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CHAPTER I

INTRODUCTION

The genus Micromelum belongs to, Aurantioideae sub-family in Rutaceae
family. The genus Micromelum is a member in the subtribes Micromelinae in the tribe
Clauseneae, which is very restricted to tropical.East.Asia and Malesiana (Kong, et al.,
1988). The botanical characteristics of plants in the genus of “Micromelum, Blume.”
in “the Flora of Malay.Peninsula” (Hooker, 1875) were described as follows:

“Shrubs or small trees.. Leaves Imparipinnate. Leaflets alternate oblique,
membranous, Flowers#small white in corymbose cyme large and terminal. Calyx
copular 3-to 5- teothed./Petals 5, valvate. Stamens 10 inserted round a disc; filaments
linearsubulate, altegnate gnes shortér. Ové_r,yl 5-celled (rarely 2- to 6-celled); ovules 2
in each cell; style 1. Berry pulpy 1- or 23‘-Iseeded. Seed oblong. Species 4 to 5, Asia
and Polynesia.” TI “

There are at least eighteen valid spec'i‘?é'of"‘Micromelum in the Index Kewensis
and its supplements according to«(Varisara Véisiriroj, 1980: 1-2), as listed below:

. Micromelum caudatum Merr. 222 hd

. ceylanicum Wight - ] 3
. compressum Merr.

. coriaceum -Seem:.

. curranii Elmer

. diversifolium Mig.

N g s~ w P
< Z Z L5 L

. M. falcatumsTanaka
[M."glabrescens Benth: (= M pubescens Blume)]
[M. glabrescensVillar' (=M. tephrocarpum Turcz.)]
8. M. glabrum Guillamin
9. M. globesum Elmer.ex Tanaka
10. M. hirsutum Oliver
11. M. integerrimum Wight & Arn.
[M. minutum Seem., M. minutum Wight & Arn. and M. minutum (G. Forst)
Wight & Arn. (= M. pubescens Blume)]



12. M. molle Turcz.

13. M. monophyllum Wight

14. M. octandrum Turcz.

15. M. pubescens Blume

16. M. scandens Rechinger

17. M. sorsogonense Elmer ex 1
18. M

Micromelu g (Nakorn Ratchasima);

at, sinilos Chamat noi, aiia

M. hirsutum ¢

M. integerrimul .y : " ua (Chiang Mai).
M. mimutum (G. F Ar e Kamuang, eyet1a Samui chang,

f19 Mui chang (Yala), fulnin

Kan-throk (Khmer-Surin); mivdn  Ka
v I"' Chipuk tua phu, 38es
Chiyoi, ajmﬂd Mong khong, wahau
‘n . .
AU INYUNINEL T,
q] | ‘ h on, e Twn Sam sok (Chiang
‘ -4 .24 R h v
Y WIANN I uw”fi?l};‘]”m’”ﬂ
Sap raeng s (C buri); ey

Chamui (Chumphon); asnaiia Dok

samat, azuvun Sa baek (Ubon

Ratchathani);



M. mimutum (G. Forst.) Wight & Arn. fievhuag Phia fan dong, minas Samat
dong, asiadu Samat ton, aiialvq)
Samat yai (Loei); uso%19 Marui chang,
awvire Lam phi phai (Trang); yov1n
Mui khao (Prachuap Khiri Khan); arys
Samui (Surat Thani); wwetles Mo noi
(Uttaradit); wysvu Mui khon (Nakhon
Si Thammarat); wia Huat (Lampang);

vanu Hatsa Khun (Saraburi).

M. pubescens Blume <\ = M. minutum (Forst.f.) Wight & Arn.

According to The Flora of Malway Peninsula (Hooker, 1875), the key
distinguishing features between M. hirsutum Oliv. and M. pubescens Blume have been
described as follows: 1.

Leaflets ovate lanceolate, glabrescent;',.cym‘gs pubescent.... 1. M. pubescens
Leaflets lanceolate, base very obligue tOméntose; cymes very tomentose

... 2. M. hirsutum

The botanical features of M. hirsutum were described“in’ The Flora of Malay
Peninsula (Hooker, 1875), as the following quote.

“M. hirsutum Oliv. Journ. Linn. Soc. V. Supp. (2), 40; Hook. fil. F. B. I. i. 502;
King, l.~219,

shrub or small tree tomentose. Leaves 6 tol2 in. long; leaflets 9 to 25,
lanceolate‘to oblong-lanceolate, base very oblique, edges obscurely serrate, tomentose
beneathyneryves 5 to 10ypairs, 4°5 to 3:55iny langy0.8+t0 1.5, iny wide; petioles up to 2
in. long. Cymes very. tomentose, lax, 4+to 6 in. across or less..Flowers 25 in..across,
white. Calyx deeply 5-lobed. Ovary very villous. Berry orange. Hab. Open country,
less common than the last, Malaca, Mt. Ophir (Hullett). Perak, Gunong Keledang.
Penang (Jack, Porter). Kelantan Kota Bharu (Ridley). Distrib. Indo-Malaya. Native

name: Chemama.”



Although M. hirsutum is considered to be synonymous with M. minutum
according to Smitinand (2001), these two species can be discriminated by the
following dichotomous key (Humbert and Gagnepain, 1945).

A. Pétales abondamment velus en dehors.
a. Pétales a poils hirsute; feuilles veloutées en dessous..... 1. M hirsutum
b. Pétales a poils couchés, tres courts.
a. Folioles trés inégales a la base ceee 2. M. minutum
B. Folioles'peu ou pas inéiqals ala’base ... 3. M. integerrimum

B. Pétales peu ou pas velus en dehors; feuilles glabres ou seulement avec

quelques poils'sur la€ote'en dessous. .. 4. M. falcatum

|

The genus Glygosmis belongs_to the tribe Clauseneae of Aurantioideae sub-
family in Rutaceae family. There are forty-three accepted species of plants in the
genus Glycosmis distributed in India, Mélaygia, Thailand, Laos, Viet Nam, Burma,
China, Nepal, Tibet, Bangladesh, Sri Lai'n_rka,J_PhiIippines, Indonesia and Taiwan
(Stone, 1985). .

According to Ridlgy and Hutchinson (i@,iZ).gnd Merrill (1986), the plants in the
genus Glycosmis are evergreen-shrubs or uiqﬁdé?frees. Leaves alternate, 1-5 foliate.
Flowers usually small, axitary-panicles. Cai)7x-74;0r75 partial imbricate. Petals 4 or 5
imbricate. Stamen 8 to 10 free, filaments dilated below. Ovary 2 to 5 celled, the style
very short, notjoihted, ovule 1 in each cell. Fruits globose, freshy, berry. Seeds 1 to 3
oblong, testa membranous.

The species of Glycosmis in Thailand according to Smitinand (2001) are as

follows:

Glycosmis chlorosperma (Blume) Spreng ¥t Nam khao khao (Nakorn

Si Thammarat).

G. cocliinchinensis (L.our. ) Pierie 1vgla Khoel kho (General).

G. dinhensis Pierre ex Guillaumin wedan Khoei din (Nakorn

Ratchasima).

G. esquirolii (Lév.) Tanaka wene Khoei tai long (General).

G. longipes (Craib) Tanaka wameana Khoei kho(General).



G. macrophylla (Blume) Mig. szead lulnaj Prayong bai yai
(General).

G. ovoidea Pierre szeed 1 Prayong khai (General).

G. parkinsonii Tanaka wanyiay Khoei mae lan (General).

G. parva (Craib) - Vy Uszeadindon Prayong kluean,
: //ﬂju Som chuen (General).

ok nam khao (Chon Buri);

y Krarok nam khao,
i tai, anveae Luk

el entral); wung Khen
«

Prayong yai (Bangkok); wns3nu

ern); a3zl Ta-ra-pae
ay-Yala); 1417 Nam khao

tral, Peninsular); 1szesdlng)

:,_«.Q (Sukhothai); sy

\Z

-
“! huap Khiri Khan);

ANTY Stﬂchuen (Northeastern,
Northern).
Fl ‘tiﬂfﬂ NHNT NHAFPT=
G@berula Lindl. var. puberula Uszeaduunng Prayong khon bang

ammmmmﬁwma 8.

Ratchasima).
G. subsessilis Craib = G. puberula Lindl. var.
subsessilis (Craib) B.C.Stone

G. tricanthera Guillaumin wea3 Khoei tri (Peninsular).



G. trifolia (Blume) Spreng. yzgath Khayong pa, 1lszesaih
Prayong pa, wzeailh Phayong pa

(Northern).

The botanical characteristics of Glycosmis parva Craib were described in
Bullentin of Miscellaneous Information of Reval Botanic Garden Kew (1926), as the
following quote.

“Glycosmis parva. Craib [Rutaceae-Aurantieael;-a G. Montana Pierre foliis
angustioribus, filamentis inferne ampliatis, a G. dinhense Pierre ex Guillaumin petalis
haud dorso pilosis, foliis haud longe acuminates recedit.

Frutex circa 1.5 m. altus /(ex Klgerr); ramuli graciles, primo subferrugineo-
tomentosi vel pubeseentes, comp‘réssi, mc;& puberuli, cortice cinereo vel brinneo-
cinereo obtecti, “lenticellis “haud conspié_ﬁis;_ Folia alterna, interdum subopposita,
lanceolata, apice obiuse, interdum retusa, fgrids subacuminata, 3.5-9 cm. longa, 1-2.5
cm. lata, chataceo-coriatea, Supra viridia, ad costam breviter subtomentella vel matura
fere glabra, subtus pallid viridia, subglabra, Costa supra conspicua subtus prominente,
nervis lateralibus utringtie 11-14 rectis inj;raimarginem anastomo-santibus supra
obscuris vel subconspicuis Subius subprcrﬁnéntibus, aliis paulo minus validis
interpositis, nervulis subtus prominulis, margigr'ré' integra; petiolo.2-6 mm. longo primo
puberulo mox fere glabro supra canaliculato suffulta Infloerscentia axillaris, petiole
subaequilonga~vel eo paululo longior, pedunculo communi-ferrugineo-pubescente
perbrevi vel sub fructu circa 1 mm. longo suffulata; flores albi (ex Kerr), pedicello
brevi articulato subglabro bracteolato suffulti. Sepala 5, subrotundata, vix 1.5 mm.
diametros.dorsoglabra, glandula unicapreminente instructas-ciliate. Petala 5, oblongo-
lanceolata, apice| obtusa, basi 'angustata, 74 mm.longa, 1.5 mm. lata, glabra,
glandulosa. Discus brevis, crenulatus, glaber. Filamenta complanata, apice acuminata,
adn2:5 mm. Jengapglabragantheris 0:75 mmy lengis-apicesglandula, parva gonspicua
globosa ornatis. Pistillum glabrum, 1.75 mm. altum, glandulosum, styl@ valido vix

distincto. Fructus subellipsoideus, circa 7 mm. longus.

Krabin, Sakéo, 50 m., evergreen forest, Kerr 9766.”



In addition, Stone (1985) described the 3-celled ovary as the important
recognition feature of G. parva which was not mentioned by Craib. Moreover, the

reliable key to G. parva was available, as quoted below.

y 2-locular
28. G. petelotii

; petiolule present (i.e.

6. G. crassifolia

15. G. lanceolata

24. G. parva

Ovary 5- (sometimes 4+ s
y5-( -#%.‘-‘__' 1 e S
Petiole not-articulated A [ ninensis and 9. G. dinhensis
L ‘

\X
)3 ’1!:’.4- ate, about half as long

b G. tetracronia

Inflorgscence condensed cym% as long as or shorter than petiole

AUEINETTNEINT

Lamina narrowly lanceolate, ﬁut 3 Y2 times as Iows wide or

mosa

q w’] a q ﬂjj m a’lamrlfao nﬂmnﬁﬂ flets
. 20. G mansiana

Ovary glabrous (?); style puberulent; flowers tetramerous
23. G parkinsonii”



Recently, G. longipetala F. J. Mou & D. X. Zhang was discovered in Guangxi
and Yunnan province in southwestern China. The new species is similar to G.
cochinchinensis (Lour.) Pierre ex Engl. by its simple leaves, but distinguishable in
having long-elliptic or oblanceolate leaves, long-ovoid to ellipsoid floral buds, ovaries
with many tubercles and glabrous stamens (Mou and Zhang, 2009).

So far, three phytochemical and biological studies on M. hirsutum have been
published. Six carbazole alkaloids and a lactone _derivative of oleic acid with anti-
tuberculosis activity from the stem bark (Maw=et al., 2005), two coumarins, i.e.
micromelin and magnolioside, and thrée flavonoids from the leaves (Trinh, Tran and
Adam, 2004), and essential.eils.of the branches and leaves, flowers, and fruits (Diep
et al., 2007) werereporied. For G. parva, only one publieation on phenethylamides
with 4-oxo-2-oxoleay! terpenoid side ehain from the lipophilic leaf extracts (Hofer,
Vajrodaya and Greger;1998) was reported.

A numbegrof interesting phytochemical studies on coumarins, acridone
alkaloids and sulfur-eontaining p‘ropanam“ideé“- of these two genus and the promising
anti-viral activity against herpes simplex &(T(Hs type 1 and type 2 of the extracts (see
the Results and Discussion section) motivéﬁ;d the author to believe that there were
possibilities of finding new compounds and/or new biological active compounds from
these two plants. Therefore, the followmg ob;ectl\/es are put forwards:

1. Isolation and purificatian-of compounds from the branches and leaves of M.
hirsutum and G parva

2. Determlnatlon of the chemical structure of each |so|ated compound

3. Evaluation of each isolate for its anti-herpes simplex virus activity
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Figure 1 Micromelum hirsutum Oliver.



Figure 2 Glycosmis parva Craib.
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CHAPTER I

HISTORICAL

Chemical investigatio ;- & elum have revealed the

P nyla_s are the unique feature of

Micromelum. In additior : es of \ s carbazole alkaloids and
polyoxygenated flaw 1S0 bee “a \'."T genus. The compounds

widespread occurrene

isolated from Micromelum.spp: are shov

Plant and compound -'ﬂ* Eﬂ: V‘\‘Dh ant part | Reference

Micromelum ceylanic

Bowen and

Angelical [1] P 1982
erera,

OHC

HsCO

5-Hydroxy-3, ﬂn”-'—:m-_'ﬁ—- 5 Bowen and
X, " ‘ Perera, 1982

pentamethoxyflavo S

Q‘W“I[ﬂ N 7 N e ey
H3CO O O
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Table 1 (Continued)

Plant and compound Category Plant Reference

part
Micromelum ceylanicum
7-[4'-(4"-Methyl-5"-0x0-2",5"- Leaf De Silva et
dihydro-2"-furyl)-3'-methyl-2'- al., 1980
butenyloxy]coumarin [4]
Leafand | Bowen and

3,4- D|hydro -1,2-secomicrominutinin- Dihydrocinpamic

Leaf and

Stem

Perera, 1982

Bowen and
Perera, 1982

1719

Leaf

ARTNNNIUAATIVETNE™

Kamperdick
etal., 1999

Kamperdick
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Table 1 (Continued)

Plant and compound Category Plant Reference

part
Micromelum falcatum
3,4-Dihydro-1,2-secomicrominutini drocinnamic Leaf Kamperdick
methylester [9] derivative etal., 1999
Hydramicromelin Luoetal.,
2009
3-Hydroxy-1-methy Luoetal.,
quinoline-2,4(1H,3H)-di 2009
4-Hydroxy-3'meQKY'1me Nyl Quinolone r,rﬂ Stem Luo etal.,
2(1H)-quinolinone [12] alkaloid ~ bark 2009
¢ a

H5CO

1TNY

AEIRIDIAIINAY

17

2NRL.,

et al., 1999
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Table 1 (Continued)
Plant and compound Category Plant part Reference
Micromelum falcatum
Methyl 2-(3-hydroxy-1-methyl-2,4- Quinolone Stem bark Luoetal.,
dioxo-1,2,3,4- tetrahydroqumolln -3 aloid 2009
yl)acetate [14] ' :
Kamperdick
etal., 1999
Micromelin [5] Kong et al.,
1988

)

~-
~ 7

H3C
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Table 1 (Continued)
Plant and compound Category Plant part Reference
Micromelum falcatum
Micromeloside C [18] Coumarin Stem bark Luoetal.,
2009
bark Luoetal.,
2009
H3CO
Microminutinin [20] ' g Leaf Kamperdick
= : etal., 1999
oY 000
0 o) L —
H H 5 yj
o) CH, .,I
|
Kong et al.,
1988
Luo etal.,
2009
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Table 1 (Continued)
Plant and compound Category Plant part Reference
Micromelum falcatum
N-Methylflindersine [22] Quinolone Stem bark Luo etal.,
aloid 2009
o}
BN
\
CHg
N-Methylswiete bark Luoetal.,
2009
OCHj3
N
\
CHg
Murrangatin [24] Luoetal.,
2009
HsCO HE
HO™ Y7
Phebalosin [2 y. Kong et al.,
" 1988




Table 1 (Continued)

17

HsCO l O

m“mmm (Y

alkaloid

Plant and compound Category Plant part Reference
Micromelum falcatum
Yuehchukene [27] Dimeric Root Kong et al.,
dole 1988
0|d
Micromelum hirsutum
5,7-Dihydroxy-3,6,8,4 Trinh, Tran
tetramethoxyflavong |28 and Adam,
o 2004
HO O
H3CO
OH O
5,7-Dihydroxy-3,6,4'- Leaf Trinh, Tran
trimethoxyflavone [29] and Adam,
2004
Ma et al.,
2005

LR,

2005
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Table 1 (Continued)
Plant and compound Category | Plant part | Reference
Micromelum hirsutum
7-Hydroxy-3,5,6,8,4'- Flavonoid Leaf Trinh, Tran
pentamethoxyflavone [32] and Adam,
2004
bark Ma et al.,
2005
Magnolioside [34] Trinh, Tran
and Adam,
HO 2004
' o}
HO” Y Yo
OH .3
3-Methylcarb Ma et al.,
2005
TINENT
Carbazole | Stem bark Ma et al.,

Methyl callaazole-B-carboxylate [3%]

AW

YR E
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Table 1 (Continued)
Plant and compound Category Plant Reference
part
Micromelum hirsutum
Micromelide [37] . Lactone | Stembark | Maetal.,
A% 1 * derivative 2005
0~_0 oleic
— -“ e / /
«.._‘_‘:. |
Stem bark | Maetal.,
2005
Micromelum integerri :
rriAgr
1,3-Dihyd_roxy-4-met y+10- Y Leaf Yang et al.,
methylacridone [39] e 2009
O OH r :’:"
94 O 755
o ) ,
CH3 . 1.:
Glycozolinol [40 ] f ,. Leaf Yang et al.,
_ alkaloid 2009
HsC o
‘a
HAINHNINYINT
Methyl carbazole 3- carboxylate [34 ) Carh:ple Leaf |%Yangetal.,

e
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Table 1 (Continued)
Plant and compound Category | Plant part Reference
Micromelum integerrimum
Micromelin [5] Coumarin | Stemand | Cassady et al.,
leaf 1979
Cassady et al.,
1979

HsCO

HO

Micromelum minttum

SR
2

Acetyldihydromicremeli

> -
N

\:/
~

H4C.
H “H

o . .
HaCOCO" ™\ O F 7
HsCO 0~ o

a mixture of Dihyrc

H

0

B[ 16
B

ﬂﬂﬂmﬂﬂﬂ

3"4"- D|hydrocapnolactone [45] «

|..:_'::: = 1] r rﬂ'— I"‘ . ‘4

§WHWﬂ

Leaf

Das et al., 1984

Das et al., 1984

F

Rahmani et al.,

ngas
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Table 1 (Continued)
Plant and compound Category Plant Reference
part
Micromelum minutum
8,4"-Dihydroxy-3",4"-dihydrocap ~ Coumarin Leaf Susidarti

2',3'-diol [46] et al., 2006

HsC
o}
5,7- Leaf Sohrab,
[28] Hasan and
Rashid,
1999
HO
HsCO
7,12-Ether of 5,7-dihy Ter *‘\ Aerial Das et al.,
tetramethoxyflavone and rrangatin [4 ound part 1984
= oumarin
and
onoid

‘ ’ Flavonoi Le Sohrab,
, w ﬁ ‘ ﬂ ‘ Hasan and
: Rashid,

1999
NINYIaY
2',3'-Epoxyisocapnolactone [49] Coumarin Leaf Rahmani
etal., 2003

H>C
N
o O - (e} (@) (o]
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Table 1 (Continued)
Plant and compound Category | Plant part | Reference
Micromelum minutum
Hopeyhopin [50] Coumarin Leaf Sohrab,
Hasan and
Rashid,
N 1999
HsC o
HsCO
5(6)-Gluten-3a-ol Leaf Susidarti
4 et al., 2006
HO"
5(6)-Gluten-3-one [52 Leaf Susidarti
et al., 2006
g
o 7
8-Hydroxy-3",4"-dihydrocapnolactone @ Leaf Rahmani
2',3'-diol [53] etal., 2003

,C

85) 6 B

2003
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Table 1 (Continued)
Plant and compound Category | Plant part | Reference
Micromelum minutum
5-Hydroxy-3,4',6,7,8- pentamethoxyflavone Flavonoid Leaf Sohrab
[55] ‘ etal., 2004
OCHjs
HsCO l
HsCO
5-Hydroxy-3,4’, Leaf Sohrab
[56] etal., 2004
HsCO
Mahanine [57] ~Aerial part | Nakahara
etal., 2002
Marmesin [58 v Sohrab
etal., 2004
o C@l
6-Met Rahmani
etal., 1994
HsC '1
Stem toetal.,

22
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Table 1 (Continued)
Plant and compound Category | Plant part | Reference
Micromelum minutum
Micromarin-A [59] Coumarin Stem Ito et al.,
' 2000b
Ito et al.,
2000b
Ito et al.,
2000b
h"- - —
Micromarin-F [62} Ito et al.,

2000b
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Table 1 (Continued)
Plant and compound Category | Plant part | Reference
Micromelum minutum
Micromarin-H [64] Coumarin Stem Ito et al.,
2000b
1| Aerial part | Dasetal.,
- 1984
Leaf and Rahmani
i etal., 1994
. Aerial part | Dasetal.,
' 1984
Leaf and Rahmani
HsCO o twigs etal., 1994
0) N
o)
Leaf and Rahmani
i etal.,
1993, 1994
Das et al.,
1984

(Das et al., 1984 reported the threo isomer;
however, the relative stereochemistry of
minumicrolin was proved to be erythro
isomer based on NOE experiments. (Ito and
Furukawa, 1987)

ﬂwﬁb
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Table 1 (Continued)
Plant and compound Category Plant part | Reference
Micromelum minutum
Murralongin [66] Coumarin Aerial part | Dasetal.,
1984
N
HaCO 0" o
N
CHO
Murralonginol isove Stem Ito et al.,
2000b
‘-\ |
Aerial part | Dasetal.,
1984
isomer; however, the relative -
stereochemistry af n |
proved to be threedsomerbasedon | —————————F J .
NOE experim | -‘-'\"‘ <
1987) - -
A N
Osthol [68] Coumarin Aerial part | Das et al.,
1984

29050 4Ry

acid derivative

AL

etal., 1994




Table 1 (Continued)

27

methoxycoumarin [71] - /A /8

Ho—| OH

HsCO ll o)

Flindersine [72] Quinolone

‘a Zalkaloid

AWEANENINE

"IANTIITUN AT
'Hentriacontane [73] Long chain

hydrocarbon
CH3—(CH3)29—CH3

7

 Leaf

na

Plant and compound Category | Plant part | Reference
Micromelum minutum
Scopoletin [41] Coumarin Leaf and Rahmani
\ twigs etal., 1994
HO o0 o . o
Tomentin [70] ™ Leaf Sohrab
— etal., 2004
HaCO i/
HsCO
Micromelum pubes€ens, |
Angelical [1] 4 | | . = » arin \ Root Banerji
‘ L AR AN etal., 1988
H,CO o Yo
6-(2,3-Dihydroxy-3-metbe —— Leafand | Joshietal.,
stem 1975

Tantivatana
etal., 1983

YR

Leaf and
stem

Bhakuni
etal., 1971
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Table 1 (Continued)
Plant and compound Category | Plant part Reference
Micromelum pubescens
1-Hentriacontanol [74] Long chain | Leafand | Bhakunietal.,
ydrocarbon stem 1971
CH3_(CH2)30—OH §
Imperatorin [75] Root Banerji et al.,
1988
/
o
o}
I )\
’ﬁ‘- - 8 ‘
Limettin [76] = J na Banerji et al.,
( [ ‘ 1988
OCH; 2 . [
.ﬂild-l f
X b =y r_
HsCO o~ >No 12
: I ,
Micromelin [5] o oL Leaf Croft and
= Toia, 1989
HCc & ,H Leaf and Lamberton,
— branch Price and
m ' Redcliffe,
HaCO™ “ ‘
Microminutin [Gﬂ @af Tantivatana
. . etal., 1983
Root Banerji, et al.,
1TNEINg =

AR o Rt

Bhattacharyya,
1967




Table 1 (Continued)
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Plant and compound

Category

Plant part

Reference

Micromelum pubescens

Minumicrolin [21]

Osthol [68]

O
HzCO 0

» .

Phebalosin v.

g
LAk

1.|I
v

T

Coumarin

Root

Leaf

Leaf and
branch

Root

N

Banerji et al.,
1988

Banerji et al.,
1988

Croft and
Toia, 1989
Lamberton,

Price and

Redcliffe,

1967

Tantishaiyakul
etal., 1986
Croft and
Toia, 1989
Banerji et al.,

HINENINY TS
AN TN AT

- ivatana
ﬂQSS
rjicet al.,

1988
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2. Chemical Constituents of Glycosmis spp.

The genus Glycosmis is a rich source of various classes of alkaloids and sulfur-
containing amides. Quinolone, acridone, and carbazole alkaloids are preferably

accumulated in the stem and root bark (Vajrodaya et al., 1998), whilst sulfur-

in leaves. In addition, furoquinoline and
usually isolated from leaves

lycosmis. spp. are shown in

//// \\\“\\

Plant and ¢ ‘ l J ﬂ" ﬂ \\1\‘\ nt par Reference

Glycosmis angustlf 2

Dambullin [78] Greger
etal., 1994
O/@/\/
i
Gerambullin L,_."? — lethyl | Leaf . Greger
‘ ‘ et al., 1994

Gerambmndlol [80] ¢ Phenylethyl Leaf Sreger

RERLU TN Y)Y
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis angustifolia
Methyldambullin [81] Phenylethyl Leaf Greger
_ ide etal., 1994
CI:H3 O\\/ '._E. b \
o O | r‘ - |
I
Methylgerambullin 8 Greger
etal., 1994
foaey
"0
o ;
j\/\)\
Methylgerambullone [8 Greger
etal., 1994
o :
| T
Methyllsogerambullmﬁﬂ Phenyl Leaf Greger
. etal., 1994

ﬂ%%l’m HYTSN

QMﬁxﬂim MW]PV]EJ Y
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis arborea
Acutifolin [85] Qumolone Stem Ito et al., 2004
OCHjy CH,
N
OH
N” 0
OCH3CHjy
Arborine [86] Banerjee
etal., 1961
0 4 Chakravarti
©fj\ ' F 4 etal., 1961
I
\ >
CH, -
Arborinine [87] Banerjee
etal., 1961

Arborinol [88]. ;=
|y —

1

@

1; N
@ '

4,8- Dlmemoxy 1- methyl -3-(3- Qumolone Root

W& A5a I ang’

OCHg

N

N“ 0
OCH3 CHg

Kennard et al.,
1965
Pakrashi and
Samanta, 1967

-l

H?ﬂﬂﬂiﬂﬂﬂﬂ‘

Chakravarty
1999

g
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis arborea
24,24-Dimethyl-5a-lanosta- Triterpenoid Aerial part | Chakravarty
9(11),25-dien-3 -0l [90] etal., 1996

L L

HO' >~
24,24-Dimethyl- : part | Chakravarty
9(11),25-dien-3p —ol| etal., 1996
y-Fagarine [92] Ito et al., 2004

OCHjs
Glybomine-A [93] Ito et al., 2004

o/
NINEINT
U

Glybomine-B [94] Carbazole . Stem Itmal., 2004

AW

1IN Y

3k
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Table 2 (Continued)

Plant and compound Category Plant part Reference

Glycosmis arborea

Glybomine-C [95] Carbazole Stem Ito et al., 2004

Ikaloid

/ N
HO, CH, ' 7, -
B v
H

Glycoborinine [ Chakravarty
; et al., 1999
N
0 iF
N ,
H
Glycocitlone-C [97] Ito et al., 2004
Glycomaurrol [9" — oot Ito et al., 2004
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis arborea
Glycoric acid [99] 10- Aerial part Chakravarty
2gastigmane etal., 1996

SoH
mCOOH ‘
HO —

Glycorine [100]
0
N
@k
N H
CHy
Glycosmicine [101]
O I
crr, /4
P
CHj, 4
Glycosminine [102]

o]

fH;co

QL maz

Carbazole
alkaw

/; |

Leaf

wmmm 34889 T 1)

Pakrashi and
Bhattacharyya,
1963

Pakrashi and
Bhattacharyya,
1963

Pakrashi and
Bhattacharyya,
1963

Chakravarty
etal., 1999




Table 2 (Continued)
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Plant and compound Category Plant part

Reference

Glycosmis arborea

Glycozolinine [105] Carbazole Stem

OCH3CH3

3-Methylcarbazole

Y— rlr‘

o5 ) ———
ﬂ %e! El s lEi\ V}ﬂﬁ El'] 7

-l

to et al., 2004

Ito et al., 2004

Ito et al., 2004

Ito et al., 2004

Ito et al., 2004
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis arborea
(24S)-24-Methyl-5¢-lanosta- Triterpenoid | Aerial part Chakravarty
9(11),25-dien-3 -0l [108] et al., 1996
H v
HO"
(24S)-24-methyl-5a-lanesta Chakravarty
9(11),25-dien-34-0kk etal., 1996
o “
Skimmianine [110] Chakravarty
etal., 1999

OCH,

OCHs| v

Glycosmis bilocularis

Arborine [86]

OCH3

H3CO OQ I

Quinazolone

alkalw

myﬁawmwﬁw
ARAAIN T A e

alkaloid

]

Bowen, Perera
and Lewis,
1978

e/

@eﬂerera
and Lewis,

1978
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis bilocularis
Dictamnine [111] Quinoline Stem Bowen, Perera
lkaloio and Lewis,
OCHg : 1980
TN
N~ O —

Glycorine [100]
o)

o] OH

! i OCE
N

OCH;

|
OH CHs

Kokusaginine [113]

Bowen, Perera
and Lewis,
1978

Bowen, Perera
and Lewis,
1978, 1980

Bowen, Perera
and Lewis,
1978, 1980

{..Bowen, Perera

and Lewis,
1978, 1980
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis chlorosperma
(Z)-Bogorin [114] Leaf Seger et al.,
1998
)N N
Chlorospermin [11/ o Lukaseder
/f etal., 2009
H3CO !
Dambullin [78] Hofer et al.,
2000
/[:j/\/ Rahmani
o et al., 2004
I
Dihydroglycha ne- Rahmani
et al., 2004
OH o]ﬂ,
Flowerine [117] Flavanone Lukaseder
etal., 2009
NINENNY
./

Hagialiey!

WA 84)

et al., 2004




40

Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis chlorosperma
Gerambullol [118] Phenylethylamide Leaf Hofer et al.,
derivative 2000
i\/\)\ y
CH, ; ‘
S-Hydroxygerambt ‘ 1/} Hofer et al.,
W 4 2000
OH o 4
j\/\)\
C
S-Hydroxygerambullin [120 - Leaf Hofer et al.,
F 4 2000
ﬂ-Hydroxygerammlol [121] Hofer et al.,
derivative 2000

N

Qsopehangin [122]

UG The
N INUNI

NINENT

Amidosulfide Leaf

NY1a e

Greger
etal., 1993a
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis chlorosperma
4'-O-Methyl-8-prenylnaringenin [123] « - Iavanone Leaf Lukaseder
. ; etal., 2009
HO
OMethyIsakambuIll . I [Prenylet ylamide | Leaf | Hoferetal,
' ' ‘ gy, 2000
O-Methylsakerinol- of ide Leaf Hofer et al.,
' e ati 2000
) " -~ rr!!
7-O-Methylselinone [126] - Flavanone  Leaf Lukaseder
et al., 2009
NENTNYINT
300 41%33 )49 Lk
\ - t al:; 2009
OH
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Table 2 (Continued)

Plant and compound Category Plant part Reference

Glycosmis chlorosperma

Penangin [128] Amidosulfide Leaf Greger

\ ) etal., 1993a
CH: e L

Penimide-A [129] | ‘ ea Greger
. , _containing | etal., 1993a
® e ' y ,’ I 3 I 1 -“,_ . -

Hinterberger,
Hofer and
Greger, 1994

o]

RSN NH

Greger
etal., 1993a
Hinterberger,

Hofer and
Greger, 1994

Lukaseder et al.,
2009

)77
GE
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis chlorosperma
Sakerinol-A [133] Leaf Hofer et al.,
2000
HOD/\/
o)
Sakerol [134] Hofer et al.,
2000
HO
o)
Selinone [135] Lukaseder
et al., 2009
HO O O o
OH O [ vl
vjn S
Glycosmis citrifol E , &
Acrifoline [136]' | Acridone alkaloid tand | Ono, Ito and
O OH stem bark | Furukawa,
‘ NINLNNT ™
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Table 2 (Continued)

Plant and compound Category | Plant part Reference

methylbut-2-er
[89]

TSR AT e T

|
CHs

Glycosmis citrifolia

)
D
¢
<
3
@
—
>
=
>
o
=
(=)

JAINENINEING

Citracridone-I [138] Acridone Rootand | Wuetal., 1983

stem bark

Des-N-methylacronygine [ o/ \ ridc e | “Roo Wu et al., 1983

Bt

NIRRT ™ L.

Wou et al., 1983

L%

b

-L-methyl-3-3- | Quinolone | Roa ‘ g Wu et al., 1983
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis citrifolia
Evomeliaefolin [142] Leaf Wu, Chang and

OCHzOH O

y-Fagarine [92]
OCHs
TN
N~ O
OCHs

Furofoline-1 [143]
O OH

Furofoline-11 [144]

qq

lychalcone-B [146]

0 OCHjg OCH3;
SOUNG
OH
OH O

El g El NN

Chalcone

1 Da

I ark

Leaf

Wu, 1995

Wu, Chang and
Wu, 1995

Wu, Furukawa
and Hsu 1982

Wu, Furukawa
and Hsu, 1982

Wu et al., 1983

F

u, Chang and
Wu 1995

188

Wu, Chang and
Wu, 1995
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis citrifolia

Glycobismine-A [147] Dimeric Bark Furukawa
ridone etal., 1984
i Root and Furukawa
stem bark etal., 1993
Glycobismine-B [14 Furukawa
C etal., 1993

Glycobismine- '.v;_!
considered to be li jastereois

of glycobismine-B; even hitherto
unknown stereoche

Glycobismiine ;

=Ito et al., 2000a

Ay




Table 2 (Continued)
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Plant and compound Category Plant part

Reference

Glycosmis citrifolia

Glycobismine-E [151] Dlmerlc Root and
stem bark

Glycobismine-G |1 Dimeric

Ito et al., 2000a

Negi et al.,
2004

Negi et al.,
2004
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis citrifolia
Glycocitlone-A [154] Qumolone Rootand | Ito et al., 2000a
stem bark

OCH3
OH

XX
Nigie! »

Glycocitlone-B [15

Acrldone

'o and
stem bark

Root and

5 ik

stem bark

Ito et al., 2000a

Ito et al., 2000a

Wu, Chang and
Wu, 1995

F

Wu, Furukawa

oh,
1
t 1983
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Table 2 (Continued)
Plant and compound Category Plant part Reference

Glycosmis citrifolia

Glycocitrine-I1 [158] Acridone Rootand | Wu, Furukawa
Ikaloid stem bark and Kuoh,

8 1982a
/ Rootand | Wuetal., 1983
. w1 stem bark

|
OH CH; OCHj

Glycocitrine-V [160]: ot and

| stem bark
o)

HO JBTE iAo
HO% Iree O O f -‘ : ; 1
(@) &{‘%1 ':':" e 3

CH
Glycocitrine-Vi [1

j

e

Root and
stem bark

Ito et al., 2000a

Ito et al., 2000a

Ito et al., 2000a

./
ahd
R
1

Wou et al., 1983




50

Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis citrifolia
Glycofolinine [163] Acridone Root and Ono, Ito and
Ikaloid stem bark Furukawa,
1995

O
HO | N

OH e
"'-._ h"., Al

)
© —— ‘

Wu, Chang and
Wu, 1995

Wu, Chang and
Wu, 1995

Wu, Chang and
Wu, 1995

u, Chang and
Wu, 1995

e/

3k
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Table 2 (Continued)
Plant and compound Category | Plant part Reference
Glycosmis citrifolia
Glyfoline [168] Acridone | Root and Wu, Furukawa
alkaloid | stem bark | and Kuoh, 1982a

(0]

Root and Wu et al., 1983
© stem bark

|
OCH3CH; OC

Wou et al., 1983
S
s i =
T
0] A Wu et al., 1983
P lre

’I‘ll

,‘\

|
OH CH; X

Wu, Furukawa

3-O-Methylglyecacit __
| and Kuoh, 1982a

0 V

»,
AL

O :"r
Ry
Root and
ste rk

g7

Acridonegs, Rootand | Wugetal., 1983

N TINENA Y

Wau et al., 1983
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Table 2 (Continued)
Plant and compound Category | Plant part Reference
Glycosmis citrifolia
Noracronycine [173] Acridone Rootand | Wu et al., 1983
stem bark

aloid

S
Penangin [128] /
; /
PN Y/

CHj

L” 1

Pyranofoline [1

For A3

&5
-~

HsCO
o)

Furopyridine
dikaloid

‘ﬂﬂﬂ‘i“ﬂﬁlﬂﬂ‘

(E)-Rhoifolic acid m}thyl ester [176]
F=

=

maqgmm 11932

OCHj

.,

"Root and
em bark

-l

Wu, Chang and
Wu, 1995

Wu, Furukawa
and Hsu, 1983

Wu et al., 1983

Wu, Chang and
Wu, 1995

Wu, Chang and
Wu, 1995

e




Table 2 (Continued)
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Plant and compound

Category Plant Reference
part

Glycosmis craibii

Dihydroisosakerol [177]

HO

H3CO

H3CO !

OCH30

smﬂuﬂ?ﬂt
ﬂ”m%ﬁ%\m

Phenylethylamide Hofer et al.,
laFiverti 1995a

Lukaseder
et al., 2009

Lukaseder

et al., 2009

RABENAT wres

1995a
./

uwwiwﬂnaa




54

Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis crassifolia
Dehydrothalebanin-A [181 Greger, et al.,
\ 1996
Greger, et al.,
1996
Thalebanin-B [183 Greger, et al.,
1996

Pt
N™ N

|
CHs

Glycosmis cyan Scar

Angelical [1] -

AL v
444 BIEME R

ch J’J\
QW’F@ﬁﬂ‘iﬂJ RN
'Dehydroniranin B-[185] Phenylethenylamide Leaf
o derivative
H3C\S)J\

N~
|
CH3

Sarkar, Kundu
and
Chakraborty,
1978

Greger, et al.,
1996

1
Greger, et al.,
1996
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis cyanocarpa
Evolitrine [186] Quinoline Leaf Sarkar, Kundu

OCHg
TN
_ -
H,CO N~ O

HzCO -
\.’ \
Pl
HzCO

NP

ane

Limettin [76]

G

©\/\ i
= CH
CHs

Glycarpine [187]7 ‘

RSN T4 )2

oid

Coumarin Leaf

NINYIN
Ne

and
Chakraborty,
1978

Sarkar, Kundu
and
Chakraborty,
1978

Greger et al,
1992

Greger et al,
1992

Sarkar, Kundu
and
Chakraborty,
1978

./
aeﬂt al,
1992
Hinterberger,

Hofer and
Greger, 1994
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis cyanocarpa
Skimmianine [110] Leaf Greger et al,
1992
OCHj |
H3CO N
OCHs /
Sinharine [190] i ‘ H Greger et al.,
, - 1992
(j\A o ¥/ Hinterberger,
N Hofer and

Xanthyletin [19

B kot
o 0" 0 e
Ky -

Greger, 1994

Sarkar, Kundu
and Chakraborty,
1978

Glycosmis mauritiana

......

Arborinine [86]

alkaloid

Rastogi, Kapil
and Popli, 1980

Kumar, Reisch
and
ickramasinghe,
1989

NENALL,

and Popli, 1980
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis mauritiana
4,8-Dimethoxy-1-methyl-3-(3- Quinolone Root Rastogi, Kapil

methylbut-2-enyl)quinolin-2(1H)-
one [89] '
OCHjs

N

Friedelin [192]

Glycomaurin [26]
(= 5,6-pyranoglycozoli

CHg
CH

%chozolidine [103]

H5CO,

CH3
OCH3
N
H

BT
OCH;3CHs b’

oid

Carbazole

alkaloid

Nan
dNAT°

Carbazole
alkaloid

Stem@lrk

2

Root

and Popli, 1980

Bhakuni et al.,
1971

Kumar, Reisch
and
Wickramasinghe,
1989

Kumar, Reisch
and

1r , ickramasinghe,
JRlilene

e/

VBN

Rastogi, Kapil
and Popli, 1980
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Table 2 (Continued)

Plant and compound Category Plant Reference
part

Glycosmis mauritiana

Glycozoline [104] Root Rastogi, Kapil
and Popli, 1980
H3CO, CH

N
H

1-Hydroxy-3-methoxy=10-methyl-2-(3- | | done™. | Rastogi, Kapil
methylbut-2-enyl)acridan=9( L( . alkaloid. and Popli, 1980

Hentriacontane [73] = Bhakuni et al.,
and 1971
CH3—(CH3)29—CH3 stem
1-Hentriacontanol [74] Bhakuni et al.,
. 1971
CH3—(CH,)30—QH.
[lukumbin-B [194] Greger et al.,

| amid 1993b
derivative ' Hinterberger,
Hofer and

HBC\S/%)OLNA N Q/ Greger, 1994
Audaneninenny=™
RTHNIUNTTING 585"

HiC O
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis mauritiana
Kokusaginine [113] | Quinol Ikaloid Leaf Greger et al.,
OCHj3 %\\\ p ’ 1993b
H3CO e, / |
~ ¥ 1 .
H3CO N O, i -
Methylillukumbin 9 '/L Phenyleth Greger et al.,
w ‘ 1993b
Hinterberger,
H3C\SMN . Hofer and

3

SN NH

CHj

MethylillukumbindB [196]

-------------

¢

JUARN T AT

Greger, 1994

Greger et al.,
1993b
Hinterberger,
Hofer and
Greger, 1994

Greger, et al.,
1996

Kumar, Reisch

and

Wickramasinghe,

e/

Gleridar

1993b
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis mauritiana
Ritigalin [198] " ? rcntalng Leaf Hofer et al.,
1995b
Hofer et al.,
1995a
Hofer et al.,
1995a
Greger et al.,
derivative 1993b
o/
NINEIND
Qumollne Root Rastogi, Kapil

i)

-]a OEIiJ 1980
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis mauritiana
Vitexin [200] Flavonoid Leaf and Bhakuni et al.,
(8-C-p-glucopyranosylapigenin) stem 1971
HOH,C
HO
Glycosmis montana
Carbalexin-A [204] Wang et al.,
‘ 2005
OCHjs
OH f [Jradias
Carbalexin-B [202] @ =r At eaf and Wang et al.,
il i 2005
CH3 FrE F : '
O @—“——
H3CO
Carbalexin-C [ZOE arbazole Wang et al.,
o alkaloid 2005
o/

NG
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Table 2 (Continued)

Plant and compound Category | Plant part | Reference

Glycosmis montana

Glycoborinine [96] Carbazole Leafand | Wangetal.,
alkaloid twig 2005

Hs

o\ C :
0'
N
H

GIymontanine-A | sutf ‘Leafand | Wangetal.,
o i 2004

.~ Leafand Wang et al.,
twigs 2004

fand | Wangetal.,

: e ———
_
4% . .
enyl)-1H-indol-3:

(E)-2-Methyl- 3-methy o) ony
but-2-en-1-ol [206] indole 2005
‘ykaloid
=9 e/
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis montana
Montahomobisflavan-A [208] Leaf Wang
OH and etal., 2004
HO E twigs
HO o —i—:""_ :
J CH3 " "
H3CO "—’ @' '
Montahomobisflavan=B [20 —— Flavanol | Leaf Wang

and et al., 2004

Hofer et al.,
1995a

ELJ WIANBIR
Q/Iethoxydmsut ine [I-]]i u Phe:erthyl Leaf aI—|o§r]et al.,
amide 1995a

N OCH TR
HCwH o /\/©/ 3 derivative
h
CH,
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis ovoidea
Methylgerambullal [212] Phenylethylamide Leaf Hofer et al.,
~ derivative 1995a
(|3H3 ye
HO N
O
o
j\/\)\ 1
Glycosmis parva
Dihydroglyparvi Hofer,
Vajrodaya
and Greger,
/[:::]/A\v/ 1998
Glyparvin-A [214] Hofer,
Vajrodaya
"" e S 1998

O I

ﬁﬁﬂﬂﬂ%ﬂﬂﬂni

Khaochaﬂde [215]

AN

Leaf

| airocaya
Tl
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis parva
Puhinamide [216] lethylamide Leaf Hofer,
epivative Vajrodaya
r and Greger,
1998
Glycosmis parvifloras
Carbalexin-A [ 0] . v 4. Leaf Pacher
F etal., 2001
OCHj3 CH !
N »F -
Carbalexin-B [202] | Leaf Pacher
etal., 2001
HsCO
Carbalexin-C [203] ¢ o Carbazole alkaloid Leaf Pacher
‘ ' etal., 2001

i /\@
P
l?l AN
CH3

18N8
AN

NINBNNI

derivative

N

et al., 2001
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Table 2 (Continued)
Plant and compound Category Plant Reference
part
Glycosmis parviflora
Dehydrothalebanin-B [182] Leaf Pacher
etal., 2001
Pacher
etal., 2001
Pacher
etal., 2001
Ritigalin [198]. Hofer et al.,
' 1995b
T NHUNTWEINT
J i G | 1 T (111 O
Glypetelotine [217] € Sulfur-contaiPing | _Leaf |““’Cuong,
QRT3 I ) e
1 . vq b M . 1999
q Ny Gt
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Table 2 (Continued)
Plant and compound Category | Plant part | Reference
Glycosmis pentaphylla
Acrifoline [136] Acridone Stem Ito et al.,
1999
Sarkar and
Chakraborty,
1979
Ito et al.,
1999
(E)-3-(But-2-enyl) Sinha and
1-methylquinolin- Kumar,
‘ 1988

cher.et al.,
2001
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis pentaphylla
Carbalexin-B [202] Carbazole Leaf Pacher
- - alkaloid etal., 2001
CHy AR !
OH _— (//
H3CO H - : ‘ o |
Carbalexin-C [20 / | Leaf Pacher
o 7/l etal., 2001
H3CO CHgF |
Carbazole [219] oot bark | Chowdhury
etal., 1987
Citracridone-I [138] Stem Ito et al.,
1999
i ——
HO N "l O
OCH3CH; '
Dehydrothalebanin-‘[m] Phenylethenyl Root Shapiro,
' ‘ : Bowman
1L ‘ B ivative| and
N Lapointe,
= Q2000

MIANYAY

q ATRA T |
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis pentaphylla
Des-N-methylacronycine [139] Acridone Stem Ito et al.,
- ~alkaloid 1999
O  OCHs AR !
COPEE
N 0 — - '
H i
Des-N-methylnoracronye e Ito et al.,
‘ 1999
| Root bark | Chakraborty,
1966
OCHjs
TN
N~ O
4" 5-Dihydroxy=3’, Wang et al.,
dimethoxyisoflavene4--O-4-D-————"—diglycosides— 2006

apiofuranosyl-(1=
glucopyranoside [220

.'I
i
-y
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Table 2 (Continued)
Plant and compound Category | Plant part | Reference
Glycosmis pentaphylla
4,8-Dimethoxy-3-(3-methylbut-2- Quinolone Leaf Bhattacharyya
enyl)quinolin-2(1H)-one [221] Ikaloid and
, Chowdhury,
OCHjy 1985a
=
~
N~ o 7
H -
OCH; /
2',7-Dihydroxy-/ : Wang et al.,
tetramethoxyisoflavone 7- ‘ 2006
-B-
2",7-Dihydro - | Wang et al.,
tetramethoxyist flavone 7-O-(5-O-trans- | 2006

p-coumaroyl)-f-D-
S-D-glucopyranoside |,

OH , OH

7 o0

R= (coumaroyl)
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Table 2 (Continued)
Plant and compound Category | Plant part | Reference
Glycosmis pentaphylla
3",7-Dihydroxy-4",5,6- Isoflavone Stem Wang et al.,
trimethoxyisoflavone 7-O-(5-O-trans diglycosides 2006
pcoumaroyl)-3-D-apiofuranosyl-(1— :
p-D-glucopyranoside [224] .
R
y-Fagarine [92] Root bark Chakraborty,
1966
OCHjs
3-Formylcarb 20je Jash et al.,
- 1992
ot
N ‘o o
iauogl /] Lta] ‘j Pacher et al.,

alkaloid

12

18

QJZOO]'

3k




Table 2 (Continued)
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Plant and compound

Plant
part

Reference

Glycosmis pentaphylla

Glycocotrine-111 [225]

|
OCH;3CHg

Glycophymine [228]

Quinazoline

.a}kaloid

INENNT

Flower

Itoetal.,,
1999

Sarkar and
Chakraborty,
1977

Bhattacharyya
and
Chowdhury,
1984

Sarkar and
Chakraborty,
1977

Sarkar and
Chakraborty,
1979

B
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Table 2 (Continued)

Plant and compound Category Plant part Reference
Glycosmis pentaphylla
Glycosine [231] Quinazolone Leaf Chatterjee and

o N id Majumdar, 1954
Cr 0 8

\ -
"
CHs

Glycosinine [233]7 arhazo

Glycosolone [233]

OCH;

46
N~ o

OH CH, v.i

Glycozolicine [Zﬂ

[ diialirld

>

Jash et al., 1992

Chatterjee and
Majumdar, 1954

200t bark Das et al., 1982

Y]
Muthukrishman

§
et al., 1999
E]‘ ﬁotf] iash etal., 1992

Carbazole
alka*c&d

NINn

Mﬁﬂ@ "3 Wﬁ] Plrﬁ?é%bm? |
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Table 2 (Continued)

Plant and compound Category Plant part Reference

Glycosmis pentaphylla

Glycozolidol [188] rbazole Root Bhattacharyya,
Chakrabartty
and
Chowdhury,

1985

—S'JJ

Glycozoline [104] Chakraborty,
Roy and
Chakraborty,

1989

H5CO,

Chakraborty,
1966, 1969

Chakraborty,
Roy and
Chakraborty,
1989

Anwer, Kapil
and Popli, 1972

Glycozolinine [1E

Carbazole Mukherjee,
(= Glycozolinol) g all&?ld Mukherjee and

4A9) El NINYUN T,

et al., 1984




Table 2 (Continued)
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Plant and compound

Category, plant part
and reference

Glycosmis pentaphylla

Glypentoside-A [236]

Hydroquinone

Glypentoside-B

OCH;
HO

diglycoside acyl esters
Stem

Wang et al., 2006

Hydroquinone
diglycoside acyl esters

Stem

Wang et al., 2006

Hydroquinone
diglycoside acyl esters

Stem

|“Wang et al., 2006

Quinolone.alkaloid
VIR k&t
Kumar, Das and

Sinha, 1986
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Table 2 (Continued)
Plant and compound Category | Plant part | Reference
Glycosmis pentaphylla
5-Hydroxy-arborinine [112] Acridone Stem Ito etal.,
alkaloid 1999
o ‘
L
OH CHs
7-Hydroxy-4",6-dimeth av( . Stem Wang et al.,
O-p-D-apiofurane . yCo \ 2006
glucopyranoside [240)° W N,
7-Hydroxy-4",8- dlmethoxyls Stem Wang et al.,
O-f-D-apiofuranosyl- (1—»6 ry 2006
glucopyranoside [241
OH  OH
o}
Kokusag%ne [113] Quinoline Stem Ito et al.,
v : 999
9. nizuuwﬁ‘nmazi
3 r |




Table 2 (Continued)
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Plant and compound

Category, plant part
and reference

Glycosmis pentaphylla

3-Methylcarbazole [35]

Mupamine [242]

Carbazole alkaloid
Root bark

Chowdhury et al.,
1987

Carbazole alkaloid
Leaf

Chakraborty, Roy and
Chakraborty, 1989

Acridone alkaloid
Stem

Ito et al., 1999

Hydroquinone

. ;-" jlycoside acyl esters

S

4

1

INTUUNIIN

-

na
9 NI\
HsCO NG

|

Stem

Wang et al., 2006

N9
TR

Ito et al., 1999

Root bark
Chakraborty, 1966
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Table 2 (Continued)
Plant and compound Category Plant part Reference
Glycosmis pseudoracemosa
4'-O-Methylbonannione [244] Flavanone Leaf Lukaseder
il j etal., 2009
=
Puyanin [245] Lukaseder
etal., 2009
OH ':‘ ‘
Puyanol [246 V_ 7 r ea Lukaseder
- pri etal., 2009
N
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis pseudoracemosa
Sakerine [180] Phenylethylamide Leaf Hofer
- derivative etal., 2000
Leaf Hofer
etal., 2000
Glycosmis puberula
Glypuberol [248] Leaf Lukaseder
et al., 2009
fffff <y
.
1 ’ r .I
) E
OCH30 ¢ - - W 7
wendinad £ ) YV E)Y) o) ) Tt | o
‘ ‘ et al., 2009
_ ¢ o

qmm WUR1IY21

o




Table 2 (Continued)
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Plant and compound

Category, plant part
Reference

Glycosmis rupestris

Glycosmis stenocarpa

Bisisomahanine [251°

e

A7 e

HOJ ocH, . o |
ARABAN T LN
Mg

H  OCH,

Acridone alkaloid
Bark

Rahmani et al., 1998

Carbazole alkaloid

.
N

Bark

Rahmani et al., 1998

Dimeric carbazole
alkaloid

Root
Cuong et al., 2004

m carbazole alkaloid

Root

NYNTNYNFTT™

Root
Cuong etaIJ 2004

root
Cuong et al., 2004
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis sapindoides
Glysapinol [254] Flavanonol Leaf Lukaseder
etal., 2009
Glycosmis trichan
Des-N-methylnoragronycine [ oot bark | Vajrodaya
4 f 1 etal., 1998
O OH ; '
QL 4
H 2
Dictamnine [111] | Root bark | Vajrodaya
etal., 1998
OCHjs
e
P E
N
3,7-Diprenyl indole | it bark | Vajrodaya
etal., 1998
INYNNT
Quindline Root bark | Vajrodaya
alkaloid, al., 1998

34NN

1INY1Q 8
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis trichanthera
Glyparvin-A [214] Phenylethylamlde Leaf Vajrodaya
der ivative etal., 1998
Vajrodaya
etal., 1998
- Stem bark | Vajrodaya
etal., 1998
v-_ . : d .
N-Methylatanine [25 got bark Vajrodaya
El etal., 1998
OCH; =

OO

p N- Methylatalahylllne 258
il Wo =

| Acridone alkaloid |

Stem bark Wajrodaya
NETare=
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Table 2 (Continued)
Plant and compound Category Plant part | Reference
Glycosmis trichanthera
N-methylatalaphyllinine [169] Acridone alkaloid Stem Vajrodaya
(= 5-Hydroxy-N-methylseverifoline) bark etal., 1998
Vajrodaya
etal., 1998
i
i N\
s Root bark | Vajrodaya
i etal., 1998
Fafes
|
Vajrodaya
etal., 1998
o/
wrﬂmw eNn
HOH,C
Trlchantmls B [260] Phenylethylamide Leaf Vajrodaya

\Y—CH,OH

27N\

O

derivative

AR TN

A

al., 1998
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Table 2 (Continued)

Plant and compound Category Plant part | Reference

Glycosmis trichanthera

Yukocitrin [261] Acridone Stem bark | Vajrodaya

alkaloid etal., 1998
O OH
LI
N 0

OH CHj

3. Biological Activitiesiof Micromelum spp.

3.1 Traditional Uses and Biologic’al" Activities of Micromelum spp.

Micromelum plants have been used in traditional medicine in many countries
with several purposes. Ia Thailand, manyw parts of M. minutum (Forst. f.) Wight &
Arn. have been used. For example; the rdots have been used for the treatment of

abscess and hemorrhoids (w&ud ﬁg%ﬁquwﬁ;’;tﬁuum ¥ae uay WFes 3394, 2542). A

decoction of the leaves has been used as c;l"'idrink for anti-asthmatic property
(Panthong, Kanjanapothi and Taylor, 1986).;‘I_Vlo_lreover, the ethanolic extract of the
root of M. minutum (Forst. f.) Wight & Arn, which has been used for the treatment of
tumor, was examined for cytotoxicity against the human cancer cell lines: large cell
lung carcinoma~ (COR-L23), breast adenocarcinoma—(MCF-7) and colon
adenocarcinoma (kS-174T). The percentage survival of COR-L23, MCF-7 and LS-
174T cells treated withzextract (concentration/50 ug/mL) were 72.7, 65.5 and 36.3,
respectively (Itharat et al., 2004). In Malaysia, M. minutum (Forst. 1.):Seem. has been
used forthe treatment of fever and giddiness and as a poultice of the roots for ague
(Rahmani et al., 1993). In the islands of Rotuma group: (in the Pacific), the.bark of M.
minutum (Forst. f) Seem. has been used for the treatment of amenorrhea'and thoracic
pain, while the leaves have been used for toothache, tonic (leaves were incorporated
into tonics given to prevent illness, particularly in children) and infection
(McClatchey, 1996). Also in the kingdom of Tonga, the bark infusion of M. minutum
(Forst. f.) Seem. is internally taken for the treatment of stomachache. In addition, the

leaf infusion is gargled in the mouth for the treatment of toothache (Whistler, 1991).
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3.2 Biological Activities of Compounds Isolated from Micromelum spp.

Micromelin [5] demonstrated a significant cytotoxicity against in vivo P-388
lymphocytic leukemia cells with T/C 149% at 10 mg/Kg [%T/C (median survival of
treated animals: median survival of control animals x 100)] (Cassady et al., 1979).

Microminutin [66] showed activity with an EDsy of 3.7 pg/mL against in vitro
P-388 lymphocytic leukemia cells (Tantivatanaet al., 1983).

Mahanine [58] showed a wide variety of hielogical activities. Thus it showed
cytotoxicity against HL-60 tumor cell line (human promyelocytic leukemia cells) with
a MICyqp of 4.0 ug/mL (Nakahara et aI"'.\, 2002). Mahanine also induced apoptosis in
human leukemia cells (Hk=60)s At the concentration of 10 uM, mahanine caused a
complete inhibition of gell proliferation and the induction of apoptosis in a time
dependent manners(Roy.et al; 2004). FMoreover, mahanine inhibited growth and
induced apoptosis infprostate cancer céll'si" in a dose and time-dependent manner
(Sinha et al., 2006). /In addition, maﬁénipe exhibited antimutagenicity against
heterocyclic amines such.as Frp-P-1'with iél_n ICsp Of 52 1uM (Nakahara et al., 2002).
Mananine also displayed antimicrobialuz activity against Bacillus cereus and
Staphylococcus aurets with M1 valuégl.ic)_f 6.25 and 12.5 pg/mL, respectively
(Nakahara et al., 2002). >, ,

Micromolide [37] showeéd potent in Tf’ltf& anti-tuberculosis activity against
Mycobacterium_ tuberculosis ‘Strain H37Rv With an MIC. value-of 1.5 ng/mL. Also,
micromeline “[38],__lansine [33] 3-formylcarbazole—130} and 3-formyl-3-
methylcarbazole[31] showed anti-TB activity with MIC values of 31.5, 14.3, 42.3
and 15.6 pug/mL, respectively (Maetal., 2005)

4. BiologicaliActivities'of Glycosmis spp.

4.1 Traditional Uses and Biological Activities of Glycosmis spp.
G pentaphylla“and: G cochifchinensis™ have, been: used 41y Thai traditional

medicine: ‘barks, flowers and fruits, and*roots for the ‘treatment-oef abscess'scabies and

snakebite, respectively (19d3 509598 1oz sivdo Manaznild, 2547, 391 JAIBTTUNY 1AL TUADA
J9I5351%, 2540). G. arborea has been used in India against fever and liver complaints

(Chakravarty et al., 1999). The leaves of G. arborea has been used extensively in the
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Ayurvedic system of medicine as febrifuge and anthelmintic (Chakravarty et al.,
1961). G. citrifolia is known in Chinese traditional medicine for the treatment of skin
itch, scabies, boils and ulcers (Wu et al., 1983). The root of G. pentaphylla was
reported to have pesticidal property (Das et al., 1982). In Malaysia, the root of G.
rupestris has been medicinally used for the treatment of fever and swollen spleen, and
as a stimulant to digestion (Rahmani et al.; 1998).

4.2 Biological Activities of Compounds selated from Glycosmis spp.

Several biological activities of the compeutnds isolated from Glycosmis spp.
have been reported."Most of them are cytotoxicity, antitumor activity, antiviral
activity and antimalarial .activity of acridone alkalolds. For sulfur-containing
propanamides, antifungal activities were reported.

Glycocitrinesl [157], (des-N-methylnoracronycine . [140], 5-hydroxy-N-
methylseverifoline [169], ;atalaphyllidine [137], N-methylatalaphylline [258] and
glycobismine-A [147] exhibited antimalarial activities that were comparable to or
greater than that of chloroguine diphesphate. At a coneentration of 10 ug/mL in vitro,
5-hydroxynoracronycing [170] suppressed almost 90% of Plasmodim yoelii, which
causes malaria in rodents (Fujioka.et al:, 1989). |

Atalaphillidine + [137}; citracria(j)ﬁe-l“ [138] and  5-hydroxy-N-
methylseverifoline [169] showed-antiviral actfivit;"'-against herpes simplex virus type 2
(HSV-2) by plaque reduction-assays with EDsy values of 0.73, 1.3 and 2.0 pg/mL,
respectively (Yamamoto et al., 1989)

Sulfur-gontaining amide compounds, iHlukumbin-B [194],/methylillukumbin-B
[196] and methylillukumbin-A  [195], exhibited antifungal activity against
Cladosporium cladosporioides. Methylillukumbin-A [195], an all-trans orientated
isomer, was the most active compound of this-Series; a clearly visible inhibition zone,
even at the lowest concentration at' 10 ug/mL was observed (Greger et al., 1993b).
Later, seven sulfur-containing amide compounds, dehydroniranin-A [184],
dehydroniranin-B [185], methylillukumbin-A J195],. methylsinharin [189],, niranin
[197], penangin [128] and gsitigalin [198], were examined for the antifungal activity
against phytopathogenic fungus Cladosporium herbarum in germtube inhibition test
and insecticidal activity against neonate larvae of Spodoptera littoralis. The most
active antifungal amide was found to be methylillukumbin-A [195] with an EDs, of

5.5 pg/mL. In parallel tests against neonate larvae of S. littoralis, ritigalin [198]
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possessed pronounced contact toxicity with a LCso of 0.05 pmol/dm? (Greger et al.,
1996)

Atalaphyllidine [137] and citracridone-1 [138] almost completely inhibited
platelet aggregation induced by arachidonic acid (100 uM), collagen (100 ug/mL) and
PAF (2 ng/mL). Atalaphyllidine [137], des-N-methylnoracronycine [140] and 4,8-
dimethoxy-1-methyl-3-(3-methylbut-2-enyl)guinolin-2(1H)-one [89] also showed an
inhibitory effect on arachidenic acid and collagen-induced rabbit platelet aggregation
(Leu et al., 1998).

The EtOAc fraction of G. pentaphylla leaf extract inhibited the juvenile
hormone Ill-biosynthesis.of ithe field cricket Gryllus bimaculatus in vitro. The
bioactive compound respensible for this'activity was identified as arborine [86] which
also showed a lasvicidal activity against the mosquito Culex quinquefasciatus
(Muthukrishnan et al #1999). '

Several aeridong alkalgids have been reported to pessess antiproliferative
effect. Atalaphyllidine [137] and des-N-rﬁetHyInoracronycine [140] inhibited clonal
proliferation of HL-60 cell (human promyelocy‘gi.c leukemia cells) and induced HL-60
cell differentiation (Kawaii et al., 1999_a),. Moreover, atalaphyllidine [137], 5-
hydroxy-N-methylseverifoline {169} and déé-N—lrnethylnoracronycine [140] showed
antiproliferative effect against-several cancer ceﬁlfll- lines: human lung carcinoma (A-
549), melanin pigment-prodiicing: mouse melanoma (B16-melanoma 4AS5), T-cell
leukemia (CCRFHSB-2) and human gastric cancer cell and lymph-node metastasized
(TGBC11TKB) /(Kawaii et al., 1999b). Arborinine .[87] showed potent
antiproliferative effect against cervix adenocarcinoma (HelLa) with an 1Cso value of
1.84 uM which was lower than that of cisplatin (12.43 uM) (Rethy et al., 2006).

Glycacitrine-11"1158] .and. O-methylglycacitrine-11._[171] which had potent
cancer prevention properties inhibited Epstein-Barr virus early antigen activation with
I1Cso values of 280 and 281 mol ratio/32 pmol TPA (12-O-tetradecanoylphorbol 13-
acetate),.respectively (ltoigawa.et al., 2003).

Glyfoline "[168] exhibitedsa significant inhibition lof leukemig 'HL-60 cell
growth in vitro with an ICsp of 1.1 uM (Su, Dziewiszek and Wu, 1991).
Mechanistically, glyfoline [168] induced nasopharyngeal carcinoma (NPC) cell
growth arrest at G2/M cell cycle phase and induced apoptosis by leakage of
cytochrome C into the cytosol (Su et al., 2005).
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EXPERIMENTAL

',/
yﬁom the area near Suratthani

@Thailand in January 2006

1. Source of Plant Material

Micromelum hirs
Rajabhat University
(first batch) and A

Adsorbent D

Technique > ;

Silica gel 60 Fys4 (E. Merck) pmoated plate
Layer thickness ¢ s, 0.25mm o/
Solven tu H q waﬂSWﬁsWﬁpﬁTﬂﬁaterials
Distanuﬁt; ; 5.0 | |
Temperature : Laboﬁtory temperature:25-35 C o/

FRAGNNIPARIIREISE.,

2-5 minutes

3) lodine vapor
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2.1.2 Preparative Thin-Layer Chromatography (Preparative TLC)

Technique
Adsorbent

Layer thickness
Solvent system
Distance
Temperature

Detection

One dimension, ascending

Silica gel 60 Fys4 (E. Merck) precoated plate for
preparative TLC

0.5 mm

Various solvent systems depending on materials
20.0 cm

L.aboratory tempgiattire 25-35 C

UV light at the wavelengths of 254 and 365 nm

2.1.3 Column*Chromatography (CC)

Column
Adsorbent

Packing method
Sample loading

Solvent system. 7

Detection

Flat bottorm glass column (various diameters)

Silica get Gb (No. 7734, E. Merek) particle size
0.06320.200.nm (70-230 mesh ASTM)

Wet packing™

1) Dry packiv'ng

The sample V@_S. dissolved in asmall volume of organic
solvent; mixe.‘d':J Wi‘th a small quantity of adsorbents,
triturated, driéd.‘aﬁ'gj then loaded on top of the column.

#es7 hd
2)-Wet packing——

-~ THle ssample wds_"dissolved in a small volume of the

eluent, then loaded on top of the.calumn.
Various solvent systems depending /on samples
Fractions were examined by TLC technique in the same

manner as described in section 2.1.1

2.1.4 Flash Column Chromategraphy (Flash CC)

Column

Adsorbent

Packing method
Sample loading

Solvent system

Flat “bottom glass column (various diameters) applied
with positive pressure from pump at the top of column
Silica gel 60 _(No. 9385, E. Merck) particle“size 0.040
-0.063 nm (230-400 mesh ASTM)

Wet packing

Dry packing and wet packing as described in section
2.1.3

Various solvent systems depending on samples
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Fractions were examined by TLC technique in the same
manner as described in section 2.1.1

2.1.5 Vacuum Liquid Column Chromatography

Column

Adsorbent

Packing method
Sample loading
Solvent system

Detection

sintered glass column (various diameters) applied with
negative pressure from aspirator pump

Silica gel 60 (No. 7734, E. Merck) particle size 0.063-
0.200 nm (70-230smesh ASTM)

Dry packing, 4.cm.height.

Dry packifng as deseribed‘in section 2.1.3

Various solvent systems depending on samples
Fractions were examined by TLC technique in the same

manner as aescribed in section 2.1.1

2.1.6 Gel Filtration . Chromatography

Gel Filter

Packing method

Sample loading

Detection

Solvent system

Sephadex=H-20 (Pharmacia)

Gel filter was st-spended in the eluent and left standing
to swell for 2'45.h9_urs prior to use. It was then poured
into the column;and allowed to set tightly.

The=sample \)\7253? dissolved in a small volume of the

eluent and then;apbllied gently on top of the column.

- Fractions were examined by TLC technique in the same

manner as described in section 2.1.1
1) 50% CH,Cl, in MeOH
2) 50% CHCl3 in MeOH

2.1.7 Gel Filtration Chromatography (Recycling Preparative HPLC)

Instrument model

Column

Detector

Sample loading

Detection

Solvent system

LC-9201 recycling preparative HPLC (Japan Analytical
Industry)

JAIGEL-2.5H column (600 x 200 mm?)

UV-50

The sample was dissolved in a small volume of the
eluent(CHCIs) and then injected into injection position
and loaded it into the column

Fractions were examined by TLC technique in the same
manner as described in section 2.1.1

CHCI3
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Flow rate : 3.5 mL/min

2.2 Crystallization Technique

The compounds were crystallized from various solvents. Each compound was
dissolved in appropriate solvents in test tube and stirred by a small spatula in water
bath (about 60°C) until the stretch of crystal appeared and then left standing in ice
bath until amorphous powder or crystals were grown.

Another crystallization technique: was performed by the following: each
compound was dissolved in appropriate solvenissuntil saturated and left standing at
room temperature until'amorphous powder or crystals were formed.

2.3 Spectroscopy

2.34Ultrawviolet (UV/) Absorption Spectra

UV spectraswere recorded on a JASCO V=530 UV spectrophotometer
(Department of Mediginal/Organic Chemistry, Graduate School of Pharmaceutical
Sciences, Chiba University). -

2.3.2 Infrared(IR) Absorp‘utioar-] Spectra

IR ‘Spectra vvere recorded dr}.a_. JASCO IR-230E spectrophotometer
(Department of Medi€inal Organie Chemist;[y,{Graduate School of Pharmaceutical
Sciences, Chiba University). - -

2.3.3 Mass Spectra 7

Molecular ions.were measured by_Electron Impact Mass Spectrometry

NIJ 4

(EIMS). Low-resplution and high-resolution measurements were. measured on a JEOL
GC-Mate spectrometer (Department of Medicinal Organic Chemistry, Graduate
School of Pharmaceutical Sciences, Chiba University).

Psetudo molecular ions were measured by Fast Atom Bombardment
Mass Spectrometry” (FABMS) or Electrospray lonization Mass Spectrometry
(ESIMS). Low-reselution and high-resolution measurements were measured on JEOL
JMS-AX500 and JEOL JMS-HX 110 spectrometers, respectively (Chemical Analysis
Center, Chiba University). High-resolution ESI measurements were measured on
Thermo Scientific,Exactive (Chemical Analysis Center, Chiba University).

2.3.4 Proton and Carbon-13 Nuclear Magnetic Resonance (*H- and

3C-NMR) Spectra

'H-NMR (300 MHz) and **C-NMR (75 MHz) spectra were obtained
on a Bruker Avance DPX-300 FT-NMR spectrometer (Pharmaceutical Research

Instrument Center, Faculty of Pharmaceutical Sciences, Chulalongkorn University).
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'H-NMR (400 MHz) and *C-NMR (100 MHz) spectra were recorded
with a JEOL JNM ECP 400 spectrometer (Graduate School of Pharmaceutical
Sciences, Chiba University).

'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra were recorded
with a JEOL JNM ECP 600 spectrometer (Graduate School of Pharmaceutical
Sciences, Chiba University).

Solvents for NMR spectre were .deuterated chloroform (CDCls),
deuterated acetone (acetone-ds) or deuieraied dimethylsulfoxide (DMSO-ds).
Chemical shifts were reported in ppm scale using the chemical shift of the solvent and
internal standard (TMS) as the reference signals.

2.4 Physical'Property.

2.4.14Meltimg Roints

Melting® points: were measured on a micromelting point hot-stage
apparatus (Yanagimoto) (Department of “Medicinal Organic Chemistry, Graduate
School of Pharmaceutical Sciences, Chiba ;Unaiilersity).

2.412 OpticallRotations- .

Optical rotations were recorded on a JASCO P-1020 polarimeter
(Graduate School of Pharmaceutical Scnences Chlba University).

2.4.3 CircularRichroism Spectra

Circular dichroism- spectra -were obtained from a JASCO J-715
spectropolarimetér. (Pharmaceutical Research Instrumentt Center, Faculty of
Pharmaceutical Seiences, Chulalongkorn University).

2.5 Solvents
Throughout this work, all organic solvents used in the extraction and

isolation procedure weréof commercial grade.and were redistilled prior to use.
3. Extraction and Isolation

3.1 Extraetion and Isolation of Compounds from Micromelum hirsatum
3.1.1 Extraction
For the first batch of Micromelum hirsutum, the dried branches (260 g)
were ground and then extracted successively with dichloromethane (CH,Cl,, 4 x 2 L)

and methanol (MeOH, 4 x 2 L) to give, after removal of the organic solvent, a
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dichloromethane extract (2.7 g, 1.04% of dried weight) and a methanol extract (17.3
g, 6.65% of dried weight), respectively, as shown in Scheme 1.

The dried leaves of Micromelum hirsutum (280 g) were ground and
then extracted successively with CH,Cl, (4 x 2 L) and MeOH (4 x 2 L) to give, after
removal of the organic solvent, a CH,Cl, extract (21.7 g, 7.75% of dried weight) and
a MeOH extract (39.6 g, 14.14% of dried weight), respectively, as shown in Scheme
2.

For the second batch of Micromelum hirsutum, the dried branches (4.5
Kg) were ground and extracted with heXane (4x12 L), CH.CI;, (4 x 12 L) and MeOH
(4 x 12 L) to give, on evaperation, 14.50 g of hexane extract (0.32% of dried weight),
13.1 g of CH.Cls extraet (0:29% of dried weight) and 171.0 g of MeOH extract
(3.80% of dried weight), respectively, as ;hown in Scheme 3.

The dgied young branches'; (6.7 Kg) were ground and extracted with
hexane (4 x 3 L)y CH,Cl; (4% 3 L) and MEGOIJ-I_ (4 x 3 L) to give, on evaporation, 5.55
g of hexane extract (0.79% of dried weight), 3.17 g of CH,Cl, extract (0.45% of dried
weight) and 56.30 g of MeQH extract (8.04% of dried weight), respectively, as shown
in Scheme 4. ¥,

The dried leaves of Microme_ﬂ-Jrh hirsutum (1.0 Kg) were ground and
extracted with hexane (4 x 5 L), CH.Cl, (4 x5 li) and MeOH (4 x 5 L) to give, on
evaporation, 36.0 g of hexane extract (3.60%“0f"dried weight), 47.1 g of CH,Cl,
extract (4.7% of dried weight) and 170.0 g of MeOH extract (17.0% of dried weight),
respectively, as.shown in Scheme 5.

3.1.2 Separation of CH,Cl, Extract of Branches (First Batch)

The CH,Cl, extract (2.7 g) was dissolved in a small amount of CH,Cl,,
trituratedswith siliea gel-60 (Ne. 7734),and dried, under room temperature. It was then
fractionated by vacuumgliquid column chrematography using a sintered glass filter
column of'silica gel (No. 7334). Elution was completed in a polarity gradient manner
withemixtures=of hexane, acetone and-Me@H+(0%, 1%, 2% 4%,16%6; 8%y 10%; 15%,
20%,25%, 20% and 100% acCetene (in. hexane, 50% MeOH .in acetone; and'100%
MeOH). The eluate was collected 100 mL per fraction and examined by TLC.
Fractions (42 fractions) with similar chromatographic pattern were combined to yield

four major fractions: Fractions MBC1-MBC4, as shown in Scheme 6.
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3.1.2.1 Isolation of Compound MH1 (Scopoletin)

Fraction MBC4 (1.3 g) was further separated on a silica gel
column (2% acetone in CH,Cl,). Fractions with similar chromatographic pattern were
combined to yield six fractions (MBC41-MBC46). Fraction MBC43 (80 mg) was
further fractionated on a silica gel column using 4% EtOAc in CH,CI, to give three
fractions (MBC431-MBC433). Fraction MBC432 (65 mg) was subsequently
separated by a silica gel (N0.9385) column using 4% EtOAc in CH,CI, to give three
fractions (MBC4321-4323). Fraction MBC4321+(50 mg) was further purified on a
silica gel column (50% EtOAC in hexane) to give white solid of compound MH1 (13
mg). This compound'was eventually identified as scopoletin [41].

3.1.212 Isolation of Compound MH2 (Micromelin)

Fragtion” MBC42 “(103 mg) was fractionated on a silica gel
column eluted with 4% EtQAg in CH,Cl, to give three fractions (MBC421-MBC423).
Fraction MBC422:Wwas repurified by-a siica gel column using 4% EtoAc in CH.ClI,
again to give compound/MH2 (31 mag). This compound was later identified as
micromelin [5]. :

3.1.3 Separation of CH,Cly Extract of Branches (Second Batch)

The CH,@l; extract-(13.1 g) Was dissolved in a small amount of
CH,Cly, triturated with silica’gel 60 (No. 7734) and dried under room temperature. It
was then subjected to vacuum-4iquid column chr_omatography using a sintered glass
filter column ofsilica gel (No. 7334) eluted with mixtures of hexane, acetone and
MeOH in a polatty gradient manner (0%, 6%, 8%, 12%, 15%, 20%, 30%, 60% and
100% acetone in fiexane, 50% MeOH in acetone, and 100% MeOH). Fifty-seven 300-
mL fractions were collected and combined according to their TLC patterns into ten
combined fractions (MBC(2)1-MBC(2)10) as shown in Scheme 7.

3.1.3.1 Isalation of Compound MH3 (1,2-dimethyl-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid)

Fraction MBC(2)10 (206 mg)* was separated by-silica gel
columin chromatography. Elution was performed 'in a polarity“gradient. manner with
mixtures of CH,Cl, and MeOH to give five fractions (MBC(2)101-MBC(2)105).
Fraction MBC(2)102 (43 mg), after drying, was washed with MeOH to give
compound MH3 (20 mg) as a white solid. This compound was identified as 1,2-
dimethyl-4-oxo0-1,4-dihydroquinoline-3-carboxylic acid [262], a new natural

compound.
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3.1.4 Separation of CH,Cl, Extract of Leaves (First Batch)

The CHCl, extract (21.6 g) was dissolved in a small amount of
CH,Cl,, triturated with silica gel 60 (No. 7734) and dried under room temperature. It
was then separated by vacuum liquid column chromatography using a sintered glass
filter column of silica gel (No. 7334). Elution was completed in a polarity gradient
manner with mixtures of hexane, EtIOAc and MeOH (0%, 1%, 5%, 10%, 15%, 20%
and 25% EtOAc in hexane, 30% MeOH in EtOAc, and 100% MeOH). The eluate was
collected 200 mL per_fraction and examined by*TLC. Thirty-seven fractions were
combined to yield seven'major fractions (MLC1-MI-C7) as shown in Scheme 8 and 9.

3.1.4a7selation of Compound MH2 (micromelin)

FragtionsMLC7 (10.9 g) was fractionated by vacuum liquid
column chromatography using sintered blass filter column of silica gel (No. 7334)
eluted in a polarity gradient manner with mixtures of hexane, EtOAc, acetone and
MeOH to give seven combined fractions (MLC71-MLC77). Fraction MLC74 (8.3 g)
was further purified by silica gel column chroﬁ]atography (2-100% EtOACc in CH,ClI,,
gradient). Nine combined fractions (MLC_]4@_—MLC749) were obtained. Fraction
MLC744 (355 mg) was crystallized from CF!ZCiz-MeOH mixture to yield compound
MH?2 (90 mg) as needles: It was identified é§i?nfig:rpmelin [5].

3.1.4.2'Isolation of c@p&ﬂnd MH4 ((O)-(2'S, 3'R)-3'-

Senecioyioxymarmesin)-<i--

Fraction MLC747 (1.3 g) was chromategraphed on a silica gel
column using 30% EtOAcC in hexane to give five combined fractions (MLC7471-
MLC7474). Fraction MLC7472 (695 mg) was further fractionated on Sephadex LH20
(50% CH,CI, in MeOH) to give five combined fractions (MLC74721-74725). The
Major fraction MLC 74722 (474 mg) was purified on a silica gel column using 30%
EtOAc In hexane to yield five combined fractions (MLC747221-747225). Fraction
747223 (377 mg) was crystallized from CH,Cl,-hexane mixture to give a white
mixture (203 _mg). A part (32 mg) of this mixture (203 _mg)_ was ‘purified by
preparative TLC (thickness 05 mm;.10 x 20 cm?* 20% EtOAc in ‘toluene)'to give
compound MH4 (11 mg). This compound was identified as (-)-(2'S, 3'R)-3'"-

Senecioyloxy marmesin [263].
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3.2 Extraction and Isolation of Compounds from Glycosmis parva

3.2.1 Extraction

The dried, coarsely powdered branches of Glycosmis parva (12.4 Kg)
were extracted with MeOH (4 x 30 L) to give, after removal of organic solvent, a
syrupy MeOH extract (850.0 g, 6.85% of dried weight). The MeOH extract (850 g)
was partitioned with hexane to give a hexane extract (72 g, 0.58% of dried weight).
The remaining organic layer was added with water and further partitioned with
ethylacetate (EtOAC) to yield an EtOAc extraci(321 g, 2.59% of dried weight). The
aqueous layer was partitioned with butanol (n-BuOH) to give an n-BuOH extract (85
g, 0.69% of dried weight). Fhe remaining agueous layer was dried by lyophilization to
yield an aqueous extract (266 g, 2.15% of dried weight), as shown in Scheme 10.

The dried, goarsely powdéred leaves of Glyeosmis parva (4.8 Kg) were
ground and extracted with MeOH (4 x 10,L)' to give, after removal of organic solvent,
a syrupy MeOH extract{(650 g, 13.54% oT”dri_ed weight). The MeOH extract (650 Q)
was partitioned with:hexane 10 give & hexélne{extract (135 g, 2.81% of dried weight).
The remaining organic layerwas added With'yya_t,gr and further partitioned with EtOAc
to yield an EtOAc extract (100 g,*2.08% _oﬁ dried weight). The aqueous layer was
partitioned with n-BuOH to give an n-BuOT-J: éxgr__act (93 g, 1.94% of dried weight).
The remaining aqueous layer was dried by lyephilization to yield an aqueous extract
(271 g, 5.65% of dried weight}, as shown in Scheme 11.

3.2.2 Separation of EtOAc Extract of Branches

The EtOAc extract (29.3 g) of branches was divided into four portions
(portion-1 5.1 g, portion-11'9.5 g, portion-11I 8.2 g and portion-1V 6.4 g). Each portion
was subjected to silica gel column chromatography eluted with a gradient solvent
system of MeOH and CHCI3 (0%, 1%, 2%, 5%, 10%, 20%, 30%, and 100% MeOH in
CHCI,). Al fractions from four column chromatographies were combined based on
chromatographic pattern to give thirteen combined fractions (GBE1-GBE13) as
shown,in.Scheme 12 and 13.

3.2.241 Isolation.of Compound GP1 (N-methylatalaphylline)
Fraction GBE4 (7.0 g) was triturated and washed by Et,0.
After filtration through a kiriyama funnel equipped with a vacuum set, compound
GP1 (850 mg, dried weight) was obtained as a yellow wet cake on a kiriyama filter

paper. It was identified as N-methylatalaphylline [258].
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3.2.2.2 Isolation of Compound GP2 (glycofolinine)

The evaporated filtrate (4.0 g) obtained from the filtration of
fraction GBE4 was fractionated by silica gel column chromatography using 20-100%
acetone in hexane to give ten combined fractions (GBE41-410). Fraction GBE45 (0.4
g) was further purified by silica gel column chromatography eluted with 20% acetone
in hexane to furnish compound GP2 (19 mg) as glycofolinine [163].

3.2.2.3 Isolation of Campound GP3 (citramine)

Fraction. GBE6 (150 mg)=was _further purified by silica gel
column chromatography using 30-40% acetone in hexane to give compound GP3
(10.6 mg). This compound was identified as Citramine [264].

3.2.2:4 Jsolation of Compound  GP4 (N-methylcyclo-

atalaphylline-A)—

Fraction GBE43 (300 mg) was washed with Et,O to afford
GP4 (35 mg). This compound was identified as N-methylcyclo-atalaphylline-A [265].

3.2.2.5 Isolation.of Go?ﬁpound GP5 (glycosparvarine)

Fraction GBES (590 mg)_.\_/vas triturated and washed with Et,0.
The soluble part (280 mg) was subjected tou_!siIKica gel column chromatography (2%
acetone in CHCI3) to yield compound GP'5 Z@.S mg). This compound was newly
identified as glycosparvarine {266]. < <

3.2.2.61solation-of Go"mpbund GP6 (limonin) and Mixture

GP7 (a mixture of limonexic acid and.isolimonexic acid)

Fraction GBES (500 mg) was fractionated by silica gel column
chromatogramphy using 20-30% acetone in hexane to give tWelve combined fractions
(GBE51-512). Fraction GBE59 (110 mg) was further purified by silica gel column
chromatography eluted®with 20-30% acetone.in hexane to give compound GP6 (6.5
mg) and mixture GP7 (8 mg) whieh was obtained fromr later fratians. Compound GP6
was identified as limonin [267], while GP7 was identified as a mixture of limonexic
acid [268] and isolimonexic acid [269].

3.2,.3 Separation of EtOAc Extract of Leaves

The syrupy EtOAc extract (11.6 g) of leaves was triturated with
CH,ClI, to give the soluble part (5.4 g) and the remaining (6 g). The soluble part was
subjected to silica gel column chromatography eluted with a gradient solvent system
of MeOH and CHClI; (0%, 0.5%, 1%, 2%, 5%, 10%, 20%, 30%, and 100% MeOH in

CHCIy). Fractions (twenty-five fractions) with silimar chromatographic pattern were
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combined to afford twelve fractions (GLE1-GLE12) as shown in Scheme 14, 15 and
16.

3.2.3.1 Isolation of Compound GP8 (arborinine)

Fraction GLE3 (1.0 g) was washed with acetone and
crystallized from CH,Cl,-acetone mixture to afford compound GP8 (122.7 mg) as
yellow needles. It was identified as arborinine [87].

3.2.3.2 Isolation” # of . Compound GP9  ((+)-S-

deoxydihydroglyparvin).=and . compound GP13 ((+)-

tetrahydroglyparvin)

Fractien .GLE6 (1.1 g) was separated to nine combined
fractions (GLE61-GLEG9) by Sephadex LH-20 column chromatography using 50%
CHCI;3 in MeOH. Fraction GLEGS (1§4 mg) was crystallized from CH,Cl,-Et,0
mixture to give a solid (60 m@). The solid was subjected to silica gel flash column
chromatography (40% +Me;CO/hexane) to give compound GP9 (28 mg) and
compound GP13 (8 .mg) which was obtaiﬁned‘-from earlier frations. Compound GP9
was newly identified as (+)-S-depxydihydr_gg[yparvin [270], while the compound
GP13 was newly identified as (+)-tetrahydrpglybarvin [272].

3.218.3 Isalation of Ca'_Fﬁp_qgnd GP10 ((+)-S-

deoxytetrahydroglypéfvihj

A _part (357-mg) . of GLEZ (669 mg) was separated into Six
fractions (GLE7/1-GLE76) by Sephadex LH-20 column chromatography using 50%
CHCl; in MeOH. GLE73 (255 mg) was further purified by silica gel column
chromatography using 2% MeOH in CHCI; to afford six fractions (GLE731-
GLE736). Also, GLES8 (244 mg) was separated into six fractions (GLE81-GLES86) by
Sephadex, LH-20 column: chromatography ‘using 50% CHCI; in MeOH. Fractions
GLE734" (70 mg)and GLE84 (187 mg) were combined as GLEO708 (257 mg).
Fraction‘GLEQ708 was chromatographed on silica gel column (3%, 4%, 10%, 20%,
30%,_and 100% MeOH/CHCI3) to afford eight ‘combined fractions (GLEQ7081-
07088). Fraction 'GLEO7083 (94 mg) was subjected.to recycling preparative HPLC
(CHCI; as a mobile phase) followed by twice silica gel column chromatography (2%
MeOH in CHCIj3) to afford compound GP10 (15 mg). Compound GP10 was newly
identified as (+)-S-deoxytetrahydroglyparvin [271].
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3.2.3.4 Isolation of Compound GP11 (glyparvin-A) and

Compound GP12 ((+)-dihydroglyparvin)

GLE5 (550 mg) was separated into five fractions (GLE51-
GLED55) by Sephadex LH-20 column chromatography using 50% CHCI3 in MeOH. A
part (79 mg) of GLE53 (260 mg) was Washed with Et,0 and then recrystallized from
CH,CI,-Et,O mixture to afford -o\w | GP11 (15 mg) as colorless needles. This

F !} / vaporated mother liquor (44 mg)
ographies using different solvent

compound was identified as.

was further purified by rep ~“-~an qumn Ch

systems (4% MeOH/CHCIs, 60-70% EtOAc/hexane, and 45% EtOAc/CHCIs) to

furnish compound GP12 (8.mg).as (+)-dihydroglypa

ﬂumwmwmm
’QW’]Nﬂ‘iﬂJﬂmTc)mﬂﬂB
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Dried Micromelum hirsutum branches (0.3 Kg)

Extracted with CH,CIl, (4 x 1.5 L)
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Dried Micromelum hirsutum branches (4.5 Kg)

Extracted with hexane (4 x 12 L)
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Dried Micromelum hirsutum branches (0.7 Kg, young branches)

Extracted with hexane (4 x 3 L)

’ ’

hexane extract Marc

5559
‘ ﬁ ‘,, acted with CH2Cl, (4 x 3 L)

Scheme 4 Extré Nicrome sutum branches (young branches,

second batch)
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Dried Micromelum hirsutum leaves (1.0 Kg)

Extracted with hexane (4 x5 L)
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hexane extract . .l  J Marc
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CH,CI; extract (2.7 g) from the branches of Micromelum hirsutum (first batch)

Vacuum liquid column chromatography
(Si-60 (No. 7734); hexane-acetone-MeOH, gradient)

| | | |
MBC1 MBC?2 MBC3 MBC4

(992 mg) (1.39)

(0. 34); 2 % acetone in CH,Cl, ‘
. |

MBC41 MBC44-46
(6 mg) (961 mg)
| Si-60 (N0.7734)
EtOAc in CH,Cl,
. MBC433
(65 mg) (5 mg)
MBC421 Si-60 (N0.9385):
(10 mg) 4 % EtOAGC in CH,Cl,

| |
32 MBC4322  MBC4323

(3 mg) (8 mg)

e . F
'
K

@
ﬂ‘LlEl I NYINT

Compound MH2 ¢

ARIANTI M UNIINYAY

Scheme 6 Separation of CH,Cl, extract (first batch) of the branches of

Micromelum hirsutum
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CH,CI; extract (13.1 g) from the branches of Micromelum hirsutum (second batch)

Vacuum liquid column chromatography
(Si-60 (No. 7734); hexane-acetone-MeOH, gradient)

I | | | |
MBC(2)1-(2)4  MBC(2)5- (2)6 ME MBC(2)8-(2)9  MBC(2)10

(1.69) (1.39) (206 mg)
MBC(2)101_#MRB MBC(2)105
(5 mg). (89 mg)
Scheme 7 Separatlo "::I=----- (second batch) of the branches of

Micromelum hirsutum »‘" A
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CH,CI; extract (21.6 g) from the leaves of Micromelum hirsutum

Vacuum liquid column chromatography
(Si-60 (No. 7734); hexane-EtOAc-MeQOH, gradient)

| | | | | | |
MLC1 MLC2 MLC3 MLC4 MLC5 MLC6 MLC7

(377mg) (1.79) (679 mg) (259) (1.6 9) (10.9 )

chrom atography
nexane-EtOAc-acetone-MeOH, gradient)

MLC71 \\ C75 MLC76 MLC77
(85 mg) \\ 30mg) . (763 mg) (294 mg)
MI|_C741 743 \ | \ ‘ 747  MLC748-749
- 746, N -
(144 mg) (3 50) .30) (2.79)

b
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MLC747
(2.39)

Si-60 (No.7734);
30% EtOAC in hexane

MLC7471  MLC7472 ILE7473  MLCT7474  MLCT475

(7 mg) (695 mg) (31 mg) (27 mg)

| = |
MLC74721 MLC74725
(53mg) (12 mg)
MLC747221.4 MLC7/ MLCT747223 MLCT747224 MLC747225
(6 mg) 19)-, (377  \‘! (62 mg)

mixture)

" Jf 294
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Scheme 9 Separation of fraction MLC 747 from CH,Cl, extract of the leaves

of Micromelum hirsutum
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Dried Glycosmis parva branches (12.4 Kg)

Extracted with MeOH (4x 30 L)
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U Ous lave
Extracted with n-BuOH

!

................... : maining aqueous layer

FY )

l lyophilization
aqueous extract

ﬂuﬂqwﬂwswaﬂn%

Scheme 10 Extraction of Glycosmis parva branches
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Dried Glycosmis parva leaves (4.8 Kg)

Extracted with MeOH (4 x 10 L)

hexane extragi’
1 ]

1 of water
artitioned with EtOAC

Extracted with n-BuOH

_______ i |

- C=Eiliiﬁi-iﬁAiII'ln_-r-". i ing aqueOUS Ia.yer
L™ L]

lyophilization

aqueous extract
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EtOAC extract (29.3 g) from the branches of Glycosmis parva

column chromatography
(Si-60 (No. 7734); CHCI;-MeOH, gradient)

| | | | I [ |
GBE1-3 GBE4 GBE5 GBE6  GBE7-8 GBE9 GBE10-13
(250mg) (7.0g) (500 ‘ (21g)  (590mg) (17.509)

stone in hexane | Triturated with Et,O

soluble part

Compound GP (280 mg)

(850 mg) = Si-60 (No. 7734);

2% acetone in CHCl;
ompound GP5

(6.8 mg)

|
GBE41-42 GBE4
(639 mg) (300 mg)

S, —ee -
e — = -
1ok 78%);

,. on f N hexane
Compound GP2 i
(29.mg)

ﬂUEl’JVlEWl?WEI']ﬂ‘i
9 TR AT b
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GBE>5
(500 mg)

Si-60 (N0.7734);
20-30% acetone in hexane

GBE51-58 GBE510-512
(336 mg) (50 mg)
0% acetone in hexane
Scheme 13 St paration of fraction GBES5 fro 1 EtOAcC extract of the branches

of Glycosmis parva %

i
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AUEAINENTNEINS
RN TUAMINAY



112

EtOACc extract (11.6 g) from the leaves of Glycosmis parva

‘ Triturated with CH,CI,
insoluble part soluble part

(69) | (5:49)

I |
GLE8  GLE9-12

| |
GLE1-2 GLE3

(100 mg) (1.0 gy (300.ma)(550 mg) (. ' g) (244mg) (L49)
Recrysta zéﬁ: '
(CH,Cl,-agetone

Compound GP8
(122.7 mg)

Mother Ilquor Compound GP11

ff R AngIs YN

Si-60 (No.7734); 60 70% EtOAC in hexane,

RIS IITTNeae

(8 mg)
Scheme 14 Separation of EtOAc extract of the leaves of Glycosmis parva
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GLE6
(119

Sephadex LH20
(50% CH,Cl, in MeOH)

I | I o I |
GLE61-62  GLE63 GLE64: ' & GLE65 GLEG66 GLEG67-69

(143mg) (243 mg) 1g)  ) (197mg) (122 mg)

= Crystallization

(€H,Cl,-Et,0 mixture)

85) flash CC;

1 LR .
to e in hexane
‘ by ‘*

lwt‘

Scheme 15 ¢ cti ‘ tact of the leaves of

Glycosmis parva A ‘

J
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GLE7 GLES8
(669 mg) (244 mg)

A part (357 mg) of GLE7 (669 mg)

Sephadex LH20
(50% CH,Cl, in MeOH)

Sephadex LH20

GLE71-72 GLES84 GLE85-86
(32 mg) ~ (187 mg) (18 mg)
|
GLE731-733
(92 mg)
HCl;, gradient
M |
GLEOQY l 3 GLEQ7084-07088

(16 mg y e 1 (145mg)

i | ]
‘! , eycling preparatlv F LC CHCI,

‘ ~|= Twice Si-60 (No. 77

AULIBRINEINT

Compound GP10

QW’]NﬁTﬂJ UNIANYAY

Scheme 16 Separation of fraction GLE7 and GLES8 from EtOAc extract of the
leaves of Glycosmis parva
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4. Physical and Spectral Data of Isolated Compounds

4.1 Compound MH1 (Scopoletin)
Compound MH1 was obtained as white solid with m.p. 186-190°C, soluble in
CHClI; (13 mg, 4.33 x 10°°% based on dried weight of the branches).

FABMS : [M+H]" m/z 193, Figure 3

uv : Amax M (109 &), in CHCIs /254 (3:77), 259 (3.72), 295 (3.77), 341
(4.07), Figure4

IR : Vmax M ATR: 3332 (Board), 1703, 1608, 1436, Figure 5

'H-NMR : 4 Ppm, 400"MHZ, in CDCls, Table.5 and Figure 6
BC-NMR : 3ePPm, 100 MHz,in CDClg, Table s and Figure 7

4.2 Compound MH?2 (Micromellin)

Compound MH2 was obtained as yellowish needles with m.p. 221-224°C,
soluble in CHCls481 mg, 1.0 % 107°% baséd on dried weight of the branches, 90 mg,
3.0 x 10”2 % based ondried weight of the Ieaves)

FABMS : [M+H]#m/2:289, Figure 10 ;

EIMS - miz (681, int); 287, M)’ (100), 229 (72.4), 214 (22.2), 213 (55.1), 203
(20.5), 186 (21.9); Figure 11{‘,“;

[0]% . 75.9° (¢ 0.04 CHC) —j‘l

uv  Amax NM-(l0G-€); in CHCls: 244 (3:82), 251 (3.77), 295 (4.03), 314
(4 15) Flgure 12

IR . Vimax O, ATR: 3065, 2926, 1767, 1732, 1623, 1568, 1473, 1271,

923,820, Figure 13
'H-NMR : 54 ppm, 600 MHz, in CDCls, Table 6 and Figure 14
BC-NMR. _ :.8c.ppm, 150 MHz, in CDCls, Table 6.and Figure 15

4.3 Compound MH3 (1,2-dimethyl-4-oxo0-1,4-dihydroquingline-3-
carboxylic acid)

Compound.MH3 was_.obtained,as white solid.with.m.p«.226-227°C with
decomposition, soluble in agetonitrile; BMSQ, and mixture of CHCI3 and MeQH (20
mg, 4.4 x 10™ % based on dried weight of the branches)

FABMS : [M+H]" m/z 218, Figure 20
EIMS : m/z (rel. int.); 217 [M]" (13.2), 199 (4.3), 173 (24.6), 83 (100),
Figure 21
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HRESIMS  : [M-H] m/z 216.0666 (calcd for C1,H:0NO3, 216.0661)

uv > dmax NM (log €), in CH3CN; 253 (4.27), 315 (4.13), 329 (4.02), Figure
22
IR - vmax MY, ATR; 3126, 3065,1696, 1600, 1435, Figure 23

'H-NMR : &y ppm, 300 MHz, in DMSO-ds, Figure 24
: 0y ppm, 600 MHz, iIn DMSQ-dg, Table 7 and Figure 25
BC-NMR  : 8¢ ppm, 150 MHz, in DMSQ-dg, Table 7 and Figure 26
4.4 Compound MH4 ((=)-(2'S, 3'R)-8"-Senccioyloxymarmesin)
Compound MH4 was obtained as white substances with m.p. 149-152°C,
soluble in CHCI; (11 mg, 3:66 x10°% based on dried weight of the leaves)

FABMS : [M*H]" mlz 345, Figure 29

HRESIMS : [M+H] m/fz 345.1326 (cglcd for Cy9H2,0s, 345.1338)

[0]%s . —3144° (c10.09, CHCla)

uv : Mo N (190 &), in"CHCI; 243 (3.14),.259 (2.91), 298 (3.23), 327
(3.45)fFiglire 80~ -

IR * Vimex CHll -, ATR;/ 3494, 3059, 2984, 2924, 1727, 1651, 1631, 1569,

1485,4443;1136, 962, 853; ;l‘jig_lilre 31
'H-NMR > O ppm, 600 MHZ; in CDCIg,;Tél}IJe 8 and Figure 32
PC-NMR 3¢ ppm, 150 Mz in CDClg, Table 8 and Figure 33
4.5 Compound GP1 (N—methylatalé{;hSrHihe)
Compound GP1 was obtained as yellow solid with-m.p. 192-194°C, soluble in
CHClI; and acetone (850 mg, 6.85x 10°% based on dried weight.0f the branches).
FABMS : [M+H]" m/z 394, Figure 37
EIMS - m/z (rel. int.); 393 [M]" (32.4), 350 (14.1), 338 (18.8), 322 (30.2), 294
(14.9), 282" (19.1),.280.(10.1), 268 (10.2),.207 (34.7), 105 (31.9), 97
(28.8), 91:(67.8), 83 (34.7), 77 (39.1), 73 (100), 58 (73.4), Figure 38

uv : dmax NM (log €), in EtOH; 205 (4.23), 273 (4.27), 340 (3.85), 410
(3.48),.Figure 39
IR | viiax €M, AATR; 8489434002400 (board), 1603, 1566} 1539, 1441,

1290, 1223, 1194, 837,744, Figure 40
'H-NMR : &y ppm, 600 MHz, in acetone-ds, Table 9 and Figure 41
BC-NMR  : 8¢ ppm, 150 MHz, in acetone-ds, Table 9 and Figure 43
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4.6 Compound GP2 (glycofolinine)
Compound GP2 was obtained as orange solid with m.p. 161-163°C, soluble in
CHCl; and acetone (19 mg, 1.5x 10™% based on dried weight of the branches).

FABMS : [M+H]" m/z 332, Figure 49

EIMS : miz (rel. int.); 332 [M+H]" (19.1), 331 M* (89.5), 317 (36.9), 316
(100), 301 (86.0),.300 (34.2),286 (12.9), 165 (13.2), 91 (12.5), Figure
50

uv : Amax N (10g-€), in MeOH; 201+(4.28), 220 (3.56), 260 (3.96), 268
(3.95)7"882(3:49), 393 (3.14), Figure'51

IR : vmax €M .ATR:3732, 3626, 3383, 1626, 1566, 1495, 1460, 1201,

1140767 L FiqurebH
'H-NMR : dnppm, 600 MHzin acétone-de, Table 10 and Figure 53
BC-NMR ¢ ppim, 150 MHz,-in acetone-de, Table 10.and Figure 54
4.7 Compeund GP3/(citramine)
Compound GP3 was obtained as jrelféw amorphous solid, soluble in CHCI3
and acetone (10.6 Mg, 8,0 10°°% based on dried weight of the branches).

EIMS : m/z (¢€l. int.); 317,[M]° (6453_), 302 (49.6), 274 (41.7), 259 (32.7), 105
(16.7), 914(40.9); 87%:(17.3), 7?'.‘(5_2.0), 69 (14.2), 58 (100), Figure 57

uv . Amax NM (lo§"&)—A-EtOH: 292:'1.('33.45), 221 (3.39), 273 (3.89), 332
(3.30), 381 (3.02)-Figure 58/ ==

IR Vi CM, ATR; 3419, 3126, 2935, 1610, 1541, 1483, 1450, Figure
53/

'H-NMR : 5 ppm, 600 MHz, in acetone-ds, Table 11 and Figure 60

BC-NMR : 0c ppm, 150 MHz, in acetone-dg, Table 11 and Figure 62
4.8 Compound'GP4 (N-methylcyclo-atalaphylline-A)
Compound“GP4 was obtained as orange amarphous solid, soluble in CHCI;

and aceténe (35 mg, 2.8x 10™% based on dried weight of the branches).

FABMS - [M+H]) m/z.392, [M+Na]®.m/z 414, Figure. 66

EIMS * iz (rel. int.); /392 [M+H]"/(25.5), 391 [M]*((02.4), 377 (26.4), 376
(100.0), 349 (15.5), 348 (61.3), 322 (40.6), 318 (26.1), 91 (23.1),
Figure 67

uv * Jmax NM (log €), in MeOH: 201 (5.12), 229 (4.40), 305 (4.81), 338

(4.28), 420 (3.81), Figure 68
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IR © vmax CMY, ATR; 3627, 3134, 2972, 2918, 1640, 1601, 1564,
1462,1284, 1198, 1140, 752, Figure 69
'H-NMR : 51 ppm, 600 MHz, in acetone-ds, Table 12 and Figure 70

BC-NMR  : 8¢ ppm, 150 MHz, in acetone-dg, Table 12 and Figure 71
4.9 Compound GP5 (glycosparvarine)
Compound GP5 was obtained as orange amorphous solid, soluble in acetone
(6.8 mg, 5.0x 10°% based on dried weight of thé branches).
FABMS : [M+H]".m/z 288, Figure 77
EIMS : m/z (relint)); 288 [MJFJH]+ (14.7), 287 [M]" (84.7), 273 (10.3), 272
(62.7), 245 (46.2); 244 (100), 229 (14.1), 130 (24.2), 91(11), 84 (8.1),
77422.6), 58'(42.4)/ Figure 78
HREIMS . [M}¥m/z 287 0799 (calc&lj for CysH;3NOs, 287.0793)

uv : Amax AM (100 £), i MeOH; 204 (4.36), 232 (4.29), 266 (4.60), 286
(4.49), 321 (sh) (4. 11) 409‘(3 79) Figure 79

IR : Vmadem f ATR; 3500- 3181 (broad) 1644, 1595, 1557, 1452, 1287,
1223, 1184, 991, 833; Flgure‘80

'H-NMR : oy ppm, 600 MHz, 1n acetonerde, Table 13 and Figure 81

BC-NMR : 8¢ ppm, 450 MHZ, in acetone de, Table 13 and Figure 82

4.10 Compound GP6 (limenin)—

Compound GP6 was obtained as colorless crystals with m.p. 283-285°C with
decomposition,-seluble in CHCIz (6.5 mg, 5.0x 10"°% based on dried weight of the

branches). :

FABMS : [M+H]* m/z 471, Figure 88

EIMS : m/z (rel. int.); 391 (22.3), 376 (24.5), 347 (35.1), 207(18.1), 95 (26.2),
Figure 89

[0]*p ;—75.0° (¢ 0.12, acetone)

uv : Amax M (log €), in MeOH; 207 (3.92), 272 (3.57), Figure 90

IR : Vax G, ATR:#2972,,1747,1748, 1286,:1022; 669,-Figure 91

‘H-NMR : dxppm, 600 MHz; inifCDCls, Table 14 and Figure 92
BC-NMR  : 8¢ ppm, 150 MHz, in CDCls, Table 14 and Figure 94
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4.11 Mixture GP7 (a mixture of limonexic acid and isolimonexic acid)
Mixture GP7 was obtained as white amorphous solid, soluble in MeOH and
DMSO (8 mg, 6.5x 10™°% based on dried weight of the branches).

FABMS : [M+H]" m/z 503, [M+Na]* m/z 525, [M+K]" m/z 541, Figure 103

EIMS : m/z (rel. int.); 391 (4.7), 376 (4.7), 347 (11.2), 207(14.2), 95 (16.4),
Figure 104

[a]%5 : —41.8° (c 0.09, MeOH)

uv : dmax NM.(100 ), In MeOH; 218.(3'55), Eigure 105

IR : Vmax O AIR; 3640: 3246, 2966, 1745, 1456,1290, 1014, 679,
Figure 106

'H-NMR : 5yPpm, 600 MHz, in DMSO-ds, Table 15 and 16, and Figure 107
BC-NMR  : 8cppm, 180 MHz, in Dl\hso-da, Table 15 and 16, and Figure 111
4.12 Compound GPS (arborining)
Compound GP8was ohtained as yTélIow needles with m.p. 179-181°C, soluble
in CHCI; (112.7 mg,2.56% 10°% based ori'dr}ed weight of the leaves).

FABMS  :[M+H]#m/2286, Figure 127,

EIMS : miz (fel. int.); 286 M+H]" (13.9), 285 [M]" (74.2), 271 (16.1), 270
(100.0), 242 (43.2). 199 (29.53'.;i1?. (10.3), 59 (25.1), Figure 128

uv  Amax NM (log &), i MeOH: 205 (3.94), 229 (3.94), 274 (4.36), 326
(3.40), 399 (348) - Figure 129/ ==

IR N M, ATR: 3734, 2936, 1635, 1587, 1855, 1455, 1249, 1105,

988, 752, Figure 130
'H-NMR : oy ppm, 600 MHz, in CDCls, Table17 and Figure 131
BC-NMR  : 8¢ ppm, 150 MHz, in CDCls, Table 17 and Figure 132
4,13 Compound GP9 ((+)-S-deoxydihydroglyparyvin)
Compound GP9 was obtained as colorless amorphous mass, soluble in CHCl;
(28 mg, 5.83x 10™% based on dried weight of the leaves).

FABMS : [M+H]: m/z.420, [M+Na]-m/z 442, Figure.135

HRFABMS + & [M+H]" m/z: 420.4834.(caled for CooHsoNOsS, 420.1845)

EIMS : m/z (rel. int.); 404 (11.7), 386 (18.4), 286 (13.7), 187 (24.6), 167
(34.2), 139 (53.7), 103 (86.6), 91 (100.0), 77 (90.5), 64 (70.9), Figure
136

[a]*p : +68.2° ( 0.10, CHCl5)
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uv > Amax NM (log €), in MeOH; 204 (4.31), 225 (4.29), 261 (4.30), Figure
137

CD : [@]256 +6173; (¢ 1.1 x 10, MeOH), Figure 138

IR * vmax €M7, ATR; 3287, 3051, 2930, 1698, 1648, 1616, 1584, 1548,

1511, 1456, 1379, 1362, 1328, 1240, 1174, 1039, 984, 803, Figure 139
'H-NMR : &y ppm, 600 MHz, in CDCl3, Table 18 and Figure 140
BC-NMR  : 8¢ ppm, 150 MHz, in CDCly Table 18 and Figure 141
4.14 Compound GP10 ((+)-S-deoxytetrahydroglyparvin)
Compound GP10 was obtained as colorless oil, soluble in CHCI; (15 mg,
3.13x 10™9% based on driedwéight of the leaves).

FABMS - [M#H] mff 422, [M+Na]" miz 444, [M+K]* iz 460, Figure 146

HRFABMS : [M+H]" m/2: 4221085 (calcd for CooHe,NO:S, 422.2001)

EIMS “miz (el int): m/z:-357 (13.8), 286 (94.8), 167 (65.3), 146 (27.1), 140
(2248), 139 (100), 120°(31'5), 107 (26.9); 69 (24.5), 64 (17.2), Figure
147 |

] :+24.1° (€ 0,04, CHCL) -+

uv Ao M (10 ), i MeOH: 205 (4.15), 225 (4.16), 261 (4.16), Figure
148 J

cD : [l260 +2272° (6. 8.4 % 10 Mgoﬁ) Figure 149

IR Vs CMLATR: 3201 3075, 2975 2929, 1695, 1662, 1581, 1511,

1457, 1379, 1362, 1300, 1241, 1176, 1035, 933, 806, Figure 150
'H-NMR 6H ppm, 600 MHz, in CDCl3, Table 19 and Figure 151
BC-NMR  : 8¢ ppm, 150 MHz, in CDCls, Table 19 and Figure 152
4.15 Compound GP11 (glyparvin-A) :
Compound GP11*was _obtained as colorless needles with m.p. 136-138 °C,
soluble in CHCI; (15 mg, 3.18% 107% based.on dried Weight of the leaves).

FABMS : [M+H]" m/z 434, Figure 158

EIMS - miz (rel. int.); 435 [M+2]" (1.1),.433[M]’ (6.8), 356.(4.5), 286 (14.7),
268(7.9), 165 (45.2), 139 (23.7), 120 (100), 69(60.1), Figure 159

uv : Amax NM (log €), in MeOH; 202 (4.91), 225 (4.48), 246 (4.40), 286
(4.44), Figure 160

IR - vmax €M™, ATR; 3295, 1671, 1636, 1551, 1512, 1304, 1131, Figure

161
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'H-NMR : 54 ppm, 600 MHz, in CDCls, Table 20 and Figure 162
BC-NMR  : 8¢ ppm, 150 MHz, in CDCls, Table 20 and Figure 163
4.16 Compound GP12 ((+)-dihydroglyparvin)
Compound GP12 was obtained as colorless amorphous mass, soluble in
CHCl; (15 mg, 1.67x 10™% based on dried weight of the leaves).
FABMS : [M+H]" m/z 436, Figure 168
EIMS - m/z (rel. int.); 437 [M+2] #(0:5),.435 [M]" (4.2), 356 (33.2), 287
(12.6), 286 (56.8), 167 (62.0); 146°(19.4), 139 (100), 120 (37.0), 69
(34.6), Figure 169 4

[a]*p :+207°(c 0.4d47"CHCI,)

uv : A (160 5)7 in MeO!—|; 202 (4.91), 224 (4.36), 261 (4.36), Figure
170 '

CD - [@]262F3397; (€ 8.7 x 10, MeOH), Figure 171

IR . vl ci, ATR; 3309; 3067, 2977, 2929, 1696, 1655, 1635, 1556,

1511430241180, 967 826;'F|gure 172
'H-NMR : 8 ppmy 600’ MHz, in CDCI3, Table 21 and Figure 173
BC-NMR : &c ppm, 150 MHz in CDCIg,,TabIe 21 and Figure 174
4.17 Compound GP13 ((+) tetrahydroglyparvm)
Compound GP13 was-obtained aS=GeIorIess amorphous mass, soluble in
CHCl; (8 mg, 1.67x 10™% based on dried weight of the leaves).

FABMS  :[M+H]" m/z 438, [M+Na]" m/z 460, Figure 179.

HRFABMS & [M+Na]" m/z: 460.1780 (calcd for CHaNOsSNa, 460.1770)

[0]*0 :+43,8° (¢ 0.02, CHCl5)

uv : Amax "M (log €), in CHCl3; 261 (4.27), Figuré 180

CD - [®]264 #1651; (c 1.0 x 10, MeOH), Figure 181

IR ! vmax CM, ATR; 3328, 3091, 2922, 1686, 1644, 1573, 1514, 1457,

1294, 1246, 1122, 828, Figure 182
'H-NMR - 3n.ppm, 600.MHz, in.CDCls,. Table 22 and.Figure 183
BCNMR % 56.ppm, 150 MHz,in,CDCls, Table 22 and Figure 184
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5. Evaluation of Antiviral Activity against Herpes Simplex Virus Type 1 and
Type 2

5.1 Viruses and Cells HSV strains used were HSV-1 (KOS) and HSV-2
(Baylor186). Vero cells (ATCC CCL81) were grown and maintained in Eagle’s
minimum medium supplemented with 10% fetal bovine serum.

5.2 Plaque Reduction Assay  Anti-HS\/ activity of the compound was
determined by plaque reduction assay modified.irom the reported method (Lipipun et
al., 2003). Briefly, in‘post-treatment as’§5y, Vero cells; in 96-well tissue culture plate,
were infected with 30 plagqueforming units of HSV-1 (KOS) or HSV-2 (Baylor186).
After 1 h incubatien at rgem temperature for virus adsorption, the cells were added
with overlay media gontaining various eoncentrations of the compound. The infected
cultures were incubated at 37°C for' 2 days. The infected cells were fixed and stained,
and then the number of plaques was-counted. The 50% effective concentration (ECso)
was determined fromithe gurve re"lating thé pldaique number to the concentration of the
compound. Acyclovir was used as a positii}é control In inactivation assay, each of 30
plaque forming units of HSV-1 (KOS) or HSV 2 (Baylor 186) was mixed with
various concentrations of compound and mcubated for 1 h, then the mixture was
added to Vero cells in 96-well tissue culture_piate After 1 h incubation for virus
adsorption, the overlay media-containing various concentrations of the compound

were added. The infected cultures were incubated at 37°C for 2 days. The infected

cells were flxed . stained, and the plaques were counted The 50% effective

concentration (ECsg) was determined.



CHAPTER IV

RESULTS AND DISCUSSION

1. Antiviral Activity against Herp

Extracts

Antiviral activities against erp sir@HSV) type 1 and type 2 of the

— — . .
utum and, Glycosmis. parva were examined using plague

/ivvplex Virus (HSV) Type 1 and Type 2 of

extracts of Micromelum h

reduction assay. The rest

Table 3 Anti

from branches, young'

MeOH extracts prepared
jainst HSV-1 and HSV-2

post-treatment

% inhibition®

part/ co

extract (ug/m HSV-1 HSV-2

branches/
hexane 0 0
CH,CI, 0 0
MeOH 0 0
young
branches/
hexane 30 30
50 70 60
12. 5" 40 0
@umwﬂmwmm 0
leaves/
A% lﬁ M m A ‘ﬂ“&l 18Y
ol 6 i ﬂJ 11l a ;
60
MeOH 100 0 0 100 0 0

a) concentration of extract that was not toxic to the cells used in assay.

b) no inhibition was given by 0.
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Table 4 Antiviral activities of the hexane, EtOAc, n-BuOH, and aqueous extracts
prepared from branches and leaves of G. parva against HSV-1 and HSV-2

inactivation treatment post-treatment
final % inhibition” final % inhibition”

part/ conc.? conc.?

extract  (ug/mL) HSV-1 HSV-2 (ng/mL) HSV-1 HSV-2
branches/

hexane 50 50 20 50 0 0
EtOAC 25 30 a 0 25 0 0
n-BuOH 100 0 0 100 0 0
agueous 100 0 0 100 0 0
leaves/ P

hexane 12,5 20 ! 20 25 0 0
EtOAC 12.5 o By - 30 25 70 60
n-BuOH 100 0 0 100 0 0
aqueous 100 [ A 0 100 0 0

a) concentration of extract that waf not toxic to the cells used in assay.
b) no inhibition\was given by-0. '
A

The CH,CI; extract gf the branches of Ig/jglghirsutum showed anti-herpes simplex
virus activity in the inactivation-method, whE the CH,CI; extract of the leaves showed
the anti-herpes simplex Virus activities in both inactivation treatment and post-inhibition.
In the young branches, the hexane and CH,Cl; extracts showed anti-herpes simplex virus
activities in both“inactivation treatment and post-inhibition.

For G. parva, the hexane and EtOAc extracts of the branches, and the hexane
extract of leaves displayed anti-herpes simplex virus activities in the inactivation
inhibition; while sthe ;EtOAc+ extrach of Jdeaves exhibited anti-herpes simplex virus

activities in beth inactivation treatment and post-inhibition.
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2. Extracts and Isolated Compounds

The difference of using of solvents in the extraction procedure of Micromelum
hirsutum between the first and second batch was due to the amount of Micromelum
hirsutum. The sequential extraction in a polar gradient manner (hexane, CH,Cl, and
MeOH) was suitable for large amounts of the second batch of Micromelum hirsutum in
order to give the good yield of polarity-fractionated extracts. Even though, Micromelum
hirsutum was collected twice in different~menth, the chemical constituents of the
branches and leaves ofthese two batch Were similar; asevidenced by their TLCs.

Repeated chromatography of the CH,Cl, extracts of M. hirsutum using several
solvent systems ledto the.isolation of twp coumarins (MH21 and MH2) and a new natural
quinolone alkaloid (MH3)from the branthes and two.coumarins (MH2 and MH4) from
the leaves. The EtOAg extract.of branches of G. parva was subjected to separation using
several chromatographie teghnigques-to aijord a new acridone alkaloid (GP5), together
with four known acgidong alkaloids (GPJI:.LGJF-’4) and three known limonoids (GP6 and
GP7). In addition; the examination of the EfOAc extract of leaves resulted in the isolation
of three new N-[(4- monoterpenyloxy)phenylethyl] -Substituted  sulfur-containing
propanamide derivatives (GP9,-GP10 and GP13) together with two known derivatives
(GP11 and GP12) and a known acridone alkalcud ’(GP8)

The structures of all-of these isolates were determined by interpretation of their
UV, IR, NMR and MS data and further confirmed by comparlson with literature values.

Additionally, thelr anti-herpes simplex virus activities were a|so investigated.
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3. Structure Determination of Compounds Isolated from Micromelum hirsutum

3.1 Structure Determination of Compound MH1

Compound MH1 was obtained as white solid with m.p. 186-190°C. The FABMS
(Figure 3) showed a pseudo molecular ion peak ([M+H]") at m/z 193, consistent with its
molecular formula C1oHgO4. The UV spectrum (Figure 4) showed absorption maxima at
251, 259, 295 and 341 nm. The IR spectum (Eigure 5) displayed strong absorption
bands at 3332 (O-H stretching), 1703 (conjugatedC=0 stretching), 1608 and 1436 (C=C
stretching, aromatic fing) em™, The 'M-NMR spectrum of compound MH1 (Figure 6)
showed a pair of doublet signals-at 6, 6.25 and 7.58 (1H each, d, J = 9.6 Hz) assigned to
H-3 and H-4 of a.eoumagn skeleton, re‘spectively. The typical chemical shift of H-4 in
compound MH1 suggested the lack of an oxygen substituent at C-5 (Steck and Mazurek,
1972). The two singlet signals at 8y 6.83 (H-8, s) and 6.90 (H-5, s) suggested that the
positions of C-6 and C.7 were substituted' with electron donating groups. Signals for a
methoxy group (64 3:93) and an eXchangeéblé “-hydroxyl proton (64 6.15) were also found.
The *C-NMR spectrum of compound MHl I(FJigure 7) showed characteristic signals of
a,f-unsaturated carbony! at oc 1614, 113.‘{4';an(3l 143.3 attributed to C-2, C-3 and C-4,
respectively, on the coumarin nucleus. Théldli:-i!T/I;B_C correlation of 6y 3.93 with 6c 144.0
pointed that the methoxy grotp was substituté;déi"JC-G (8¢ 144.0). The *H-NMR and **C-
NMR data of compound MHI1-were completely;assigned from HMQC (Figure 8) and
HMBC (Figure ) correlations in comparison with those of the authentic scopoletin.

Thus, compound MHZ1 was identified as scopoletin [41].

HsCO P

3 N 4 NS
2

He 7 TR
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Table 5 NMR spectral data of compound MH1 and scopoletin

compound MH1? scopoletin (authentic)”

position | &y (ppm), J (Hz) dc(ppm) | du(ppm), I (H2)?| ¢ (ppm)?
2 - 161.4 - 161.5
3 6.25 (1H, d, 9.6) \ bk . | 6.25(H, d, 9.5) 113.4
4 758 (1H,d,96) | L 3/ 7158 (1H,d,95) 143.3
4a - SN 111 5 1115

5 6.90 (1 5.89 (1H, 5) 107.5

1075

6 144.0
7 149.7
8 103.2
8a 150.2
OCHj3-6 56.4
OH-7 -
a) CDC
b) Authentic iscop }#u 205°C) purchased from Aldrich (Lot No.
06010TP) was available Departn g\ nal Organic Chemistry, Graduate school

of Pharmaceutical Scienes, Ja i
¢) 'H-NMR (400 MHz, €DCL5); **C- 90 MHz, CDCls).
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3.2 Structure Determination of Compound MH2

Compound MH2 was obtained as yellowish needles with m.p. 221-224°C (Lit.
Kong, et al., 1988; 218-219°C). The FABMS (Figure 10) showed [M+H]" at m/z 289,
consistent with its molecular formula Cy5H1,06. The UV spectrum (Figure 12) showed
absorption maxima at 244, 251, 295 and 314 nm. The IR spectrum (Figure 13) displayed
absorption bands at 1732, 1623 and 1568 e¢m™ owing to coumarin framework. In
addition, other IR absorption bands were found.at 1767, 1271, 923 and 820 cm™. The *H-
NMR spectrum of compound MH2 (Figure-14)sshowed a typical pair of doublets at oy
6.30 and 7.63 (1H each, d, J = 9.5 Hz) due to the H-3'and H-4 of a coumarin skeleton,
respectively. The presence.of 6;7-disubstituted coumarin moiety was suggested by two
aromatic protons atd; 6.85'and 7.35 (each 1H, s), referring to H-8 and H-5, respectively.
The position of a methoxy.0roup at oy 3.92 (3H, s) should be placed on C-7 according to
the upfield carbon chemical shift of C-8 (8¢ 99.8). The *C-NMR and DEPT spectra of
compound MH2 (Figuges 15 and 16) showed four relatively downfield signals for sp®
carbons [two oxygenated methine carbons}(é};‘-63.5 and 77.2), one quaternary carbon (d.
57.2) and a methoxy group (8. 56.5, OCH3-'7:).]._.'_I'he carbon signal at 6c 172.2 and the IR
absorption band at 1767 em™ suggested the bresence of a y-lactone ring which was
established by detection of HMBC correlatia_f@ [5‘.* 1.65 (3H, s) with &¢ 172.2 (C-4"), é¢
57.2 (C-3) and 3¢ 63.5 (C-2);-614.01 with Sc 7jf.2 (C-1"); 84 5.53 with 3¢ 63.5 (C-2)]
(Figures 18 and 19). The epoxide ring was pointed on C-2' (8¢ 63.5) and C-3'(5¢ 57.2) of
lactone ring. Fhe characteristic IR absorptions (vmax 1271,923.and 820 cm™) supported
the presence of epoxide ring. The HMBC correlations of 6y 6.30 with 6¢c 77.2 (C-1') and
of 6y 5.53 with 8¢ 127.5 (C-5) indicated the y<lactone ring was attached to C-6 (d¢ 120.2).
The lack of coupling between two methine protons (64 5.53 (H-1") and 4.01 (H-2')) is
consistent.with trans relationship.between these protons which.result in an approximate
90° dihedral ~angle. Compound ' MH2 was Identified as ' micromelin [5]. The
stereochemistry of chiral carbons was identical with that of micromelin due to the same

minus.sign of.specific.rotation.




position | 8y (p

2

3 6.30 (1H,

4 7.63 (4H, d

4a /

5 7.35(1H

6 4

7 -

8 6.85 (1H, s)

8a -

1

2' .

3 m

4’ < _
OCHz7 |  3.92 @Hgs)
CHs-30| 1.65 (' 1,

- 600

129

b) The signal was overlappﬁ with solvent peak.

% PIOTEPP R L T AR e

freported by Kong et al., 1988.

romelin

micromelin ©
( (Hz) dc (ppm)
1604 ~ 160.0
‘4 1T H, d, 9.6) 114.3
= _. 9.6) 142.8
L - 112.5
I - 7 1H, s) 1275
..MJ; ' 120.3
- 160.2
e 6.88 (1H, s) 99.9
! - 156.6
s 772
51 63.6
—_ 57.3
172.2 m 172.2
565 @ | 3.95(3H,s) 56.4
137 (3H, 112

I5); ®C-NMR (150 MHz, CDCls).
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3.3 Structure Determination of Compound MH3

Compound MH3 was obtained as white solid with m.p. 226-227°C
(decomposition). The molecular formula C1,H13:NO3; was established by the HRESIMS
(IM-H] at m/z 216.0666, calculated for Ci,HioNOs;, 216.0661). The UV spectrum
(Figure 22) showed absorption maxima at 253, 315 and 329 nm. The IR spectrum
(Figure 23) displayed absorption bands at. 3126 (=C-H stretching), 3065, 1696
(conjugated C=0 stretching), 1600 and 1435 (@=C stretching, aromatic ring) cm™. The
'"H-NMR spectrum of compound MH3 (Figures24 and 25) exhibited the presence of N-
methyl (8 3.98) and downfield methyl (54 3.11) groups. In the aromatic region, four
protons displayed sequentially muiual coupling [6y 7.62 (1H, dd, J = 8.0, 7.1 Hz), 7.95
(1H, ddd, J = 8.84%1, 1. #Hz), 8.09 (1H, d, J = 8.8 Hz) and 8.37 (1H, dd, J = 8.0, 1.7
Hz)] assignable to H-6, H-7; H-8 and 'H-5 of a quinolone skeleton, respectively. A
downfield signal at 54/16.66 (1H,-br s) was assigned as an intramolecularly hydrogen-
bonded acidic proton torcarbonyl oxygen. The YSC-NMR spectrum of compound MH3
(Figure 26) showed the methyl carben at;6ca-19.1 and N-methyl carbon at 6c 36.5. The
carbon signals at 8¢ 177.4 (C-4) and 167.1{ (C_pOH—3) were assigned as a conjugated
carbonyl carbon and garboxylic acie Carbon ures{pectively Even the lack of evidence for
O-H stretching of carboxylic acid in the IR spectrum the intramolecularly hydrogen-
bonded signal in *H-NMR spectrum and the presence of peak at m/z 173 [M-44]"
EIMS (Scheme 17) supported-the existence of carboxylic acid carbon. The HMBC
correlations [64.8.37 (H-5) with 6¢c 177.4 (C-4); on 3.11 (CHg-2). with 6¢ 108.7 (C-3) and
161.2 (C-2); 8y 8.98 (N-CH3) with 6c 177.4 (C-4), 140.2 (C-8a) and 19.1 (CH3-2)]
sugguested the 2-methyl-3-carboxylic acid substituents (Figure 28). The lower-field
shifted signal of methyl protons (34 3.11, CH3-2) was due to'the anisotropic effect of the
carboxylic carbonyl“greup (COOH-3). Compoeund MH3 was reasonably deduced to be
1,2-dimethyl-4-oxo-1,4-dihydroquinoline-3-carboxylic- acid [262], as a new natural

compoungl;
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position

2

3 ~y -

5 B7(1H,dd,.,. 125.7 IJ

6 7.6%(ﬁdd,8.0,7.1) | 125.7 |

fREANENINEINI
T A SN O A N ¥
AN AN T1ZENEINE
COOH-3 16.66 (1H, br s)® 167.1

a) 'H-NMR (600 MHz, DMSO-dg); **C-NMR (150 MHz, DMSO-d).
b) Exchangeable proton, this signal was observed in *H-NMR 300 MHz (DMSO-

dg) spectrum.
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3.4 Structure Determination of Compound MH4

Compound MH4, white substance with m.p. 149-152°C (Lit. Jiménez, et al.,
2000; 148-149°C), showed [M+H]" at m/z 345 in the FABMS (Figure 29), suggesting
the molecular formula Ci9H2006. The UV spectrum (Figure 30) showed absorption
maxima at 243, 259, 298 and 327 nm. The IR spectrum (Figure 31) exhibited absorption
bands of O-H stretching (3494 cm™), conjugated C=0 stretching (1727 cm™), alkene
C=C stretching (1651 cm™), and aromatic' G=@'stretching (1631, 1569 and 1436.cm™).
The *H-NMR spectrum of compound MH4 (Figure 32) showed two signals at 8 6.23
(d, J = 9.6 Hz) and 7.60(d, J = 9.6 Hz) assigned to H-3'and H-4 of a coumarin skeleton,
respectively. Two singlet signals‘at 6,4 7.58 and 6.86 (each 1H, s) were positioned at H-5
and H-8, respectively. The 'presence of @ dihydrofuran ring which is linearly connected
with coumarin nugléus at G-6' and-C-7 was suggested by the following HMBC
correlations: 8y 7.58 (H-5)with 8¢ 163.2 (C-7) and 71.4 (C-3"); 54 6.85 (H-8) with ¢
124.1 (C-6) and 163.2 (C-7); on 6.35 (H=8") with 6¢ 91.1 (C-2'), 124.1 (C-6) and 163.2
(C-7) (Figure 36). Arpair of doublet signalsaét oy 4.49 and 6.35 (each 1H, J = 6.3 Hz)
was assigned to H=2" and H-3', res\pectivelyL-(Thg HMBC correlations [6y 1.44 (6H, H-2"
and H-3") with 8¢ 713 (C-1") and 81.1 (C-ZZ); SH 4.49 (H-2") with 6¢ 71.3 (C-1"), 26.7
(C-2") and 26.5 (C-3")] and a downfield";'sf)? quaternary carbon at C-1" (§¢ 71.3)
suggested that 2-hydroxy-2-methy|-propane;wéjs': substituted at C-2". The *C-NMR
spectrum of compound MH4 (Figure 33)~shpvied a set of signals [6¢ 165.0 (C-1'"),
114.5 (C-2'"), 160.9 (C-3'"), 27.6 (C-4'") and 20.6 (C-5")] assignable to senecioate (2-
methyl-2-butenoate) subunit. The proton signals at &y 5.57 (1H, br s), 2.21 (3H, br s)
1.90 (3H, br s) Were assigned to H-2", H-4"" and H-5"""In the senecioate subunit,
respectively. The"HMBC correlation between 6y 6.35 (H-3') and &¢ 165.0 (C-1"")
indicated that senecioatéssubunit was connected at C-3' of the dihydrofuran ring. The
remaining board signal at 64 2.72(1H) was assigned as hydroxyl proton at C-1". For the
relative stereochemistry, cis relationship between the C-2" and C-3' substituents was
suggested due to the minus sign of specific rotatiof*(Lit. Jiménez, et al+ 2000; [0]*o
—236° (c L3, 'CHCIy)). .Compound A MH4 was. identified as (-)-(2'S, 3'R)-3'-

senecioyloxymarmesin [263].
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Table 8 NMR spectral data of compound MH4 and (-)-(2'S, 3'R)-3'-

senecioyloxymarmesin

Compound MH4 ¥ (-)-(2'S, 3'R)-3"-senecioyloxymarmesin
position | 8y (ppm), J (Hz) | 8¢ (ppm) 8n (ppm), J (Hz) 8c (ppm)
2 -~ | 1610 i 160.8
3 6.23 (1H, d, ,&H\ 130 /#6224 (1H, d, 9.5) 113.0
4 7.60 (1H 4, ...,,_n., 1437 4 761(1H, d, 9.5) 143.6
4a | ‘ 113.4
5 126.6
6 124.1
7 £/ 163 NN 163.2
8 . i 901 N6 88H, 99.1
8a -4 LI T A 157.1
2 4.49 (14, d,6.3) 104 | 451 (1H,d,62) 91.0
3 6.35 (1H,d, 68)-.| .+ 149 | \"_ 1,d, 6.2) 714
17/OH-1" | 272 (1M br) ¥ | 277 \N 712
o 1.4 (3H{S) o 267 146 (3H, 5) 26.6
3" 144 (3H,s) ==t 1.46 (3H, s) 26.5
1 - = : | , 165.0
2" | 557(1H.brs) | 1145 | 569 (1Hbrs 116.0
3" ' ’ | 159.0
4 18 (3@br 5) 27.0
5 1.9 (3H br s) 20.6 1.90 (3H, br s) 20.0

mﬁm HYR WA

) and e) Values with same superscript may be interchanged.
¢

Wﬁ MRV E RN (R
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4. Structure Determination of Compounds Isolated from Glycosmis parva

4.1 Structure Determination of Compound GP1

Compound GP1 was isolated as yellow solid with m.p. 192-194°C (Lit.
Govindachari et al., 1970; 192-193°C). The FABMS (Figure 37) demonstrated [M+H]"
at m/z 394, harmonizing with the molecular formula CyH2;NO,. The UV spectrum
(Figure 39) (Amax 273, 340 and 410 nm) suggested.the presence of 1-hydroxy-9-acridone
nucleus (Reisch et al., 1971). The IR spectrum.(Figure 40) showed absorption at 3488
(hydroxyl group), and"8185, 3074, 2960, 2918, 1603, 1566, 1541, 1507, 1438 and 1417
(aromatic and hydrocarbon-sysiem) cm™. The *H-NMR spectrum of compound GP1
(Figure 41) showed a lower-field shifted signal at 6y 14.56 (OH-1, s, exchangeable) due
to the intramolecularly hydrogen-bonded proton to carbonyl oxygen. Two protons at oy
9.26 and 7.91 (each 1H, s)y which-were washed out by D,0O, were assigned to hydroxyl
protons (OH-5 and'OH-3). In the aromatie region, three protons displayed ABX coupling
system [0y 7.16 (H-74t, J = 7.7 Hz),7.26 (-H-é, dd, J= 7.7, 1.1 Hz) and 7.77 (H-8, dd, J
= 7.7, 1.1 Hz)]. The doubletvof‘doubletf!a_rt. oy (7 must belong to H-8 due to the
deshielded effect caused by the neighbourin\g'p-c'arbonyl group. Two sets of prenyl group
were suggested by the signals at oy 3.45 (I—'Iiff,'_d, J=6.9 Hz),5.25(H-2',brt,J=6.1
Hz), 1.80 (Hs-4', s) and 1.66 (Ha-5% s) for one group, and 5, 3.60 (Hx-17, d, J = 5.9 H2),
5.35 (H-2", brt, J=7.0 Hz); L.79 (Hs-4", s) -ah_dl#;?l (Hs-5", s) for the other. In addition,
N-methyl signal was found at 6 3.67 (3H, s). The signal at 6,4/14.56 (OH-1) had HMBC
correlations wifi 8¢ 107.9, 160.6 and 110.1, assignable td C-9a, C-1 and C-2,
respectively (Figlites 46-48). The *C-NMR spectrum of compound GP1 (Figure 43)
showed a conjugated ketone signal at ¢ 183.4 (C-9), even thiough, the C=0 stretching of
conjugated ketone afoufitk 1620 cm™ could fiot' be observed in IR spectrum. Connection
of the two prenyl-groups at C-2-and C-4 was evidenced by the HMBC correlations
[prenyl graup attached at C-2: 6y 3.45 (H-2") with 6¢ 160.6 (C-1), 110.1 (C-2) and 162.0
(C-3); prenyl group attached at C-4: 6y 3.60 (H-2")with ¢ 162.0 (C-3), 108.3 (C-4) and
149/8 (C-4a)].'Thus, compound GP1 was identified as N-methylatalaphylline [258].
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Table 9 NMR spectral data of compound GP1 and N-methylatalaphylline

Compound GP1? N-methylatalaphylline ©
position Sn (ppm), J (Hz) dc (ppm) 61 (ppm), J (Hz) dc (ppm)
1/ OH-1 14.56 (1H, s)® 160.6 14.43 (1H, s) 159.1

2 - 11041 - 106.6
3/ OH-3 7.91 (1H, s)>” 16240 - 161.4
4 - 108.3 - 108.3
4a . 149.8 - 148.4
5/ OH-5 9.26'(1H, 5)” 149.3 9.32 (1H,br s) 148.9
6 7.26. (@M dd 27, 41 120.3 7.16/(1H, m) 123.9

7 7.1640H, t47.2) 123.6 7.07 (1H, 1, 8) 119.7

8 7.77 (1H,dd, 77, 1.1) 1174 7.78 (1H, br d) 1155
8a / 125.8 ; 124.4
9 y 183.4° - 182.1
9% / 1079 - 109.7
10 : 139.0 : 138.0
N-CHs 3.67 (3H, s) 4864 |  361(3H,9) 47.8
1 3.45 (2H, d, 6.9) 221 | 3.48(2H,m) 215
2’ 5.25 (1H, br t, 6.1) 1232 |+ 5.28(1H,m) 122.9
3 : 132,90 4 130.7
4 1.80 (3H,s) 18.0 4=72+(8H, 5)** 18.0
5’ 1.66 (3H, s) 25.9 177 (3H, s)** 25.6
1" 3.60 (2H, d, 5.9) s 3.48 (2H,m) 26.3
2" 5.37 (1H, br t, 7.0) 124.2 5.36 (1H, m) 123.0
3" : 1334 y 131.2
4" 1.79 (3H, s) 18.0 1.82 (3H, 8)** 18.0
5" 1.71 (3H, s) 25.8 1.82 (3H, s)** 25.6

a)-H-NMR. (600 MHz, .acetone-ds);;>C-NMR-(150.MHz - acetone-ds):

b) | Exchanigeable proton,.they~were clearlys observed in "H-NMR 400 MHz
(Figure 42).

c) The 'H-NMR (100 MHz, CDCls) data were reported by Wu, Kuoh and
Furukawa, 1982b. The *C-NMR (DMSO-ds) data were reported by Banerji et al., 1981.

*, ** Values with same superscript may be interchanged.
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4.2 Structure Determination of Compound GP2

Compound GP2 was characterized as orange solid with m.p. 161-163°C (Lit.
Ono et al., 1995; 161-163°C). The FABMS (Figure 49) exhibited [M+H]" at m/z 332,
indicating the molecular formula C;;H;7NOgs. The presence of 1-hydroxy-9-acridone
skeleton in compound GP2 was suggested by the UV (Amax 220, 260, 268, 332, 393 nm,
Figure 51) and IR (3383 (hydroxy group), 1626 (Conjugated carbonyl) cm™, Figure 52)
bands (Reisch et al., 1971), together with a strongly-hydrogen-bonded proton signal at oy
14.20 in the 'H-NMR_specirum (Figure 53)«I0 the aromatic region of '‘H-NMR
spectrum, the two protons displayed ortho-coupling [y 6.94 (H-7, d, J = 9.2 Hz) and
7.93 (H-8, d, J = 9.2 Hz)] and. a remaining signal as singlet was observed at relatively
higher field (6y 6.39, H-2): In-addition, three methoxy groups and one N-methyl group
were observed at 548178 (6H,5), 3.87-(3H, s) and 3.97 (3H, 5). The *C-NMR spectrum
(Figure 54) showed asonjuigated Kefone carbon at 8¢ 182.4 (C-9), five oxygenated sp?
carbons at 8¢ 1612, 160.7, 131.2, 187.2-and 157.0, four quaternary carbons at 5¢c 106.2,
118.2, 142.7 and 143.6, and four methyl}grz)‘-ups at 6c 46.7, 56.6, 60.7 and 60.9. The
signal at oy 14.20° (OH-1)‘had HMBC ”c:'o_rr.re!ations with 6c 106.3, 161.3 and 94.9,
assigned to C-9a, C-1 and C-2, respectively. (F'igure 56). The HMBC correlations [on
7.93 (H-8) and 6.94 (H-7) with oc 157.0 (C 6) SH 6.94 (H-7) with 8¢ 137.3 (C-5); ou
3.87 (CH3-5) with 8¢ 137.3 (C-5)] mdlcatedihat the hydroxyl group at 64 9.03 (1H, s)
and a methoxy group at 8,-3.87were located -a_t(;ﬁ and C-5, respectively. The signals at
dn 3.78 (6H) assigned as methoxy and N-methyl groups were evidenced by the HMBC
correlations of'61; 3.78 (8¢ 60.9) with 8¢ 131.2 (C-4) and 4 6.397(H-2) with &¢ 131.2 (C-
4) for OCHs-4 and the HMBC correlations of 6y 3.78 (6c 46.7) with 6c 142.7 (C-4a) and
dc 143.6 (C-10a) for N-methyl group. The HMBC correlation of &4 3.97 with d¢ 160.7
pointed that the remainiing methoxy group was'substituted at C-3 (6c 160.7). Compound

GP2 was identified-as the knewn eompound glycofolinine [163].
H O OH

|
OCHzCH; OCHg

[163]
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HMBC: —

Table 10 NMR spectral data of comp | @cofolinine

, . . glycofolinine ®
position ‘ Fz)" j 53 (ppm) pm), J (Hz) dc (ppm)
1/ OH-1 A720 (4H . { (1H, s) 161.6

2 580 (1H! 949 1H, 5) 95.3
3 —3607 \ 161.1
4 131.6
4a 143.1
5 F Fdaag ‘ 137.6
6/0H-6 | 9.03(IHS" ' ds70 | 157.4
7 6.94 (1H,d, 9 ‘_ﬁf 7 ” 6.92 (1H, d, 8.8) 117.0
8 7.93 (1H, d, 9.2 == ~ 791(1H,d,8.8) 123.7
8a == | 118.6
9 182.8
9a 113.7
10a 144.0
N-CHs 378 (3H, ) 467 3.77 (3H, 5) 47.1
OCHa: | ‘ 57.0
oo UENgNSNeiny | o
OCHs5!|  3.87(3H,s) 60.7 3.86 (3H, 5) 61.1
TS I T Y
le

c) The *H-NMR and *C-NMR (acetone-dg) data were reported by Ono et al.,
1995.
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4.3 Structure Determination of Compound GP3

Compound GP3 was obtained as yellow amorphous solid. It showed molecular
ion [M]" peak at m/z 317 in the EIMS (Figure 57), corresponding to the molecular
formula C16H15NQOg. The UV (Amax 221, 273, 332 and 381 nm, Figure 58) and IR spectra
(3419, 3126, 1610 and 1541 cm™ Figure 59) showed the characteristic absorptions of 1-
hydroxy-9-acridone system (Reisch et al., 1971). The *H-NMR spectrum (Figures 60
and 61) exhibited a lower-field shifted signal at 64 15.02 (OH-1, s), two exchangeable
protons at 6y 8.96 (2H, br s, everlapped), tweo okilo-coupled doublets at &4 6.95 (H-7, d,
J=9.1 Hz) and 8.05'(H=8,d, J = 9.1 Hz), a lone aromatic proton at &y 6.48 (H-4, s), N-
methyl group at 6y 4.04 (3H; s)/and two methoxy groups at 3.78 (OCHjs-5, s) and 3.87
(OCH3-2, s). The *@“NMR specirum (Figure 62) showed a conjugated ketone carbon at
d¢c 180.8 (C-9), fivesoxygenated sp2 carbons at oc 129.7, 136.0, 156.0, 157.0 and 158.1,
four quaternary carbons at 8¢ 104.8, 116.7, 189.6 and 143.9, and four methyl group at 8¢
40.1, 60.4 and 61.8" The HMBC correlfations between 6y 15.02 (OH-1, s) and ¢ 104.8,
156.0 and 129.7, and between proton siginalJ‘-at oy 3.87 and carbon signal at ¢ 129.7
suggested the carbon signals at oc 104.8',-; 156.0 and 129.7 as C-9a, C-1 and C-2,
respectively. The HMBC correlations of 6H'.6 48 (1H, s) with &¢ 104.8 (C-9a, strong),
129.7 (C-2, strong), 158.1 (C-3, medium), 1439 (C -4a, weak) and 180.8 (C-9, weak)
indicated that the aromatic proton-at 5y 6. 4&was positioned at C-4 (Figure 64). The
other methoxy proton 6&u-3.78 was Iocate--ajx C-5, as evidenced by the HMBC
correlations of protons at 6y 3.78 and 6.95 (H-7, d, J = 9.1 Hz) with the carbon at dc
136.0 (C-5). The'position of proton signal (64 6.48) at C-4 Was confirmed by NOE
experiments which revealed NOE interaction of H-4 (6 6.48) with the N-methyl group
(61 4.04) (Figure65). Thus, compound GP3 was identified as citramine [264].
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JHo
H o o
HO N OH
NOE: —»
OCH3CH3; H

Table 11 NMR spec

l f ﬂ‘\\\‘ - citramine ©
position / I ﬁ m\\\ pm), J (Hz) ¢ (ppm)
1/ OH-1 ™ 155.3
2 129.0
3 /OH-3 157.4
4 91.9
4a 142.6
5 ‘ 135.3
6/OH-6 8.91 (1H, s) 156.1
7 6,95 (1H, d, 8.8) 112.7
8 / 121.9
8a 115.3
9 179.4
%a 104.8 - 103.7
10a 138.6
“AUEANIES Noang | =
OCHs-21!|  3.87(3H,5) 60.4 3.87 (3H, s) 59.8
p 5, |~ 378.3H.s

2) TH-NMR (600 MHz, acetone

q b) Exchangeable proton, they were clearly observed in H-NMR 400 MHz
(Figure 61).

c) The 'H-NMR (acetone-dg) and *C-NMR (DMSO-d;) data were reported by
Ju-ichi et al., 1988.
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4.4 Structure Determination of Compound GP4

Compound GP4, orange amorphous solid, showed [M+H]" at m/z 392 in the
FABMS (Figure 66), suggesting the molecular formula Cy4H2504. The basic skeleton
was characterized to have a 1-hydroxy-9-acridone chromophore by UV (229, 305, 338
and 420 nm, Figure 68) and IR (3627 (O-H stretching), 1640 (conjugated carbonyl) cm™,
Figure 69) absorptions, together with a strongly hydrogen-bonded proton signal at oy
14.67 in the *H-NMR spectium (Figure 70)./The*@-NMR and DEPT spectroscopic data
(Figures 71 and 72) exhibited 24 carbons, atiributable to five methyl, one methylene, six
methine and twelve quaternary carbons, In the aromatie region of the *H-NMR spectrum,
three mutually coupling ABX'Signals at oy 7.18 (1H, t, J=7.7 Hz), 7.27 (1H, dd, J = 7.7,
1.1 Hz) and 7.75«(1H, dd, J'= 7.7, 1.1 Hz) were aitributed to H-7, H-6 and H-8,
respectively. The presenceof a prenyl grbup was suggested by the signals at 6y 3.51 (Ha-
1”,d, J = 6 Hz), 5.35 (H-2%4 m), 1.70 (Hs-4", s) and 1.79 (Hs-5", s). A set of signals at &y
6.72 (H-1', d, J 9.9 Hz)/5.70 (H=2',d, J = 9.9 Hz) and 1.47 (6H, s) indicated the
presence of a 2,2-dimethylpyrano moiety: ?I'hé‘-HMBC correlations of 6y 14.67 (OH-1, s)
with 6¢ 107.8, 157:9 and'104.2 suggested tﬁq carbon signals at ¢ 107.8, 157.9 and 104.2
as C-9a, C-1 and C-2, respectively. The 2,2—diméthylpyrano moiety was linearly attached
to the acridone nucleus at C-2 and C-3 by é‘\':fidqng:e of HMBC correlations [6y 6.72 (H-
1") with 8¢ 157.9 (C-1) and 159.7 (C-3); o4 5.10 J(f—|-2') with d¢ 104.2 (C-2)]. The prenyl
group at C-4 was suggested-hy-the HMBC cOrré[aIions of 6y 3.51 (H-1") with &¢ 159.7
(C-3), 109.3 (C:4) and 151.2 (C-4a). Thus, compound GP4 was identified as N-
methylcyclo-atalaphylIine-A [265]. |
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Table 12 NMR spectral data of compound GP4 and N-methylcyclo-atalaphylline-A

Compound GP4? N-methylcyclo-atalaphylline-A ©
position Su (ppm), J (H2) dc (ppm) on (ppm), J (H2) dc (ppm)
1/ OH-1 14.67 (1H,s)” 1579 14.63 (1H, s) 157.5

2 | i 103.4
3 - 158.8
4 - 108.5
4a - 150.0
5/ OH-5 H, brs) 148.6
6 ‘br d, 7.5) 119.7
7 r d, 7.5) 123.1
8 H,d, 7.5) 116.1
8a 124.9
9 - 182.7
9%a 106.9
10a - 138.0
N-CHs 72 (3 i 71 (3H, s) 47.7
% 6.72 (1H, d, 9@;.—: 6.73 (1H, d, 9.9) 115.6
o 5.70 (1H 4,9.9) % “ : 70 (1H, d, 9.9) 126.9
3 Y ‘ 77.7
& "z — = GH 27.6
5 ﬂ( ~ ﬂH 5) 27.6
1" 51 (2H, d, 6) 26.6 3.51 (2H, br d, 6.3) 25.7
o 5.35 (4F m 12457 5.36 (1H, m) 123.9
e'fﬁummmwmm
4 Q) 1.70 (3H, s) 25.8 1.70 (3H,s) 24.9
- s 17.3

); "C-N 1 ace 5

q b) Exchangeable proton;
c) The *H-NMR (300 MHz, acetone-ds) and *C-NMR (75 MHz, acetone-ds) data
were reported by Chukaew et al., 2008.
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4.5 Structure Determination of Compound GP5

Compound GP5, orange amorphous solid, showed the molecular ion peak at m/z
287.0799 in the HREIMS, providing evidence for a molecular formula of CysH13NOs
(calculated for C15H13NOs, 287.0793). The IR spectrum (Figure 80) showed absorption
bands at 3500-3181 (broad) and 1644 cm™ due to hydroxy and carbonyl groups,
respectively. Characteristic absorptions of acridone alkaloid were observed in the UV
spectrum (266, 286, 321 and 409 nm, Figure 79).The *H-NMR spectrum (Figure 81)
showed the existence of methoxy (o4 3.88) and N-methyl (64 4.08) groups. In the
aromatic region, the three out of four protons displayed sequentially mutual coupling as
ABX pattern [6y 714 (1H,.dd, 3= 8.1,17.7 Hz), 7.29 (1H,dd, J=7.7, 1.5 Hz) and 7.91
(1H, dd, J = 8.1, 1:5 Hz)|.and.a remaining signal appeared as singlet at relatively higher
field (64 6.50). A lower-field shifted signal at op 14.99 was assigned as an
intramolecularly hydregen-bonded.proton to carbonyl oxygen and two signals at 5y 8.95
and 9.31 as exchangeable protons. The presence of the above intramolecularly hydrogen-
bonded signal and ABX pattern signals indudfng a deshielded proton (64 7.91) indicated
that compound GP5 was gconstructed baSe;d on a 6,7,8-unsubstituted 1-hydroxy-10-
methylacridone skeleton. In the “C- NMR épeétrum (Figure 82) twelve signals were
observed as aromatic cagbons in addition to methoxy (6c 60.5), N-methyl (6¢ 41.3), and
carbonyl (6¢ 181.6) functions. in - HMBC experlment significant correlations from the
proton at oy 14.99 to the carbons-at d¢ 105.8,156.4, and 129.5, and from the proton at oy
3.88 to the carbon at 6¢c 129.5 indicated the carbon signals at 6c. 105.8, 156.4, and 129.5
as C-9a, C-1, and C-2, respectively (Figures 84-86). O-Quaternary carbons were
deduced by HMBC correlations [6y 8.95 (3-OH) with 6¢ 15874 (C-3) and 129.5 (C-2); ou
9.31 (5-OH) with™8c 147.8 (C-5) and 134.7 (C-10a)]. The strong HMBC cross-peaks of
dn 6.50 with 6¢ 1058 (€=9a), 129.5 (C-2) and-158.4 (C-3) assigned the signal at oy 6.50
to be H=4. NOE difference experiments revealed NOE: correlation of H-4 (64 6.50) with
the N-methy! group (o4 4.08), and that of H-7 (o4 7.14) with H-8 (64 7.91) and H-6 (64
7.29) (Figure 87). These data allowed us to deduce‘tie alignment of 1,3;5#trihydroxy-2-
methoxy substituents. Thus, compound GP5 was deduced to be 1;3,5-trthydroxy-2-
methoxy-N-methyl-9-acridone. It was named to be glycosparvarine [266], as a new
acridone alkaloid.



position

1/ OH-1
2
3/0H-3
4

N-CH3
OCH3s-2

*f

M

Ezg (1H, dd, 7.7, 1.5) :
704 (H,dd, 8.1,7.7) gl 122.8

1 N TN RS
AN T U

60.5

a) 'H-NMR (600 MHz, acetone-ds);*C-NMR (150 MHz, acetone-ds).

b) Exchangeable proton.
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4.6 Structure Determination of Compound GP6

Compound GP6 was obtained as colorless crystals with m.p. 283-285°C with
decomposition (Lit. Breksa Il1l, Dragull and Wong, 2008; 284-294°C with
decomposition). It showed [M+H]" at m/z 471 in the FABMS (Figure 88), corresponding
to the molecular formula CysH300s. The UV spectrum (Figure 90) exhibited the
absorption maxima at 207 and. 272 nm. The IR spectrum (Figure 91) showed the
absorption band at 2972, 1747 (C=0 ester group), 1718 (C=0 ketone group), 1286, 1022
and 669 cm™. The signals due to furan ring Wwete.shown at &y 6.33 (H-22, dd, J = 1.6, 0.8
Hz), 7.39 (H-23, t, 3="1.7 Hz) and 7.41 (H-21, br'd, J = 0.8 Hz) in the '"H NMR
spectrum (Figures'92 and 93), and at oc 109.6 (C-22), 119.9 (C-20), 141.1 (C-21) and
143.2 (C-23) in the"*®*C-NMR spectrum, Signals attributed to four methyl protons at &
1.06 (Hs-24), 1.16 (H5-250) 1.47 (Hs-18) and 1.29 (H-25a), five methylene protons at oy
1.74-1.83 (H-12a), 1.74-1.91 (H,-11), 1.49-1.52 (H-12Db), 2.46 (H-6a), 2.67 (H-2a), 2.85
(H-6b), 2.97 (H-2b), 4.45 (H-19b) and 4.76 (H-19a), and five methine protons at oy 2.22
(H-5), 2.54 (H-9), 4.02 (H4-15), 4.03(H-1) and 5.46 (H-17) were found. The *C-NMR
and DEPT135 spectra (Figures 94-96) showed twenty-six carbon signals, assignable to
four methyl carbons at 6c 17.6 (C-24), 20: 7 (C 18) 21.3 (C-25b), and 30.1 (C-25a), five
methylene carbons at 6 18.9 (C=11), 35.6 (C 2) 36.4 (C-6), 30.8 (C-12) and 65.3 (C-
19), five methine carbons at 8¢ 60.5 (C-5), 79.1 (C 1), 48.1 (C-9), 53.8 (C-15) and 77.8
(C-17), eight quaternary carbaons-at oc 37.9 (C-13), 45.9 (C-10), 51.3 (C-8), 65.6 (C-14),
80.3 (C-4), 166.7 (C-16), 169.2 (C-3) and 206.1 (C-7), and four carbons for furan ring.
Assignment of Signals was made on the basis of 1- and 2-D NMR data acquired for
limonin. The fragmentation at m/z 347 and 95 suggested the compound GP6 was a
member of limoriin-typed limonoids (Scheme 18, Manners and Breksa 111, 2004). The *H
and *C-NMR spectfa oflimonin and epiliméhin, C-17 limonin epimer, showed expected
differences in the chemical shift of H-15, H-17 and H-18, and carbon C-17 and C-18
(Breksa HI, Dragull and Wong, 2008). In comparison to limonin, the chemical shift of C-
17 and C-18 of epilimonin were relatively downfield=shifted at 5c 88.5 (€-17) and 28.2
(C-18). The melting point of limanin was 284-295°C with decomposition‘whereas that of
epilimonin was 316-318°C. In addition, limonin showed a negative specific rotation
whereas that epilimonin showed a positive value. Thus, compound GP6 was identified as
limonin [267] by analysis of above spectral data (1- and 2-D NMR experiments, Figures
97-102) and confirmed by the reported physicochemical data of limonin (Breksa IllI,
Dragull and Wong, 2008).
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Scheme 18 Proposed EIMS fragmentation mechanism of compound GP6



Table 14 NMR spectral data of compound GP6 and limonin
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Compound GP6? limonin®
position o1 (ppm), J (H2) dc (ppm) on (ppm), J (H2) dc (ppm)

1 4.03 (1H, m) 79.1 4.03 (1H, m) 79.2
2a 2.67 (1H, dd, 16.8, 1.9) 356 2.67 (1H, dd, 16.8, 2.0) 35.7
ob | 2.97 (1H, dd, 16.8, 3.8) ; 2.98 (1H, dd, 16.8, 4.0) i

3 - 169.2 - 169.0
4 - 80.3 - 80.3
5 2.22 (1H,dde 259 3.0) | | 605 |"™222(1H, dd, 15.8,34) | 60.7
6a 2.46 (1H, del¢*14 5§3:5), 36.4 246 (1H, dd, 144, 3.2) 36.4
6b | 2.85(1H, dded® 9/14.5) \ 285 (1H. dd, 15.8, 14.6) i

7 - 206.1 - 206.0
8 F 51:3 - 514
9 254 @M, ddf 1265 2.6)=+ 481 | 255 (1Hidd, 12.2,30) | 482
10 - 4591 - 46.0
11 1.744.9U(H; m) 18.9 1.72-1.95 (2H, m) 19.0
12a 1.74-1.83 (1H, i) 30.8 | 1.46-158 (2H, m) 30.9
12b 1.49-1.52 (@H, m) £, i
13 - 37974, : 38.0
14 i 656 | i 65.7
15 4.02 (1H; ) 538 | - 4.05(1H,s) 53.9
16 - 166.7 - 166.5
17 5.46 (1H, 5) 778 547(1H, ) 778
18 1,17 (3H, 5) 20.7 118 (3H, 5) 20.7
19a 476 (1H, d, 13.1) 65.3 4.76 (1H, d, 13.0) 65.4
19b 4.45 (1H, d, 13.1) i 4.46 (1H, d, 13.0) i
20 - 119.9 - 120.1
21 7.41(1H, br d, 0.8) 1411 7.40 (1H, m) 143.3
22 6.33 (1H, dd, 1.6,0.8) | 109.6 6.34 (1H, m) 109.7
23 7.39 (1H, t, 1.7) 1432 7.41 (1H, m) 141.2
5z 106 (3Hs) 175 {0813H, 9) 17.7
253 1.29 (3H's) 30.1 129@H, s) 30.2
25h 1.16 (3H, ) 21.3 1.18 (3H, s) 21.4

a) 'H NMR (CDCls;, 600 MHz, TMS); *C NMR (CDCls, 150 MHz, TMS).
b) The *H-NMR (CDCls, 400 MHz, TMS) and *C NMR (CDCls, 100 MHz,
TMS) data were reported by Breksa 111, Dragull and Wong, 2008.
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4.7 Structure Determination of Mixture GP7

Mixture GP7, white amorphous solid, was obtained as a mixture of isomers
(compounds GP7-1 and GP7-11). The FABMS (Figure 103) demonstrated [M+H]" ion at
m/z 503, corresponding to the molecular formula CysH30010. The UV spectrum showed
the absorption maxima at 218 nm. The EIMS and IR spectra were quite similar to
limonin, a common limonoid compound ‘among plants in the family Rutaceae. The El
mass spectrum (Figure 104) showed prominent fragment ions at m/z 347 and 95, which
also suggested the limonin-type limonoids (Schieme 18, Manners and Breksa 111, 2004).
The IR spectrum (Figure 106) showed strong absorption bands at 3640 cm™and 1745
cm™ due to free O<H stretchifigrand C=0O stretching, respectively. In the H- and **C-
NMR spectra (Figures 107-116), sixty, protons and fifty-two carbons were found and
could be divided intaffwo séts{compounds GP7-1 and GP7-11) by *H-'H COSY, HMQC
and HMBC correlations (Figures 117-126). The signals due to yhydroxybutenolide ring
were shown at 8446.29 (4H, br §, overlapping), 7.48 (1H, br s) and 8.02 (1H, br s) in the
'H-NMR spectrum, and at' 6 98.4, 131.4; 152.2, and 169.0'in the *C-NMR spectrum for
compound GP7-I. For the compound GP?I{,I_,I,JThe signals due to »hydroxybutenolide
ring were observed at 6y 6.10 (1H, 8), 6.29 (lH 'br s) and 8.02 (1H, br s) in the *H-NMR
spectrum, and at oc 984, 1221 163.6, ‘é‘n:j'_ 1%69.7 in the *C-NMR spectrum. In
comparison with the *H- and*C-NiR data of limonexic acid and isolimonexic acid
(Lee et al., 1999), the signais-of mixture GP7 consisted of those of limonexic acid [268]
(compound GR7<1) and isolimonexic acid [269] (compound GP7-11). Thus, mixture GP7
was identified as a mixture of limonexic acid and isolimonexic acid. Although, limonexic
acid and isolimonexic acid had their epimers at C-23 and C-21, respectively, the
stereochemistry of mixture GP7 at C-23 for limonexic and C-21 for isolimonexic acid
remained ,to_be undetermined. The mixture“GP7_showed the minus sign of specific
rotation ([0]**p —41.8° (MeQH)), Which was the same as those of limonexic acid ([o]o
—65° (MeOH)) and isolimonexic acid ([a]p —140° (MeOH)).
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isolimonexic acid [269]



Table 15 NMR spectral data of compound GP7-1 and limonexic acid
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Compound GP7-1? limonexic acid
position Su (ppm), J (H2) dc (ppm) Sn (ppm), J (H2) dc (ppm)
1 412 (1H, d, 4.8) 78.4 413 (1H, d, 3.5) 78.4
2a 2.67 (1H, dd, 16.2, 4.8) 35.6 2.65 (1H, dd, 3.5, 15.8) 35.5
2b 2.81 (1H, d, 16.2) . 2.78 (1H, d, 15.8) i
3 - 170.4 - 169.8
4 - 79.5 - 79.4
5 2.53 (1H, dd,15.:4,3.1) | 57.3 1252 (1H,dd, 3.3,15.1) | 57.3
6a 2.26 (1H,dd, 15.1, 3:1) 36.1 2.29 (1H, dd, 3.3, 15.1) 36.0
6 3.08@H T 15.4) i 3.08/(1H, t, 15.1) i
7 - 207.8 - 207.6
8 - 49.8 - 49.8
9 | 2.60 (1H.d, 124,84) | 458 | 2.62(AH dd, 3.4,12.4) | 458
10 g 45.1 . 45.1
11a 1.63-1.80 (1M, m) 171 1.74 (1H, m) 17.0
118 1.8741.95,@H{m) 1.93 (4H, m) -
120 1.28-1.30 (14, n) 2114 1.32 (1H, m) 27.1
128 1.63-1480 (4H,im) J 1.79 (1H, m) ;
13 - 38.6 - 38.4
14 - 67.d¥ - 66.9
15 424 (1H)'s) 54:2 ) 4.25 (1H, 5) 54.1
16 i 1668 i 166.5
17 5.26 (1H, s) 7521l 5.27 (1H, s) 74.7
= 75.09
18 1.16 (3H, 3) 186 | . 1.19(3H,s) 185
19a 449 (1H, d, 13.7) 64.6 4.51(1Hd; 13.1) 64.5
19b 490 (1H, d, 13.7) . 4.88 (1H,d,13.1) i
20 - 131.4 - 130.6
21 - 169.0 - 169.4
22 7,48 (1H, br s) 15212 7.51 (1H, s) 152.2
152.99
23 6.29(1H, br s, 98.4 6.19 (1H, brs) 97.4
overlapping)) 97.8%
28 1119 (3H, 3) 29.6 1.21(3H,s) 29.6
29 102 (3H, 5) 21.4 1.05 (3H. s) 21.2
30 1.02 (3H, s) 17,5 1.05 (3H, s) 17.4
OH-23 8.02 (1H, br.s)” 7.79.(1H, br.s) -

a) 'THNMR (DMSO=dg, 600 MHz): 13(: NMR (DMSO-ds, 150 MHz).
b) Exchangeable proton.
c) The *H-NMR (DMSO-dg, 400 MHz at 320 K) and **C NMR (DMSO-ds, 100
MHz, at 320 K) data were reported by Lee et al., 1999.

d) Pair signals was considered to be 23R-limonexic acid. Accordingly, limonexic

acid was obtained as a mixture of 23S and 23R compounds (Lee et al., 1999).



Table 16 NMR spectral data of compound GP7-11 and isolimonexic acid
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Compound GP7-11? isolimonexic acid
position dn (ppm), J (Hz) dc (ppm) Sn (ppm), J (Hz) dc (ppm)
1 4.11 (1H, d, 4.5) 78.5 4.12 (1H,d, 3.8) 78.8
2a 2.63 (1H, dd, 16.5, 4.5) 35.6 2.67 (1H, dd, 16.5,3.8) | 36.1
2b 2.77 (1H, d, 16.5) - 2.82 (1H, d, 16.5) -
3 - 170.1 - 169.5
4 - 796 - 80.0
5 2.47 (1H, dd,15.1:3.1) 58.2 2.48(1H,dd,2.9,15.1) | 58.7
6a 2.29 (1H, dd;-15:1; 3.1) 36.1 2:28(1H, dd, 2.9, 15.1) | 36.6
6/ 3.14 (1H,ipd571) - 3.16 (1H, t, 15.1) -
7 - 207.9 - 208.3
8 . 50.6 c 51.1
9 2.54 (1H, dai'10.8, 3.2) 46.4 2.54 (1H, br d, 11.6) 46.8
10 - 45.2 c 45.7
11a 1:63-1.85'(2H, m) 17:6 1.69-1.77 (2H, m) 18.1
118 - E - -
120 1.68-1.85'(2H, m) 28.7 4 1.69-1.77 (2H, m) 29.1
128 - A - .
13 3 37.8 - 38.3
14 4 Coalls 4 - 66.5
15 4.07(1H,S) 03l 4,06 (1H, s) 53.5
16 - 166.4/ - 166.6
17 5.19 (1H, br 8) (A 7] 5.18 (1H, s) 78.2
18 1.12 (3H, s) eE==" 1.10 (3H, s) 20.2
19a 4.46 (1H, d, 13.1) 648 | 4.47(1H,d, 13.0) 65.3
19b 494 (1H,d, 13:1) - 4.95(1H,d, 13.0) -
20 - 163.6 f 164.2
21 6.10 (1H, s) 98.4 6:08 (1H, s) 98.6
22 6.29 (1H, brs) 122.1 6.29 (1H, s) 122.4
23 3 169.7 ! 170.6
28 1.20 (3H, s) 29.7 1.19(3H, s) 30.1
29 1.04 (3H, s) 21.4 1.03 (3H, s) 21.9
30 0.99 (8H, s) 16.5 0.98 (3H S) 16.9
OH-21 8.02 (1H, br's)” -

a) 'HINMR (DMSO-ds, 600.MH2); 1i*‘c NMR (DMSO- de, 15@ MHz).

b)"Exchangeable proton.
e)iThetH-NMR, (BMSO:ds, 400 MHz at320yK)rand #°¢ NMR(DMSO-ds, 100
MHz,at 320 K) data were reported-by.Lee et al., 1999.

d) The three pair carbon signals observed in the NMR spectrum of limonexic acid

were not observed in isolimonexic acid, but isolimonexic acid was considered to be a

mixture of 21R and 21S from the reason related to limonexic acid (Lee et al., 1999).
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4.8 Structure Determination of Compound GP8

Compound GP8 was isolated as yellow needles with m.p. 179-181°C (Lit.
Banerjee et al., 1961; 175°C). It showed [M+H]" at m/z 286 in the FABMS (Figure 127),
suggesting the molecular formula C,6H1sNO4. The UV (229, 274, 326 and 399 nm,
Figure 129) and IR (3734 and 1635 cm™, Figure 130) absorption bands, in addition to
proton signal at 8 14.74 in *H-NMR spectrum (Figure 131) indicated the presence of 1-
hydroxy-9-acridone nucleus. In the aromatic.fegion of *H-NMR spectrum, the four
among five protons mutaully-coupled signals‘atsor; 7.23 (1H, dd, J = 8.3, 7.3 Hz), 7.44
(1H, d, J = 8.3 Hz), 7.67 (1H, dd, J ='8.2, 7.3 Hz) and 8.33 (1H, d, J = 8.2 Hz) were
attributed to H-7,"H-5, H-6"and H-8, respectively. One N-methyl and two methoxy
signals were foundat 6,,.3:76:(3H, ), 3.90 (3H, s) and 3.98 (3H, s), respectively. The
conjugated ketone signalvas’ detected at 8¢ 180.6 (C-9) in the C-NMR spectrum
(Figure 132). The HMBGC corrglations of the proton at 8y 14.74 (OH-1, s) with the
carbons at 3¢ 1056, 156.0 and 130:0, and the methy! protons at 34 3.90 (3¢ 60.7) with
the carbon at 6c 1300 suggested that théf.-ca?bon signals at 6c 105.6, 156.0, 130.0 and
60.8 should be assignedto €-9a, C-1, C-Z'_Té_"nld OCH;-2, respectively (Figure 132). The
other methoxy group.at 6,4 3.98 (3¢ 55:9) Wa§ located at C-3 by the evidence of HMBC
correlation between 6y 3.98 and og 159.2 (C §) The aromatic proton singlet at 6y 6.17
(1H, s) was assigned to H-4 by HMBC correlauon‘s of &y 6.17 (H-4) with 6¢ 105.6 (C-9a,
strong), 130.0 (C-2, strong); 159.2 (C-3, medlum); 140.3 (C-4a, weak) and 180.6 (C-9,
weak). Thus, compound GP8 was identified as arborinine [87].

HMBC: —




Table 17 NMR spectral data of compound GP8 and arborinine

Compound GP8? arborinine”
position 6n (ppm), J (Hz) dc (ppm) dc (ppm)
1/ OH-1 14.74 (1H, s) 156.0 155.7

2 - ' 129.9
3 159.1
4 86.7
4a 140.1
5 46 . 1145
6 1339 | 337
7 | \ 1212
8 6.4 _ 26.0
8a 1508 I 003
9 180.4
9a 105.3
10a 141.6
N-CHs | 338
OCH;g-2 3.90 (3H, 60.6
OCHs-3 3.98 55.8
2) "H NMIR (CDCls, 600 MHz, TMS); :C NMR (CBGls, 150 MHz, TMS).
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4.9 Structure Determination of Compound GP9

Compound GP9 was obtained as colorless amorphous mass. The pseudo molecular
ion ([M+H]") peak at m/z 420.1831 in the HRFABMS of compound GP9 suggested the
molecular formula CyHzgsNOsS (calculated for C,yH3NOsS, 420.1845). The optical
rotation was positive, [a]*p +68.2° (c 0.10, CHCIs). The UV spectrum (Figure 137)
showed three absorption maxima at 204, 225 and 261 nm. In the IR spectrum (Figure
139) conjugated amide (3287 and 1648 cm™)sand «.f-unsaturated ketone (1698 cm™)
functions were observed in addition to a strong.absorption due to sulfoxide stretching at
1039 cm™. The *H-NMR spectrum (Figure 140) showed three tertiary and one secondary
methyl groups, and two ethylene units, one of which was connected to the root of the
secondary methyl.group, in the aliphatic proton region. In the lower field, the spectrum
showed seven protons, six of which «were assignable to 1,4-disubstituted benzene [64
6.80 (2H, d, J =8.8 Hz) and 7.09(2H, d, J = 8.5 Hz)] and trans-a,f-unsaturated carbonyl
[61 6.69 (1H, dd, 3= 14,5, 146 Hz) and 7.52 (1H, d, J = 14.5 Hz)] systems. The *C-NMR
spectrum (Figure 141) supported the-above aééignments and showed the presence of one
additional quaternary carbon (5c 88.6). These spectral data were similar to those of a
known dihydroglyparvin (Hofer, Vajrodayar and Greger, 1998) which was formally
composed of monoterpene, p-hydroxyphenét‘ﬁy'l'a}mine, and trans-g-methylsulfonylacrylic
acid subunits, except the “surrounding of s"llj'ifur atom. The presence of 5-(1-
methylpropyl)-3(2H)-furanone system as a manterpene unit was suggested by HMBC
correlations [64.1.35 (H3-9) and 1.36 (Hs-10") with 6¢ 88.6 (C-8") and 207.6 (C-7'); on
5.35 (H-6") with 8¢ 32.7 (C-3'), 195.0 (C-5"), 207.6 (C-7"), and 88.6 (C-8"); oy 2.14 (H-
2'a), 2.96 (H-3"), and 1.28 (Hz-4") with 6¢ 195.0 (C-5"); oy 2.96 (H-3") with &¢ 100.3 (C-
6")] (Figure 145)."Additional HMBC correlations of oy 3.99 (H-1'a) with o¢ 157.6 (C-
12), and 6y 7.52 (H-3),/6:69 (H-4), 6.80 (N-Hsignal overlapped with the aromatic proton
signal at'6y 6.80 (H-11)), and 3.55+(H,-7) with 6¢ 162.6 (C-5) indicated the connection of
the monoterpene part with trans-g-methylsulfinylacrylic acid one through p-
hydroxyphenethylamine one. Thus, this could be dedueed to be S-deoxydihydroglyparvin
[270], a [new ' N-[(4-monoterpenyloxy)phenylethyl]-substituted [sulfur<containing
propanamide derivative, which was supported by the appearances of characteristic
fragment ions at m/z 64 and 167 in the EIMS due to methylsulfide (H;CSOH) and

monoterpene (C10H150,) functions, respectively (Scheme 19).
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Scheme 19 Proposed EIMS fragmentation mechanism of compound GP9



Table 18 NMR spectral data of compound GP9

position

compound GP9?

ou (ppm), J (Hz) dc (ppm)

© 0O N oo O A W P

10

2.63 (3H, 3) | 39.9

a) "H-NMR( 600 MHz, CDCI3, TMS) C-NMR (150 MHz, CDCl;, TMS)
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4.10 Structure Determination of Compound GP10

Compound GP10 was obtained as colorless oil. It possessed the molecular
formula CHNOsS, as established from the HREIMS, m/z 422.1985 [M+H]" (calcd
422.2001), revealing 2 mass units more than compound GP9 (S-deoxydihydroglyparvin).
The optical rotation was positive, []*®s +24.1° (c 0.04, CHCls). The UV spectrum
(Figure 148) revealed absorption maxima at A« 205, 225 and 261 nm. The IR spectrum
(Figure 150) showed absorption bands &t vga.3291 and 1662 (amide) 1695 (a,f-
unsaturated ketone) and 1085 (sulfoxide gretip)«em . The 'H-NMR (Figure 151) and
B3C-NMR (Figure 152) spectral data were similar to those of compound GP9 except for
the signals for the acid subuniis Compound GP10 was reasonably supposed to be S-
deoxytetrahydroglyparvind271], a new N-[(4-monoterpenyloxy)phenylethyl]-substituted
sulfur-containing proOpanamide derivatljve, carrying a methylsulfinylpropanoic acid
subunit instead of trams-g-methylsalfinylacrylic acid subunit in compound GP9 by the
following data: 64/2.57 (SH;'s, SMe); 2.64-2.66 (2H, m, H>-4), 2.85 (1H, ddd, J = 13.2,
6.6, 6.6 Hz, H-3b), and 3.11 (1H, ddd,J :J‘-13.2, 7.7, 7.7 Hz, H-3a) in the 'H-NMR
spectrum; 3; 38.6 (SMe), 28:8 (C-4), and 49.3 (C-3) in the *C-NMR spectrum. The *H-
'H COSY and HMBG correlations were show;n below (Figures 154 and 156-157).

N1

H
H
ﬂ\H‘H\O H H
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Table 19 NMR spectral data of compound GP10

compound GP10?
position Su (ppm), J (H2) dc (ppm)

AN ANENITNENTS

1.36 (3H, s) 22.8
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4.11 Structure Determination of Compound GP11

Compound GP11 was obtained as colorless needles with m.p. 136-138 °C (Lit.
Hofer, Vajrodaya and Greger, 1998; 134-137 °C). The pseudo molecular ion ([M+H]")
peak at m/z 434 in the FABMS (Figure 158) of the compound GP11 corresponded to be
the molecular formula of C2,H,7NOgS. The UV spectrum exhibited absorption maxima at
Amax 202, 225, 246 and 286 nm (Figure 160).. The IR spectrum showed the absorption
bands at vmax at 3295 and 1636 (conjugated amide), 1671 (o,p-unsaturated ketone), and
1304 and 1131 (sulfonyl group) cm™ (Figure 164). The 'H-NMR spectrum (Figure 162)
showed the signals of @ AA'BB’ coupling pattern at 6, 6.88 and 7.13 (each 2H, d, J=8.5
Hz, H,-10 and H,-11, respectively) attributed to 1,4-disubstituted benzene. Ethylamine
and (2)-1-methyl-d%propené fragments were established from the *H-'H COSY cross-
peaks between &y 283 (2H, t,J = 6.9 Hz), 3.61 (2H, dt, J = 6.8, 6.6 Hz) and 6.12 (1H, br
t, J = 5.8 Hz), and between 64 2,00 (3H, br's), 6.79 (1H, br t, J = 5.8 Hz) and 4.75 (2H,
d, J = 6.0 Hz), respectively (Figure 165). The monoterpene subunit which was formed
by the extension of (Z)-1-methyl-1-propene %fagment with 3(2H)-furanone system was
evidenced by the HMBE correlations [on 2.00 (H-4") with 6c 183.3 (C-5'); o1 5.59 (H-6")
with 8¢ 183.3 (C-5') and 207.4 (C-7); on 1.4Q (H-9’ and H-10") with 6¢ 23.1 (C-9’ and C-
10’), 88.6 (C-8') and 207.4 (C-74} (Figure 167)The connection of the monoterpene unit
with C-12 via ether linkage was-suggested byjthe";f'—'—iMBC correlation between 8y 4.75 (H-
1') with 8¢ 157.2 (C-12) and the chemical shifts of €-10 (5¢c 114.8), C-12 (¢ 157.2) and
C-1' (oc 64.8).. The presence of amide group was suggested by the evidence of carbonyl
amide signal at o¢c 161.5 (C-4), N-H signal at o4 6.12 (H-5) and IR absorption. Two
remaining coupled olefinic protons at 6y 6.83 and 7.36 (each 1H, d, J = 14.6 Hz, H-4 and
H-3, respectively) were linked with carbonyl carbon at oc 161.5 (C-4) [HMBC
correlations of oy 6.83-and 7.36 with carbonyl amide signal at 6c 161.5 (C-4)] and
sulfonyl"methyl protons at 6y 2.99°(Hs-1) [HMBC'correlations of 6,,2.99 (Hs-1) with dc
138.9 (C-2) and 135.4 (C-3)].These signals revealed that the acid component of amide
was (E)-3-(methylsulfonyl)propenaic acid. The ethylamine fragment was“Connected the
carbonyl sighal at'oc 161.5 (C-4) and 1,4-disubstituted benzene was suggested by HMBC
correlations [dn 3.61 (H2-7) with &¢ 161.5 (C-4); dn 2.83 (H2-8) with d¢ 129.8 (C-10); 64
7.13 (H-10) with &¢ 34.3 (C-8)]. Thus, compound GP11 was identified as a glyparvin-A
[214].
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Table 20 NMR spectral data of compound GP11 and glyparvin-A

163

position compound GP11 ¥ glyparvin-A®
Sn (ppm), J (Hz) dc (ppm) 61 (ppm), J (H2) dc (ppm)
1 2.99 (3H, 3) 425 2.99 (3H, 5) 425
3 7.36 (1H, d, 14.6)" 89 | 7.36(lH,d, 14.7) 139.0
4 46) | | 680 (1H, d, 14.7) 135.4
5 ‘ - 161.5
6 (1H, br t, 6.0) -
7 (2H, dt, 6.9, 6.0) 41.3
8 2,82 (2H, t, 6.9) 34.3
9 130.7
10 ’H, d, 8.5) 129.8
11 6.88 (2H, d, 8.5) 114.9
12 - 157.2
% 175 (2H, d, 5.9) 64.8
2 6,78 (LH, brt, 5.9) 132.0
3 - 127.9
4 2.00 ~ 2.00 (3H, brs) 13.7
5 - - 183.3
6 ! | 5.59 (1H, s) 100.0
7 3 - 207.4
8’ WA - v 88.6
o mlo s ao(sH 5) 231
1.40 (3H, s) 23.1 0 (3H, s) 23.1

ﬁﬁﬁ% SN

Y.The *H-NMR (400 MHz CDCl3, TMS) and *C-NMR (100 MHz, CDCls,

Wﬁﬁﬁﬁﬁ“ﬁu ITEa Y
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4.12 Structure Determination of Compound GP12

Compound GP12 was obtained as colorless amorphous mass. It possessed the
molecular formula C2H29NOsS, as determined by the FABMS (Figure 168), [M+H]" at
m/z 436, revealing 2 mass units more than compound GP11l. Compound GP12 is
optically active with an [0]*° of +20.7° (c 0.11, CHCI5). The UV spectrum (Figure 170)
showed absorption maxima at 202, 224 and 261 nm. The IR spectrum (Figure 172)
exhibited absorption bands due to conjugaied amide (3309 and 1655 cm™), a,p-
unsaturated ketone (1696 em™) and sulfone.«#2302 and 1130 cm™) functions. By
comparing the *H-NMR and **C-NMR spectra (Figures 173 and 174) with those of
compound GP11, it'was found ihat the structures of these two compounds were closely
related. The only difference was observed around C-2" and €-3'. The proton signals at oy
4.01 (H-1a), 3.96 (ML) 244/ (H-2/a), 1.98 (H-2'b) and 2.97 (H-3)) and their *H-'H
COSY correlations (Figurg 176), in addition to carben signals at 5¢c 33.4 (C-2) and 32.6
(C-3) indicated that'the bond between C-2and C-3' was a saturated one comparing with
those of compound /GP11. Thus, compbuﬁd GP12 was reasonably deduced to be

dihydroglyparvin [213].

— © Iy cosy
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[213]



Table 21 NMR spectral data of compound GP12 and dihydroglyparvin

165

position compound GP12? dihydroglyparvin @
dn (ppm), J (Hz) dc (ppm) Sn (ppm), J (Hz) dc (ppm)

1 2.99 (3H, 5) 425 2.99 (3H, 5) 425
3 7.36 (1H, d, 14.7) 138.8 7.37 (1H, d, 14.7) 139.0
4 6.88 (1H, d, 14.7) 1356 6.82 (1H, d, 14.7) 135.4
5 \ 1616 i 161.5
6 6.41 (L bre,5.7)” : 6.08 (LH, br t, 6.0) i

7 3.58 (2H, §,-6:6) 414 | 3.60(2H,dt 6.8,6.0) | 414
8 280 (2Hyt76.9) 34.3 2.81 (2H, t, 6.8) 34.3
9 2 130.5 i 130.4
10 7.0812H,d, 566) 129.7 7.08 (2H, d, 8.6) 129.7
11 6.81 (2, df 8.:6) L 1148 6.82 (2H, d, 8.6) 114.9
12 4 1577 - 157.8
1a 4.01 @H, ddd)* | 65.3 4.01 (1H, ddd)® 65.3
1'b 3.96 (1H) ddd) @ 3.98 (1H, ddd)®

2'a 21440 Hfm) 334 2,14 (1H, dddd) ® 33.5
2'b 1.98 (14, m) ) 2.00 (1H, dddd) ® -
3 | 2.97 (1H, overlapped signal) | 32.6., 2.98 (LH, sextet) 32.6
4 1.29 (3H, d,7.2) {76 1.30 (3H, d, 7.0) 17.6
5 - 1949 “
6 5.30 (1H, s) 100.2 5.29(1H, s) 100.3
7 - 207.6 : :
8’ - 88.6 88.5
o 1.36 (3H, 9) 22.8 1.37 (3H, 5) 22.8
10’ (3H, s) 22.8 137 (3H, 5) 22.8

a) "H-NMR (600 MHz, CDCl;, TMS); ®C-NMR (150 MHz, CDCl,, TMS)
b} Exchangeable proton.
¢). The "H-NMR (400'MHz, CD€I;, TMS) and *C-NMR*(100 MHz, CDCl;, TMS) data were
reported by Hofer, Vajrodaya and Greger, 2998.
dy'proten,1'ajat 6 4.01(2Hddd,J =19.5, 6:156.2"Hz)¢protonL'b at 6y 3:96 (IH; ddd, 3 =9.5, 7.1,

5.7 Hz).

e) Precise assignment of coupling constant; J (1, 1) = 9.6 Hz, J (14, 24y = 5.9 HZ, J (114, 21) = 5.8 Hz,
J (1'b, 2'a) = 5.6 HZ, J (1'b, 2'b) = 7.0 HZ, J (2'a, 2b) = 14.0 HZ, J (2a,3) = 7.3 HZ, J (2b,3) = 6.8 HZ, J @3,4)= 7.0 Hz
(Hofer, Vajrodaya and Greger, 1998).

* The literature did not report the chemical shift of these signals.
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4.13 Structure Determination of Compound GP13

Compound GP13 was obtained as colorless amorphous mass. It was shown to
have the molecular formula C,,H3;NOgS, as deduced from the observed [M+Na]" at m/z
460.1780 (calculated for C»,H3:NOgSNa, 460.1770) in the HRFABMS, revealing 2 mass
units more than compound GP12. The UV spectrum (Figure 180) showed absorption
maximum at 261 nm. The IR spectrum (Figure 182) exhibited the absorption bands due
to amide (3328 and 1644 cm™), «f-unsaitirated ketone (1686 cm™) and sulfone (1294
and 1122 cm™) functions. Compound GP13 is opiically active with an []*p of +43.8° (c
0.02, CHCIs). By comparing the *H-NMR and “*C-NMR spectra (Figures 183 and 184)
with those of compound GR42,.it was found that the structures of these two compounds
are closely related«Howewver, the signals of proton and carben around C-3 and C-4 were
different. The coupled protoa signals at on 3.38 (H2-3) and 2.67 (H»-4) and carbon
signals at 5c 50.3 (C-3) and 28.3 (C-4) indicated that a bond between C-3 and C-4 was
saturated. Thus, gompound /GP13 was reasonably deduced to be tetrahydroglyparvin
[272], a new N-[(4-monoterpeny|oky)rfﬁenylethyl]—substituted sulfur-containing

propanamide derivative.

— © Iy cosy

— HMBC

[272]
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Table 22 NMR spectral data of compound GP13

compound GP13 ¥

position dn (ppm), J (Hz) dc (ppm)
1 415
3 50.3
4 28.8
5 168.7
6 -
7 41.1
8 34.6
9 130.7
10 129.7
11 114.7
12 157.5
1'a 65.2
1'b
2'a 334
2'b -
3 32.5
4 . ) 17.6
5 <) A ] 1948
6 Y I 1002
7 I | | 2075

‘ | - —'
8’ ‘ - ' 88.5
YIANENT 2

a) 'H-NMR (600 MHz, CDCl3, TMS);>C-NMR (150 MHz, CDCl;, TMS).
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5. Aspect of Stereochemistry of N-[(4-Monoterpenyloxy)phenylethyl]-Substituted
Sulfur-Containing Propanamide Derivatives

Regarding the stereochemistry of compound GP9 (S-deoxydihydroglyparvin)
[270], and GP10 (S-deoxytetrahydroglyparvin) [271], there are two chiral centers which
were a sulfur chiral center and a carbon chiral center at C-3'. For compound GP12
(dihydroglyparvin) [213] and GR13 (tetrahydroglyparvin) [272], there is a carbon chiral
center at C-3'. Compound. GP9, GP10 and .GP13 were isolated as optically active
compounds with the same positive sign of speeific rotation; [a]*'p +68.2° (CHCIs) in
compound GP9, [«]**s#24.1° (CHCI5)'in compound GP10 and [a]*p +43.8° (CHCI5) in
compound GP13. Co-isolaion«or a known (+)-dihydroglyparvin (compound GP12,
[a]*5 +20.7° (CH@I)), lacking the sulfur chiral center, suggested that the carbon chiral
center of the monoterpene units in these four might be the same absolute stereochemistry,
even remaining unknewn. (+)-Entadamide C [273] had been isolated from Entada
phaseoloides as asrelated and simple s-methylsufinylcarboxyamide derivative, and the
absolute configuration of ‘the sulfur.atom: had been reported to be an R configuration
(Ikegami et al., 1989). Thus, the positive sign of [a]p in compound GP9 and compound
GP10 could suggest the same R-configuratidp of the sulfur chiral center which is in (+)-
entadamide C. To support this proposai,{”tﬁge _circular dichroism (CD) spectra of
compound GP9, GP10, GP12 and GP13 weﬂre élsiémined and compared with the molar
ellipticity of (+)-entadamide C,{®}.5, +6500?‘(Me_OH), reported by Ikegami et al., 19809.
Compound GP9; GP10, GP12 and GP13 exhibited the positive cotton effect; [®]2s6
+6173 in compound GP9 (Figure 138), [®]260 +2272 in compound GP10 (Figure 149),
[@]262 +3397 in COmpound GP12 (Figure 171) and [@],, +1651 in compound GP13
(Figure 181). All"four compounds showed the positive cotton effect at the wavelength
near the absorption“maxima in UV spectrum: Even though the compound GP12 and
GP13 'lacked the- sulfur chiral ~atom, they exhibited the ‘pasitive maxima at the
wavelength near those of compound GP9 and GP10. This finding suggested that the
positive maxima due to the sulfur chiral center and-the carbon chiral center were quite
close together. These results supported the proposal that the absolute configuration of the
sulfur atom of compound GP9 and GP10 could be R-configuration and the absolute
configuration of carbon chiral center in compound GP9, GP10, GP12 and GP13 might

be the same absolute stereochemistry, even hitherto unknown.
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6. Antiviral Activity against Herpes Simplex Virus (HSV) Type 1 and Type 2 of the

Isolated Compounds

Isolated compounds were subjected to antiviral activity tests using HSV-1 and
HSV-2 and results are shown in Table 23.

Table 23 Antiviral activities of isolated .compounds against HSV-1 and HSV-2

determined by plaque reduction assay

compound  final E@& P (uo/mL, (UM))  ECso® (ug/mL, (UM))  CCso”

congs ipactivation treatment posi-treatment (ng/mL,
(MO/ML)# HS\EY | HSV-2 HSV-1  HSV-2 ((uM))
MH1 100 0 . 0 0 0
MH2 100 0 -0 0 0
MH3 100 0 0 0 0
MH4 100 0 D % 0 0
GP1 100 0 0 0 0
GP2 - 50 o 4 50 50 150
(151)" (154 (151) (151) (453)
GP3 100 0 ./ 0 0
GP4 100 0 O =, 0 0
GP5 - 100 5100 100 >100 >100
(348) (348) = (348) (348) (348)
GP6 100 0 1 e 0 0
GP7 100 0 0 0 0
GP8 100 0 0 0 0
GP9 - 12,5 18.7 11235 18.7 37.5
(29.8) (44.6) (29.8) (44.6) (89.4)
GP10 100 0 0 0 0
GP11 1.56 0 0 0 0 3.12
(7.2)
GP12 6:25 0 0 0 0 12,5
(28.7)
GP13 - 100 >100 0 0 >100
(229) (>229) (>229)

a) ECx, (50% effective concentration, pg/mL, (UM)) was determined from three independent
assays. Maximum concentration tested were 100 pg/mL. The ECs, of acyclovir against HSV-1 was 0.5
pg/mL and 0.63 pg/mL in post-treatment and inactivation treatment, used as positive control.

b) CCsq (50% cytotoxic concentration), the concentration that was 50% cytotoxic to the cells used

in assay, was determined from three independent assays.
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Anti-HSV activities against HSV-1 and HSV-2 of the isolates were assessed
(Table 23). Coumarins (compound MH1, MH2 and MH4) and a 4-quinolone
(compound MH3) showed no activity against HSV-1 and HSV-2. Compound GP2
(glycofolinine) [163] exhibited moderate activity with ECsy of 151 uM against both
HSV-1 and HSV-2 in inactivation treatment and post-treatment, and the 50% cytotoxic
concentration (CCsp) to the cells used in assay was 453 uM. A new alkaloid, compound
GP5 (glycosparvarine) [266] also exhibited activity even with higher ECsp (348 pM). In
3-methoxyacridone series, structure-activity relationship (SAR) for anti-herpes simplex
virus activity has been'suggested the responsibility of the hydroxyl group at either the C-
5 or C-6 positions such as.eitpressine-I [274] and citrusinine-1 [275] (Yamamoto et al.,
1989). Furthermore; potential anti-herpes simplex virus activity has been observed in the
2,2-dimethylpyranoaeridones (Yamamo{o et al, 1989). These studies showed that
oxygen-substituted acsidones gould'act as an additional acridone potential for anti-HSV
activity. The limonoid-type €ompounds (eompound GP6 and mixture GP7) showed no
activity against HSVl and HSV/-2. N

In addition ‘to N-[(4-monoterpenonXy)p_h_enylethyl]—substituted sulfur-containing
propanamide derivatives, compound GP9 (S-deoxydihydroglyparvin) [270] exhibited
antiviral activities against HSV=1 and H-S'&'/,:Zw with ECsp of 29.8 and 44.6 pM in
activation treatment and post-treatment, respiectiiiély. However, the ECsp of compound
GP9 was close to the CCsg (89.4 nM). Cor"npoﬁnd GP13 (tetrahydroglyparvin) [272]
showed moderate activity with ECsy of 229 pM against both HSV-1 and HSV-2 in
inactivation treatment. Compound GP10 (S-Deoxytetrahydroglyparvin) [271] showed no
activity at concentration tested (100 pg/mL) in inactivation tréatment and post-treatment.
In contrast, compound GP11 (glyparvin-A) and compound GP12 (dihydroglyparvin)
showed no activity at thesnon-toxic concentration. The cytotoxicity against Vero cell of
N-[(4-monoterpenylaxy)phenylethyl]-substituted sulfur-containing propanamide
derivatives could result from the presence of 2,2-dimethyl-3(2H)-furanone system which
possesses antitumor activity in natural product antitumor agents suchas geiparvarin
[276] (Smith Il et al.; 1981).
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CHAPTER V

CONCLUSION

This is the first report on anti-herpes simplex virus activity of extracts of M.
hirsutum and G. parva. There was no mentionof anti-herpes simplex virus activity of
plants in Micromelum spp. and Glycosmis spp: that have been used in Thai traditional
medicine.

In this investigation; from the branches of Mieromelum hirsutum Oliv., a new
natural product, namely1,2-dimethyl-4-oxo-1,4-dihydroguinoline-3-carboxylic acid
[262] was isolated along swith two ‘known compounds, scopoletin [41] and
micromelin [5].«For the leaves of Miqromelum hirsutum Oliv., two known
compounds, micromelin |5] and (—)-(2’S,;§’IR)-3'-senecioyIoxymarmesin [263] were
isolated. "

Chemical examination of the branf:hes of Glycosmis parva Craib led to the
isolation of a new acridone alkaloid, namely glycosparvarine (1,3,5-trihydroxy-2-
methoxy-N-methyl-9-acridone) [266], togefhér. with four known acridone alkaloids
and three limonoids. " Knewsn “compounds were N-methylatalaphylline [258],
glycofolinine [163], citramine [264], N-metﬁ;:_lrcy_clo-atalaphylIine-A [265], limonin
[267], and a mixture of Iirhbhéxic acid [268.]' ér-lad'i’sdlimonexic acid [269]. From the
leaves of Glycostiis-paiva-Craib-thiee-new-N-f{4-fmonoieipenyloxy)phenylethyl]-
substituted  sulfur-containing  propanamide  derivatives, namely  (+)-S-
deoxydihydroglyparvin [270], (+)-S-deoxytetrahydroglyparvin [271] and (+)-
tetrahydroglyparvin {272] were isolated _along with two known derivatives
[glyparvin-A'[214] and (%)4dihydroglyparvin[213]] and a'knewn acridone alkaloid,
arborinine [87].

Isolated compounds were gvaluated the anti-herpes simplex virus, activity.
Glycosparvarine, 1266]; ‘glycofolinine [163] “and (+)-tetrahydroglypatvin [272]
exhibited moderate activities against both HSV-1'and"HSV-2'with ECsg of 151 pM,
348 UM and 229 pM, respectively. On the other hand, (+)-S-deoxydihydroglyparvin
[270] exhibited more potent activities with lower ECs, of 29.8 and 44.6 uM against
HSV-1 and HSV-2, respectively. (+)-S-Deoxydihydroglyparvin [270] is interesting

to investigate the anti-herpes simplex virus mechanism.
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