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Fig. 1 Structures of different types of Tetrahydrofuran (THF) in Annonaceous acetogenins
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Fig. 2 Structures of same types of Y-lactone rings in Annonaceous acetogenins
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Fig. 3 Structures of different epoxy rings in Annonaceous acetogenins

1.4.2 ALV EEHEBAE RKBRNERMEBIH
PI B AT BE R 2R R N be B B THF 260 3 45 B0 A e
& RETEL S Y, HX S ToRE N AR
ERZREAOBREAR. ERMBFHENBET LY
K 32 (OF A HPIUREE 3D A % 2 B N BE R
RIUBGYR giaanin; QFHEAHPH R ESHREN
HEAMFHZBAME, AFHLE YR reticulatamol;@
FH2AIMVUBEE 1N 22BN EZB AR, ARK
A& muridienin-19~%,
1.5 Rt AXBHEHRENE

Aromin,aromicin ft3# T —XK#FH Y IELE N THF
RIF/B BN, AR R C-4~7,C-16~19,
BH 8 MERIE TR (T-G )™,

2 BABAEEMEEEA

2.1 MERKER(THF)MER

Ye U H , THF 2 % % 5 P9 BS HUB 1 A BT
DRMERGEH, HHAERKETNGEBEmE
HiEdk. Sasaki £S5 T — &5 HEA THF i
FABABREUY, AR LR RENA,
THF R EHBENETREERERTE.

B R W THF & % 7% B¢ N B bullatacin (J5, =
1. 2 nmol/L) #0 trilobacin([;,=1. 4 nmol/L)2 4~
48 THF WM RIR R, EX 2 MEu& 9 00 & a4
ZAK, B mE THF W R F M ARB B
NER BRI RED . 3 THF BB B MBS an-
nonacin (5 =3. 8 nmol /L) #1J THF &Y % 3 B¢ X BR
venezinone (/;, =26 nmol/L)# THF ¥ H A [H,{8
E#HA —SHmEEdE, i THF WEEAEH

BB R AR L B WIS EDY, THF £&
RERXABHBAMA — 1 HFME, ¥ THF
HKEH2ARERN 1 NBIBALE, L E M
THREAR 1B 2 4~ B2 [F o 4 2 BE Ak, W & B B R IR
EYMMEE LD, BR2ABEEIBL.B
HESE T HM& 680 MK T pmol/L %, X i3 W
THF 3 &4 5 /K ¥ xF 3L 0 0% o & = BAE A,
THP B H R AEES THF REZ B NRERESETE
#, BfEAVLEIAE .

B3, Shimada /BT AN, BB N EE K
THF 3L FBEAE SUR R AKX, SEE R4 09 H i & £
YE A, #8 THF SRZEBR L RAER— BRI,
PASE 3L 35 B N S A D BB A A B B A R,
Wt , THF 3R89 %H FSL AL 2 S MR A 2R
7 B N BRI R B ) I BB E S MAFAE .

— RS, AN [ 2 2 B N BE A TE PR IR B L
THF & >3JE4B % THF & > # THF & > % THF
B, L THF A% # % & threo/cis/threo/cis/ery-
thro B9 48X THF BB H K AN EYEH R
308, 4 rolliniastatin-1, 48X THF % #1 3k 4B %X
THF BIBRZBABRMNAEY EHE RS THF HEFE
WNESHEHER 10/%, W THF BEHENES 24
THF [a] 49 BE 25 5 8 & HIE tE /D, 5 B B K S
£ B K 2] 2 THF B KK F, 4L &Y aromin,
aromicin ) 2 4~ THF HHEE 8 B IFEF, HKiGtk 58
THF %## B NEEE SRR/,

2.2 V-HEEHAER

Y- B % 25 B I TR O A0 S5 MR E I R

Y-HNEESF B A, G R RS R B



24 LR B K (A RBHERD

#33H

BWEEAEE BB L EALEY o, B-AM Y-
BEARBEDENBEMIEES HEA RS, SHE
B UG RN S8 . 23, 24-threo ¥4 BY 1R 4 B
{6 P42 23, 24-erythro F R I B IR BE TG AT

Shimada % U T -1 BEBNESES
1M RMER, X8R, THF 34K
AR R BRI S W E N T BE
B L. -NEAELRENYT B 556K ! |k
) #8433 37 Cubiquinone 38 R AL 50 & A A B AE A
17 i A B2 b AR BN &8 . THF 7E4e b8 I & ok
T Y-HEAERBHE KX PFHEERE, B8 -
WEEHR S E A T WG ALEAR,

Takada %" BB 5T B R fEHE K B EBUC I Y-
P R BE R K AR T A5 BN 3 R B 45 H AR, (B
HERELEEMGHSEH. ATERN Y-AERH
PR BRTRARBRKSEAHE, B AR
Y- R IT S R A ELAE AU R RE Q BRI
2K N BE Y- BB 2R (BR N Q-acetogenin) ([;,=1.2
nmol/L), SL 0§ i 5 A& B ARD, X S Mg Xt Y-
P9 A 0 B L0 3R AN AR 48
2.3 WRZEEENER

Y-HBERSR A THF BRBRABHBNEE:
BERERE B oM 1 M HAENESK TR
AN HIAE L BIE AR e B E X 2 3.
AREXREHEMBMR RELENB 1 RZKTAR
HHmEEEEG A BERLWREMR. T v-Hlk
A THF (4] fy B 285 %t 7 25 4% 9 AR TS PR 3R 5 B K
FE, USRI -AEEH A THF EEENWH
¥, i ER ", %% THF MW THF & &
7 BN P BRI T T 13, B BE ke
SRR R 2R M BR IE T KT 13 A, 40 i i
SRR 2 MUK B HLBREE 3 v 4k & B i BB
N MBBRESEE R, TR NNk KE
LHBEEEEMSREREL, - T RERBERES
XA THF #1 Y- ARR A ERS I BBGE R & . Ml
NI BB AR LR EES REKETL
AR WA RNRT 1I3AARET. MEHMBEH
FRIEAIR) BB C3s RUB B BB C37 B &
M NTERI ISR

H¥EAN EREBEHENEMNRHENNER
WERD TR, @5 HMmE & | s R
R B AERE LN ERASLEY
M R D EAER R A EREE LR, B ARE
A HENHER ARENMETSEE.C4 2

MEEEE ZmMmEEE.C-28ZFC-32 iR
HEG A HIE I, 0 C-10 LR R AT H/ AN
BTG PEIR & S A5 24 ,C-30 3 F 2 0] DL K% v 4R
5 40 5. FaT C-4 i B RE R wa % 25 B MR A0 16 A
77 & smembranacin H HIEEH C-4 BE, &HEHY
# 5 rollinlastin-1 A &M,

MR R, BE L C4MC-10 MEREHR
REGENBEHRIVLELRE. £REELHN
BEXFEAGYIE AR, MEEFIZET
WmWEE BHBNMESR 2 B EE THF i1
Wik, 5 3 MEEERERNE BN, TR
BEMBEMBRE XURERIBFIHLARSEE
hITERMBEEREE—-TNEKERBRERA 4
MALBENFETHABOMEE L2 28 E
2, Witk B EREEATESRELE DN
G, EREE LANRES - MOFEAERE
PEXE L B IR E IR E B e IR B IR R AL
HEHHNBEBEN ST EDOTEE.

2.4 THF R LEMBEMNER

A0 SR 3 b 5 4 R 4E AH [R] , 00 ik % B0 B8 K 1 5B
SHEEYRMEBIEHEER. WREHEAKLS
PR MBRELT 2 ABRE T, W& a8 T REK
50% %, 2Ll % 10 £ 3 %1 57 5 B K (antimycins)
¥ % & (piericidins) P F 3 H R X IR
BEH Bk R, I RE DB . 34k THF %
HRE# R THF Wz BB EEEE AR, &1
fib 55 # A R 0 PO R K b B R S A B T IS M.

3 YERIYLHI

SR AR LRGSR, BHBN
A i 2L A A T ok A T L s MR B4 A
S8 L1 IR VR A 00 00 5 PR HCE X 4 o K A o
NADH-Ubiquinone & {k i J 8 1 /% 40 I il JB
NADH # /b’ kBl Msi a e MG s H
. e LAl NADH-Ubiquinone S 463 JF K H
FOEAREREACHBRERN IR ENEFH)
BEEE, M ATP & B (A 8K VOB EEEEM. &
ATP B/ 4 & & W 2. 1991 4F, Londerhausen
HFUERBPERTEED AEHBARLAITH
B R T AR N E 3B &M &8 B X fAE
REERBFPRREMBF IR ATP K FRERK
M. BRIk BAT, B AL S rollinias-
tatin-1,rolliniastatin-2 AR EH & | MEaEH &
B LAY.



F12H

% IE . BEBEARGWRR RGBT R RE 25

BHEBENBEERACSSHE QERMZANX
AMATHEE AMAREEEK | SMEANS
AMNEBRE, ARAKESHX 5, BA EKHMBKY
BAEER, KERM SN KEAREE,

MRS THF M RIBAETTREWE
GHEARBESK 1 ERANEI ¥, Tormo
Acleslyle 9 THF ®) B corossolin, 48 W THF # iy
rolliniastatin-1.rolliniastatin-2 45 rotenone % & &
T 1R Bl 1 AR AEAE T LB, RIEME AL
AR EBEHENBERED N 3%

(1)rollinmastatin-1 & (48 3 THF & 4 %) # B¢
& threo/cis/threo/cis/erythro), Hah ¢k E
BRSHEME, WREFHEMEN, 5aBERHRF,
H5EEHETMEABRER A ERATRX L.

(2)rolliniastatin-2 B (48 S THF 9 48 *f #4 B
42 threo/trans/threo/trans/erythro), X3 1%
KRAADNMER, AR EHEMHA, SABRREA
HF, AW FE cherimolin-1,

(3)#% corossolin FlH Ath K & % & % £ M B
R —BARRE KB MR RN LR, R
EZHHEMHN . SARBRHLHR.

rolliniastatin-2 RIBFFHNMELAHEAHRIY
B EATR— BB B FH B A B rolliniastatin-
1 B4 T8 5 rolliniastatin-2 ML S A ES,
MEER N KRG .

HHBHERY Ca AR ES6 . HLR
BTRYWMAARIN - XBEEDS, B
NADH : Ubiquinone H L L IR B R&KEE G, W

BEHBNETRKEXSEFHEAmMABEEN
AP, Hi5 M EIEERYN, EHBEARS Ca,
Mg"MEGHEREHTRREZGBARNARE
HRAREHES. TR EHHA Ca AHERRE
BHEM, —BREZ GRS R W 2 41 KK H A
LY IEE.

4 &

ELEARE. ARMABEEX A BEMHERT
WEER AW T b ERXER B E LS H E 8
it Bk, F BB ELBENEAR I H NSRRI
FOFCAE B 38 0 40 8 B 1 R 40 40 47 FLAE FIMLAI, A
HHERBR R P FTVFR LR AR A4k T 405
BWEXRERER. BATNHRBERTETHK
WEERSR Z BRI R B EWE T ES
BAREYEHENEREEFZFERAFEER T
FoXEHEHFTH- B RARE R EFHB A B
MWHEMABBSNERRE . REWBEX—ERF
B Sh, Fod 15 % 25 B P R 70 40 A P O P A 1 L B A 4
RAEEFFEU R AR A HABHEX,

HHBABEZ TSR AN R AKXTE, &’ H
THMBARG ZHAEMB RO ARBARE
MR R o BB AR AR — R
R AW B ALE S REHE RN RS Y. B
RtRA e B el AELAF NI BT HH
KB A b E it BHENEREREFE
HF B TURZG YRR RGER B

(8% 30#]
(] BB, o EM TR YR R AR B ITHOIMI. L5 2% 0 AR 1982, 31.

[2] Jolad D J.Hoffman J J,Schram K H,et al. Uvaricin,a new antitumor agent from Uvaria accuminata (Annonaceae)(]J]. ] Org Chem,1982,

47(16):3135—3153.

[3] Zafra-Polo M C.Gonzalez M C,Estornell E,et al. Acetogenins from Annonaceae,inhibitors of mitochondrial Complex t [J]. Phytochem-

istry,1996,42(2):253—271.

[4] Zafra-Polo M C,Figadere B,Gallardo T et al. Natural acetogenins from Annonaceae,synthesis and mechanisms of action(]]. Phytochem-

istry,1998,48(7):1087—1117.

(5] Alali F Q,Liu Xiao-Xi,McLaughlin ] 1.. Annonaceous acetogenins:recent progress[]]. ] Nat Prod,1999,62(3):504—540.

[6] Cortes D,Figadere B,Cave A. Bis-tetrahydrofuran acetogenins from annonaceae[]]. Phytochemistry,1993,32(6):1467—1473.

[7] Jiang Z,Chen Y,Chen R Y,et al. Mono-tetrahydrofuran ring acetogenins from Goniothalamus donnaiensis[]]. Phytochemistry, 1997, 46

(2):327—331.

[8] Gleye C,Laurens A,laprévote (),et al. Isolation and structure elucidation of sabadelin,an acetogenin from roots of Annona muricatal]].

Phytochemistry,1999,52(8) :1403— 1408.

[9] Alfonso D, Trina C S,Zhao G X.et al. Aromin and Aromicin,two new bicactive Annonaceous acetogenins,possessing an unusual bis-THF

ring structure,from Xylopia aromatica (Annonaceae)[]]. Tetrahedron,1996,52(12):4215—4224.

[10] Ye Q.He K,Oberlies N H,et al. Longimicins A-D:novel biocactive acetogenins from Asimina longifolia (annonaceae) and structure-ac-



26 PIL BB B K2 R (B RPHFIRD 334

tiviey relationships of asimicin type of Annonaceous acetogenins{]]. ] med Chem,1996,39(9);1790—1796.

[11] Sasaki S,Maruta K,Naito H,et al. In vitro antitumor activities of new synthetic bistetrahydrofuran derivatives as analogs of Annona-
ceous acetogenins[ J]. Chem pharm Bull,1998,46(1),154—158.

[12] Miyoshi H,Ohshima M,Shimada H.et al. Essential structural factors of Annonaceous acetogenins as potent inhibitors of mitochondrial
complex 1 [J]. Biochimica Biophysica Acta,1998,1365(3):443— 452.

[13] Kawabara K,Takada M,Iwata J,et al. Design syntheses and mitochondrial complex I inhibitory activity of novel acetogenin mimics[] ].
Eur J Biochem,2000,267(9):2538—2546.

[14] Abe M,Kenmochi A,Ichimaru N,et al. Essential structural features of acetogenins: role of hydroxyl groups adjacent to the bis-THF
rings[ ). Bioorganic &. Medicinal Chemistry Letters,2004.14(3).779—782.

{15] Shimada H,Grutzner J B,Kozlowski J F,et al. Membrane conformations and their relation to cytotoxicity of Asimicin and i1s analogues
[J ). Biochemistry,1998,37(3) ;854 —866.

[16] Gonzalez M C, Tormo ] R,Bermejo A,et al. Rollimembrin,a novel acetogenin inhibitor of mammalian mitochondrial complex 1 [J].
Bioorganic &. Medicinal Chemistry Letters,1997,7(9):1113—1118.

[17]) Landolt J L,Ahammadsahib K I,Hollingworth R M, et al. Determination of structure-activity relationships of Annonaceous acetogenins
by inhibition of oxygen uptake in rat liver mitochondria[ ]J]. Chemico-Biological Interaction,1995,98(1):1—13.

[18] Takada M.Kuwabara K,Nakato H.et al. Definition of crucial structural factors of acetogenins, potent inhibitors of mitochondrial com-
plex I [J7. Biochimica Biophysica Acta,2000,1460(2—3):302—310.

[19] Yabunaka H,Abe M,Kenmochi A,et al. Synthesis and inhibitory activity of ubiquinone-acetogenin hybrid inhibitor with bovine mito-
chondrial complex I [J]. Bivorganic & Medicinal Chemistry Letters,2003,13(14):2385~ 2388.

[20] Tormo J R,Gallardo T,Aragon R,et al. Specific interactions of monotetrahydrofuranic annonaceous acetogenins as inhibitors of mito-
chondrial complex I [J]. Chemico-Biological Interactions.1999,122¢(3):171—183.

[21] Alali F Q.Liu X X,MclLaughlin ] I.. Annonaceous acetogenins : recent progress[]]. ] Nat Prod,1999,62(3):504 —540.

{227 lLonderhausen M.Leicht W,Leib F,et al. Molecular mode of action of annonins[J]. Pesticide Sci,»1991,33(4): 427—438.

[23] Motoyama T, Yabunaka H, Miyoshi H. Essential structural factors of acetogenins, potent inhibitors of mitochondrial complex { {J].
Bioorganic &. Medicinal Chemistry Letters,2002,12(16):2089—2092.

[24] Tormo ) R,Gonzalez C M,Cortes D,et al. Kinetic characterization of mitochondrial complex 1 inhibitors using Annonaceous acetogenins
[J7. Archives of Biochemistry and Biophysics.1999,369¢1):119—126.

[25] Peyrat | F,Figadére B,Cavé A,et al. Study of the binding affinity of oligo-tetrahydrofuranic 7-lactones with cations{J]. Tetrahedron
Letters.1995,36(42): 7653~ 7656.

[26] Sasaki S,Maruta K,Naito H,et al. New calcium-selective electrodes based on Annonaceous acetogenins and their analogs with neighbor-
ing bistetrahydrofuran{J]. Tetrahedron letters,1995,36(31):5571 —5574.

[27] Hoppe R.Flasche M,Scharf H D. An approach towards 2,5-disubstituted tetrahydrofurans of Annonaceous acetogenins[ ) ]. Tetrahedron
Letters 1994,35(18):2873—2876.

Progress in the studies on structure types and

action mechanism of Annonaceous acetogenins

ZHANG Shuai,ZENG Xin-nian, HUANG Tian-fu,LI Zhuo-ying

(Key Laboratory of Pesticide and Chemical Biology in Ministrv of Education,South China Agricultural University,Guangdong Guangzhou 510642,China)

Abstract: This paper reviews the structural characterization of adjacent bis-THF, non-adjacent bis-
THF ,mono-THF ,non-THF acetogenins ,analyzes the structural activity relationship of active groups of te-
trahydrofuran (THF),7Y-lactone rings,alkyl spacer moiety linking the THF and 7Y-lactone ring moieties and
the alkyl side chain,indicating that alkyl spacer moiety is a more improtant structural factor for the potent
activity,and finally summarizes the action mechanism of Annonaceous acetogenins. As a result,effect on
the Annonaceous acetogenins bioactivity by structural factors,solubility in the cell of Annonaceous aceto-
genins,and conformation and delivery of membrane will become the major study directions in the future.

Key words: Annonaceous acetogenins; structure type;structural activity relationships; mechanism of

action



