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ABSTRACT Further bmacuwty-drected fractlonauon of the ethanol extract of the bark of Annma bullutu Rich 
(Annonaceae) has led to the tsolauon of the new nOnadJaMIt bls-tetrahydrofuran acetogenms, bullatanocm (1). CIS- 
bullatanocmone (2) and traos-bullatanocmone (3) A known adjacent bls-tetrabydmfuraa acetogenm. desa&yIuvancm 
(4). which IS new to thus species, was also isolated Bnne shnmp lethahty test (FJST) data and cytotox~cmes agamst 
human sobd tumor cell hnes of 1-4 wen compared with those of the dmstefeouomers. bullatahcm (5). cts- and trans- 
bullatahcmone (6 and 7) and 4.deoxyasmucm (8) 1 shows cytotoxlc potencies lOJXl0 times those of adnamycm m 
the lung and colon cancer cell lmes 

INTRODUCTION 

Annona bullata Rtch (Annonaceae) 1s a tropical tree native to Cuba In screening for bloactlvmes, the 

EtGH extract of the bark showed potent lethality to bnne shnmp larvae and mhlblted crown gall tumors on potato 
discs 1.2 By activity-directed fractlonatlon and uolatlon, the Annonaceous acetogemns. bullatacm, 
bullatacmone,* bullatahcm,3 bullatahcmone.4 squamocm,4 lsodesacetyluvancm5 (syn 4-deoxyasumcm’% 

bullatencm6 and a mixture of uvanamlcms I-IV,~ were isolated m our pnor studies Further fractionanon has 

now led to the ldenticaaon of the new nonadJacent bls-tetrahydmfuran (THF) acetogenms, bullatanocm (l), CIS- 
bullatanocmone (2) and trans-bullatanocmone (3), as well as a known adJacent bls-THF acetogemn, 
desacetyluvancm (4) Btoacnvlhes m the bnne shnmp lethality test (BST) and against human solid tumor cells 

were determmed and compared wtth bullatahcm (5), CIS- and trans-bullatahcmone (6 and 7) and 4-deoxyaslrmcm 
(S), which are dlastereomers of l-4 

RESULTS AND DISCUSSION 

Compound 1 was obtained as a whitish wax (chloroform) or white powder (hexane-chloroform), [c@D 

= +14 40 (c 0 55, m CHC13) The molecular weight of 1 was suggested to be 638 by CIMS (lsobutane) at m/z 
639 (MH+) HRCIMS (uobutane) gave m/z 639 4829 for MH+ (calcd 639 4836) correspondmg to the 
molecular formula C37Hsa Spectral charactensncs of 1 and Its denvatlves, including *H NMR (Table l), l3C 
NMR (Table 2) and MS (Figure 1) data, suggested that 1 belongs to the relatively rare class of bloactlve 
nonadJacent bls-tetrahydrofuran (THF) acetogenms This class of acetogemns includes bullatahcm (5).3 cls- and 
tram-bullatahcmone (6 and 7),4 ggantecm (9),7 sylvatlcms and 4-deoxyglgantecm 9 
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The IR spectrum of 1 contamed a prominent absotptton peak at 3441 cm-l, this peak and sequenhal 
losses of four molecules of Hz0 from the MI-I+ m CIMS m&cated that 1 has four hydroxyl groups These were 
confiied by the preparation of an acetyl denvatlve (la). la gave 1H NMR peaks at 6 2 09 (3H, OAc), 2.07 
(6H. 2-OAc), and 2 03 (3H, OAc). and two multiple proton resonances at 6 4 83 (3H) and 5 10 (1H) 

correspondmg to the downfield shifts of four protons on secondary hydroxyl-beanng carbons as compared to 1 
An IR carbonyl absorption band m 1 at 1750 cm -1, a UV (MeOH) Lima at 208 5 nm (log E 3 52). SIX 

proton resonances (CDCl3) at 6 7 19 (q, H-35), 5 06 (qq, H-36), 3 87 (m, H-4), 2 53 (dddd, H-3a). 2 40 
(dddd, H-3b), and 142 (d, H-37), and SIX carbon resonances at 6 174 44 (C-l), 151 68 (C-35), 130 95 (C-2), 
77 88 (C-36). 69 74 (C-4). and 19 07 (C-37) provided charactenstlc spectral features for an a$-unsaturated ‘y- 

lactone fragment with a 4-OH 7.11 The presence of two nonadjacent THF nngs was mdlcated by proton 
resonances (CDCl3) at 6 3 87 (H-12) and 3 80 (H-15, 20. 23) m 1, and at 6 3 85 (H-12) and 3 96 (H-15, 
20.23) in la, and carbon resonances at 6 79 21 (C-12) and 82 67, 82 65, 8197 (C-15,20,23)79tt The 

Table 1 Compansons of tH-NMR(500 MHz) Data of Bullatanocm (l), 
Bullatahcm (5) and Ther Tetra-acetates (la and 5a) 

I Compounds S [ppm. WHz)l 
I 

; 

387 m 370 m 
171-l 21 1 86-1 22 
387 m 381 m 
199-l 37 186-I 22 
3 80 m 3 81m 
341 m 343 m 
171-I 37 1 86, 1 62 
341 m 3 35m 
3 80 m 3 70m 
1 99-1 37 1 h6-1 22 
199-l 37 1 86-1 22 
3 80 m 3 70 m 
341 m 343 m 
171-l 21 1 86-1 22 
0 89 t (7 0) 091 t(75) 
7 19 (15) q 626 m 
506qq 425 VI 
(6 9, 1 5) (6 8, 12) 
1 42 d (6 9) 081 d(65) 

la 
CDCl3 

257dddd 
251dddd 
5 1Odddd 
1 63-1 21 
3 85 m 
1 99-1 21 
396 m 
483 m 
1 63-1 44 
483 m 
3 96 m 
199-l 21 
199-I 21 
3 96 m 
483 m 
163-l 21 
0 89 t (7 0) 
7 08 q (1 5) 
50199 
(7 0, 1 6) 
1 40 d (7 0) 
2 03s 
2 07s 
2 09s 
2 07s 

cDC13 
253dddd 
240dddd 
387 m 
171-l 21 
387 m 
1 99-1 37 
3 80 m 
3 41m 
171-I 37 
341 m 
3 80 m 
1 99-l 37 
190. 1 86 
3 87 m 
3 87 m 
171-l 21 
0 89 t (7 0) 
7 19 q (1 5) 
506w 
(6 9. 1 5) 
142 d (6 9) 

C(jDg’ 
230dddd 
2 20 ddt 
371 m 
1 68-1 29 
3 80 m 
1 68-1 47 
3 82 m 
344t 
1 85. 1 60 
339 t 
371 m 
1 63. 144 
1 77. 1 53 
364m 
3 74 m 
138-l 29 
091 t (7 1) 
6 24 d (1 3) 
424w 
(67, 13) 
0 81 d (6 8) 

3i 
4 
5-11 
12 
13-14 
15 
16 
17-18 
19 
20 

I: 

;i 
25-33 
34 

;‘6 

37 
4-OAc 
16-oAc 
19-OAc I - 
24QAC I 1 .* . 

a data from Hut et al 3, with aswgnments as reviseit m a separ e paper lo 

5a 
CDC13’ 

257dddd 
251 ddt 
5 1Odddd 
1 80-l 29 
3 86 m 
2 00-l 20 
3 97 m 
482 m 
1 80-l 50 
482 m 
397 m 
2 00-l 20 
2 00-l 20 
3 97 m 
491ddd 
160-l 29 
0 88 t (7 2) 
7 09 d (1 6) 
50199 
(6 9. 1 6) 
1 40 d (6 9) 
2 03s 
2 08s 
2 09s 
2 05s 
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%I!NMR of 1 showed three more secondary hydroxy-beanng carbons at 6 74 33, 74 21 and 74 00, wtth 
correspondmg 1H NMR (CDc13) resonances all at 6 3 41 These data ate chamctenstic of protons on secot&y 

hydroxy-bearmg carbons adjacent to a THF nng as are found 111 most Annonaceous acetogenms l1 Two of these 
hydroxyl groups were assigned as adjacent to one THF ring, and one was assigned as adjacent to the other ring. 
The upfield shift of C-12 to 6 79 21 mhcated that there was no hydroxyl group adjacent to one side of one of 

the THF rmgs.7 1H-1H COSY spectra (C&J further confirmed the placement of the hydroxyl groups, showing 
cross peaks between H-15/H-16. H-19/H-20, and H-23/H-24 

‘&-WR Ml 
L___aR &. 

H 97 

Figure 1 Dlagnostlc EIMS fragment Ions of bullatanocm (1, R=H), teua-tnmethylsllyl denvauve 
(lb, R=TMS), and tetra-perdeutero-tnmethylsllyl derwatwe (lc, R=d-TMS) Peaks wtb 

an astensk were not seen Letters above the arrows represent (a) loss of Hz0 (m/z 18). (b) 

loss of TMSOH (m/z 90). and (c) loss of d-TMSOH (m/g 99) 

The carbon skeleton and placement of the two THF nngs of 1 were determmed based on the EIMS 
analysis of 1 and Its TMS (lb) and d-TMS denvattves (lc) Fragments in theta EIMS (Figure 1) clearly located 
the THF nngs at C-12 and C-20 along the hydrocarbon chain and also supported the placement of the four 
hydroxyl groups at C-4, C-16, C-19, and C-24, as suggested by the NMR data 

The relative stereochemlstnes wtthm the carbon centers C-15/C-16, C-19/C-20 and C-23/C-24 were 
determined by companng the 13C NMR stgnals of 1 for the hydroxylated carbons C-16, C-19 and C-24 at 6 
74 33,74 21 and 74 00, respectively, as well as the 1H NMR (CDC13) signals of 1 at 6 3 41 (H-15, 19.24) and 
6 3 80 (H-15, 19,23), with those of model compounds of known relative stereochemistry 12 The compansons 

showed that the relative configurations between the above couples of adjacent choral carbons were all of the three 
type By companng with those of a group of dlacetyl dlbutylated bls-THFs of known relative stereochermshy,13 
the lH NMR signals of la at 6 3 96 (H-15, 20, 23) and 4 83 (H-16, 19, 24) further substanhated these threo 
assignments, and the IH NMR signals of la at 6 3 96 for H-20 and H-23 mdicated the trans configuratton of the 

substltutlon pattern of the C-20 to C-23 THF nng The configurations of the choral centers at C-4, C-12 and C- 
36 remain undefined The structure of compound 1 was concluded to be as illustrated and was named 
bullatanocm 

All of the spectral data of bullatanocm (1) were highly slmllar to those of both bullatahcm (5)4 and 
ggantecm (9)’ The difference between 1 and gtgantecm (9) 1s that the two nonadJacent THF rmgs of9 are at 
C- 10 and C- 18, respecavely,7 while they are at C- 12 and C-20 in 1. 
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Table 2 Compansons of 13C-NMR (125 MHz) Data of Bullatanocm (l), cis- 

1 

3 
4 
5-11 
12 
13-14. 21-22 
15. 20, 23 
16. 19 
17-18 

ii-32 

;: 
35 

z 

and trans-Bullatanccmone(2 and 3), I 
I Compounds 

I a 1 
174 44 
130 95 
37 31-25 52 
69 74 
37 31-25 52 
79 21 
37 31-25 52 
8267, 8265. al 97 
14 33, 74 21 
37 31-25 52 
14 00 
37 31-25 52 
22 64 
14 10 

151 68 
77 88 
19 07 

* 
178 21 

43 6 
35 52-25 12 
7926 
35 s2-25 12 
7920 
35 52-25 12 
a2 68. a2 57. 8198 
14.34, 74 19 
35 52-2s 12 
73 98 
35 52-2s 12 
2260 
14 05 
35 52-25 12 

205 52 
36 60 

1 Bullatahcm (5) (CDC13) 
xnn. (J/Hx)l 

9 
1 
1 

178 13 - 
44 13 
35 52-25 12 
78 81 
35 52-25 12 
7920 
35 52-25 12 
82 68. 82.57. 8198 
74.34.74 19 
35 5225 12 
73 98 
35 52-2s 12 
2260 
1405 
35 52-25 12 

205 46 
36 60 

5 
74 48 
31 OS 
37 40-25 20 
69 91 
37 40-25 20 
79 28 
37 40-25 20 
8330. a2 17, al 97 
74 55. 74 42 
37 40-25 20 
71 46 
37 40-25 20 
22 72 
14 17 
5170 
77 95 
19 16 

1 

Bullatanocm (1) and bullataltcm ( 5)s differ only m then stereochemistry tH and t3C NMR 
assrgnments of 1 and 5 are compared m Tables 1 and 2 In bullatahcm (5), the 1% NMR srgnals at 8 71 46, 
74 42 and 74 55, with the correspondmg 1H NMR (CDCl3) signals at 8 3 87 (lH), 3 41(2H), m&cated that one 

of the relative configurations between C-1X-16. C-19/C-20 and C-23/C-24 was erythro, whtle the other two 
were three sPW In 1, as discussed above, all three assrgnments are three 

Comp 2 2a 2b 2c 3 3a 3b 3c 610 6a 710 7a 
R H AC TMS d-TMS H AC TMS d-TMS H AC H AC 
A CIS ClS trm.3 tram lrmS tram cl.3 as IranS ham 

B tit0 IGJ thm be0 thns thm thm he0 erythm emhm erythro ewhm 

Compounds 2 and 3 were first obtamed m a mixture. 2 and 3 showed a MH+ ion at m/z 639 m CIMS 
(rsobutane) mdicatmg a molecular weight of 638 Thus was confirmed by HRCIMS (MH+, 639 4825, calcd for 
C37H6708). suggesting that 2 and 3 are isomers of 1 and of cis- and trans-bullatalrcmone (6 and 7)4*10 The 
compansons of the spectral charactensucs of the rmxture of 2 and 3, and then denvauves. mcludmg 1H and l3C 
NMR (Table 2 and 3) and MS (Figure 2) data, wtth those of 1 and CIS- and trans-bullatalrcmone (6 and 7)4*l” 
suggested that 2 and 3 are nonadjacent brs-THF ketolactone acetogenms with the same skeleton and relauve 
stereochennsmes us the C-5 to C-34 regron as in 1 

The charactensac shifts rn the tH NMR at 8 4 54 and 4 39 m~cated that 2 and 3 are a mixture of C2K4 

&astereomers, according to the methods of Hoye and Hanson 14 So far, all of the other bu-THF ketolactone 

acetogemns, mcludmg bullatacmone, 2 rolhnonels and bullatahcmone4, were tsolated and pubhshed as CIS and 
tram mtxtures Repeated open and flash column chromatography, eluted wnh several drfferent solvent systems, 
failed to separate 2 and 3. They were finally separated on srhca gel HPLC eluted wrth CHCls-MeOH (99 1) 
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Table 3 IH-NMR (500 MHz) Data of 
trans- Bullatanocmone (3) and 

I Zompounds 
2 

&I3 
302 m 

3 
cDc13 cDcl3 CD&3 

2 302m 303 m 3 03 
(8 2. 8 2. 8 2. (9 43. 9 36. 
3 3) 9 32, 3 3) 

3a 148 m 091 m 148 m 223dddd 172 m 223dddd 
(12 9, 9 6. 3 4: (12 9, 9 6, 3 4) 

3b 261dddd 2Olddd 261ddd 199 m 140 m 199m 
(12 3. 9 4. 5 6: (12 1. 8 2. 5 6: (12 3, 9 4, 5 6: 

4 4.39 dddd 3 70 m 4.39 dddd 4.54 dddd 405dddd 454dddd 
(10 7. 7 4, 5 4, (107. 74, 54, (8 3. 8 2. 5 7. (9 8. 8 1, 4 7. (8 3. 8 2 5 7. 
5 4) 5 4) 3 2) 4 6) 3 2) 

5-l 1 1 68-1 21 I 80-l 10 164-l 21 1 68-1 21 1 80-l 05x11 1 64-l 21 
11 3 87 m 3 80 m 385 m 387 m 3 79 m 386111 
13-14. 21-22 1 99-l 35 1 87-1 10 2 00-l 34 199-l 35 1 87-1 10 2 00-l 34 
15 3 80 m 3 82 m 396 m 3 80 m 3 82 m 3 96 m 
16. 24 341 m 343 m 483 m 341 m 343ddd 483 m 
17. 18 1 68-1 35 180-l 10 1 64-l 34 168-l 35 1 80-l 10 1 64-1 34 

ii 23 
341 m 335 m 483 m 341 m 335ddd 483 m 

25133 
3 80 m 3 70 m 3 96 m 3 80 m 370ddd 396 m 
1 68-l 35 1 80-l 10 1 64-l 34 1 68-l 35 1 80-l 10 1 64-1 34 

34 0 88 t (7 0) 091 t (70) 0 88 t (7 0) 0 88 t (7 0) 091 t (696) 088 t (697) 
35a 261 dd 190 dd 261 dd 267 dd 1 93 dd 267dd 

(183. 92) (18 1, 93) (15 3. 8 6) (198. 107) 
35b 3 11 dd 264dd 311dd 

y25;d9 5) 
:‘%d9 2, 3 05 dd 

(18 5. 3 5) (18 8. 3 5) (18 5. 3 5) (18 5. 3 4) (183. 34) (18 2. 3 4) 
37 220 8 155 s 220 s 220 s 1 56 s 220 8 
16-OAC 207 1 207 I 
19-OAc 207 s 207 s 
?A-OAc 209s 209 s 

Proton 

:ls-Bullatanocmone (2), 
eu Tnacetates (28 and 3a) 

hm (J/Hz: 

All of the *H NMR chemical shifts of 2 and 3 are the same except for those of H-2,3a. 3b. 4,35a, and 
35b By compansons with those of CIS- and trans-subsmuted 2-acetonyl-4-butyl-y-butyrolactone, Hoye and 

Hanson summanzed the lH NMR chemical shifts of CIS and trans C-2/C-4 dlastereomers of Annonaceous 
ketolactone acetogenms I4 Our 1H NMR data, mcludmg those of the mixture of 2 and 3 as well as those of pure 
2 and 3, exactly matched with the results of Hoye and Hanson Thus, compound 2, with lH NMR stgnals at 

R m4-pR nvz 
H 171 I H 
TN 243 I 

46~~431 

d-TMS262 , 
TMS 6lU+u431 
d-TMS 629 

$H;((CHP)Q H2,7h7H3 

I’ 
, I 0 \ I 

R nv’r + mlz 
\ ---->R Id2 L--DR m/z 

H 241 H =QQ=t-P’ H 339 H 141 
TMS 313 FTiS 54Q41b+?Sl TMS 411 
d-TM 322 d-TM 420 

Rgure 2 Dtagnostlc EIMS fragment tons of bullatanoemone (2 and 3, R=H). tetm-mmethylsllyl 
derlvauve (2b and 3b, R=TMS), and terra-perdeutero-tnmcthylstlyl denvatlve (2c and 3e, 

R=d-TMS) Peaks with an aster& were not seen Letters above the arrows represent (a) loss 

of Hz0 (m/z 18). (b) loss of TMSOH (m/z 90). and (c) loss of d-TMSOH (m/z 99) 
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S 3.02@2), 1 48(I-I-3a), 2.6l(H-3h). 4 39 (H-4). 2 61 (H-35& and 3 11 (I-I-35h) and 13C NMR resonances at 
6 178 21 (C-l), 43.69 (C-2). 79.26 (C-4) and 205 52 (C-36), has the cts configuratton at C-2/C-4 While 
compound 3. with tH NMR signals at 6 3.03 (H-2), 2 23 (II-3a). 199 (H-3& 4 54 (H-4). 2.67 @I-35a) and 
3.05 (I-I-35b) and *SC NMR resonances at 6 178 73 (C-l), 44 13 (C-2). 78 81 (C-4) and 205.46 (C-36) has the 

trans configurahon at C-UC-4 AU the above NMR data as well as the IR absorpttons at 17 15 cm-t for a ketone 
and 1760 cm-t for a y-lactone also suggested the C-4 to C-37 ketolactone umt m both 2 and 3. Thus, the 

structums of the compounds 2 and 3 were concluded to be as tllustrated and were named cts-bullatanocmone and 
trans-bullatanocmone, respectively. Thts is the first ttme that the cts and trans C-2/C-4 Qastereomers of 
Annonaceous ketolactone acetogenms have been separated and reported at the same rime, and the above 1H and 
l3C NMR data also confirm the methodology of Hoye and Hanson t4 

As 1 Mers from bullatabcm (5)3.t”, 2 and 3 drffer from cts- and trans-bullatahcmone (6 and 7)4Jc in 
the stemochenustry of C-23/C-24 which in 2 and 3 1s three, while tn cts- and tram-bullatahcinone (6 and 7)4Jc 
it 1s erytbro The same reasoning applies as was discussed wtth bullatanocm (1) 

Compound 4 was obtained as a whtttsh powder (hexane-chloroform) The molecular weight of 4 was 
detenmned to be 606 by CIMS (tsobutane) at m/z 607(MI-I+). The IR, 1% NMR and 1H NMR spectra were 
tdenncal to the published values for desacetyluvancm, which was pmvlously reported only m Uvuna ucummutu 
(Annonaceae)*b and 1s a dlastereomer of tsodesacetyluvancms (8) (syn 4-deoxyasmucm6) Desacetyluvancm 
(4)161s also identtcal to bullatacm* but without the 4-OH Both bullatacm and 4-deoxyasmncm6 have been also 
isolated by our group from Annma bullata *s6 By spectral compansons wtth bullatacm and 4-deoxyasnmcm 
(S), 4 was confirmed to be desacetyluvancm, with the relative stereochemtstry being threo, trans, threo, trans. 
erythm from C-15 to C-24, this stemochenustry agrees with that of uvartcm t7*18 

threo 

34 
CH,(CH,), 

Comp 
A 

4 
eryb 

8 
ulreo 

These new isolates (1 - 4) were isolated by actmty-dtrected fracuonatton and are very acuve m the bnne 

shnmp lethality test (BST)l*lg, as expected they are all stgmficantly cytotoxic to human solid tumor cells in 
culture In order to access some structure activtty relattonships (SAR), the acttvmes of their dtastereomers, 5 - 
8, were also tested under the same condmons, the results are summanzed m Table 4 The presence of the 4OH 
appears to enhance acttvittes, as 2 - 4, and 6 - 8 appear to be about equivalent to or somewhat less than 
adrtamycm, while 1 and 5 are over 10,COO times as cytotoxic as adnamycm both m the colon cell line (HT-29) 
and the lung cell line (A-549) The mechanism of action of the acetogenms has been determmcd,20~1~22 they am 
powerful mhtbitors of complex I m mttochondrtal electron transport systems Thus, they selectively la11 those 
types of cancer cells which have a htgher energy demand than normal cells, the m VW activmes of bullatacm and 
bullatahcm, against human ovanan cell (A2780) xenografts tn athymtc mice, are comparable to the effects of 
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CiSplaM but wth higher potency (especially for bullatacm) and less weight loss in the treated m~ce.P New 
acetogenms, such as. 1 - 3, gwe us the opportuntty to select the isomenc structures which may be optimal for the 
treatment of vanous cancer types 

1 

2 

3 

4 

5 

mixture of 6 and 7 

8 

Adnamycme 
a) Bnne shnmp 

Table 4 Btoa 
BSTa 

LC5&g/ml) 

4 33 x 10-1 

2 24 x 10-1 

3 31 x 10-l 

8 45 x lO-2 

124 

4 76 x 10-l 

2 01 x 10-1 

8 x 10IL 
halq test, b) HUI 

vines of cornpour 
A-S4gb 

ED50 (pgJm1) 

< 10-8 

126 

165 

6%x lO-4 

< 10-8 

1 6 x 10-2* 

1 83 x 10-4 

402x lO-4 
n lung carcmoma 

d) Human colon adenocarcmoma, e) Positwe control sty 

EXPERIMENTAL 

ind 

11-8 
MCF-F 

EDso 0 

6 09 x 10-l 

441 x 10-2 

531x 104 

>lO 

3 22 x 10-1 

8 5 x 10-4* 

>lO 

I-IT-29d 
ED50 @g/ml) 

c 10-8 

732x 10-6 

567x10-4 

< 10-4 

c 10-8 

5 0 x 10-s* 

< 10-4 

2 72 x lO-2 5 13 x 10-4 
znoma, :) Human breast c 

lard * Data from Hm et ul4 

Plant Bark of A bullaru Rich (Annonaccae) (M-06983, PL-103509) was collected at the USDA Subtmp& 
Horticulture Research Statron, Miami, Fionda The matenal was authenucatcd by Edward Garvey of the USDA 

Binassavs. The extracts, frachons. and isolated compounds were routmely evaluated for lethahty to bMe shrimp buvae 
&ST) lJ9 Cytotoxc~tms agamst human sohd tumor cells were measured at the Purdue Ccl1 Culture Laboratory, Purdue Cancez 
&ntir for the A-549 lung ca&noma,23 MCF-7 breast carcmoma,24 and HT-29 colon adenocarcmoma 25 

Instrumentatlnn. Gpt~cal rotauons were determmatcd on a Perkm Elmer 241 polartmeter IR spectm (film) were 
measured on a Perkm-Elmer 1420 IR spectrometer UV spectra were taken on a Beckman DU-7 UV Spectrometer 1~ NMR. lH-lH 
COSY, and 13C NMR spectra were obtamed on a Vanan VXR-500s spectrometer Low resolution CIMS and EIMS data of &ates 
were collected on a Fmmgan 4000 spectrometer Low resolubon EIMS for TMS denvahves was done on MS50 Exact masses for 
MS measurements were obtamed on a Kratos MS50 spectrometer through peak matchrng HPLC was camed out unth a Ramm 
HPLC usmg Dynamax software system and a s111ca gel column (250 x 21 mm) qmpped with a Ramm UV-1 detector Analyhcal 
TLC was performed on sd~ca gel plates (0 25 mm) developed with CHCl3-MeOH (9 1) and hexane-acetone (3 2) and vtsuabzed wrth 
5% phosphomolywc acid m EtOH I1 

Bullatanocin White powder (hexane-chloroform) or whtush wax (chloroform), (90 mg), [a]D22 = +14 4O ( c 
0 55, CHC13). CIMS (Isobutane) m/z [MH]+ 639 (100%). 621.603.585, 567. HRCIMS m/z 639 4829 for C37H6708 
(cacld 639 4836). the key fragments m EIMS are shown m Figure 1, 1H NMR (CDC13 and ChDg, 500 MHz) and 13C NMR 
(CDCl3.125 75 MHz) are shown m Tables 1 and 2, respectively (1H NMR data were assigned based on the 1H-1H CGSY), UV 
(MeOH) hmax 208 5 nm (log E = 3 52). IR (film) cm-l 3430 (OH), 1750.1728 (C=G) 

Acetvletlnn 3 mg of 1 was mlxed wrth anhydrous pyndme/Ac20 at room temperature ovemlght to give a 
tetra-acetate (la, 2mg). CIMS (Isobutane) m/z [MH]+ 807,747 (100%). 687.627.567, *H NMR data are shown m Table 1 . . m A small amount of 1 was treated with 20 ~1 of N.O-bls-(tnmetbyhlyl)- 
acetamlde (BSA) or d18-bs-(mmethylsilyl)-mfluomacetanude (BSTFA) and 2 pl of pyndme (10 1) and heated at 700 C for 30 
mm to yield the tetra-TMS denvatwe (lb) or tetra-d-TMS denvatlve (lc), EIMS data for the charactensuc fragments are shown m 
Figure 1 

C White powder (hexanechlomform) or whrttsh wax (chloroform), 

(75mg). i,D22 - = +215O ( c 0 20, CHCl3), CIMS (Isobutane) m/z [MH]+ 639 (loo%), 621,603, 585, HR CIMS m/z 
639 4825 for C37H670s (cacld 639 4836). the key fragments m EIMS are shown m Rgure 2. UV (MeOH) Xmax 203 5 run (log E 
= 134). IR (fdm) cm-* 3420 (OH), 1760.1715 (C=O) 

4 mgof of2and3 was mrxed with anhydrous pyndme/Ac20 at room temperature 
ovemlght to give a macetate (2s and 3a, 3 mg), CIMS (Isobutane) m/z [MH]+ 765, 705(100%), 645, 585, 1~ NMR data are 
shown m Table 3 
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2 & A small amount of 2 and 3 was treated with 20 ~1 of N.O-bm- 
(mmethyl.u1y1)-acetamIde (BSA) or dig-BSTFA and 2 pl of pyndme (10 1) and heated at 70° C for 30 mm to yield the m- 
TMS tivative (2b and 3b) M the tn-d-TMS denvauve (Ze and 3c), EIMS data for charactensuc fragments are shown m Fii 2 

ri.o-Bullatannrinnne White powder (hexanechloroform) or whmsh wax (chloroform), (Smg). [a]DTz = +30 lo 
( c 0 20. CHCl3). lII NMR (CDC13 and C6D6, 500 MHz) and t3C NMR (CDCI3,125 75 MHz) are shown m Tables 3 and 2, 
respectwely &-I NMR data ~QC assigned based on the l&H COSY) 

bnns_8ullatanoelnone White powder (hexane-chloroform) or whrtlsh wax (chloroform), (4mg). [a]~** = 
+14 4O ( c 0 20, CHC13). lH NMR (CDCl3 and C6D6, 500 MHz) and 13C NMR (CDC13.125 75 MHz) are shown m Tables 
3 and 2, respeohvely (lH NMR data were assigned based on the lH-1H COSY) 

m White powder (hexanc-chloroform), (25 mg). [aID** = +21 lo ( c 0 50. CHCl3). CIMS 
(isobutane) m/z 607 (30%) (MH+), 589 (MH+ - H20), 571 (MH+ - 2H20). lH NMR (CDCl3,500 MHZ) 0 88 (3H. t, H-34). 
126 (m. H-4-13.26-33). 141 (3H, d, H-37), 1 54 (4H, m, H-14.25). 160-2 0 (8H, m. H-17, 18.21.21), 2 26 (2H. m, H-3), 3 40 
(1H. m, H-15). 3 82-3 96 (5H, m. H-16, 19,20,23,24), 5 00 (lH, qq. H-36). 6 99 (lH, q. H-35). UV (MeOH) 5max 208 5 nm 
(log E = 3 52). IR (fdm) cm-l 3430 (OH), 1748.1726 (C=O) 
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