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ABSTRACT

Two novel sesterterpenoids, leucosesterterpenone (1) and leucosesterlactone (2), with novel skeleta were isolated from the hexane extract of

the medicinal plant,

Leucosceptrum canum . Their structures were established by the analysis of NMR data and the single-crystal X-ray diffraction

of compound 1. Compounds 1 and 2 were found to exhibit activity against prolylendopeptidase (PEP).

Leucosceptrum canuBm. (Lamiaceae), a small tree, locally

leucosesterlactone). A known primary precursotrans-

known as Bhusure in Nepal, is distributed in the temperate phytol was also obtained from this plat.

Himalayans regions, Myanmar, and ChirfaThe plant is

Leucosesterterpenone (1) was obtained as colorless crys-

used as an insecticidal agent in remote areas of Nepal. Outgls. Its molecular formula was established byé) HRFAB
previous study on this plant has yielded a novel sesterterpeneMs to be GsH3sO; with the [M — H]~ ion appearing am/z

leucosceptrine (3)In this paper, we report the isolation of
two more novel sesterterpenes, leucosesterterpenpaadl

447. The HREI MS spectrum df showed an ion peak at

(4) Plant Material. The aerial parts of.. canumSm. were collected

* To whom correspondence should be addressed. Tel: (92-21) 9243224.from Godawari, Kathmandu, Nepal on November 26, 2000, at an altitude
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of 1550 m. The plant was identified by senior scientific officer, Mrs. Tirth
Maiya Shrestha, and a voucher specimen (T037) was deposited at The
National Herbarium and Research Laboratory, Department of Plant
Resources, Ministry of Forests and Soil Conservation, Godawari, Kath-
mandu, Nepal.

(5) Extraction and Isolation. Aerial parts ofL. canumwere cut into
small pieces and dried in the shade. The air-dried and powdered plant
material (1.75 kg) was soaked in hexane (10 L) at room temperature for 2
days, filtered and evaporated under reduced pressure. This process was
repeated three times to yield 34.03 g of hexane extract. The plant material
was subsequently soaked in dichloromethane, ethyl acetate, and methanol.
The resulting organic extracts were filtered and concentrated under reduced



m/z 430 (GsH3406), representing the loss of,B from the
M™. The IR absorption at 3456 crhindicated the presence
of hydroxyl groups Analysis of the!H NMR, 3C NMR,

and HMQC datéarevealed the presence of seven quaternary
carbons, nine methine, four methylene, and five methyl
groups. The downfielé®C NMR signals at) 73.2, 96.9, and
82.6 assigned to C-4, C-5, and C-12, respectively, indicated
the presence of hydroxyl groups. A downfield carbon signal
ato 96.9 appeared due to C-5 with a hemiacetal functionality.
The signal for an oxymethylene carbondat64.6 (¢ 4.14
and 3.94, dJi,,15 = 16.5 Hz, H-1) for C-1, olefinic carbons
atoc 121.5 ¢y 5.01) and 137.2 for C-2 and C-3, respectively,
and a methyl carbon alc 17.5 (&4 1.63) appeared due to
the carbons of an unsaturated pyran ring A. The carbon signal
ato 223.6 and the IR absorption at 1705 ¢nindicated the
presence of a ketonic group. Out of five methyl carbons,
the secondary methyl groups resonating&10.9, 21.7, and
16.0 correlated with theH NMR doublets at) 1.01 (326=

6.7 Hz, H-22), 0.78J310= 6.1 Hz, H-23), and 1.18J§4,14

= 6.8 Hz, H-24), respectively. The remaining two tertiary
methyl carbons appeared @tl7.5 (C-21) and 10.1 (C-25)

andody 2.39, as well as HMBC correlations betwe&nl.77
(H-25) anddc 206.7 (C-17) andy 4.53 (H-20) withdc 142.4
(C-18) and 154.8 (C-19) (Figure 1) further supported the

Figure 1. Key HMBC correlations in compountl.

directly correlating withdy 1.63 and 1.77, respectively, in
the HMQC spectrum. Most of the chemical shifts of

leucosesterterpenone (1) resembled those of Ieucosceptrin%

(3)2 except for some shifts due to the presence obxght
unsaturated five-membered ketonic ring instead obugih
unsaturated five-membered lactone ring. The main difference
between leucosesterterpenong énd leucosceptrine Bis

the length of the carbon chain from four (C-13 to C-16) to
three (C-13 to C-15), since C-16 was involved in the
formation of a five-membered ring. The downfield proton
resonated ab 7.11, the downfield carbon signals@ti42.4
and 154.8, and a ketonic carbon signad@206.7, indicating

a double bond in conjugation with a carbonyl group. This
was also supported by the mass fragmentét 111 that
resulted from the cleavage of the C-15/C-16 bond. COSY
45° interactions betweety 7.11 anddy 4.53 anddy 4.53

pressure. Some fatty acids were removed from the hexane extract through
precipitation with acetone. The filtrate was again concentrated under reduced
pressure to afford a semidried extract (26.89 g). This hexane extract was
repeatedly chromatographed on a silica gel column using various polarities
of solvents, starting from hexane, and proceeding with hexahkroform,
chloroform—methanol, and finally methanol to obtain subfractions LCH
207-C and LCH 207-D. Fraction LCH 207-D obtained on elution with
chloroform—methanol (95:5) was recrystallized in hexaméloroform (40:
60) with a few drops of methanol through slow evaporation. The colorless
crystals obtained were washed with diethyl ether, which afforded the pure
compoundl (20.35 mg). Similarly, repeated column chromatography of
the fraction LCH 207-C afforded white crystals2{100 mg), eluting with
pure chloroform. The purity of the crystals was checked by TLC (visualized
at 254 and 366 nm) and by spraying with ceric ammonium sulfate spraying
reagent.

(6) Pavia, D. L.; Lampman, G. M.; Kriz, G. SIntroduction to
Spectroscopy, 2nd ed.; Harcourt Brace College Publishers: Fort Worth,
TX, 1996.

resence of a five-membered,S-unsaturated carbonyl-
ontaining ring with a hydroxyl group at C-2@d 75.7)8
Since compound. was obtained as colorless prismatic
crystals from chloroform solution, an X-ray diffraction
analysis was carried o8@itThe result supported the gross

structure of compound, and allowed for the assignment of
the relative configurations for all chiral centers (Figure 2).

Figure 2. Computer-generated ORTEP diagram of the final X-ray
model of compound..

(7) Atta-ur-Rahman; Choudhary, M. ISobing Problems by NMR
Spectroscopy; Academic Press: San Diego, 1996.

(8) Compound 1: colorless block crystals, mp 154—15C (dec.),Rs
= 0.30 (2% MeOH/CHG)), [a]?%p 240° (c = 0.04, CHC}), UV (MeOH)
Amax NM (log €) 390 (2.78), 341 (2.76), 194 (5.14)imin NmM (log €) 368
(2.61), 339 (2.64); IR (CHG) vmax 3456 (OH), 2935 and 2868 (CH), and
1705 (G=0) cn%; IH (CDCl, 300 MHz) and*C NMR (CDCk, 100 MHz)
data see Table 1; FAB MS M- 1 nm/z447; HREI MSm/z430.2012 (calcd
for CasH3607, m/z430.1924), EI MSm/z (rel intensity %) 430 (33), 319
(10), 292 (25), 249 (60), 234 (50), 203 (35), 139 (50), 111 (46), 110 (73),
83 (100).
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A biogenetic pathway for compountl is proposed in
Scheme 1. Like leucosceptrir®,f 1 may also originate from
geranylfarnesyl pyrophosphate (GFPP). A series of enzymatic
reduction, oxidation, and cyclization reactions can lead to a
novel skeleton for compount, via intermediates [A] and
[B].
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Scheme 1. Biogenesis of Leucosesterterpenone (1)
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Leucosesterlacton@)® was obtained as white crystals and
showed the M at m/z432.2444 (HREI MS), in agreement
with the formula GsH3¢0s. The IR absorptions indicated the
presence of hydroxyl (3437 crf) and ketonic (1739 cni)
groups. A detailed study dH and*3C NMR data (Table 1)
indicated the presence of six methyls (C-1, C-21, C-22, C-23,
C-24, and C-25) and four methylenes (C-8, C-9, C-15, and
C-16). Three secondary methyl groups resonated a8.2,
20.6, and 15.3, correlating wiftd NMR doublets at) 0.81
(J226 = 6.7 Hz, H-22), 1.12 Jp310 = 6.4 Hz, H-23), and

Table 1. NMR Data of Leucosesterterpenor and
Leucosesterlactone (2) in CDLI

1 2
position Ou (J in Hz)® Oc? Oou (J in Hz)® OS¢t

1 3.94,4.14 (d, 16.5) 64.6 2.03(d, 1.2) 21.0
2 137.2 69.2
3 5.01(d, 1.3) 121.5 5.99 (brs) 123.4
4 73.2 157.9
5 96.9 94.0
6 1.92 (m) 419 1.95 (m) 45.1
7 1.55 (m) 43.3 1.87 (m) 47.8
8 1.25,1.91 (m) 33.2 1.31,1.81(m) 30.2
9 2.32,1.41 (m) 32.7 1.35,2.01 (m) 32.3
10 1.95 (m) 31.0 2.35(m) 33.2
11 1.85 (m) 54.6 2.12 (m) 61.5
12 82.6 87.1
13 223.6 211.0
14 3.55 (m) 40.7 2.51 (m) 38.6
15 1.18, 1.80 (m) 27.8 1.25,1.91 (m) 30.0
16 2.39 (m) 53.6 1.19 (m) 28.3
17 206.7 4.60 (brd, 6.7) 86.9
18 142.4 172.3
19 7.11(d, 1.7) 154.8 5.75 (m) 117.1
20 453 (d, 1.6) 75.7 175.8
21 1.63 (s) 175 1.81(d, 1.2) 28.2
22 1.01(d, 6.7) 109 0.81(d,6.7) 13.2
23 0.78 (d, 6.1) 21.7 1.12(d, 6.4) 20.6
24 1.18 (d, 6.8) 16.0 1.17(d, 6.5) 15.3
25 1.77 (s) 10.1 2.02(dd, 0.8, 0.6) 13.9
OH 3.94 (s) 3.91 (s)

OH 4.93 (s)

a 14 NMR in 300 MHz.? 13C NMR at 100 and 125 MHz for compounds
1 and2, respectively.
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1.17 (3414 = 6.5 Hz, H-24), respectively. The remaining
three tertiary methyl groups resonatedat28.2, 21.0, and
13.9, directly correlating withoy 1.81 (d,J213 = 1.2 Hz,
H-21), 2.03 (d,J;1 = 1.2 Hz, H-1), and 2.02 (ddls15 =
0.6 Hz,J,517= 0.4 Hz), respectively. Signals for the carbons

HMBC —>
NOESY «-->

Figure 3. Key HMBC and NOESY correlations in compou@d

of two trisubstituted double bonds (C-3, C-4, and C-18,
C-19), six methine carbons (C-6, C-7, C-10, C-11, C-14, and
C-17), and five quaternary carbons, including two carbonyl
carbons, appeared in tA& NMR spectrum (Table 1). The
IR and**C NMR spectra indicated the presence ofcafi-
unsaturated five-membered lactone ringa{ 1739 cn?, 6c

(9) X-ray Diffraction Studies on Compound 1: CysH3607-0.10 HO,
M = 448.34, tetragonal system, space gréup2;2, a = 11.3790(10) A,
b =11.3790(10) Ac = 36.967(7) AV = 4786.5(11) &, F(000)= 1944,
Z =8,d=1.250 Mg/n3. A crystal of dimensions 0.2@ 0.20 x 0.18 mm
was used for measurement on a Nonius kappa CCD diffractometer with
graphite monochromated radiations. The total number of independent
reflections measured was 3217 [R(int)0.055]. The crystal structure was
solved by direct methods (Altomare, A.; Cascarano, M.; Giacovazzo, C.;
Guagliardi, A.J. App. Cryst.1993, 26, 343) using Fourier techniques
(Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; de Gelder,
R.; Israel, R.; Smiths, J. M. M[he DIRDIF-94 Program System, Technical
Report of the Crystallography LaboratgryUniversity of Nijmegen:
Nijmegen, The Netherlands, 1994). The structure was refined by full matrix
least-squares calculations on F2 with the aid of the progs&tELXL97
(Sheldrick, G. M. SHELXL97 University of Gottingen: Géttingen,
Germany, 1997). The final indicd® = 0.040 and wR= 0.087.
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Scheme 2. Biogenesis of Leucosesterlactor®) (
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175.8, 172.3, and 117.1), which was further supported by Both compoundsl and 2 exhibited activity against the

the mass fragment ah/z97, and a proton multiplet aiy enzyme prolylendopeptidase (PEP). PEP catalyzes the deg-
5.7519 Most of the chemical shifts in compouritclosely radation of proline-containing neuropeptides such as vaso-
resembled those of leucosceptri®J The main difference  pressin, substance P, and thyrotropin-releasing hormones that
between leucosesterlactor® &nd leucosceptrineg) is the are involved in the processes of learning and menibry.
contraction of the six-membered hemiacetal ring into a five-  Compoundsl and2 showed moderate inhibitory activity
membered hemiacetal ring in compouadThe absence of against the PEP, i.e., {g= 322.214+ 5.23 and 296.94%

an oxymethylene carbon and the presence of an oxymethine3.28 uM, respectively, against the enzyrite.

carbon (¢ 69.2, C-2), along with an additional methyl signal
(C-1), indicated the presence of a dihydrofuran ring. Two
methyls, C-21 §c 28.2) and C-1dc 21.0), were found to

be attached to the same carbon C-2 in the HMBC spectrum

(F/ig;gel 31'8Ihi151"2\’a5 z;ls?())zgupported by mass fragments atInstitute of Chemistry, University of Karachi, Karachi-75270,
Mizeod, 104, » an ; _ Pakistan. We are also grateful to the Third World Academy
The relative stereochemistry and the conformation of 4 sciences (TWAS), Trieste, Italy, for a fellowship to
compound2 were established by a NOESY experiment mr, Krishna P. Devkota under the TWAS Associateship
(Figure 3). In the NOESY spectrum, the correlations between Scheme. A specific inhibitor of PER-benzyloxycarbony-
Ha-1/H3-22, He-22/H-7, H-24/Ha-16, and Ha-16/H-17 in-  hro-prolinal, was kindly provided by Dr. Hideaki Shimizu,

Acknowledgment. Ms. Rosa Ranijit gratefully acknowl-
edges the financial support of the Third World Organization
for Women in Science (TWOWS), Trieste, Italy, for provid-
ing a Ph.D. scholarship to study at the H.E.J. Research

dicated that 1, H-7, and H-17 were in the-configuration.  central Institute for Microbiological Research, Tokyo, Japan.
Similarly, the B-23/H-11 correlation indicated that H-11 was ) ) ) .
in the S-configuration. Supporting Information Available: Tables of X-ray data

and computer-generated diagram of the final X-ray model
of 1. This material is available free of charge via the Internet
at http://pubs.acs.org.

A biogenetic pathway for compoun@ is presented in
Scheme 2. It might be derived from enzymatic reduction,
oxidation, and cyclization via intermediates [A] and [B] as
in compound3.3 0OL040040Y

Compoundd—3 are members of a new class of sesterter- (1) Kobayashi, W.; Miyase, T.; Sano, M.; Umehara, K.; Warashina,
penes named leucosesterterpenes. The characteristic featurés Noguchi, H.Biol. Pharm. Bull.2002,25, 1049.

. . . . - - (12) PEP Inhibitory Activity of Compound 1. The PEP inhibition
of this class include a tricyclic skeleton with a cyclic ether activity was assayed using the modified method of Yoshimoto et al.

and a 10-carbon side chain. (Yoshimoto, T.; Walter, R.; Tsuru, DJ. Biol. Chem.1980, 255, 4786).
Tris (hydroxymethyl)-aminometharé¢{Cl buffer (100 mM), containing 247
uL of 1 mM EDTA, pH 7.0, 15uL of PEP (0.02 unit/30Q:L), and test

(10) Compound 2: white needle-shaped crystals, mp $3%0°C (dec.), sample in &L of MeOH was mixed in 96-well microplate and preincubated
R = 0.32 (1% MeOH/CHGJ), [a]?% 80° (c = 0.04, CHC}), UV (MeOH) for 10 min at 30°C. The reaction was initiated by adding 30 of 2 mM
Amaxnm (loge) 389 (2.77), 343 (2.85), 243 (3.99), 206 (4.24y)in nm (log N-benzyloxycarbonyl-Gly-Pro-pNA (in 40% 1,4-dioxane) as the substrate.
€) 376 (2.63), 339 (2.76), 235 (3.97), 197 (4.12); IR (CHGlmax 3437 The amount of-nitroaniline released was determined spectrophotometri-
(OH), 2956 and 2872 (CH) and 1739<©) cm'%; H (CDCl3, 300 MHz) cally as indicated by the increase in absorption at 410 nm on a 96-well
and*C NMR (CDCk, 125 MHz) data see Table 1; FAB MS (—ve)'M- microplate reader at 30C. The IGg values were the average of at least
1 m/z431; HREI MSm/z432.2445 (calcd for gsH3606, m/z2432.2444), El three determinations. Bacitracin was used as a standard inhibitor in this

MS m/z (rel intensity %) 432 (7), 349 (22), 320 (10), 292 (15), 251 (4), assay (IGo= 129.26+ 3.28uM: Fan, W.; Tezuka, Y.; Ni, K. M.; Kadota,
233 (5), 196 (9), 181 (15), 153 (39), 112 (17), 109 (20), 97 (30), 83 (100). S.Chem. Pharm. Bull2001,49, 396).
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