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Abstract: A new cytotoxic acetogenin, jimenezin (1),
containing a hydroxylated tetrahydropyran ring along
with an adjacent tetrahydrofuran ring and representing
a novel carbon skeleton, was isolated from the seeds of
Rollinia mucosa. The structure was elucidated by
means of chemical and spectral methods including MS
and NMR measurements. Compound 1 exhibited potent
cytotoxic activity against six human solid tumor cell
lines.

As part of our ongoing investigation on biologically
active compounds from Mexican medicinal plants, we
have studied the seeds of Rollinia mucosa (Jacquin)
Baillon (syn. Rollinia jimenezii Safford)? (Annonaceae)
and isolated the novel acetogenin 1, which was given
the trivial name jimenezin. In this paper, we describe
the structure elucidation and cytotoxic activity of com-
pound 1.

cis trans
l erythro threo

37

34 CH
CH;,/( b)8

Jimenezin (1) belongs to the rare type of acetogenins
containing a tetrahydropyran (THP) ring. The first
THP ring acetogenin, named mucocin, was discovered
by McLaughlin’s group in 1995.2 Mucocin is an aceto-
genin that bears a hydroxylated THP ring, as well as a
nonadjacent tetrahydrofuran (THF) ring. Later on, the
same group described another related acetogenin,*
muconin, that contains a nonhydroxylated THP ring
along with an adjacent THF ring. We have now isolated
a closely related acetogenin possessing a hydroxylated
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Table 1. H (500 MHz, CDCls, J (Hz)) and 3C NMR (125
MHz, CDCl3) Data of 12

position OH oc COSY®b HMBC®
1 174.6
2 131.2
3a 2.53 dddd (15.1, 33.3 H-4, H-35 C-1, C-2,
3.2, 1.5, 1.5)
3b 2.40 dddd (15.1, C-4, C-35
8.2, 1.5, 1.5)
4 3.856m 70.0 H-3a,b, H-5
5 1.47m 374
6—-13 1.2-14m 25—-33
14 1.47m 34.9
15 3.35m 73.9 H-14, H-16 C-16
16 3.90m 82.4 H-15, H-17a,b C-15
17 1.62m, 1.93 m 28.0
18 1.60m,2.0m 28.3
19 3.94m 80.9 H-18a,b, H-20 C-20
20 3.24 ddd (11.5, 79.0 H-19, H-21a,b C-19
2.3,2.3)
21 1.64m,1.77m 27.9 H-20, H-22a,b
22 1.45m,2.13m 32.9 H-21a,b, H-23
23 3.28 ddd (10.8, 70.6 H-22a,b, H-24 C-24
9.2, 4.6)
24 3.00 ddd (9.2, 82.3 H-23, H-25 C-23, C-25
9.0, 2.1)
25 1.42m 255
26—31 12-14m 25—-33
32 1.2-1.4m 31.9
33 1.2-1.4m 22.7
34 0.88 t (6.8) 14.1
35 7.18 ddd (1.5, 151.7 H-3a,b, H-36 C-1, C-36
1.5, 1.5)
36 5.06qq (6.8, 15 78.0 H-3ab, H-37
37 1.43 d (6.8) 19.1

a Assigned by HMQC, HMBC, and DEPT spectra. ? Key 'H—
1H correlations. ¢ Important long-range *H-13C correlations.

THP ring along with an adjacent THF ring and one
flanking hydroxyl group on the THF side.

Compound 1 was isolated from the cytotoxic CHCl3;—
MeOH (1:1) extract of the seeds of R. mucosa.>® The
brine shrimp lethality test” was employed to direct the
fractionation of the active extract.

Jimenezin (1)® was obtained as a yellow oil. Its
molecular formula was established as Cz7HgsO7 by
HRFABMS.® The IR spectrum?® contained absorptions
for hydroxyl (3418 cm~!) and a,5-unsaturated y-lactone
(1751 cm™1) functionalities. Sequential losses of three
molecules of H,O from the MH™ in the FABMS? as well
as the formation of the tri-TMSi derivative 1a confirmed
the existence of three hydroxyl groups in compound 1.

The presence in jimenezin (1) of an o,8-unsaturated
methyl y-lactone with a hydroxyl group at C-4 was
suggested by the 'H NMR?® resonances at 6 7.18 (H-35),
5.06 (H-36), 3.85 (H-4), 2.53 (H-3a), 2.40 (H-3b), and 1.43
(H-37) corresponding in the 13C NMR?® spectrum to the
resonances at 6 174.6 (C-1), 151.7 (C-35), 131.2 (C-2),
78.0 (C-36), 70.0 (C-4), 33.3 (C-3), and 19.1 (C-37) (Table
1).19 In addition to the resonance attributable to H-4,
the 'H NMR spectrum (Table 1) of compound 1 exhibited
six well-defined signals in the range 6y 3.0—4.0. Those
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Table 2. Partial 'H NMR Data of the Mosher Esters of 1s and
1ra
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shift values of both C-15 (6 73.9) and H-15 (6 3.35)
indicated a threo relationship. On the other hand, the

OH relative configuration of the chiral carbon centers of the
proton 1s 1r Ads_r THF m_oiety was deter_mined as trans by cpmparing th_e
NMR information with that of muconin.* The cis
14 1.62 151 +0.11 . . .
15 5.14 5.20 Rb stereochemistry of the THP ring was established by
16 4.01 4.02 —0.01 interpreting the NOESY spectrum that exhibited an
17a 1.81 1.91 —0.10 intense cross-peak between H-20 (6 3.24) and H-24 (¢
gg i-gg i-;(l) :8-(2;1" 3.00). The trans-diaxial relationship of H-23 and H-24
18b 152 179 027 was det.ermi_ne(_j by a homodecoupling NMR experiment.
19 3.93 3.91 +0.02 Thus, irradiation of the resonance at 6 1.42 (H-25)
20 3.28 3.21 +0.07 simplified the signal assignable to H-24 to a doublet (J
2la 1.81 1.61 +0.20 = 9.2 Hz). The magnitude of the coupling constant
21b 1.54 153 +0.01 b d for this doubl - ith th
294 232 294 40.08 observed for this doublet was consistent with the trans
29h 1.62 1.41 +0.21 relationship between H-23 and H-24 and, therefore,
23 4.71 4.75 Rb with the equatorial orientation of the hydroxyl group
24 3.23 3.26 —0.03 at C-23.
ég é;?g %jgg :8:;2 The absolute configuration of the stereogenic carbinol
36 4.86 4.92 —0.06 centers was established using Mosher ester methodol-
3a 2.54 2.62 —-0.08 ogy.1® Analysis of the Ads_r data (Table 2) of the per-
3b 2.62 2.69 ~0.07 (S)- and per-(R)-MTPA Mosher ester derivatives'* 1s
‘51 i'gg i'gg Eo 04 and 1r showed that the absolute stereochemistry of the

a Obtained in CDCI; at 500 MHz. ® Absolute configuration.

223 (4) <2313 (12) <--7-> 525 (6) 2> 453 (3)

> 455 (100) % 365 (8) A

chiral centers at C-15, C-23, and C-4 were R, R, and R,
respectively. Thus, the absolute stereochemistry for
C-16, C-19, C-20, and C-24 was deduced as R, R, S, and
S, respectively. The erythro relationship at C-19/C-20
was confirmed according to these results. Finally, the

T™SiO P S configuration at C-36 was established by the negative
(CHalow ! b Cotton effect at 238 nm.1516

‘ ; ° A Acetogenin 1 was significantly active in the brine

203 (14) <2 383 (1)< O 5 0 shrimp lethality test and was also cytotoxic for six

Lo 213 (10) 2% 123 (10)

Figure 1. Diagnostic EIMS fragment ions of the TMSi
derivative la (shown as m/z values, intensities indicated in
parentheses).

at 6 3.75 (H-15), 3.90 (H-16), and 3.94 (H-19) were
assigned to the THF ring with a flanking hydroxyl
group.’® The remaining signals at 6 3.00 (H-24), 3.24
(H-20), and 3.28 (H-23) were consistent with the pres-
ence of a hydroxylated THP ring in the molecule.® The
COSY NMR relationships found between H-20/H-19,
H-24/H-23, H-23/H-22, H-22/H-21, and H-21/20 not only
confirmed the presence of a hydroxylated THP moiety
but also established that this was adjacent to the THF
ring that was itself flanked by a hydroxyl group.

The disposition of the adjacent THF—THP unit along
the aliphatic chain was determined by the analysis of
the fragmentation pattern displayed by the tri-TMSi
derivative!! 1a (Figure 1). Thus, the intense fragment
ions peaks at m/z 455 (cleavage at C-15/16) and m/z 525
(cleavage at C-19/20) allowed placement of the THF ring
with a flanking hydroxyl between C-15 and C-19 and
of the hydroxylated THP ring between C-20 and C-24.

The relative stereochemistry at C-15/C-16 was as-
signed according to Born’s rule.’2 Thus, the chemical

human solid tumor cell lines in a 7-day MTT test!” using
adriamycin as the positive control (Table 3).

The proposed sequence of the THP ring and the
adjacent THF ring in jimenezin (1) is opposite to the
order of those moieties in muconin.* Therefore, the type
of acetogenin skeleton exhibited by jimenezin (1) is hew.
Accordingly, three annonaceous acetogenins bearing a
THP ring have now been isolated from R. mucosa.34
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Table 3. Brine Shrimp Lethality and Cytotoxicity Data for Compound 1

tumor cell line [EDsg (1g/mL)]

compd BST?2 (ug/mL)] A-549P MCF-7¢ HT-29d A-498¢ pC-3f PACA-29
1 5.7 x 103 1.64 x 1072 >1071 4.25 x 1073 4.94 x 1072 2.77 x 1074 1.69 x 10~
adriamycin 4.47 x 1073 8.97 x 1072 1.62 x 1072 1.10 x 1073 2.13 x 1072 2.88 x 1073

a Brine shrimp lethality test. ® Human lung carcinoma. ¢ Human breast carcinoma. ¢ Human colon adenocarcinoma. ¢ Human kidney
carcinoma. f Human prostate adenocarcinoma. 9 Human pancreatic carcinoma.
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