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Abstract: Twelve natural products, including two new compounds, goniothalesdiol 1a and
goniothalactam 2, were isolated from the bark of the Malaysian tree Goniothalamus born-
eensis (Annonaceae) and evaluated for their cytotoxic activity. Their structurecs were
elucidated by spectroscopy inciuding 2D-NMR spectroscopy. 1a, which was semisyn-
thesised from (+)-goniothalenol (3a), was related to several cytotoxic styryl-lactones (4 -

8) also isolated from this species. © 1998 Elsevier Science Lid. All rights reserved.

INTRODUCTION
Ethnobotanical uses of everal species of the genus Goniothalamus are well known in Malaysia;
many of these plants have provided bioactive acetogenins,'? alkaloids,*?® styryl-lactones®'® and fla-
vonoids.!! Cytotoxic styryl- } actones or their derivatives, which have been reported in almost all the Gonio-
thalamus species studied, are characteristic compounds ol this genus. There has been continued interest in
the cytotoxicity and synthcsi s of these and related compounds.'? ‘3 The alkaloids produ ced by many Gonio-

thalamus species, being part of the Annonaceae family, are notably aporphines, some of which are known
to be biologically active. 14 Goniothalamus borneensis, an exceptionally large tree of this genus, is found
in Sabah, East Malaysia, and has been used as a mosquito repellent by the natives. Our chemical
screenings'® showed that this chemically unstudied plant contained cytotoxic and insecticidal principles.
The bioassay-directed separation of the tree's bark extracts led to the isolation of seven cytotoxic
compounds and five others, two of which are new natural products. The structure and stereochemistry of
the new compounds were determined by IR, MS and NMR spectra as well as by chemical transformation
and semisynthesis.

RESULTS AND DISCUSSION

Goniothalesdiol 1a was isolated as a yellow oil, [a] ** +7.5 (c 0.23, EtOH). In the IR spectrum,
absorption bands attributable to hydroxy! (3508 cm'') and carbonyl (1705 cm’!) groups were present. The
UV spectrum of 1a had maxima at 236 and 280 nm. The EIMS showed only a weak parent ion (M™ m/z 266,
0.01%) and the presence of two hydroxyl groups were confirmed by the preparation of a diacetate derivative

(1b) which gave peaks at m/z 350 (M*), 290 (M* - AcOH), 230(M* - 2AcOH) in the EIMS and two
resonances at 81.98 and 2.10 (3H each) in the 'H NMR spectrum. The presence of a phenyl moicty was
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supported by '"H NMR (6 7.42,d, J=7.0 Hz, H-2,6'; 7.35,t,J=7.0 Hz, H-3, 5", 7.28, d, J = 7.0 Hz,
111'\A.. 137 NTREAT /€ 1000 7V 1V, 170 4 M At U, $A 7T £ At 1T 1AL M M A SN —

H-4"j and "C NMR (0 139.8, C-1"; 128.4, C-3', 5'; 127.7, C-4' and 126.0, C-2',6") (Tabie 1). Four oxygen-
bearing carbons were also suggested by the '"H NMR (8 4.62, d, J = 4.5 Hz, H-2 and 4.08 - 4.17, m, H-3,
4dand DN and PBCNMR (8R672 C.2-882 C-3- 807 (-5 and 72 O (-4) The 1H NMB and 130 NIMD alen
v AR o) SeAANs N ANAVRAN \W UUnbry ey Urbeloy 720, UULF, 70 QUG 7007, T . LU L1 NIV allu = INIVREN AldVU
showed the existence of two methylene groups (8 2.56, m, H -6/8 30.4, C-6; 8 2.12, m, H,-7/6 23.4, C-7).
A singlet at & 3.70 (3H) and a carbon resonance at 8 51.8 (C-9) indicated the presence of an -OMe group

Rl b ot

and the resonance at 8 174.5 also suggested the existence of an ester group. With the molecular formula
deduced as C, H, 0, and the above spectral features, the structure 1a, a substituted methyl tetrahydrofu-
ranylpropanoate, may be assigned to goniothalesdiol.
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Tahle 1 1H and 13C NMR data of 1a (CDC1 ) and 2 (acetone-d )
Table 1. 'H and °C NMR data of 1a (CDCL,) and 2 (acetone-d)
H# 1a® C# la® H# 2b C# 2b
2 462d(4.57% 2 86.2¢ 2 7.80 s 1 1234
3} 3 85.2c 5 8.77 d (2.6) 2 111.1
4 ) 4.13 m 4 78.94 7 7.16 dd (2.6, 8.6) 3 155.9
5% 5 80.7¢ 8 7.75d (8.6) 4 152.9
6 2.12m 6 234 9 7.07 s 4a 121.9
7 2.56 m 7 30.4 NH 9.63 s 4b 129.6
2,6 7.42d (7.0) 8 1745 OMe (C-3) 4.12s 5 113.9
3.5 7.35t(7.0) S 51.8 OMe (C-4) 4.10s 6 157.1
4' 7.28 d (7.0) 1 139.8 7 118.5
OMe 3.70s 2'.6" 128.4 8 131.6
3.5 126.0 8a 130.0
4' 127.7 9 106.3
10 134.4
10a 126.0
i1 169.7
OMe (C-3) 58.1
OMe (C-4) 61.1
b 1a obtained at 300 MHz; 2 at 500 MHz using TMS as internal reference; chemical shift 8, multiplicity (/

Hz in parenthesis)
cd
assignments with same superscripts interchangeable

Further spectral evidence was required to confirm the structure and stcreochemistry of 1a. Because the
- peaks of H-3, H-4 and H-5 were overlapping considerably and appeared as a broad unresolved multiplet,
1a was acetylated in order to make the assignments clearer. The HMBC spectrum of 1b (Figure 1), which
provided correlations from 8 4.90 (H-3) t0 6 169.5 (C-10) and from § 5.18 (H-4) to 6 169.5 (C-11), indicated
that the two hydroxyl moieties of 1a were located on C-3 and C-4. The observed three-bond correlation in
the HMBC spectrum between, apparently, H-2 (8 4.79) and C-2'/C-6' (8 128.3) gave evidence that the

phenyl moiety was located on C-2. The long-range correlations, C-2 (584.0)/H-5(64.17) and C-5 (8 79.3)/
H-2 (8 4.79), indicated that diol 1a was a tetrahydrofuran derivative with a phenyl group among others.
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Figure 1. Selected HMBC and NOE Correlations of 1b and 2, and Semisynthesis of 1a

Apart from the data of the IR absorption [1705 cm™], there was convincing evidence to support that 1a was
a methyl ester because in the HMBC spectrum of 1b a cross peak was observed between the protons of the
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-OMe group (& 3.59, 3H, s, OMe/d 51.4, C-9) and the carbony! group (8 173.0, C-8). The 'H-'H COSY
spectrum of 1b, which clearly showed coupling correlations from H-2 via H-5, through H,-6 to H,-7
suggested that the substituent at C-5 on the furan ring was a 2-(methoxycarbonyl)ethy! group because the

w

% etho hyl
HMBC spectrum of 1b provided correlations from H,-6 (6 1.93) (three-bond) and H -7 (8 48, m) (two-
bond) to C-8 (8 173.0). The sprectral data indicated that goniothalesdiol is 2-phenyl-3,4-dihydroxy-5-(2-
methoxycarbonylethyl)tetrahydrofuran (1a).

The relative stereochemistry of 1a was assigned on the basis of NOE effects in the acctylated
derivative 1b (Figure 1). The assignment was confirmed by the synthesis of 1a from (+)-goniothalenol (3a)
(Figure 1). Hydrogenation of the double bond in the lactone ring with Pd/C opened the ring due to the
cleavage of the benzylic ether bond. Also, bromination followed by tributyltin hydride reduction was un-
successful. However, direct hydrogenation of (+)-goniothalenol with Wilkinson's catalyst gavc the ex-
pected product, dihydrogoniothalenol (3b), which could be saponified by NaOH to provide the dihydroxy
acid (3c). Esterlflcanon with dmmmcthan > afforded the desired compound la Both the isolated natural

n a
€A 1 “
ne derivatives and hm_activi[y are given in the Table 2. Some
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of these compounds were st__rik.in 1y lar to those isolated from Goniothalamus giganteus of Thailand
12,8

reported in a series of papers. Gomolhalesdml 1a is a new addition to this series and the structure as
determined from spectral data and semisynthesis is (2R,3R,45,55)-2-phenyl-3,4-dihydroxy-5-(2-
methoxycarbonylethyl)tetrahydrofuran. As goniothalesdiol 1a was structurally similar to the other styryl-
lactones but with the lactonc ring opened, it may be suggested to be an artifact. However since the side chain
on C-5 was saturated, it is probably not; thus this finding constitutes the first report of a 2-phenylfurany]
derivative from the genus Goniothalamus.
Goniothalactam 2, with the molecular formuia C _H
lactam, and its UV spectrum resemmea closely that of ari
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O, as deduced by hm:uvlb was a phenolic
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1651 cm™) in the IR spectrum confirmed the pmscnce

o
spectrum of aristolactam-Alll (4 ) alqo isolated from t .
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two singlet protons at § 7.07 (1H, s, H-9) and 7.80 (1H, s, H-2), it also showed the presence of an AMX
coupling system with signals at 6 8.77 (iH, d, J = 2.6 Hz, H-5), 7.75 (1H, d, / = 8.6 Hz, H-8) and 7.16 (iH,
dd, J = 2.6, 8.6 Hz, H-7). The proton signal at § 9.63 (1H, s, N

H) at rlbuted to the NH appeared as a short
; establish cording the

T {H-5) led to the enhancement of the signal
OMe-C-4). NOE relationships were also observed between the singlet at 6 7.80 (H-2) and the other
yl protons at §4.12 (OMe-C-3), and between the signals at 8 7.75 (H-8) and the signals at § 7.07 (H-

9)/7.16 (H 7). On the basis of above resuits, Z was structurally established as 10-amino-6-hydroxy-3, 4-di-
methoxy-phenanthrene-1-carboxylic acid iactam. Its structurc was confirmed by the observed long range
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correlations in the HMBC spectrum as illustrated in Figure 1.

Table 2. Cytotoxicity Bioassay Results (ED, )
Compound P388 WEHI164 THP-1 MOLT4 Others

la >30 -8 - - -
2 >30 - - - -
3a >30 >30 >30 - 2b
4 5.2 24 29.5 4.3 -

Me-4¢ 10.7 18 4.95 2.25 -
5 0.75 1.70 - <1 0.7-1¢
6a 6.0 22 2.45 5.1 -
7 - - - - 4.76°
8 9.2 27 30 8.1 -

'EDSO values in ug/ml, ED_, < 30 considered cytotoxic, if not determined no value (-) is given;
P388= mouse leukemia, WEHI1640 = mouse fibrosarcoma, THP-1 = human monocytic leukemia,
MOLT4 = lymphoblastic leukemia, human; P9KB®; ®Methylated 4 ; YHGC-27, HeLa and MCF-
7 cell lines'® ; © A-5498

Unlike aristolactam-AIII (4) which was strongly cytotoxic, 2 was only weakly active. Several of the

~tliase afer tma Anvivrativac 1onlatad hawavar hod ctenna nutntavin ontivitine Moahla 9\ A e tha
OVLLICT dLYIYi1-1allule utlivatlvis 1duldicu, HUWL VLD, 1iau SUHULHE LYLULUAL acllviued (1duis 4), AHIVHE WUIC
Family nf vasriang ctyrul _lantanag fannd fram (Taninthalamuc enpeciag it can ha caan that a lnsga nirnmhar ~F
14y O various styryi-1dCiondés 10uia irom uoniownd.amius SpeCics, it Cdil o€ ST Uldl d 1df2€ NUMoer Ol
thaco ramnannde hachosen alaharatad hy (7 harmeoncic Com nndcWa § Ga £h Tand R wer tad
eSSt CUMPUUNGs fiad uoTTI G Taill U . O o Ud Ja, o, va, U, 7 dlild 0 WOT ol

a nralific numher nf cnich comnnnnde inclhidinoe icnalthalactane and R-memheared cvelie anniaohentnl.
(49 l’l\'llll\t HuUliiuvsnl i DU LR VUIIIFUUIJ“D JILUJUUIIAB AOVUCILUIIVIGIVLV I Qi UT LIV IIA UL VA \l!\’ll\l sulllull\ll’l\-ll
ideg 10,17 Jonionvnvrones as bicvelie Michael adducts were also elaborated by other Goniothalamus
AN \Jvlll\}y! t’] AVERVT RO \IJV', N RARS AFERRIFARANS D ievAvAVA N LAY YY WA W RRAU VYV waldU Vi svw N UJ Wbiiwd NA VTR T VR VAT T VR T
cnecieg 18

species

General. A Reichert-Jung hot-stage microscope was used to measure melting points (uncorrected). EIM
were run on a Micromass VG 7035 mass spectrometer at 70 ev. NMR spectra were recorded by Bruke
300 [300 MHz ('H) and 75 MHz ('*C)] and AMX 500 [500 MHz ('H) and 125 MHz (**C)] instruments using

CDCl,, Me,CO-d, or DMSO-d solutions with TMS as an internal standard unless otherw1se stated IR
spectra were recorded on a Bio-Rad FTIR spectrometer and UV spectra were recorded on a Hewlett Pack-
ard 8452A diode array spectrometer. Liquid chromatography was performed on silica gel (Kieselgel 60, par-
ticle size 0.040-0.063 mm) and Sephadex LH-20. TLC was run on silica gel pre-coated glass plates (Merck
silica gel 60 F,_,).

Plant material. The specimen of Goriothalamus borneensis was collected from Sabah, Malaysia, in June
1996 and identified by J. T. Pereira and L. Madani. Malaysian Goniothalamus specics will be updated
soon.!® A voucher specimen (SAN 135154) was deposited at the herbarium of the Forest Research Centre,
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Sepilok, Sandakan, Sabah, Malaysia.
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MeOH (24 h, 6L x 5) in a Soxhlet apparatus. The MeOH extract was evaporated under reduced pressure and
the residue (304 g) was suspended in 5% MeOH/H,O and extracted successively with hexane and
chloroform to provide two portions of crude extracts after removal of solvents,

Stigmasterol was isolated as the major component in the hexane extract. The chloroform extract
(183 g) was chromatographed on silica gel (5 kg) and eluted with hexane-acetone (1:20 to 1:1) system to
give eight fractions. Fraction 1 (about 50 g) was mainly pmocembrm (40 g, 2%), while fraction 2 (about
AN o) xirag nm Aamtinally antiva ~nil cwhaAaca man

wes L3N rsamin lhaolawAl 72, &N Y EZN nend alaa
OuU 5} was ail opticany aCuve o011 wnose major COmpo as t

Cunlyuucut wad \'T) gUlllULudlCllUl (94a, Ju g, £.0%0) and aisSo
a minor amount of cinnamvl cinnamate (20 me, 1 x 10 5 %\ Fraction 3 (qhm t 30 o) was chromatoeranhied
134! ng, bout 30 g) was chror led

2R2lla% &V Lo piGpa

on silica gel (1.5 kg) with hexane-EtOAc ( 20 1to 1:1) as the eluent, and the fractlons were further subjected
to sephadex LLH-20 column chromatography followed by preparative silica gel TLC to yield six compounds:
goniothalamin (5, 30 mg, 1.5 x 107 %), goniothalesdiol (la, 60 mg, 3 x 10°° %), goniobutenolide A (6a, 10
mg, 5 x 10° %) and B (6b, 10 mg, 5 x10® %), goniofufurone (7, 10 mg, 5 x 10® %) and goniotriol (8, 50
mg,2.5x 103 %) Fraction 4 (20 g) was chromatograp‘ned on siiica gel and eluted with hexane-EtOAc (10:1

tn T:1Y $~ Frrveemao h trun allbalaide anniathalantam n v 106 04\ and riotnalontan A TIT A 1N o
wi.1) w lullllbll twu alhdlUlUb, BUIIIULlldlddelll \b w lllb A LU /0) ailla dll\l,l)ldbl.dlll AL (%, 1U g

Goniothalesdiol (1a). An optically active oil; [a] 2 +7.5° (EtOH, ¢ 0.23); UV (EtOH) A__ (nm) 222
(2.80), 258 (2.30), 302 (1.80); IR (film) v__(cm™) 3508, 2973, 1705, 1450. 1360, 1239, 1175, 1046, 949,
917, 759, 699; EIMS m/z (rel. int.) 266 [M*](0.01), 234 (56), 216 (44), 206 (22), 188 (50); HR-EIMS [M*]
m/z 266.1151 (calcd. for C, H O, 266,1154); the 'H and '*C NMR spectral data are listed in Table 1.

147718 S?

Goniothalesdiol diacetate 1b. 1a (20 mg) was dissolved in acetic anhydride: pyridine (1:1, 5 ml)
el tlas smn At st bizea 1 aft Nt s FasmmAanntizea Fre 17 he WM Aanlriim virith tirntne avisraontiam vrith ~hl e o
daig uic 1 LLIVUIL LU&I.U C I1C1t alt 1 OuUiLll lCLlllJCldlulC LUL 1L 1. ¥YWOLRUDP WL walll, CALLACLIU WILLL Cioroiorm
and purification by silica gel PTLC with hexane: EtOAc (5:1) gave an optically active 0il (1b, 22 mg, 85%).
[a] 7 +6.9° (EtOH, ¢ 4.9); EIMS m/z (rel. int.) 350 [M*] (0.2), 319 (5), 290 (7), 248 (10), 231 (50), 204

. 7), \
(8);  HR- EIMS [M]* m/z 350.1337 (caled. for C H, 0., 350.1366); " NMR (ppm) (500 MHz) (DMSO-
d,): 1.93 (2H, m, H,-6), 1.98 (3H, s, OAc), 2. 10(3H » OAc), 2.48 (2H, m, H,-7), 359 (3H, s, OMe) 417
(1H, ddd, J = 36120 5.0 Hz, H5)479(1HdJ 3.6 Hz, H2)490(HJ

=7

N

rewy -~ o ww

(iH, dd, j=1.2, 3.6 Hz, H-4), 7.30 (iH, d, J = 7.2 liz, ii-4"), 7.36 (2H
e

A 779, I AN B30 NMD (198 1\ (MMQAN_4 Y- 39N A TON
U, J= 7.4 0114, I1-4,U ], INIVIN (14J xvu 17 \uw DUl ). U LU (UIVT

2\ 1
) 1 .
or C-10)], 23.5 (C-6), 30.0 (C-7), 51.4 (C-9), (C-4), 79.3 (C-5), 83. 2( -2), 84.0 (C-2), 126.3
59, 127.8 (C-4"), 128.3 (C-2', 6", 139.2 (C-1", 1695(C 10 and C-11), 173.0 (C-8).
Goniothalactam (2). Light yellow needles, m.p. 257-259 °C; UV (EtOH) A__ (nm) 236 (4.58), 256
(4.45), 262 (4.48), 294 (4.35), 320 (4.21), 342 (4.10) and 400 (3.90); IR (film) v__ (cm™) 3394, 3226, 1651,
1611, 1503, 1457, 1408, 1376, 1308, 1241, 1059, 1013, 951, 872; EIMS m/z (rel. int.) 295 [M*](100), 280

(12), 265 (44) 252 (40); HR-EIMS [M]" m/z 295.0846 (calcd. for C;H,.NO,, 295.0845); the 'H and 3C
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Preparation of 12 from
inson's catalyst (10 mg) in anhvdrous EtOAc at room temperature and at atmospheric pressure for two
hours. The reaction mixture was chromatographed on silica gel eluted with hexane-EtOAc (3: 1) and
furnished compound 3b (80 mg, 80%). 3b (20 mg) was further hydrolysed with NaOH to give compound
3¢ (20 mg, 90%). The latter (10 mg) was esterified with excess CH,N, to yield 1a (10 mg, 90%). Compound
3b: an opticai]y active oil; [(JL]D25 +14.2° (EtOH, ¢ 0.55); UV (EtOH) A___ {(nm) 222 (2.
al

A 100 mg sample of (+)-goniothalenol was hydrogenated minﬂ Wilk-

max

r1 76N TR (1N 2410 7QRQ 1744 1487 12462 17275 1086 RIMS 20 /r (1
\IL. IU), 1N \uuu) Y (CIIl ) D917, 2007, 114U, 1907, 1000, 1477, 1VJU, LLIVEDS T \.lu

. L
216 (11), 147 (66), 107 (76), 91 (64), 77 (100); HREIMS [M]* m/z 234.0902 (calcd. for C H,,0
234.0892); 'H NMR & (ppm) (300 MHz) (CDCIB): 2.17 (2H, m, H2—4), 2.44 (1H, m, Ha-3), 2.67 (1H, m,
Hb-3), 4.17 (1H, dd, J = 6.0, 2.1 Hz, H-7), 4.43 (1H, dt, J = 4.9 Hz, H-5), 4.61 (1H, d, J = 6.0 liz, H-8),
4.74 (1H, dd, J = 4.9, 2.1 Hz, H-6), 7.28-7.37 (5H, m, H-2'-6'); 13C NMR (75 MHz) (CDCL,): d 22.9 (C-
4),26.1(C-3),72.2 (C-6), 84.1(C-5),85.5(C-7), 88.2 (C-8), 126.0 (C-4"), 128.5 (C-3', 57), 128.6 (C-2', 6),
138.5(C- 1", 170.9 (C-2

— OO
3 Pt
N
.
U
o
—
==
N
e
N
~
K
N

P oV, A 10 inally active ail- Tyl 25 111 69 (BtOH ¢ 0.28) TV (EtOH) A (nm) 224
Lullipuuliu o, uputaily dvilye Ull, [Win T L. A \\.u;, VLA G ), WY LANSER) Aoy W nr 11 LS
(2.74), 264 (2.23), 284 (2.02); IR (film) Vo (c,:m“) 3297, 1746, 1241, 1167, 1086, 1039 965, 905; EIM
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(300 MHZ) (CD,OD): 2.04 (2H, m, H,-

m/z (rel. int.) 252 [M*](0.1), 234 (14), 216 (12); '"H NMR & (ppm -
7 Hz, j),401(zumﬁ4and5) 4.5

I BV ¥ Wil i A AT Fas v f\ s "
g

6),244 2H, m H -I),JJU(JH, s,ume), 54

e
(TH A I.«A’lll-. T2y T34 (1 A 7TA 11 A r
ViK1, U, J = 7./ XiL, I} h}, 7ok RNy u,J = i4, 13- =+ IIL, I1~3, 3 ), /.99 \L11, U, J =

" 1 7
5 1 i,
Hz, C-2', 6); °C NMR (75 MHz) (CD,OD): 8 25.7 (C-6), 33.1 (C-7), 79.9 (C-4), 82.7 (C-5), 86.6 (C-
88.1 (C-2), 127.6 (C-3', 5"), 128.5 (C-4"), 129.2 (C-2', 6'), 142.1 (C-1"), 175.0 (C-8).
Compounds 4 - 8. These compounds were identified from their NMR spectra and compared to the
reported data."*%#10 Stigmasterol, pinocembrin and cinnamyl cinnamatc had EIMS and NMR spectral data
identical to those reported.®!!

T TIT 2' &N\ "' AA 7O 1 7

52
4
K)R

Bioassays. The following cell lines were used: P388 (mouse lymphocytic leukemia), WEHI1640 (Mouse
fibrosarcoma), THP-1 (human monocytic leukemia), MOLT4 (human lymphoblastic leukemia). Cell
survival was evaluated by using MTT-tetrazolium assay as described previously.?® Results are given in
Table 2; according to the cmenon set by the National Cancer Institute, USA, ED,, values of less than 30
mg/ml are considered cytotoxic.?!
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