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Abstract--Using activity-directed fractionation, two new bioactive acetogenins, cis-gigantrionenin (1) and 4-acetyl gigantetrocin A 
(2), have been isolated from the bark of Goniothalamus giganteus (Annonaceae). Compound 1 has a cis-mono-THF ring with one 
flanking hydroxyl and possesses a cis-double bond at C-21/22 of the aliphatic chain; it represents only the second example of the 
cis-mono-THF ring annonaceous acetogenins having one flanking hydroxyl. Compound 2 has a trans-mono-THF ring with one 
flanking hydroxyl, but it possesses a mono-acetyl group at the 4-OH position; it represents only the second natural example of the 
acetylated annonaceous acetogenins; the first acetogenin reported, uvaricin, was mono-acetylated at the 24-OH. The stereochem- 
istries of 1 and 2 were determined by the advanced Mosher ester method. In addition, the absolute stereochemistries of 
gigantriocin (3), gigantrionenin (4), and giganenin (5) were determined by the advanced Mosher ester method and by circular 
dichroism (CD). The stereochemistries of the 7,8-diols in murihexocins A (6) and B (7) were determined to have the S,S- 
configurations, respectively. Copyright © 1996 Elsevier Science Ltd 

Introduction 

Goniothalamus giganteus Hook. f. & Thomas (Annona- 
ceae) is a tropical tree distributed in southeast Asia. It 
has a great reputation as a drug among the Malays. ~ 
The bark of this plant, obtained from Thailand, showed 
toxicities in the brine shrimp lethality test (BST) and 
murine toxicities in the 3PS (P388) leukemia bioassay. 2 
Fifteen bioactive annonaceous acetogenins have been 
previously isolated from the bark, including the first 
nonring acetogenin, giganin, 3 mono-THF ring acetoge- 
nins, goniothalamicin, annonacin, gigantriocin, gigante- 
trocin (or gigantetrocin A), gigantrionenin, gigantetro- 
nenin, giganenin, and gonionenin, 4-9 adjacent bis-THF 
acetogenins, goniodenin and asimilobin, TM the first 
nonadjacent bis-THF ring acetogenin, gigantecin, 5 as 
well as bullatalicin and bullatalicinone, 1~ and the first 
tri-THF ring acetogenin, goniocin. ~2 In our further 
bioactivity-directed search for antitumor compounds, 
two additional bioactive acetogenins, cis-gigantrionenin 
(1) and 4-acetyl gigantetrocin A (2), have now been 
isolated. Both have mono-THF rings with only one 
flanking hydroxyl group. Prior to this work, only one 
c/s-mono-THF ring with one flanking hydroxyl aceto- 
genin, muricatetrocin A, 13'14 and only one acetylated 
acetogenin, uvaricin, ~4,~5 had been reported. The stereo- 
chemistries of 1 and 2 were determined by the 
advanced Mosher ester method using methoxy- 
a-(trifluoromethyl)phenylacetate (MTPA). Also, the 
stereochemistries of gigantriocin (3), gigantrionenin 
(4), and giganenin (5), isolated previously from the 
same plant materials, were determined by the advanced 

Key words: Goniothalamus giganteus, Annonaceae, acetogenin, 
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Mosher ester method and circular dichroism (CD). 
Based on the summarized 1H NMR data of the 
tri-MTPA esters of several acetogenins containing 
1,2,5-triols, a chemical shift pattern was proven to be 
useful for the determination of the absolute stereo- 
chemistries of this type of compounds, when they are 
R,R-S (R) or S,S-S (R) 1,2,5-triols. Thus, the stereo- 
chemistries of the 7,8-diol moieties in murihexocins A 
(6) and B (7) were both determined to have S,S 
configurations. 

Results and Discussions 

Compound 1 (Fig. 1) was isolated as a colorless 'oil, 
[0t]o + 8.5 ° (C 0.18, MeOH). The molecular formula of 1 
was established to be C37H6606 by HRFABMS 
(glycerol) which gave m/z 607.4928 for the MH + (calcd 
607.4938). Spectral characteristics of 1 "and its MTPA 
and TMS derivatives, including 1H and 13C NMR 
(Table 1) and MS (Fig. 2) data, suggested that 1 is a 
mono-THF annonaceous acetogenin with one flanking 
hydroxyl and a double bond along the aliphatic chain. 
The IR spectrum of 1 contained an absorption peak for 
hydroxyls at 3440 cm-1; this peak and sequential losses 
of three molecules of H20 (m/z 18) from the MH ÷ in 
the CIMS indicated that 1 has three hydroxyl groups. 
The IR carbonyl absorption band in 1 at 1750 cm -1, 
the UV absorption ~.max(EtOH) 207 nm (log e 3.1), the 
proton resonances at 8 6.99, 5.00, 2.26, and 1.41, and 
the carbon signals at ~i 174.0, 148.9, 134.3, 77.2, and 
19.2 provided characteristic spectral features for an 
a,13-unsaturated 7-1actone moiety without a 4-hydroxyl 
group? 4 
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The  m o n o - T H F  ring with one  flanking hydroxyl was 
indicated by the p ro ton  signals in 1 at 8 3.87 (1H, 
H-10), •.48 and 1.98 (each 1H, H-11), 1.64 and 1.92 
(each 1H, H-12), 3.73 (1H, H-13), 3.41 (1H, H-13); and 
carbon signals at 8 26.2 (C-8), 36.0 (C-9), 80.0 (C-10), 
31.4 (C-11), 27.8 (C-12), 80.2 (C-13), and 74.9 (C-14). 
These data also indicated that  the relative stereo- 
chemistry o f  the carbon centers C-13/14 was threo and 
the configurat ion across the T H F  ring was cis, by 
comparisons with series of  model  compounds  of  known 

relative stereochemistries.  16 The cis-THF ring 
configuration was also confirmed by a N O E S Y  experi- 
ment,  in which the cross peak was observed between 
H-10 (8 3.87) and H-13 (8 3.73). The  carbon skeleton 
and the p lacement  of  the T H F  ring were determined 
on the basis of  the E I M S  fragmentat ion of  the TMS 
derivative ( la )  o f  1 (Fig. 2). 

The  format ion of  the acetonide derivative l b  f rom 1 
provided information that a 1,2-vicinal diol was present 

Table 1. ~3C NMR and JH data of 1, lb, 2, and 2b 

1 1 lb  2 2 2b 
~C ~H 8H ~C 8H 8H 

1 174.0 173.8 
2 134.3 130.2 
3 25.2 2.26, br t, 7.0 2.26, br t, 7.0 34.0 2.51, ddd, 2.57, ddt 2.51, ddd, 2.57, ddt 
4 27.2 1.25-1.30, m 1.25-1.30, m 71.9 5.10, ddt 5.10, ddt 
5 29.1-29.7 1.25-1.30, m 1.25-1.30, m 37.3 1.65, m 1.65, m 
6-7 29.1-29.7 1.25-1.30, m 1.25-1.30, m 29.1-29.6 1.25-1.30, m 1.25-1.30, m 
8 26.2 1.25-1.30, m 1.25-1.30, m 26.0 1.25-1.30, m 1.25-1.30, m 
9 36.0 1.43, m 1.43, m 35.4 1.43, m 1.43, m 

10 80.0 3.87, m 3.88, m 79.2 3.88, m 3.88, m 
11 31.4 1.48, m, 1.98, m 1.48, m, 1.99, m 32.4 1.53, m, 2.02, m 1.53, m, 2.02, m 
12 27.8 1.64, m, 1.92, m 1.65, m, 1.92, m 28.4 1.62, m, 1.96, m 1.62, m, 1.97, m 
13 82.0 3.73, q, 7.5 3.74, q, 7.5 81.8 3.81, q, 7.5 3.81, q, 7.5 
14 74.9 3.41, m 3.41 ddd, 2.0, 5.0, 7.0 74.6 3.42, m 3.40, ddd, 2.0, 5.0, 7.0 
15 31.9 1.42-1.60, m 1.38, m 31.9 1.42, m 1.42, m 
16 29.9 1.42-1.60, m 1.48-1.55, m 29.9 1.42-1.60, m 1.50, m 
17 74.2 3.45, rn 3.59, m 74.3 3.44, m 3.57, m 
18 74.2 3.45, m 3.61, m 74.4 3.44, m 3.60, m 
19 33.4 1.42-1.60, m 1.48-1.55, m 33.5 1.42-1.60, m 1.50, m 
20 23.5 2.02, m 1.45-1.55, rn 25.6 1.25-1.30, m 1.25-1.30, m 
21 129.0 5.40, dt, 5.0, 9.0 5.39, dt, 5.0, 9.0 29.1-29.6 1.25-1.30, m 1.25-1.30, m 
22 130.8 5.36, dt, 5.0, 9.0 5.33, dt, 5.0, 9.0 29.1-29.6 1.25-1.30, m 1.25-1.30, m 
23 27.4 2.20, m 2.02, m 29.1-29.6 1.25-1.30, m 1.25-1.30, m 
24-31 29.1-29.7 1.25-1.30, m 1.25-1.30, m 22.7 1.26, m 1.26, m 
32 29.1-29.7 1.25-1.30, m 1.25-1.30, m 14.1 0.88, t, 7.0 0.88, t, 7.0 
33 22.7 1.26, m 1.26, m 150.9 7.08, q, 1.5 7.08, q, 1.5 
34 14.1 0.88, t, 7.0 0.88, t, 7.0 77.5 5.01, qq, 2.0, 7.0 5.01, qq, 2.0, 7.0 
35 148.9 6.99, q, 1.5 6.99, q, 1.5 19.0 1.41, d, 7.0 1.41, d, 7.0 
36 77.4 5.00, qq, 2.0, 7.0 5.00, qq, 2.0, 7.0 
37 19.2 1.41, d, 7.0 1.41, d, 7.0 
Me 1.38, s, 1.38, s 1.38, s, 1.38, s 
AcO 170.6 

21.1 2.03, s 2.03, s 

cis 3 7 
• I 35 ~.,"~'~ 

threo O R -  m r e o  ~ ,:. .~," ~ 

,, \ V  41 

OR2 OR~ O 

1 l a  l b  l s  l r  

R1 H TMSi H S-MTPA R-MTPA 
R2 H TMSi Acetonyl S-MTPA R-MTPA 

Figure 1. The structures of 1, la, Ib, ls, and lr. 
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Figure 2. EIMS fragmentation of la. 

and was threo, since the acetonyl methyls appeared at 8 
1.38 as a singlet and the dioxolane ring protons 
appeared at 8 3.59 and 3.61.17 The position of this 
1,2-diol was determined to be at C-17/18 from the 
double-relayed COSY TM experiment of lb, which 
showed the expected cross peaks between H-17 (8 
3.59) and H-14 (8 3.42). The presence of an isolated 
double bond in 1 was determined in the 1H NMR by 
the proton signals at 8 5.40 and 5.36 and the carbon 
signals at 8 130.8 and 129.0. When the protons at 8 
2.20 (H-23) were selectively irradiated, they showed 
correlation with the proton at 8 5.36 (H-22) in the 
COSY spectrum, and the latter became a doublet 
( J = l l . 0  Hz); when the protons at 8 2.02 (H-20) were 
selectively irradiated, they showed a correlation with 
the proton at 8 5.40 (H-21) in the COSY spectrum, 
and the latter became a doublet ( J = l l . 0  Hz). These 
observations also indicated that the double bond has a 
cis configuration. The position of the double bond was 
determined at C-21/22 from the double-relayed COSY 
experiment of 1, which showed the expected cross 
peaks between H-21 (8 5.40) and H-18 (8 3.45). 

The absolute configurations of the 1,2,5-triol group, at 
the C-18, 17 and 14 positions, were determined first by 
inspection of the acetonide derivative, lb. The third 
hydroxyl methine proton (H-14 of lb)  showed a 
doublet of double doublet pattern, which indicated the 
R,R-configurations for the 1,2-diol; the S,S-configura- 
tions give a quartet patternJ 3'19 Also, in the advanced 

Mosher ester experiments, ASHs.R showed positive 
values along the double bond side (Table 2) and 
confirmed t h a t  C-18 has the R configuration. The 
tri-MTPA esters of 1 (Is and l r )  also provided infor- 
mation about the absolute stereochemistries across the 
TH F  ring from which C-14 could be concluded to have 
the S configuration; therefore, 1 has C-13S and C-10S 
configurations. 

The absolute configuration at C-36 in the butenolide 
ring has been directly determined as S only for 
uvaricin 2° and squamocin. 21-23 Recently a synthetic 
model butenolide has supported the previous conclu- 
sions. 24 In the CD spectra of squamocin and the 
synthetic model butenolide, both showed a negative 
Cotton effect at ca. 236 nm, which is attributable to the 
36S configuration in the 7-1actone moiety and provides 
a useful method for the determination of the C-36 
configuration in those annonaceous acetogenins which 
lack a C-4 hydroxyl. Compound 1 showed a negative 
CD curve at 238 nm, and it was, thus, concluded that 1 
has a 36S configuration. The structure and the absolute 
configurations of 1 were concluded to be as illustrated, 
and this compound was named cis-gigantrionenin (1) 
being identical to gigantrionenin except for the 
c/s-THF ring at C-10/13. 7 

Compound 2 (Fig. 3) was obtained as a colorless oil, 
[Ct]D+ 13.5 ° (C 0.11, MeOH). The molecular formula of 
2 was established to be C37H660 8 by HRFABMS 

Table 2. Characteristic tH NMR data of Mosher esters of Is, lr, 2s, and 2r for determinations of stereochemistries 

ls l r  2s 2r 
8S 8 R 8S-R 8S 8 R ~ S-R 

10 7.0 
11 

3.79, dd, 3.72, m 
1.42, m 1.35, m 
1.90, m 1.78, m 

12 1.40, m 1.25, m 
1.76, m 1.67, m 

13 3.79, dd, 7.0 3.78, dd, 7.0 
14 4.88, m 4.91, m 
15 1.41, m 1.57, m 
17 5.05, m 5.20, m 
18 4.99, m 5.16, m 
20 1.92, m 1.90, m 
21 5.40, dd, 7.0, 13.5 5.38, dd, 7.0, 13.5 
22 5.16, dd, 7.0, 13.5 5.16, dd, 7.0, 13.5 

+ 0.07 3.84 
+ 0.07 1.38 
+ 0.12 1.96 
+0.15 1.35 
+ 0.09 1.85 
+ 0.01 3.88 

S 4.88 
-0.16 1.37 

5.04 
R 4.99 

+ 0.02 
+ 0.02 

dd, 7.0 3.73, m +0.11 
m 1.34, m + 0.04 
m 1.84, m +0.12 
m 1.34, m +0.01 
m 1.78, m +0.07 
q, 7.0 3.86, q, 7.0 +0.02 
m 4.91, m S 
m 1.54, m -0.17 
m 5.15, m 
m 5.20, m 
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(glycerol), which gave m/z 639.4849 for the MH ÷ (calcd 
639.4836). 1H and ~3C NMR spectra of 2 clearly 
showed an acetyl group (8 2.03 1H, s, and 8 21.1, 
170.6) (Table 1) among the other characteristic 
annonaceous acetogenin signals, and the MS fragmen- 
tation data (Fig. 4) suggested that 2 is a mono-THF 
annonaceous acetogenin with one flanking hydroxyl 
and a mono-acetoxyl group. The proton resonances at 
8 5.10, for the acetoxyl methine (H-4), and at 8 2.51, 
2.57, for its adjacent methylene (H-3a ,3b), indicated 
that the acetoxyl group is located at the C-4 position. 

The ~H NMR spectra of the acetonide derivative 2b 
from 2 showed the acetonyl methyls at 8 1.38 and the 
dioxolane ring protons at 8 3.57 and 3.60, providing 
evidence for a threo 1,2-vicinal diol. The position of the 
1,2-diol was determined at C-17/18 from the double- 
relayed COSY experiment of 2b, which showed the 
expected cross peaks between H-17 (6 3.57) and H-14 
(8 3.40) and also from the MS fragmentation data (Fig. 
4). The absolute configurations of the 1,2,5-triol 
moiety, at the C-18, 17 and 14 positions, were deter- 
mined again by inspection of the acetonide derivative, 
2b. The methine proton of H-14 showed a pattern of a 
doublet of double doublet, which was consistent with 
the R,R-configurations for a 1,2-diol. Also in the 
advanced Mosher ester experiments, the ASHs_R 
showed positive values for the right side of THF ring 
and a negative value for the left side (Table 2); and, 
thus, indicated that C-14 has the S configuration. A CD 
experiment with 2 showed a negative peak at 243 nm 
([0]-1353.8), which supported the conclusion that C-34 

has the S configuration. The per-acetate derivative of 2 
(2c) gave exactly the same CD absorption pattern and 
exactly the same ~H NMR data as those of the tetra- 
acetate of gigantetrocin A 6 and demonstrated that 
these two compounds are the same; this observation 
proved that C-4 in 2 has the R configuration? 3 Thus, 
the structure and the absolute configurations of 2 were 
concluded to be as illustrated, and 2 was named 
4-acetyl gigantetrocin A after the parent compound. 13 

Compounds 1 and 2 showed potent respective bioactiv- 
ities in the BST 2 (LCs0 2.52 and 6.78 ~tg/mL), and signi- 
ficant cytotoxicities among six human solid tumor cell 
lines (Table 7). 25-29 The acetogenins act as inhibitors of 
complex I in mitochondrial electron transport systems 3° 
and as inhibitors of the plasma membrane NADH 
oxidase of tumor cells) ~ 

Gigantriocin (3) and gigantrionenin .(4) are mono-THF 
acetogenins, possessing one flanking hydroxyl group 
and no 4-hydroxy group, that have been isolated from 
the same plant. 6'7 The proton resonances of H-14 in 
their acetonide derivatives (3a, 4a) gave a pattern of 
doublet of double doublets, and this information, 
combined with their per-Mosher ester data (Table 3) 
and their CD data (both showed negative curves at 238 
nm [0]-1645.5, 238 nm [0]-1920.3), provided evidence 
for their absolute stereostructures as illustrated in 
Figures 5 and 6. Giganenin (5), also from this plant, is 
also a mono-THF acetogenin, but with two flanking 
hydroxyl groups and without a 4-hydroxyl group. The 
position of its double bond has been revised from 
C-9/10 to C-21/22. TM The negative CD curve at 238 nm 

trans 35. 
threo _OR= threo ._ [_  OAc 3L----'34 

32 

OR= OR1 O 

2 2a 2b 2s 2r 

RI H TMSi H S-MTPA R -MTPA 
R2 H TMSi Acetonyl S-MTPA R-MTPA 

Figure 3. The structures of 2, 2a, 2b, 2s, and 2r. 

-90 
261 (13) ..,,-- 351 (14) 2 441 (22) ~ -  531 (9) .,=.-,. ~ 183 (6) 

-90 "-,  , ,," 2o~ (20) . - -  2~  (.) ----,. OTMSi ,,,, / ~  : iOAe 

" " - .  -= "" : O 

O T M S i  "1 O T M S i  "',.--. 323 (11) ~--.- 2s3 (6) O 
I 

I . " ~0  

L_=,. 556 (6) ~ 466 (10) ~ 376 (5) 

Figure 4. EIMS fragmentation of 2a. 
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Table 3. Characteristic ~H NMR data of Mosher esters of 3s, 3r, 4s, and 4r for determinations of stereochemistries 

1275 

3s 3r 4s 4r 
~S ~R 6S-R 6S 8R ~S-R 

10 3.84 
11 1.44 

1.96 
12 1.33 

1.83 
13 
14 
15 
17 
18 
20 
21 
22 

dd, 7.0 
m 
m 
m 

, m  
3.88 dd, 7.0 
4.84 m 
1.38 m 
5.04 m 
4.98 m 
1.92, m 
5.40, dd, 7.0, 13.5 
5.16, dd, 7.0, 13.5 

3.72, m +0.12 3.84, dd, 7.0 3.73, m 
1.40, m +0.04 1.37, m 1.34, m 
1.83, m +0.13 1.96, m 1.84, m 
1.28, m +0.05 1.35, m 1.34, m 
1.78, m +0.05 1.86, m 1.78, m 
3.86, q, 7.0 +0.02 3.88, q, 7.0 3.86, q, 7.0 
4.88, m S 4.85, m 4.90, m 
1.54, m -0.16 1.38, m 1.54, m 
5.20, m 5.03, m 5.14, m 
5.16, m R 4.94, m 5.18, m 
1.90, m + 0.02 
5.38, dd, 7.0, 13.5 +0.02 
5.16, dd, 7.0, 13.5 

+0.11 
+ 0.03 
+0.12 
+0.01 
+ 0.08 
+ 0.02 

S 
-0.16 

[0]-1766.2 and the per-Mosher  ester data (Table 4) 
suggested the absolute structure of 5 as illustrated in 
Figure 7. 

The 1,2,5-triol group is becoming a common structural 
feature among the annonaceous acetogenins, including 
several mono-THF ring compounds with one flanking 
hydroxyl group, such as gigantrionenin (3), gigantriocin 
(4), gigantetronenin, gigantetrocins A and B, muricate- 
trocins A and B, 13 and murihexocins A (6) and B (7).  19 
All of these 1,2,5-triol groups have a threo configura- 
tion for the vicinal 1,2-diol, and the absolute stereo- 
chemistries may either be R,R or S,S. By formation of 

the formaldehyde acetal to connect the two hydroxyl 
groups at C-14 and C-17 in gigantetrocin A and subse- 
quent Mosher esterification at C-18, the stereochemis- 
tries of the 1,2-diol at C-17,18 of gigantetrocin A were 
determined as R,R by Gu et al. 23 By using mono- 
Mosher esterifications at C-18 in both gigantetrocins A 
and B, the stereochemistries of their 1,2-diols were 
proven to be R,R and S,S, respectively, by Rieser et 
al)  3 By analysis of the 1H N M R  spectra of the aceto- 
nides of gigantetrocins A and B, the hydroxy methine 
protons in the 1,2,5-triol (C-18,17,14) moiety, gave a 
different pattern, i.e., a doublet of double doublet for 
gigantetrocin A, which has an R,R-1,2-diol; and a 

tran$ 37, 
~ , o  OR th reo  __L._ 35 #,.~" _ 2 . . . .  /:-"-~ 36 

OR2 OR1 O 

R1 

R2 

Figure 5. The structures of 3, 3a, 3s, and 3r. 

3 3a 3s 3r 
H H S-MTPA R-MTPA 

H A~tonyl S-MTPA R-MTPA 

trans 37.,, 
threo OR 2 threo ~ 3~-~"36 

OR2 OR1 O 

RI 

g2 
Figure 6. The structures of 4, 4a, 4s, and 4r. 

4 4a 4s 4r 
H H S-MTPA R-MTPA 

H Acetonyl S-MTPA R -MTPA 
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quartet for gigantetrocin B, which has an S,S-1,2-diol. 
Using this acetonide derivative method, Rieser et al. 
also determined the stereochemistries of the 1,2-diol 
(C-19,20) in muricatetrocins A and B to have the R,R 
configuration. ~3 Zeng et al. later demonstrated that the 
1,2-diol (at C-19,20) in murihexocins A and B have R,R 
and S,S configurations, respectively. ~9 As described 
above cis-gigantrionenin (1), 4-acetyl gigantetrocin A 
(2), gigantriocin (3) and gigantrionenin (4) have R,R 
configurations of their 1,2-diols. Analyses of the 
tri-Mosher ester data of the 1,2,5-triol moieties in all of 
these acetogenins can now be compared (Tables 5 and 
6). The chemical shifts of the esterified methine proton 
signals appear at ca. 6 4.91-4.94 and 6 5.01-5.03 (6 
4.91-4.94 and 6 5.05 in cases where another double 
bond is located two carbons away) for the S-Mosher 
esters in the R,R-1,2-diols, and at ca. 6 5.10-5.15 and 6 
5.16-5.19 (6 5.16 and 8 5.18-5.20 in cases where 
another double bond is located two carbons away) for 
the R-Mosher esters in R,R-1,2-diols; whereas these 
signals are located at ca. fi 5.03-5.06 and 6 5.10-5.16 
for the S-Mosher esters in the S,S-1,2-diols and at ca. 6 
5.03-5.04 and fi 5.17 for the R-Mosher esters in the 
S,S-1,2-diols. By using this comparative chemical shift 

Table 4. Characteristic ~H NMR data for Mosher esters of 5a and 5r 
for determinations of stereochemistries 

5s 5r 
~s 8R 8s-R 

3 
4 
9 

10 
11 
12 
13 
14 
15 

16 

17 
18 
19 
20 
21 
22 
23 

2.256, t, 7.5 
1.43, m 
1.38-1.50, m 
5.00, m 
1.38-1.50, m 
1.64 rn 
4.95 m 
3.95. dt, 3.5, 7.5 
1.37. m 
1.67. m 
1.26. m 
1.51. rn 
3.77. dd, 6.5 
4.88, dd, 1.5, 5.5 
1.44, m 
1.94, m 
5.39, dd, 7.0, 13.5 
4.28, dd, 7.0, 13.5 
2.02, m 

2.25, t, 7.5 + 0.006 
1.42, m + 0.01 
1.38-1.50, m 
4.98, m R 
1.38-1.50, m 
1.58, m +0.06 
5.04, m R 
4.00, dd, 6.5 -0.05 
1.56, m -0.19 
1.88, rn -0.21 
1.46, m -0.20 
1.83, m -0.32 
3.93, dd, 6.5 -0.16 
4.92, m R 
1.40, m + 0.02 
1.88, m + 0.06 
5.35, dd, 7.0, 13.5 +0.04 
4.21, dd, 7.0, 13.5 +0.07 
1.90, m +0.12 

pattern data, we have reanalyzed and reassigned the 
chemical shifts of murihexocins A (6) and B (7). ~9 The 
chemical shifts of the 1,2-diol at C-7,8 appeared at 6 
5.03 and 5.10 (in both 6 and 7) in the S-Mosher ester, 
and at 6 5.03 and 5.17 (6) and 6 5.03 and 5.20 (7), in 
the R-Mosher ester. These values indicated that 6 and 
7 both have S,S-1,2-diols at C-7,8. Thus, the absolute 
stereoehemistries of murihexocins A (6) and B (7) can 
now be completely illustrated as in Figure 8. 

Experimental  
Ins trumentat ion  

Optical rotations were determined on a Perkin-Elmer  
241 polarimeter. IR spectra (film) were measured on a 
Perkin-Elmer  1600 FFIR spectrometer. UV spectra 
were taken in E tOH on a Beckman DU-7 UV spectro- 
photometer.  CD spectra were recorded on a JASCO 
Model J600 circular dichroism spectrometer. 1H NMR, 
1H-~H COSY, and ~3C NMR spectra were obtained on 
a Varian VXR-500S spectrometer. Low-resolution MS 
data were collected on a Finnigan 4000 spectrometer. 
Low-resolution CIMS and EIMS for TMS derivatives 
and high-resolution FABMS were performed on a 
Kratos MS50. HPLC separations were performed with 
a Rainin Dynamax solvent delivery system (model 
SD-200) using a Dynamax software system and a silica 
gel column (Dynamax 60-A 250 × 21 mm) equipped 
with a Dynamax absorbance detector (model UV-1) set 
at 225 nm. Analytical TLC was carried out on silica gel 
plates (0.25 mm) developed with hexane:acetone (3:2) 
and CHC13:MeOH (9.5:0.5), respectively, and visual- 
ized with 5% phosphomolybdic acid in EtOH. 

Bioassays  

The bioactivities of extracts, fractions and pure 
compounds were routinely assayed using a test for 
lethality to brine shrimp larvae (BST). 2 In vitro 
cytotoxicities, against human tumor cell lines, were 
carried out at the Purdue Cancer Center, Cell Culture 
Laboratory, using standard 7 day MTT assays for 
A-549 (human lung carcinoma), 25 MCF-7 (human 
breast carcinoma), z6 HT-29 (human colon adenocarci- 
noma), 27 A-498 (human kidney carcinoma), 25 PC-3 
(human prostate adenocarcinoma)ff  and PACA-2 
(human pancreatic carcinoma). 29 Adriamycin is always 
used as a positive control in the same runs. 

trans 37, 
threo r - ~  OR 3 /~" ' ;6  

' ~  1 
OR OR 0 

5 5S 5r 
R H S-MTPA R -MTPA 

Figure 7. The structures of 5, 5s, and 5r. 
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trans 3 35/ 
threo OR threo , - - ~  .OR th.reo OR 33t~-~34 

32 
OR OR OR O 

trans 35/ 
thr~o OR threo , - - I - - ,  OR ~ o  OR 33,~---~34 

32 

OR OR OR O 

R 

Figure 8. The structures of 6, 7, 6s, 7s, 6r, and 7r. 

6, 7 6s, 7s 6r, 7r 
H S-MTPA R -MTPA 

Plant material 

The stem bark of G. giganteus (B-826538, PR-50604) 
was collected in Thailand in September  1978 under the 
auspices of Dr. Rober t  E. Perdue, Medicinal Plant 
Laboratory, USDA, Beltsville, MD, where voucher 
specimens are maintained. 

Extraction and isolation 

The stem bark (10.7 kg) was ground into powder and 
percolated with 95% ethanol. The dry extract (900 g) 
(F001) was partitioned between H20 and CH2C12 to 
give a H20 layer (F002) and a CH2C12 layer. The 
residue of the CHzClz layer (430 g, F003) was parti- 

Table 5. Characteristic 'H NMR data for Mosher esters of 1,2,5-triols for determinations of stereochemistries 

Muricatetrocin A 
Configuration H-20 H-19 H-16 
5s 4.94 5.01 4.86 
8R 5.12 5.17 4.90 

Murihexocin A (7s, 7r) 
Configuration H-20 H-19 H-16 
8s 4.96 5.02 4.82 
8R 5.10 5.17 4.87 

4-Acetyl gigantetrocin A (2s, 2r) 
Configuration H-18 H-17 H-14 
~s 4.94 5.02 4.85 
8R 5.14 5.18 4.90 

Gigantetronenin (3s, 3r) 
Configuration H-18 H-17 H-14 
8s 4.97 5.05 4.84 
6R 5.16 5.18 4.89 

H-20 
4.91 
5.12 

H-18 
4.91 
5.11 

H-18 
4.94 
5.14 

H-20 
4.99 
5.16 

Muricatetrocin B 
H-19 H-16 
5.01 4.83 
5.16 4.88 

Gigantetrocin A 
H-17 H-14 
5.01 4.82 
5.16 4.87 

Gigantriocin (4s, 4r) 
H-17 H-14 
5.02 4.85 
5.18 4.90 

cis-Gigantetronenin (Is, lr) 
H-19 H-16 
5.05 4.88 
5.20 4.91 

Table 6. Characteristic ~H NMR data of Mosher esters of 1,2,5-triols for determinations of stereochemistries 

Gigantetrocin B 
Configuration H-18 H-17 H-14 H-20 
~Ss 5.06 5.16 4.91 5.03 
8R 5.04 5.17 4.92 5.03 

Murihexocin A (6s, 6r) 
Configuration H-8 H-7 H-4 H-8 
~Ss 5.03 5.10 4.83 5.03 
6R 5.03 5.17 4.89 5.03 

Murihexocin B (7s, 7r) 
H-19 
5.10 
5.17 

Murihexocin B (Ts, 7r) 
H-7 
5.10 
5.20 

H-16 
4.82 
4.87 

H-4 
4.83 
4.88 
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Table 7. Bioactivities of compounds 1 and 2 (EDso p.g/mL) 

L. ZEN~ et al. 

B S T  a A - 5 4 9  b MCF-7 c HT-29 d A-498 e P C - 3  f MIA PaCa-2 ~ 

1 2.52 5.99 × 10 -2 2.68 × 10 -~ 6.94 × 10 6 1.39 × 10 -2 1.11 × 10 J 1.15 × 10 -I 
2 6.78 <10 -2 8.50 × 10 -I <10 -2 1.55 × 10 L 1.02 <10 2 
Adr. h 4.28 × 10 -3 4.95 × 10 -I 4.98 x 10 -2 4.62 × 10 2 5.83 × 10 -2 4.23 × 10 3 

"Brine shrimp lethality test. z 
bHuman lung carcinoma. 25 
°Human breast c a r c i n o m a ,  z~ 
dHuman colon adenocarcinoma, z7 
"Human kidney carcinomaY 
fHuman prostate adenocarcinoma, z8 

• ~Human pancreatic c a r c i n o m a .  29 
hAdriamycin--standard positive control. 

tioned between 90% MeOH and hexane, giving a 
MeOH layer (400 g, F005) and a hexane layer (30 g, 
F006). The MeOH layer (F005) was the most active 
fraction in the BST (LCs0 1.02 ~tg/mL). Thus, a portion 
(190 g) of F005 was repeatedly chromatographed over 
silica gel columns directed by the BST test, using 
gradients of hexane:acetone, hexane:EtOAc and 
CHC13:MeOH and purified by normal phase HPLC 
eluted with 10% T H F  in MeOH:hexane (4-6%)  to 
give the colorless oils (1 and 2, as well as 3-5).  

Preparation of Mosher esters 

To an acetogenin (0.5-1 mg, in 0.5 mL of CH2C12) 
were sequentially added pyridine (0.1 mL), 4-(dimethyl- 
amino)pyridine (0.1 mg), and 15 mg of ( R ) - ( - ) - a -  
methoxy-ct-(trifluoromethyl)phenylacetyl chloride. The 
mixture was stirred at rt from 4 h to overnight and 
passed through a disposable pipette (0 .6x4  cm) 
containing silica gel (60-200 mesh) and eluted with 3 
mL of CHzCI2. The CH2C12 residue, dried in vacuo, was 
redissolved in CH2C12 and washed in 1% NaHCO3 (5 
mL) and H20 (2 x 5mL); the CH2C12 layer was dried in 
vacuo to give the (S)-Mosher esters. Using (S)-(+)-0t- 
methoxy-ct-(trifluoromethyl)phenylacetyl chloride gave 
the (R)-Mosher esters. Both yields were typically 
higher than 90%. 

Preparation of TMS derivatives 

Compounds 1 and 2 (ca. 0.3 mg of each) were treated 
with N,O-bis(trimethylsilyl) acetamide (20 gL) and 
pyridine (2 gL) and heated at 70 °C for 30 min to yield 
the respective tri-TMS derivatives, la  and 2a. EIMS 
fragmentations are shown in Figures 2 and 4. 

cis-Gigantrionenin (1). Colorless oil, [0t]0+8.5 ° (c 
0.18, MeOH);  UV ~.max (EtOH): 207 nm (log e, 3.1); IR 
Vmax (film): 3440, 2928, 2860, 1750, 1455, 1325 cm-l;  
HRFABMS (glycerol): obsd m/z 607.4928, for C37H6606 
calcd 607.4938; 1H and 13C NMR, see Table 1; for 
pertinent 1H NMR signals of the Mosher esters (Is, 
lr) ,  see Table 2. 

4-Acetyl gigantetrocin A (2). Colorless oil, [Ct]o + 13.5 ° 
(c 0.11, MeOH),  UV )"max (EtOH):  208 nm (log ~, 3.2); 
IR Vma x (film): 3445, 2930, 2867, 1750, 1745, 1430, 1347 

c m - 1 ;  HRFABMS (glycerol): obsd m/z 639.4849, for 
C37H660 ~calcd 639.4836. ~H and 13C NMR, see Table 1; 
for pertinent ~H NMR signals of the Mosher esters (2s, 
2r), see Table 2. 
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