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TWO NEW STYRYL LACTONES, 9-DEOXYGONIOPYPYRONE AND
7-EPI-GONIOFUFURONE, FROM GONIOTHALAMUS GIGANTEUS

XIN-PING FANG, JON E. ANDERSON, CHING-JER CHANG, JERRY L. MCLAUGHLIN, *
Department of Medicinal Chemistry and Pharmacognosy, School of Pharmacy and Pharmacal Sciences
and PHILLIP E. FANWICK

Department of Chemistry, School of Sciences, Purdue University, West Lafayette, Indiana 47907

ABSTRACT.—Two new styryl lactones, 9-deoxygoniopypyrone [1} and 7-gpi-goniofu-
furone {3], and a known styryl lactone, goniodiol {5}, were isolated from the stem bark of
Goniothalamus giganteus. The structures were elucidated by ir, ms, 'H-nmr, *C-nmr, and 'H-
'H COSY spectra; the relative configurations were determined by X-ray crystallographic analy-
sis. Unlike goniopypyrone [2] and goniofufurone {4], neither of the new styryl lactones 1 and 3
showed significant bicactivities to human tumor cells. However, goniodiol {5] showed signifi-
cant and selective cytotoxicity against human lung tumor cells (A-549).

The EtOH extract of the stem bark of Goniothalamus gigantens Hook. f. & Thomas
(Annonaceae) showed significant murine toxicity in the 3 PS lymphocytic leukemia sys-
tem (1). Our previous bioactivity-directed studies of this plant have yielded the bioac-
tive compounds altholactone (syn: goniothalenol, a furano-2-pyrone), goniothalamin (a
styryl-2-pyrone), and pinocembrin (a flavanone) (2); goniotriol (a styryl-2-pyrone) (3);
goniothalamicin, annonacin (4), and gigantecin (three acetogenins) (5); and
goniofufurone (a furano-2-furanone), goniopypyrone (a pyrano-2-pyrone), and 8-
acetylgoniotriol (6). Two new styryl lactones, 9-deoxygoniopypyrone {1} and 7-gpi-
goniofufurone {3}, and a known styry! lactone, goniodiol [5] (7), have now been iso-
lated from the same plant material in our continuing investigation. The structures were
elucidated by ir, ms, '"H-nmr, *C-nmr, and 'H-'H COSY spectra, and the relative
configurations were determined by X-ray crystallographic analysis. Neither of the new

!Atomic coordinates for this structure have been deposited with the Cambridge Crystallographic
Data Centre and can be obtained on request from Dr. Olga Kennard, University Chemical Laboratory,
Lensfield Road, Cambridge CB2, 1EW, UK.
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compounds 1 and 3 showed significant cytotoxic activity (EDsy<4 ug/ml) against A-
549 (human lung carcinoma) (8), MCF-7 (human breast adenocarcinoma) (9), and HT-
29 (human colon adenocarcinoma) cells (10), and they were not significantly toxic to
brine shrimp (BS LC5,>400 pg/ml). However, goniodiol was significantly and selec-

tively cytotoxic to the human lung tumor cells (A-549) (Table 1).

TABLE 1. Bioactivities of Compounds 1, 3, and 5.
Cell line
Compound Bs A-549 MCE-7 HT-29
LCso(mg/ml) | EDso(pg/ml) | EDgy(png/ml) EDsq (g/mb)

1 . >500 27.20 25.35 7.38
3, 475 85.49 49.11 >100

5 >500 1.22X107! | 8.27 2.45
Adriamycin® . . . . . . .. 8X1072 | 6.84%x107% | 1.77x1072 4.16x 1077

*Positive standard control. For the brine shrimp (BS) assay, adriamycin was dissolved in sea water di-
rectly and tested immediately.

RESULTS AND DISCUSSION

The mol wt of 9-deoxygoniopypyrone {1} was indicated by a prominent peak at m/z
235 {MH]" in the cims (isobutane) and a peak at m/z 234 [M1" in the eims. The mea-
surement of hreims at 7/z 234.0891 {M] ™" gave the molecular formula C,;H 40, (calcd
234.0888). The presence of a hydroxyl moiety was indicated by peaks at m/z 217
[MH — HZO]+ inthe cims, 216 {M — HZO}+ in the eims, and a broad absorption band
at 3456 cm ™! in the ir spectrum. The existence of a saturated 8-lactone was supported
by carbonyl bands at 1743 and 1720 cm™ ' in the ir spectrum. The presence of a
monosubstituted aromatic ring was indicated by 'H-nmr and *C-nmr data (Tables 2
and 3).

The molecular structure of 1 was suggested as 8-hydroxy-7-phenyl-2,6-
dioxabicyclof3.3. 1lnonan-3-one by comparing the "H-nmr, '*C-nmr, and ms spectra
with those of goniopypyrone {2] (Tables 2 and 3) (6). The 'H-'"H COSY spectrum of 1
supported the above structure. The '>C nmr of 1 was assigned by comparison with that
of goniopypyrone {2}, which had been assigned based on HETCOR (6). Thesims of 1
had a similar mass fragmentation pattern to that of 2. The relative configuration of 1
was then determined by X-ray crystallographic data (Figure 1).

ORTEP plot of 9-deoxygoniopypyrone {1}.

FIGURE 1.
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The mol wt of compound 3 was indicated by a prominent peak at 7/z 251 {MH}*
in the cims (isobutane). The measurement of hrcims at m/z 251.0914 [MH}" gave the
molecular formula C,;H ;505 (caled 251.0919). The presence of two hydroxyl moieties
was indicated by peaks at m/z 233 [MH — H,01" and 215 {MH — 2H,01" in the
c1ms peaks of two hydroxyl protons at 3 3.55 and 2.72 (exchangeable with D,0) in the

'H-nmr spectra (Table 2), and an absorption band at 3434 ¢cm™ ' in the ir spectrum.
The existence of a saturated y-lactone was indicated by a small peak at & 176.10 in the
3C-nmr spectrum and a carbonyl absorption band at 1737 em™ ! (reduced frequency
due to formation of intermolecular H-bonds) in the ir spectrum. The presence of a
monosubstituted aromatic ring was supported by 'H- and '>C-nmr data (Tables 2
and 3).

The 'H- and "*C-nmr spectral data of compound 3 were very similar to those of
goniofufurone {4], and the eims was the same as that of 4 (6). The "H-nmr spectrum
and 'H-'H COSY spectrum of 3 showed that the J/; value (4.0 Hz) was similar to that
of goniofufurone {4}, but the chemical shifts of the H-5 and H-7 changed from 54.08
to 4.24 and from 5.19 to 5.09, respectively, thus causing overlap of the H-3a (8 5.12)
and H-7 signals, which were distinctly separated in the 'H-nmr spectrum of 4. The J
values of the H-6 and H-7 with the 6-OH and 7-OH protons also changed from 2.7 to
4.5 Hz and from 2.8 to 5.0 Hz, respectively, from 3 to 4. The melting point (190—
192°) of compound 3 was higher than that (152—154°) of goniofufurone {4}, and the
two compounds showed different R, values on tlc plates. The X-ray crystallographic
analysis (Figure 2) then demonstrated that compound 3 was a stereoisomer at the chiral
center C-7 of goniofufurone {4}, and the structure of 3 was finally determined as (3a$*,
5§*, GR*, GaS*, 7R*)-6-hydroxy-5-(at-hydroxybenzyl)-3a,5,6,6a-tetrahydrofuro{3,
2-b}furan-2(3H)-one and named 7-gpi-goniofufurone.

FiIGURE 2. ORTEP plot of 7-¢pi-goniofufurone {31].

The higher melting point of compound 3 vs. 4 was possibly due to a lack of intra-
molecular H-bond formation, and both the 6-OH and 7-OH of 3 formed intermolecu-
lar H-bonds with carbonyls or hydroxyls from other molecules. The relatively lower
melting point of 4 was possibly due to an intramolecular H-bond formed between the
6-OH and the 7-OH and less intermolecular H-bond formation, this information being
indicated in the crystal packing data from the X-ray crystallography. 9-Deoxygoniopy-
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pyrone {1} showed a higher melting point (203—204°) than that of goniopypyrone {2}
(182-184°), and this was also possibly due to similar reasons.

The bioactive compound 5 was identified as goniodiol, which was previously iso-
lated from other species of Goniothalamus (7). The structure was identified based on op-
tical rotation, ir, cims, eims, 'H-nmr, *C-nmr, and "H-TH COSY data. However, the
isolated 3 was a waxy oil, and goniodiol was previously reported as needlelike crystals
(7). To confirm the structure of 5, the diacetate derivative 6 was made, and fine crystals
were obtained. The ‘H-nmr and X-ray crystallographic data of 6 proved that 5 was, in-
deed, goniodiol. The X-ray crystallographic data of goniodiol diacetate {6} (Figure 3)
and the cytotoxicity of 5 (Table 1) have not been previously reported.

FIGURE 3. ORTEP plot of goniodiol diacetate [6].

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Mp’s were determined on a Mettler FP5 hot-stage ap-
paratus and are uncorrected. The optical rotations were determined on a Perkin-Elmer 241 polarimeter.
Uv spectra were taken in EtOH on a Beckman DU-7 spectrophotometer. It spectra were obtained in KBr
pellets on a Perkin-Elmer 1600 FTIR spectrophotometer. Low resolution ms were recorded on a Finnigan
400 mass spectometer. The exact masses were determined on a Kratos ms 50 spectrometer through peak
matching. 'H-nmr and *C-nmr spectra were recorded on a Varian XL-5008 spectrometer.

PLANT MATERIAL.—The stem bark of G. gigantess was collected in Thailand in September 1978,
under the auspices of Dr. Robert E. Perdue, Medicinal Plant Laboratory, USDA, Beltsville, Maryland,
where voucher specimens are maintained.

BioAssAYs.—Brine shrimp lethality (BS) (11) was tested in our laboratory. The cytotoxicity tests
against A-549 (8), MCE-7 (9), and HT-29 (10) cells were performed in the Purdue Cell Culture Labora-
tory, Purdue Cancer Center, using standard protocols with adriamycin as a positive standard.

EXTRACTION AND ISOLATION.—The residue of the crude EtOH extract (FOO1) of 4 kg of the stem
bark was partitioned between H,O and CHClI, to give FO03 (CHCI,; layer), the residue of which was par-
titioned berween hexane and 10% H,0 in MeOH to give FOO5 (MeOH layer, ca. 100 g dry residue). The
residue of FOO5 was repeatedly chromatographed over Si gel columns, using gradients of CsHg/EtOAc/
MeOH and hexane/EtQAc and gave crude crystals that were recrystallized from EtOAc/hexane to give col-
orless needles of 1 (7 mg) and 3 (8 mg) and a waxy oil of 5 (35 mg).

9-Deaxygoniopypyrone {11.—Mp 203-204°; [a}**D +12 (¢= 0.1, EtOH); uv (EtOH) A max 212 nm
(log € 3.74); it (KBr) v max 3456 (OH), 1743 (8-lactone), 1720 (H-bonding 8-lactone), 1637, 1187,
1058; cims (isobutane) m/z (%) IMHI™T 235 (100), IMH — H,01" 217 (12); eims m/z (%) [IM1™ 234 (5.4),
[M—H,01" 216 (1.4), 188 (1.5), 177 (3.7), 157 (2), 149 (6), 144 (4), 128 (13), 107 (65), 91 (50), 77
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(54); hreims m/z 234.0891 for C,3H 404 (calcd 234.0888); 'H nmr (500 MHz, CDCl;) see Table 2; 3¢
amr (125 MHz, CDCl,) see Table 3; 'H-"H COSY (500 MHz, CDCl;).

7-epi-Goniofufurone (3. —Mp 190—-192°, {a}??D + 108 (¢ = 0.2, EtOH); uv (MeOH) A\ max 203 nm
(log € 3.17); ir (film) v max 3434 (OH), 1737 (H-bonding y-lactone), 1653, 1325, 1143, 1044, 1008
cm ™ Y; cims (isobutane) m/z (%) IMH1™ 251 (62), (MH — H,01" 233 (100), [MH — 2H,01" 215 (20);
hrcims (isobutane) m/z 251.0914 for C;3H 505 (caled 251.0919); eims m/z (%) 232 (1), 173 (1), 149 (3),
143 (1), 126(57), 107 (100), 105 (50), 97 (15), 91(22), 82 (56), 77 (45); 'H nmr (500 MHz, CDCl;) see
Table 2; ">C nmr (125 MHz, CD;COCD;) see Table 3; 'H-'H COSY (500 MHz, CDCLy).

Goniodiol [51.—a}**D +74.4 (¢=0.3, CDCL,) ir (film) v max 3406 (OH), 1700 (8-unsaturated lac-
tone), 1389, 1255, 1030, 902, 816, 768, 701 cm™'; cims (isobutane) m/z (%) [MH}" 235 (51),
{MH — H,01" 217 (100), [MH — 2H,01" 199 (1); eims m/z (%) [M — OH]" 217 (0.6), 128 (65), 120
(3), 110 (48), 107 (59), 105 (7), 99 (23), 97 (16), 91(25), 82 (77), 79(100), 77 (77); 'H nmr (500 MHz,
CDCly) see Table 2; 1>C nmr (125 MHz, CDCl,) see Table 3; 'H-'H COSY (500 MHz, CDCL;).

Goniodiol diacetate [61.—Compound 5 (5 mg) was acetylated (Ac,O/pyridine, 12 h, room tempera-
ture), and the mixture was partitioned between H,0 and CHCI;. The CHCI,; extract on concentration and
chromatography afforded compound 6 (4 mg, needle crystals): mp 141-143°; 'H nmr (500 MHz, CDCl;)
see Table 2.

X-RAY CRYSTALLOGRAPHIC ANALYSIS OF 1'.—Data collection.—A colotless rod of C, 3H 1404 hav-

ing approximate dimensions of 0.55 X 0.28 X 0.20 mm was mounted on a glass fiber in a random orienta-
tion. Preliminary examination and data collection were performed with MoK« radiation (A =0.7103 ;&)
on an Enraf-Nonius CAD4 computer controlled kappa axis diffractometer equipped with a graphite crys-
tal, incident beam monochromator. Cell constants and an orientation matrix for data collection were ob-
tained from least-squares refinement, using the setting angles of 25 reflections in the range 15<68<20°,
measured by the computer-controlled diagonal slit method of centering. The orthorhombic cell parameters
and calculated volume are: = 6.195 (1), $=7.994 (1), c= 22.429 (2) ;&, V=1110.7 A>. For Z=4 and
formula wt = 234.235 the calculated density is 1.40 g-cm ™. Asa check on crystal quality, omega scans of
25 intense reflections were measured by 1/5000 sec; the width at half-height was 0.56° with a take-off
angle of 3.2° indicating moderate crystal quality. From the systematic absences of 500 4= 2n + 1, 0£0 & =
2n+ 1, 00//=2n+ 1 and from subsequent least-squares refinement, the space group was determined to
be P2,2,2, (no. 19). The data were collected at a temperature of 20 = 1° using the w—28 scan technique.
The scan rate varied from 1 to 20° min (in omega). Data were collected to a maximum 26 of 55.0° by a w/20
mode with ® scan width = 0.56 + 0.350 tan 8. A total of 1536 reflections were collected (b, £, / limits: 0—
8, 0-10, 0-29), of which 1536 were unique and not systematically absent. Lorentz and polarization correc-
tions were applied to the data. The linear absorption coefficient is 1.0 cm ™' for Mo Ka radiation. No ab-
sorption correction was made (Tables 4 and 5, Figure 1).

Structure solution and refinement.—The structure was solved using the structure solution program
SHELX-86 (G.M. Sheldrick, Institut fiir Anorganische Chemie der Universitit Gottingen, Germany).
The remaining atoms were located in succeeding difference Fourier syntheses. Hydrogen atoms were lo-
cated and added to the structure factor calculations, but their positions were not refined. The structure was
refined in full-matrix least-squares where the function minimized was 3w (IFol-|Fcl)? and the weight w is
defined by the Killean and Lawrence method (12) with terms of 0.020 and 1.0. Scattering factors were
taken from Cromer and Weber (13). Anomalous dispersion effects were included in Fc (14); the values for
8f" and 8f" were those of Cromer and Weber (13). Only the 1087 reflections having intensities greater than
3.0 times their standard deviation were used in the refinements. The final cycle of refinement included 158
variable parameters and converged (largest parameter shift was 0.05 time ESD) with unweighted and
weighted agreement factors of R 1 = ZIFo-Fcl/ZIFol =0.039, R2 = SQRT [, w (IFol-Fcly’ / 3 w Fo’l =
0.047. The standard deviation of an observation of unit weight was 1.16. There were no cortelation
coefficients greater than 0.50. The highest peak in the final difference Fourier had a height of 0. 18 ¢/A>
with an estimated error based on 8F of 0.04. The refined values for the other enantiomorph are R = 0.039,
Rw = 0.048, and the estimated standard deviation of an observation of unit weight = 1.182. Plots of Zw
(IFol-IFcl)? vetSus IFol, reflection order in data collection, sin 0/X, and various of indices showed no un-
usual trends. All calculations were performed on a VAX computer using SDP/VAX.

X-RAY CRYSTALLOGRAPHIC ANALYSIS OF 3 AND 6'.—Procedures were essentially the same as
those followed for the X-ray crystallographic analysis of 1, except the hydrogen positions and isotropic
thermal parameters of 3 were refined, and the crystal data and data collection parameters were given in
Table 5 (Figures 2, 3; Tables 4, 5).
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TABLE 5. Crystal Data and Data Collection Parameters of Compounds 1, 3, and 6.

Compound
Data and Parameters
1 3 6

Formula . . ..... 0,C5H O5C,H, 0¢Cy-H s
Formula weight . . . . 234,235 250.25 318.33
Space group . . . . . . P2,2,2,(No. 19) P2,2,2,(No. 19) PI(No. 1)
ah o 6.1946(7) 7.8365 (6) 5.312(2)
b, 1} ......... 7.9942(7) 11.825(1) 9.135(3)
GA L 22.429 (2) 13.1699 (8) 9.545(3)
v,A L 1110.7(3) 1220.5 (3) 405.7(7)
Z o 4 4 1
D,gem™ . . .. .. 1.401 1.362 1.303
Crystal dimensions, mm .| 0.55 X 0.28 X 0.20 0.44X0.31X0.25 0.56X0.20X0.06
Temperature, deg C . . | 20° 20° 20°
Radiation (wavelength) . | MoKa(0.71073 A) | MoKa (0.71073 A) | MoKa (0.71073 A)
Monochromator . . . . | graphite graphite graphite
Linear Absorption

coefficient, cm™" . . | 0.97 0.98 0.93
Absorption correction

applied . . . . . .. none none none
Diffractometer . . . . | Enraf-Nonius CAD4 | Enraf-Nonius CAD4 | Enraf-Nonius CAD4
Scan method . . . . . w28 w20 w26
bk limies . . . . L. 0t08,00010,0t029 | 0t09,0t614,0t015 | —6t06, —10t0 10,0t0 11
20 range, deg . . . . . 4.00-55.00 4.00-50.00 4.00-50.00
Scan width,deg . . . . [ 0.56+0.35tan® 0.49+0.35tan 0 0.84+0.35tan 0
Take-off angle, deg . . | 3.15 2.95 2.95
Programs used . . . . | Enraf-Nonius SDP Enraf-Nonius SDP Enraf-Nonius SDP
Fooo - « o o o 496.0 528.0 168.0
p-factor used in

weighting . . . . . 0.040 0.040 0.040
Data collected . . . . . 1536 1280 1422
Uniquedata . . . . . 1536 1280 1422
Data with 1>3.0(I) . . | 1087 1040 838
Number of variables . . | 158 219 175
Latgest shift/esd in

final cycle . . . . . 0.05 0.26 0.15
R .......... 0.039 0.043 0.072
Rw. ... ... ... 0.047 0.058 0.087
Goodnessof it . . . . | 1.158 1.653 1.744
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