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ABSTRACT Further bioactuvity-directed fractionation of the ethanol extract of the bark of Annona bullata Rich
(Annonaceae) has led to the 1solation of the new nonadjacent bis-tetrahydrofuran acetogenins, bullatanocin (1), cis-
bullatanocmone (2) and trans-bullatanocmone (3) A known adjacent bis-tetrahydrofuran acetogenin, desacetyluvancin
(4), which 1s new to this species, was also 1solated Brine shnmp lethality test (BST) data and cytotoxicities against
human solid tumor celi hines of 1-4 were compared with those of the diastereoisomers, bullatalicin (5), cis- and rans-
bullatalicinone (6 and 7) and 4-deoxyasimucin (8) 1 shows cytotoxic potencies 10,000 times those of adnamycin in
the lung and colon cancer cell lines

INTRODUCTION

Annona bullata Rich (Annonaceae) 1s a tropical tree nanive to Cuba In screening for bioacuviues, the
EtOH extract of the bark showed potent lethality to brine shrimp larvae and inhibited crown gall tumors on potato
discs 12 By acuvity-directed fractionation and 1solation, the Annonaceous acetogemns, bullatacin,
bullatacinone,2 bullatalicin,3 bullatalicinone,* squamocin,? 1sodesacetyluvancin® (syn 4-deoxyasimicinS),
bullatencin® and a mixture of uvaniamicins I-IV,8 were 1solated in our prior studies Further fractionation has
now led to the 1dentification of the new nonadjacent bis-tetrahydrofuran (THF) acetogenins, bullatanocin (1), cis-
bullatanocinone (2) and trans-bullatanocinone (3), as well as a known adjacent bis-THF acetogenin,
desacetyluvaricin (4) Bioactivities n the brine shrimp lethality test (BST) and against human solid tumor cells
were determined and compared with bullatalicin (5), cis- and trans-bullatalicinone (6 and 7) and 4-deoxyasimicin
(8), which are diastereomers of 1-4

RESULTS AND DISCUSSION

Compound 1 was obtained as a whitish wax (chloroform) or white powder (hexane-chloroform), [a]2Dp
=+14 40 (¢ 0 55, 1n CHCl3) The molecular weight of 1 was suggested to be 638 by CIMS (1sobutane) at m/z
639 (MH*) HRCIMS (1sobutane) gave m/z 639 4829 for MH* (calcd 639 4836) corresponding to the
molecular formula C37HgeOg  Spectral charactenistics of 1 and 1ts denivanves, including 1H NMR (Table 1), 13¢
NMR (Table 2) and MS (Figure 1) data, suggested that 1 belongs to the relatively rare class of bioactive
nonadjacent bis-tetrahydrofuran (THF) acetogemins  This class of acetogenins includes bullatahicin (5),3 cis- and
trans-bullatalicinone (6 and 7),% gigantecin (9),7 sylvaticin® and 4-deoxygigantecin 9
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The IR spectrum of 1 contained a prominent absorption peak at 3441 cm-1, this peak and sequential
losses of four molecules of HO from the MH* 1n CIMS 1ndicated that 1 has four hydroxyl groups These were
confirmed by the preparation of an acetyl denivative (1a). la gave 1H NMR peaks at 8 2 09 (3H, OAc), 2.07
(6H, 2-OAc), and 2 03 (3H, OAc), and two muluple proton resonances at & 4 83 (3H) and 5 10 (1H)
corresponding to the downfield shufts of four protons on secondary hydroxyl-bearing carbons as compared to 1

An IR carbonyl absorption band 1n 1 at 1750 cm-1, a UV (MeOH) Amax at 208 5 nm (log € 3 52), six
proton resonances (CDCl3) at § 7 19 (g, H-35), 5 06 (qq, H-36), 3 87 (m, H-4), 2 53 (dddd, H-3a), 240
(dddd, H-3b), and 1 42 (d, H-37), and s1x carbon resonances at § 174 44 (C-1), 151 68 (C-35), 13095 (C-2),
77 88 (C-36), 69 74 (C-4), and 19 07 (C-37) provided charactenistic spectral features for an a,B-unsaturated y-
lactone fragment with a 4-OH 7:11 The presence of two nonadjacent THF rings was indicated by proton
resonances (CDCl3) at § 3 87 (H-12) and 3 80 (H-15, 20, 23) in 1, and at § 3 85 (H-12) and 396 (H-15,
20,23)1n la, and carbon resonances at §79 21 (C-12) and 82 67, 8265, 8197 (C-15,20,23) 711 The

Table 1 Comparnisons of IH-NMR(500 MHz) Data of Bullatanocin (1),

Bullatalicin (5) and Their Tetra-acetates (1a and 5a)

Compounds 8 [ppm, (J/Hz)]
Proton 1 la S Sa
CDCh3 CesDs CDCl3 CDCl3 CeDg? CDCl3®

3a 253 dddd 231 dddd 257 dddd 253 dddd 230dddd 257dddd
3b 240 dddd 222 ddt 251 dddd 240dddd 220 ddt 251 dde
4 387m 370 m 510dddd 387 m 371 m 510 dddd
5-11 171-121 186-122 163-121 171121 168-129 1 80-1 29
12 387 m 38l m 38 m 387m 380m 38 m
13-14 199-137 186-122 199-121 199-137 168-1 47 2 00-1 20
15 380 m 38im 396 m 380m 382 m 397 m
16 341 m 343 m 483 m 341m 344 ¢t 482 m
17-18 171-137 186, 162 163-144 171-137 185, 160 1 80-1 50
19 341 m 335m 483 m 341 m 3391 482 m
20 380m 3 70m 396 m 380m 371 m 397 m
21 199-137 1 §6-122 199-121 199-137 163, 144 2 00-1 20
22 199-137 186-122 199-121 190, 186 177, 153 2 00-1 20
23 380 m 370 m 396 m 387m 364 m 397 m
24 341 m 343 m 483 m 387m 374 m 491 ddd
25-33 171-121 186-122 163-121 171-121 138-129 160-129
34 0891t (70) 091t (75) 0891 (70) 0891t (70) 091¢(71) 088¢(72)
35 719q(15) 626 m 708q(5) 719q(15) 624d(13) 709d(16)
36 506 qq 425 qq 501 qq 506 qq 424 qq 501 qq

69, 15) (68, 12) (70, 16) 69, 15) (67, 13) (69, 16)
37 142d(69) 081 d(65) 140d(70) 142d(69) 081d(68) 140d(69)
4-OAc - - 2 03s - - 2 03s
16-OAc - - 207s - - 2 08s
19-0OAc - - 2 09s 2 09s
24-OAc - - 2 07s - 2 05s

a data from Hu ez al 3, with assignments as revised 1n a

separate paper 10
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I3CNMR of 1 showed three more secondary hydroxy-bearing carbons at 8 74 33, 74 21 and 74 00, with
corresponding 1H NMR (CDCl3) resonances all at 8 3 41 These data are charactenistic of protons on secondary
hydroxy-bearing carbons adjacent to a THF ring as are found 1n most Annonaceous acetogenins 11 Two of these
hydroxyl groups were assigned as adjacent to one THF ring, and one was assigned as adjacent to the other ning.
The upfield shift of C-12 to § 79 21 indicated that there was no hydroxyl group adjacent to one side of one of
the THF nings.” 1H-1H COSY spectra (CgDg) 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

Ho o201 H 2raydeayiia s H 38 o H 0

T™S 313 TMS 61 T™MS 483° T™MS 213

d-TMS 322 d-TMSSdOc,SM c!uz <, 343 d-TMS 50% 4TMS 222

Figure 1 Diagnostic EIMS fragment 1ons of bullatanocin (1, R=H), tetra-tnmethylsily! derivative
(1b, R=TMS), and tetra-perdeutero-tnmethylsilyl derivative (1c, R=d-TMS) Peaks with
an asterisk were not seen Letters above the arrows represent (a) loss of H20 (m/z 18), (b)
loss of TMSOH (m/z 90), and (c) loss of d-TMSOH (m/z 99)

The carbon skeleton and placement of the two THF nings of 1 were determined based on the EIMS
analysis of 1 and 1ts TMS (1b) and d-TMS denvanves (1c) Fragments 1n their EIMS (Figure 1) clearly located
the THF rings 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 stereochemustries within the carbon centers C-15/C-16, C-19/C-20 and C-23/C-24 were
determined by comparing the 13C NMR signals of 1 for the hydroxylated carbons C-16, C-19 and C-24 at §
74 33, 74 21 and 74 00, respectively, as well as the 1H NMR (CDCl3) signals of 1 at 8 3 41 (H-15, 19, 24) and
8 3 80 (H-15, 19, 23), with those of model compounds of known relative stereochermustry 12 The comparisons
showed that the relative configurations between the above couples of adjacent chiral carbons were all of the threo
type By comparing with those of a group of diacetyl dibutylated bis-THFs of known relative stereochermstry,!3
the 'H NMR signals of 1a at § 3 96 (H-15, 20, 23) and 4 83 (H-16, 19, 24) further substantiated these threo
assignments, and the 1H NMR signals of 1a at 8 3 96 for H-20 and H-23 indicated the trans configuration of the
substitution pattern of the C-20 to C-23 THF nng The configurations of the chiral 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
bullatanocin

All of the spectral data of bullatanocin (1) were highly stmilar to those of both bullatalicin (5)* and
gigantecin (9)7 The difference between 1 and gigantecin (9) 1s that the two nonadjacent THF rings of 9 are at
C-10 and C-18, respectively,” while they are at C-12 and C-201n 1.
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Table 2 Companssons of 13C-NMR (125 MHz) Data of Bullatanocin (1), cis-
and trans-Bullatanocinone(2 and 3), and Bullatalicin (§) (CDCI3)

Compounds & [ppm, (J/Hz)]
1 2 3 5

1 174 44 178 21 178 73 174 48

2 130 95 436 4413 131 08

3 37 31-25 52 3552-2512 35522512 37 40-25 20
4 69 74 7926 78 81 69 91

5-11 37 31-25 52 3552-2512 35522512 37 40-25 20
12 79 21 7920 7920 79 28

13-14, 21-22 | 37 31-25 52 3552-2512 3552-2512 37 40-25 20
15, 20, 23 82 67, 8265, 8197 82 68, 8257, 8198 8268, 82.57, 8198 | 8330, 8217, 8197
16, 19 7433, 7421 7434, 7419 74.34, 7419 74 55, 1442
17-18 3731-2552 3552-2512 3552-2512 37 40-25 20
24 74 00 7398 7398 71 46

25-32 37 31-2552 3552-2512 35522512 37 40-25 20
33 22 64 22 60 22 60 2272

34 14 10 1405 14 05 14 17

35 151 68 3552-2512 35522512 15170

36 77 88 205 52 205 46 7795

37 19 07 36 60 36 60 19 16

Bullatanocin (1) and bullatalicin ( 5)3 differ only 1n their stereochemustry 1H and 13C NMR
assignments of 1 and § are compared 1n Tables 1 and 2 In bullatahicin (5), the 13C NMR signals at 8 71 46,
74 42 and 74 55, with the corresponding 'H NMR (CDCl3) signals at 8 3 87 (1H), 3 41 (2H), indicated that one
of the relative configurations between C-15/C-16, C-19/C-20 and C-23/C-24 was erythro, while the other two
were threo 31012 In 1, as discussed above, all three assignments are threo

Comp 2 2a 2b 2¢ 3 3a 3b 3c 610 6a 710 7a
R H Ac TMS dTMS H Ac TMS d-TMS H Ac H Ac
A cis cis cis cis trans ftrans trans  trans cis c1s trans trans
B threo threo threo threo threo threo threo threo erythro erythro erythro erythro

Compounds 2 and 3 were first obtained 1n a mixture. 2 and 3 showed a MH* 10n at m/z 639 in CIMS
(1sobutane) indicating a molecular weight of 638 This was confirmed by HRCIMS (MH*, 639 4825, calcd for
C37Hg703), suggesting that 2 and 3 are 1somers of 1 and of cis- and trans-bullatalicinone (6 and 7)410 The
comparisons of the spectral charactenstics of the muxture of 2 and 3, and their derivatives, including 1H and 13C
NMR (Table 2 and 3) and MS (Figure 2) data, with those of 1 and c1s- and trans-bullatalicinone (6 and 7)%10
suggested that 2 and 3 are nonadjacent bis-THF ketolactone acetogenins with the same skeleton and relanve
stereochemustries 1n the C-5 to C-34 regionasin 1

The charactenstic shifts 1n the 1H NMR at 8 4 54 and 4 39 indicated that 2 and 3 are a nuxture of C2/C4
diastereomers, according to the methods of Hoye and Hanson 14 So far, all of the other bis-THF ketolactone
acetogenins, including bullatacinone,? rollinone!5 and bullatalicinone?, were 1solated and published as c1s and
trans mixtures Repeated open and flash column chromatography, eluted with several different solvent systems,
failed to separate 2 and 3. They were finally separated on silica gel HPLC eluted with CHCl3-MeOH (99 1)



Table 3 1H-NMR (500 MHz) Data of cis-Bullatanocinone (2),
trans- Bullatanocinone (3) and their Triacetates (2a and 3a)

Compounds 8 [ppm, (J/Hz)]
Proton 2 2a 3 3a
CDCl3 CeDs CDCl3 CDCl3 CeDs CDCl3
2 302 m 2 62 dddd 302m 303 m 272 dddd 303
(82, 82, 82, (943, 936,
33) 932, 33)
3a 148 m 091 m 148 m 223 dddd 12 m 223 dddd
(129, 96, 34) (129, 96, 34)
3b 261 dddd 201 ddd 261ddd 199 m 140 m 199 m
(123,94, 56)|(121, 82,56)1(123,94,56)
4 4.39 dddd 370 m 439 dddd 4.54 dddd 405 dddd 4 54 dddd
(107, 74, 54, (107, 74,54,1(83,82,57, |(98,81,47, |(83,82, 57,
54) 54) 32) 46) 32)
5-11 168-121 1 80-110 164-121 168-121 1 80-1 05m 164-121
12 387 m 380 m 385 m 387 m 379 m 38 m
13-14, 21-22 | 199-135 187-110 200-134 199-135 187-110 2 00-1 34
15 380m 382 m 396 m 380 m 382m 396 m
16, 24 341 m 343 m 483 m 34l m 343ddd 483 m
17, 18 1 68-135 180-110 1 64-134 1 68-135 180-110 164-134
19 341 m 335 m 483 m 341 m 335ddd 483 m
20, 23 380m 370 m 396 m 380m 370ddd 396 m
25-33 1 68-135 1 80-1 10 1 64-134 1 68-135 1 80-1 10 1 64-134
34 088t (70) 091t (70) 088¢(70) 088t (70) 091 t (696) 088t (697)
35a 261dd 190 dd 261dd 267 dd 1934dd 267 dd
(183, 92) (181, 93) (153, 86) (185, 95) (183, 92) (198, 107)
35b 311dd 264 dd 311dd 302dd 254 dd 305dd
(185, 35) (188, 35) (185, 35) (185, 34) (183, 34) (182, 34)
37 220 s 155 s 20s 220 s 156 s 220 s
16-OAc - - 207 s - - 207 s
19-OAc - - 207 s - - 207 s
24-OAc - - 209 s - - 209 s

All of the 'H NMR chemucal shifts of 2 and 3 are the same except for those of H-2, 35, 3p, 4, 353, and

35p By comparisons with those of cis- and trans-substituted 2-acetonyl-4-butyl-y-butyrolactone, Hoye and
Hanson summanized the 1H NMR chemical shifts of cis and trans C-2/C-4 diastereomers of Annonaceous
ketolactone acetogenins 14 Our 1H NMR data, including 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 1H NMR signals at

R mz <R mz Rz <R  mz
H 171 1« H 46a 431 H  329°a 311 i
78y, H 3092 5201
TMS 243 | TMS 6113 52103431  TMS 45 i
dTMS252 | d-TMS629 ST oo Ot THS 300
]
C OR ,mmemm e J
]
S
3(‘:‘l‘la(('”‘lz)sa (CHz)7-y
4 \
’ \
f \
A}
R mz <=wE»R g ——--»R m2
H 241 H  397°a 379 3 ,361 H 3%
™S 313 TMS 541 b 451 b 361 ™S 411
d-TMS 322 dTMS 558 > d-TMS 420

Figure 2 Diagnostic EIMS fragment 1ons of bullatanocinone (2 and 3, R=H), tetra-trimethylsilyl
derivative (2b and 3b, R=TMS), and tctra-perdeutero-tnmethylsilyl derivauve (2¢ and 3¢,
R=d-TMS) Peaks with an asterisk were not seen  Letters above the arrows represent (a) loss
of H20 (m/z 18), (b) loss of TMSOH (m/z 90), and (c) loss of d-TMSOH (m/z 99)

ity
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8 3.02(H-2), 1 48(H-3p), 2.61(H-3p), 4 39 (H-4), 2 61 (H-35,), and 3 11 (H-35p) and 13C NMR resonances at
3 178 21 (C-1), 43.69 (C-2), 79.26 (C-4) and 205 52 (C-36), has the cis configuration at C-2/C-4 While
compound 3, with 1H NMR signals at § 3.03 (H-2), 2 23 (H-3p), 199 (H-3p), 4 54 (H-4), 2.67 (H-35,) and
3.05 (H-35p) and 13C NMR resonances at § 178 73 (C-1), 44 13 (C-2), 78 81 (C-4) and 205.46 (C-36) has the
trans configuration at C-2/C-4 All the above NMR data as well as the IR absorptions at 1715 cm! for a ketone
and 1760 cm-1 for a y-lactone also suggested the C-4 to C-37 ketolactone unit 1n both 2 and 3. Thus, the
structures of the compounds 2 and 3 were concluded to be as illustrated and were named cis-bullatanocinone and
trans-bullatanocinone, respectively. This is the first ime that the cis and wrans C-2/C-4 diastereomers of
Annonaceous ketolactone acetogenins have been separated and reported at the same time, and the above 'H and
13C NMR data also confirm the methodology of Hoye and Hanson 14

As 1 daffers from bullatalicin (5)310, 2 and 3 duffer from cis- and trans-bullatahicinone (6 and 7)%10 1n
the stereochemustry of C-23/C-24 which 1n 2 and 3 1s threo, while 1n c1s- and trans-bullatahicinone (6 and 7)%10
1t1s erythro The same reasoning apphes as was discussed with bullatanocin (1)

Compound 4 was obtained as a whitish powder (hexane-chloroform) The molecular weight of 4 was
determined to be 606 by CIMS (1sobutane) at m/z 607(MH). The IR, 13C NMR and 1H NMR spectra were
identical to the published values for desacetyluvaricin, which was previously reported only 1n Uvaria acuminata
(Annonaceae)!6 and 1s a diastereomer of 1sodesacetyluvancin (8) (syn 4-deoxyasimciné) Desacetyluvancin
{4)1615s also 1dentical to bullatacin? but without the 4-OH Both bullatacin and 4-deoxyasimicin® have been also
1solated by our group from Annona bullata 26 By spectral compansons with bullatacin and 4-deoxyasimicin
(8), 4 was confirmed to be desacetyluvaricin, with the relauve stereochemistry being threo, trans, threo, trans,
erythro from C-15 to C-24, thus stereochemustry agrees wath that of uvaricin 1718

threo
t

threo

34 35 37
CH,3(CH,)g (© Hz)uy\?‘/c"'a
(o]
o 1
Comp 4 8
A erythro threo

These new 1solates (1 - 4) were 1solated by activity-directed fractionation and are very actuve 1n the brine
shrimp lethality test (BST)119, as expected they are all significantly cytotoxic to human solid tumor cells 1n
culture In order to access some structure activity relationships (SAR), the activities of their diastereomers, § -
8, were also tested under the same conditions, the results are summarized in Table 4 The presence of the 4-OH
appears to enhance activities, as 2 - 4, and 6 - 8 appear to be about equivalent to or somewhat less than
adniamycin, while 1 and 5 are over 10,000 times as cytotoxic as adnamycin both 1n the colon cell line (HT-29)
and the lung cell line (A-549) The mechanism of action of the acetogenins has been determined, 202122 they are
powerful inhibitors of complex I 1n mitochondnal electron transport systems Thus, they selectively kill those
types of cancer cells which have a higher energy demand than normal cells, the in vivo activities of bullatacin and
bullatalicin, against human ovarian cell (A2780) xenografts in athymic mice, are comparable to the effects of
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cisplatin but with higher potency (especially for bullatacin) and less weight loss in the treated mice.2 New
acetogemns, such as, 1 - 3, give us the opportumty to select the 1somernic structures which may be optimal for the
treatment of various cancer types

Table 4 Bioactivities of compounds 1 - 8

Compound BST® A-549b MCF-T¢ HT-294
LC50(ug/mb EDs( (ug/ml) ED50 (ug/m1) ED30 (ug/ml)
1 433x 101 <108 609 x 10°! <108
2 224 x 101 126 441x102 732x106
3 331x 10! 165 531x 104 567x 104
4 845x 102 696 x 1074 >10 <104
5 124 <108 322x10°! <108
mixture of 6 and 7 476 x 10°1 16 x 10-2% 85 x 10-4* 50x 10°5*
201 x 1071 183x 104 >10 <104
Adnamycmn® _ 8x102 402 x 104 272x102 513 x 104
a) Brine s| p lethality test, b) Human lung carcinoma, c¢) Human breast carcinoma,

d) Human colon adenocarcinoma, e) Positive control standard * Data from Hui et a4

EXPERIMENTAL

Plant Material, Bark of A bullata Rich (Annonaceae) (M-06983, PL-103509) was collected at the USDA Subtropical
Horticulture Research Station, Miami, Flonda. The material was authenticated by Edward Garvey of the USDA

Bioassays., The extracts, fractions, and 1solated compounds were routnely evaluated for lethality to brine shrimp larvae
BST) 119 Cywioxiciues aganst human solid tumor cells were measured at the Purdue Cell Culture Laboratory, Purdue Cancer
Center for the A-549 lung carcmoma,23 MCF-7 breast carcinoma,24 and HT-29 colon adenocarcinoma 25

Optical rotations were determinated on a Perkin Elmer 241 polarimeter IR spectra (film) were

measured on a Perkin-Elmer 1420 IR spectrometer UV spectra were taken on a Beckman DU-7 UV Spectrometer 1H NMR, H-1H
COSY, and 13C NMR spectra were obtamed on a Varian VXR-500S spectrometer Low resolution CIMS and EIMS data of isolates
were collected on a Finmgan 4000 spectrometer  Low resoluton EIMS for TMS derivanives was done on MS50 Exact masses for
MS measurements were obtamned on a Kratos MS50 spectrometer through peak matching HPLC was carried out with a Ramnmn
HPLC using Dynamax software system and a silica gel column (250 x 21 mm) equipped with a Raimin UV-1 detector Analytical
TLC was performed on stlica gel plates (0 25 mm) developed with CHCI13-MeOH (9 1) and hexane-acetone (3 2) and visualized with
5% phosphomolybdic acid m EtOH 11

Bullatanocin (1), White powder (hexane-chloroform) or whiush wax (chloroform), (90 mg), [m]])22 =+144° (¢
055, CHCl3), CIMS (sobutane) m/z [MHIt 639 (100%), 621, 603, 585, 567, HRCIMS m/z 6394829 for C37Hg708
(cacld 639 4836), the key fragments in EIMS are shown 1n Figure 1, 1H NMR (CDCl3 and CeDg, 500 MHz) and 13¢c NMR
(CDCl3, 125 75 MHz) are shown 1 Tables 1 and 2, respectively (\H NMR data were assigned based on the 1H-1H COSY), UV
(MeOH) Amax 208 5 nm (log € = 3 52), IR (film) cm"! 3430 (OH), 1750, 1728 (C=0)

Acetylation of 1. 3 mgof 1 was mixed with anhydrous pyndine/Ac20 at room temperature overnight to give a
tetra-acetate (1a, 2mg), CIMS (isobutane) myz [MHI* 807, 747 (100%), 687, 627, 567, 1H NMR data are shown 1n Table 1

TMS and d-TMS _derivatization of 1. A small amount of 1 was treated with 20 pl of N,O-bis-(trnmethylsilyl)-
acetamide (BSA) or d)g-bis-(trimethylsityl)-tnfluoroacetamide (BSTFA) and 2 ul of pynidine (10 1) and heated at 70¢ C for 30
min (o yield the tetra-TMS denivative (1b) or tetra-d-TMS denivative (1c), EIMS data for the charactenistic fragments are shown in
Figure 1

as- and trans-Bullatanocinone (2 and 3). White powder (hexane-chloroform) or whitish wax (chloroform),
(75mg), [a]p?22 = +215° (¢ 020, CHCI3), CIMS (isobutane) m/z [MH]* 639 (100%), 621, 603, 585, HR CIMS m/z
639 4825 for C37Hg70g (cacld 639 4836), the key fragments in EIMS are shown m Figure 2, UV (MeOH) Amax 203 5 nm (log e
=134), IR (film) cm! 3420 (OH), 1760, 1715 (C=0)

Acetylation of 2 and 3 4 mgof of2and3 was nuxed with anhydrous pyndine/Ac20 at room temperature
overnight to give a triacetate (2a and 3a, 3 mg), CIMS (isobutane) m/z [MH]* 765, 705(100%), 645, 585, 1H NMR data are
shown in Table 3
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IMS and d-TMS _derivatization of 2 and 3. A small amount of 2 and 3 was treated with 20 ul of N,O-bis-
(tnmethylsilyD)-acetarude (BSA) or d18-BSTFA and 2 pl of pynidine (10 1) and heated at 70° C for 30 mumn to yield the tn-
TMS denvative (2b and 3b) or the tn-d-TMS denvative (2¢ and 3¢), EIMS data for charactenstic fragments are shown n Figure 2

gis-Bullatanocinone (2). White powder (hexane-chloroform) or whitish wax (chloroform), (Smg), [(111)22 =+4301°
(¢ 020, CHCL), IH NMR (CDCl;3 and CgDg, 500 MHz) and 3¢ NMR (CDCI3, 125 75 MHz) are shown 1n Tables 3 and 2,
respectively ('H NMR data were assigned based on the 1H-1H COSY)

irans-Bullatanocinone (3). White powder (hexane-chloroform) or whiush wax (chloroform), (4mg), [a]])22
+14 4° (¢ 020, CHCls), 1H NMR (CDCl5 and CsDg, 500 MHz) and 13C NMR (CDCl3, 12575 MHz) are shown m Tables
3 and 2, respectively (!H NMR data were assigned based on the 1H-1H COSY)

Deacetyluvaricin (4). White powder (hexane-chloroform), (25 mg), [a]lp?2 = +211© (c 050, CHCl3), CIMS
(sobutane) m/z 607 (30%) (MH*), 589 (MH* - H20), 571 (MH* - 2H70), 1H NMR (CDCl3, 500 MHz) 0388 (3H, t, H-34),
126 (m, H4-13, 26-33), 141 (3H, d, H-37), 1 54 (4H, m, H-14, 25), 1 60-2 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 (1H, qq, H-36), 6 99 (1H, q, H-35), UV (MeOH) Amax 208 5 nm
(log e = 3 52), IR (film) cm-! 3430 (OH), 1748, 1726 (C=0)
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