (corrosolin), 2 (compound-2) and their derivatives.
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trophotometer(Palo Alto, CA, US.A), mass spec-
trometryi= Quattro II spectrometer(Micromass, Che-
shire, UK)Z &7431% 20 HPLCS pumpt Waters
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Fig. 2 — Diagnostic EIMS fragmentations of 1 (corrosolin) and its tri-TMS (1a) derivative. * H,O, " TMSOH.
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thanol(gradient) &% © & silica gel column chroma-
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ofe] 7o s HPLCE sslol 319hE 13} 28
Sitt. HPLCE column2 pBondapak Cig(19%300
mm, 3.9X150mm)%, AZ7]+= UV detector(225
nm)E ARSIt ol%AL O R acetonitrile-water

Table I-'H-NMR spectral dara* of 1 (corrosolin) and 2
(compound-2)

'H-NMR (500 MHz)

Position
1 (corrosolin) 2 (compound-2)
1 R N
2 _ .
3a 1.1-16 m 2.53 ddt (15.1, 4.0, 1.4)
3b 1.1-16 m 240 ddt (15.1. 8.0, 1.4)
4 1.1-16 m 392 m
5-9 1.1-1.6 m 1.1-1.6 m
10 3.60 m 358 m
11-14 1.1-1.6 m 1.1-16 m
15 340 m 342 m
16 3.80 m 3.75 m
17a 1.65 m 1.68 m
17b 1.99 m 1.98 m
18a 1.65 m 1.68 m
18b 1.99 m 198 m
19 380 m 385 m
20 340 m 3.8 m
2la 1.1-1.6 m 1.68 m
21b 1.1-1.6 m 1.98 m
22a 1.1-1.6 m 1.68 m
22b 1.1-16 m 198 m
23 1.1-1.6 m 375 m
24 1.1-1.6 m 342 m
25-31 11-16 m 1.1-16 m
32 0.88 t (6.7) 1.1-1.6 m
33 6.99 q (1.5) 1.1-16 m
34 5.00 qq (6.4, 1.4) 0.88 t (6.5)
35 1.41 d (6.9) 6.98 q (1.8)
36 4.99 qq (6.4, 1.4)
37 143 d (7.5)

* Data are 3 (ppm), multiplicity and J (in parentheses) in Hz from
internal TMS in CDCl,.
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Fig. 3 - Diganostic EIMS fragmentations of 2 (compound-2) and its tetra-TMS (2a) derivative. * H,O, ® TMSOH.
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in methanol), UV;E;OH nm (log, d):212.00(4.1),
IRVEE" cm™ :3420(0H), 1740(C=0 of o, B-unsa-
turated y-lactone), MS(ED myz:Fig. 2, 'H-NMR
(500 MHz, CDCl;) &: Table I

SHEHE 2-mp 95.0~96.0° [a]X =+160%C, 0.07%
in CHCl), UVES" m1m (og $):216.30(4.0),
IRVEET cm™ :3414(0H), 1752(C=0 of o, B-
unsaturated y-lactone), MS(FAB) m/z:Fig. 3, 4.
NMR(500MHz, CDCl;) & : Table L

SiEHE 12 29| TMS REA™ - 338 19} 28
Z1ZY9] viglel 10 ug® 231 vacuum dessicatorol| A

24787 A 2AZITE A2AIZ) sampled] pyridine 0.2
wel N,O-bis-(trimethylsilyl)-acetamide(BSA) 2 pis
7¥ata AollA A7 5 wWXEle SjtE 1a%t
2a% Yok

B3B8 1a- EIMS (m/z): Fig. 2.

BHEMR 2a - EIMS (m/2) : Fig. 3.

S1EHE 10} 29| $9F RMTPA-esters!®? - 33}
13 258 24249 viaell 1mg¥® ¥y CHCL, 0.5
m/el 59 &, =AH O E pyridine 02 md, 4-(di-
methylamino)-pyridine 0.5mg, (R)-(—)-o-methoxy-c-
(trifluoromethyl)-phenylacety(MTPA) chloride 12 mg
& 7ketth. EEES A2 12413 WASE &
micro-column(0.6 X 6 cm)Y| silica  gel(230~400 mesh)
2 7% $ hexane-CH,Cl,(1:2) 3~4miE £%3

ot 71 82NS AT & CHCL, 5mis 7istha,

Table II - Chemical shift data of relevant protons of the per-(S)- and -(R)-MTPA ester derivatives of corrosolin (1r and 1s)

Proton chemical shifts (8;)

MTPA‘ C-10 mono-THF moiety
configuration H3 Hod H-10 H-14 H-15 H-16 g_gﬁ gigs H-19 H-20 H-21
S 2.28 155 4.98 1.58 498 3.3 igg {gé 3.93 494 150
R 227 1.52 4.99 1.49 4.99 4.02 }g; 12; 4.02 4.99 1.49
(si.ng) +0.01 +0.03 R +0.07 R -0.09 -8?8 8?(; -0.09 R +0.10

* Absolute configuration.
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9] multiple3t protona alkyl chain¢tell 8li= hy-
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EIMSHIA m/z 2972 peak=R-E] C-1051 QHZI7}
A 28 U 4= sivk(Fig. 2). 181, 3%
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9t} 2 THFE] relative stereochemistryt= SH=
12] 'H-NMR spectrumeo}*] 31.99(H-17b/H-18b)%}
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J. Pharm. Soc. Korea



OMEA PRI 589

(H-37), 82.40(H-3b), 82.53(H-3a), 63.92(H-4), 84.99
(H-36), 86.98(H-35)% o, B-unsaturated <y-lactone}
C-axle]l OH71E 7= A& & 4= v} 335 2
o} "H-.NMR spectrumel|¥] 33.0014 84.07+212] &)
9] proton®} 3}HE 2a°] EIMSelA 4709] TMSOH
EAE oAb o2 W)= o of 3lgHE2 4702
OH7]%} his THFE-S 7= AL #8918k thon/z
926, 836, 746, 656, 566). 1|1l 3|gHE 29 'H-
NMR spectrumoll 4] 8 3.5814 2] multipledt
proton¥} 33HE 2a°] EIMS spectrumolA m/z 385
peakZE] C-108ell OH7I7F Aghd 28 &le
o} 283, 35HE 2a2] EIMSZ4-E] Y2 OHY)
¢} THF#E] 9215 #Rist A3 OH/)i:= C4, C-
15, C-24°) 9)x|5kaL, THFERS C-169 C-23 Ajolo|
HAAstATh C-15/C-16, C-19/C-20, C-23/C-249]
relative stereochemistry:= 332 29 H-NMR
spectrumeliA!  83.41°04 2709 proton peakZ 2
8o g C-15/C-16, C-19/C-20, C-23/C-242] stereo-
chemistry threo 7-%%-& 213131} THFSH )
relative stereochemistryy 3135 29 'H-NMR
spectrumell A §1.98(H-17b/H-18b, H-21b/H-22b)3}
31.68(H-17a/H-18a, H-21a/H-222)ll 41 2] o3 2 <l
peakE: ERIELO M tans formUL QST ©)
kel Avkel F3lvke] wiwelr] &5 2% bis THF
gt 7] OHVIE 713 compound-2299& &) -
it

7} 3}g&Eol thg brine shrimp lethality test
BSTell A%t cytotoxicitys 798t A LD, A7}
335 12 3.02x107 pg/mio) il BEE 25 4.02%
107 pgmiz YR}, o] wHeld LDg7t 50 pg/
ml o|&told /o] Qlrkx wdsly, webd 7} gt

B R ATEYE itk
a2 =

Annona cherimolia®] $SV& 95% ethanol® %
g, H W) FEHEE A 2 FO05Z open
column chromatography?} HPLCE AA]sled 3ll&
13 28 Fejsigich. o gghgel st sjety W &
Fek data® FIsl0] B3IE 1S annona- ceous
acetogenin® E A, Wkl ylactones 7FXIM 3749
OH”19} mono-tetrahydrofuran(THF)8-S 7120, Mo-

Vol. 43, No. 5, 1999

sher ester ¥Hell 213} absolute stereo-chemistry=
A% A3 10R, 15R, 16R, 19R, 20R%! cor-
rosolin®} & el - 551, FFE 2% amno-
naceous acetogenin® ZA Wgto|| y-lactoned 71X
4712 OH719} bis THFE-S 719 compound-29-<
el - F¥eteict 38 19 2% brine shrimp
lethality test(BST)S o] &3+ HzjgA )é]ﬁ“ﬂ/ﬂ iy
3 AEEAS UEREGICE o] S3HES VX EHolA]
gk o] AEeME Mg el Aok

LAtel g

o] w2 19999 Wit EAVIES e e

S A7 el sl s olo) BAke
uich,
2 B

1) Mikolajczak, K. L., McLaughlin, J. L. and Rup-
precht, J. K.: Control of pests with Annonaceous
acetogenins. U.S. Patent, No. 4, 855, 319 (1989).

2) Morre, J. D., Decabo, R. D., Farley, C., Oberlies, N.
H. and McLaughlin, J. L.:Mode of action of
bullatacin, a potent antitumor acetogenin: Inhi-
bition of NADH oxidase activity of HELA and HL-
60, but not liver, plasma membranes. Life Sci., 56,
343 (1995).

3) Fies, R. E.:“Annonaceae”, in “Die Nat rlichen
pflanzenfamilien”, Engler, A.; Prantl, K. Eds. 2 ed.
Dunker and Humbolt, Berlin, Vol. 17 (1959).

4) Barriga, H. G.: Flora Medicinal de Colombia. Bot
nica, Bogat, pp. 1-30 (1974).

5) Leboeuf, M., Legueut, C., Cavé, A., Desconclois, J.
E, Forgacs, P and Jacquemin, H.: Alkaloids of
Annonaceae. X X X1 : Alkaloids of Annona muricata.
Plant Med., 42, 37 (1981).

6) Rios, J. L., Cortes, D. and Valverde, S. : Acetogenins,
aporphinoids, and azaanthraquinone from Annona
cherimolia seed. Planta Med., 55, 321 (1989).

7) Cortes, D, Rios, J. L., Villar, A. and Valverde, S.:
Cherimoline et dihydrocherimoline : deux novelles
Ylactones bis-tetrahydrofuranniques possedant une
activite antimicrobienne. Tetrahedron Lett., 25, 3199
(1984).



500 , Heg - 99)3)

8) Rupprecht, J. K., Hui, Y.-H. and McLaughlin, J. L.:
Annonaceous acetogenins : A review. J. Nat. Prod.
53, 237 (1990).

9) Cortes, D., Myint, S. H., Leboeuf, M. and Cavé, A.:
A new type of cytotoxic acetogenins : the tetrahy-
drofuranic B-hydroxy methyl y-lactones. Tetrahedron
Lett., 32, 6133 (1991).

10) Cortes, D., Myint, S. H. and Hocquemiller, R.:
Molvizarin and motrilin : two novel cytotoxic bis-
tetrahydrofuranic y-lactone acetogenins from An-
nona cherimolia. Tetrahedron, 47, 8195 (1991).

11) Cortes, D., Myint, S. H., Dupont, B. and Davoust, D.
: Bioactive acetogenins from seeds of Annona
cherimolia. Phytochemistry, 32, 1475 (1993).

12) Duret, P, Gromek, D., Hocquemiller, R. and Cav, A.
:Isolation and structure of three new bis-te-
trahydrofuranic acetogenins from the roots of
Annona cherimolia. J. Nat. Prod., 57, 911 (1994).

13) Sahpaz, S., Gonz lez, M. C., Hocquemiller, R. Zafra-
Polo, M. C. and Cortes, D.:Annosenegalin and
annogalene : two cytotoxic mono-tetrahydrofuran
acetogenins from Annona senegalenesis and Annona
cherimlia. Phytochemistry, 42, 103 (1996).

14) Woo, M. H., Kim, D. H., Fotopoulos, S. S. and
McLaughlin, J. L.: Annocherin and (2,4)<cis- and
trans-annocherinones : mono-THF annonaceous ace-
togenins with 7-carbonyl groups isolated from
Annona cherimolia. J. Nat. Prod., submitted (1999).

15) Meyer, B. N, Ferrigni, N. R, Putnam, J. E,
Jacobson, L. B., Nichols, D. E. and McLaughlin, J. L.
: Brine shrimp : a convenient general bioassay for
active plant constituents. Planta Med., 45, 31 (1982).

16) McLaughlin, J. L.:“Methods in Plant Biochemis-
try”, Hostettmann, K. Ed., Academic Press, London,
6, pp. 1-35 (1991).

17) Gu, Z. M., Fang, X. P, Zeng, L., Kozlowski, J. E and
McLaughlin, J. L.:Novel cytotoxic Annonaceous
acetogenins : (2,4-cis- and #ans)-bulladecinones from
Annona bullata (Annonaceae). Bioorg. Med. Chem.,
4, 473 (1994).

18) Dabrah, T. T and Sneden, A.:Rollinicin and
isorollinicin, cytotoxic acetogenins from Rollinia
papilionella. Phytochemistry, 23, 2013 (1984).

19) Fang, X.-B, Rieser, M. ]., Gu, Z.-M., Zhao, G.-X. and
McLaughlin, J. L.: Annonaceous acetogenins : an

updated review. Phytochem. Anal., 4. 27 (1993).

20) Laprevote, O., Girard, C. and Das, B. C : Formation
of gas-phase lithium complexes from acetogenins
and their analysis by fast atom bombardment mass
spectrometry. Tetrahedron Lett., 33, 5237 (1992).

21) Born, L., Lieb, E, Lorentzen, ]J. B, Moescher, H.,
Nonfon, M., Sollner, R. and Wendisch, D.:The
relative configuration of acetogenins isolated from
Annona squamosa : annonin [ (squamocin) and
annonin IV, Planta Med., 56, 312 (1990).

22) Jossang, A., Dubaele, B. and Cavé. A.:Deux
nouvelles acetogenines monotetrahydrofuraniques
cytotoxiques : 1'annonacine et la montanacine. Tetra-
hedron Lett., 31, 1861 (1990).

23) Cortes, D., Myint, S. H,, Laurens, A., Hocquemiller,
R., Leboeuf, M. and Cave, A.:Corossolon et
corossolin, deux nouvelles y-lactones mono-tetrahy-
drofuraniques cytotoxiques. Can. J. Chem., 69, 8
(1991).

24) Rieser, M. ]., Fang, X.-P, Anderson, J. E., Miesbauer,
L. R, Smith, D. L. and McLaughlin, J. L.: Muri-
catetrocins A and B and gigantetrocin B : three new
cytotoxic monotetrahydrofuran-ring acetoenins from
Annona muricata. Helv. Chim. Acta, 76, 2433 (1993).

25) Rieser, M. J., Hui, Y.-H., Rupprecht, J. K., Kozlowski,
J. E, Wood, K. V, McLaughlin, J. L., Hanson, P. R,,
Zhuang, Z.-P. and Hove, T. R.:Determination of
absolute configuration of stereogenic carbinol
centers in Annonaceous acetogenins by 'H- and °F-
NMR analysis of Mosher ester derivatives. J. Am.
Chem. Soc., 114, 10203 (1992).

26) Dale, J. A. and Mosher, H. S.:Nuclear magnetic
resonance enantiomer reagents. Configurational
correlations via nuclear magnetic resonance
chemical shifts of diastereomeric mandelate, O-
methylmandelate, and «-methoxy-o-trifluorome-
thylphenylacetate(MTPA) esters. J. Am. Chem. Soc.,
95, 512 (1973).

27) Nishioka, S., Araya, H., Murasaki, C., Sahai, M. and
Fujimoto, Y.: Nat. Prod. Lett. 5, 117 (1994).

28) Araya, H,, Fujimoto, Y. and Hirayama, K. : Structural
elucidation of tetrahydrofuranic acetogenins by
means of precursor-ion scanning method. J. Synth.
Org. Chem., 52, 765 (1994).

J. Pharm. Soc. Korea



