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nnmsAnpeInlsnoumaaiivesduadalaenwagnuesasn (Mammea siamensis)
WU  coumarins ‘Hﬁﬂiﬁﬂcﬁ!ﬂl‘ﬂu@:ﬂlﬂﬂﬁﬁNﬁnﬁ!ﬂu isomers NUYDY  4-(1-hydroxypropyl)-8-
acylcoumarins A9 siamensin A 11a% siamensin B LLﬁ%WUﬁWiWﬁNﬁLﬂU@: isomers NUON 4 @:SUE’N
4-(1-acetoxypropyl)- 4a¢ 4-(1-hydroxypropyl)-8-acylcoumarins A" mammea E/BA U@Y
mammea E/BB, mammea E/BC 1l8¥ mammea E/BD, mammea F/BA (1Y mammea F/BB,
mammea F/BC 118¢ mammea F/BD HaZW1l mammea A/AA 18 mammea B/AC Gﬁﬂ!ﬁﬂuﬁ”ﬁ
Tnsidmsy M. siamensis wazny coumarins 80 6 da%uilu coumarins finssenunneoud
wu“luﬂaﬂuazﬁwm M. siamensis As mammea A/AC, mammea A/AA cyclo D, mammea
A/AB cyclo D, mammea A/AC cyclo D, mammea A/AD cyclo D el mammea B/AC cyclo D
Wi Inseas19ves coumarins AananaIeIsnanlnlasalnil vazilfnsouail naziins
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KEY WORLD : MAMMEA SIAMENSIS/ GUTTIFERAE/ COUMARINS

YUPA POOTAENG-ON : CHEMICAL CONSTITUENTS OF THE RIPE FRUITS OF
MAMMEA SIAMENSIS . THESIS ADVISOR : PROF. PITTAYA TUNTIWACHWUTTIKUL.

101 pp. ISBN 974-464-915-1.

A novel isomeric pair of 4-(1-hydroxypropyl)-8-acylcoumarins, siamensin A and
siamensin B, four closely related isomeric pairs of 4-(1-acetoxypropyl)- and 4-(1-hydroxy
propyl)-8-acylcoumarins, mammea E/BA and mammea E/BB, mammea E/BC and mammea
E/BD , mammea F/BA and mammea F/BB, mammea F/BC amd mammea F/BD and two known
coumarins, mammea A/AA and mammea B/AC, were isolated for the first time from the ripe
fruits of Mammea SiamenSiS, along with six known coumarins, mammea A/AC, mammea A/AA
cyclo D, mammea A/AB cyclo D, mammea A/AC cyclo D, mammea A/AD cyclo D and
mammea B/AC cyclo D which were previously isolated from the twigs and flowers of M.
SIAMmenSIs. Structural elucidation of these compounds were established on the basic of there

spectroscopic data and chemical reactions. Biological activities of these coumarins were tested.

siamensin A : R =

siamensin B : R =
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W lua na Mammea iiuieslu Subfamily Calophylloideae ’egclmqﬁ Guttiferae WUT
9 dyd T =4 =4 Y a a = @
1M uanatitiog 49 alldd Taewy 1 alldd lwwadouvesominuazounoaziuan wu 1
aldd Tuwadeuveadnsm wu 20 adldd lusnendam waznwy 27 adldd luuavlsamadula
Y
iaFenazuaumuaynsuddin 3] Tudwautinululneua 2 alldd
msnmeslszneumaniivesisluana Mammea nuaisiszian coumarins tag
I 4 o 1 1 1 A dyd 4 =
xanthones Hunsfilsznoundn Tasnunlunaazdiuvesiasluanaiiliosdlsznoumanil
voaEsAInauanaanily
Y .
o lunavlsemeaduRens Suanldaiuaieg vesdu Mammea americana

4 oad & a ' I ' ~ . , = ' o
FINBONWULNDIIT “mammey tree” wWuenainuuas il 1953 Morris tag Pagan ANKITIUTNA



petroleum ether VOUNAA (seeds) M. americana wuansiszneunigniainma (insecticidal)
[4]  @owl 1958 Dijerassi MazAmewuNEI5UsEROVINAD  4-N-propyl-5,7-dihydroxy-6-
isopentenyl-8-isovalerylcoumarin (mammein) (1) [5-7] wazdl 1959 ﬁﬂ%%ﬁlﬂﬁjmamﬁui 18911

NNUAT ﬁqm%ajummﬁ Tdesnn 4-phenyl-5,7-dihydroxy-6-isovaleryl-8-isopentenylcoumarin

[ 1 =)

(mammeisin) (2) 91nwa M. americana (s, 9] wazludl 1964 1in3 BnduReITUTNG

Q

mammeigin (3) mﬂdauaﬁ’mf”lﬁmmmﬁﬂ (seed oil) M. americana 1o, 11]

mammein (1) mammeisin (2) mammeigin (3)

11 1966 Crombie 1ay Games ANMIAINANA light petroleum (bp 40-60°C) MALAA
uraves M. americana wu 4-alkylcoumarins A® 5,7-dihydroxy-6-(3-methylbut-2-enyl)-8-(3-
methylbutyryl)-4-Nl-propylcoumarin (mammea B/BA, mammein) O, 5,7-dihydroxy-6-(3-methyl
but-2-enyl)-8-(2-methylbutyryl)-4-N-propylcoumarin (mammea B/BB) (4), 8-butyryl-5,7-di
hydroxy-6-(3-methylbut-2-enyl)-4-/l-propylcoumarin (mammea B/BC) ), uay 5,7-dihydroxy-6-
¢

(3-methylbut-2-enyl)-8-(2-methylbutyryl)-4-N-pentylcoumarin (mammea C/BB) 6) ﬁqfﬂu

Y
TassadwvesmsmaniianeIsnuanlnlasalnl wazdgnsounil (12, 13]

mammea B/BB (4) mammea B/BC (5) mammea C/BB (6)



waznnauadawdaaaves M. aMericana (14, 15] Wy 4-phenylcoumarins v mammea A/AA
(mammeisin) (2), mammea A/AA cyclo D (mammeigin) (3), 5,7-dihydroxy-6-(3-methylbut-2-
enyl)-8-(3-methylbutyryl)-4-phenylcoumarin (mammea A/BA) (7), 5,7-dihydroxy-6-(3-methyl
but-2-enyl)-8-(2-methylbutyryl)-4-phenylcoumarin (mammea A/BB) (8), 5,7-dihydroxy-8-(3-
methylbut-2-enyl)-6-(2-methylbutyryl)-4-phenylcoumarin (mammea A/AB) 9 vazarsdsenou
5 2 fafte 2-methoxyxanthone (10) 18 friedelin (1) figaiiTassadravesasmarfigiods

nalnlasalndl uazlgnsoual

mammea A/BA (7) mammea A/BB (8) mammea A/AB (9)
(@]
l l OMe
O (@]
2-methoxyxanthone (1 0) friedelin (11)

1l 1971 Games uag Haskins uenauanamaaves M. americana wu mammea A/AB
cyclo D (12), mammea B/AA cyclo D (13) 18% mammea B/AB cyclo D (14) [16] @115 VS 12
uazans 14 51y coumarins fisreauBineulu M. africana [2s, 26]

Tl 1972 Games Anvavadawaaves M. americana #1e3s gas chromatography-

. a 1 @ a o
mass spectrometry WU coumarins ¥Halud 5 @2 uazigel laseds wuesa1saledoya



NN mass spectrometry W11 coumarins FUA U 5 @ 1570 mammea B/BD (15), mammea B/AC
cycloD (16), mammea B/AD cyclo D (17), mammea C/AA cyclo D (18) 182 mammea C/AB cyclo
D (19) 1171

mammea A/AB cyclo D (12)

mammea B/AA cycloD (13) : R'= (CH,),CH; R?=

mammea B/AB cyclo D (14) : R'= (CH,),CH; R?=

mammea B/AC cycloD (16) : R'= (CH,),CH; R?=

mammea B/AD cycloD (17) : R'= (CH,),CH; R?=

mammea C/AAcycloD (18) : R'= (CH,),CH; R?=

mammea C/AB cyclo D (19) : R'= (CHy),CH; R?=

S g



FiRoafu Crombie tazauzldWy coumarins ¥iialviiudn 6 ¥ia MY
afawdaves M. americana Tassadravesens ey mammea B/BA, B/BB t1ay B/BC i
isoprene unit Yaruihaumau furan Ao 2,3-dihydro-4-hydroxy-2-(1-hydroxy-1-methylethyl)-5-
(3-methylbutyryl)-9-propylfuro[2,3-f][1]-benzopyran-7-one (mammea B/BA cyclo F) (20), 2,3-
dihydro-4-hydroxy-2-(1-hydroxy-1-methylethyl)-5-(2-methylbutyryl)-9-propylfuro[2,3-f][ 1]-benzo
pyran-7-one (mammea B/BB cyclo F) (21) A 5-butyryl-2,3-dihydro-4-hydroxy-2-(1-hydroxy1-
methylethyl)-9-propylfuro[2,3-f][ 1]-benzopyran-7-one (mammea B/BC cyclo F) (22) 13 ‘V‘;"Q’c‘f BV
ﬁa‘fjﬁuﬂumimuﬁuaé c?;qqu"lu'mmiauaﬂmiﬁqﬁmaaﬂmﬂﬁu“lﬁ'gﬂuaﬁﬁqm? GRVIEST
coumarins T119HIY peroxide dnansdafeats 23 waz 24 Suiluaswamuiy uag
coumarin §9gATeT hydroperoxide 0g11Tasadnareans 25 figuiilasadrnvesansmanti
aeisalnlasalntuazlfnseouail dehansiszneulimimaiorumsnanduaiina
917 metabolism Tuida vieRasuluszriumstenaslsznoy HieemnnIneInIa

J v 9 7
Llagﬁ518\1114mﬁ‘Vlﬂﬁ’E]‘]Jf]“I/I‘ﬁW‘]J’NﬁTTVN 6 mﬁ"luﬁqmmnmm [18]




1138771 Crombie 1aLAMENY coumarins ¥Halvynnwaaves M. americana
zﬁ'usﬁu%ﬂ 8 ¢ 1311 coumarins ﬂ’sjiJ 4-propylcoumarins 6 7 uazﬂzju 4-phenylcoumarins 2 7
a9 ﬂ’gjiJ 4-propylcoumarins 3 fusailaseadrandmiy 5,7—dihydr0xy—4—n—propylcoumarin‘17;
i isoprene unit ’egj‘ﬁ@‘imqu 8 waziidumis 6 Ny acyl fuaneafufe 3-methylbutyryl
(mammea B/AA) (26), 2-methylbutyryl (mammea B/AB) (27) 18 butyryl (mammea B/AC) (28)
f‘J"a”laJ'am1iauﬂﬂﬁ1iv‘?@améf’;ﬁyﬁ)@ﬂﬁ]mﬁ’uiﬁﬁumiﬁqmﬁ A150Q 4-proplycoumarins 3 917
vl Insearandnmudendy 3 @usn uaimstataumutly 7,8-fused o-(hydroxyisopropyl)
dihydrofuran HaglANUANA NAUYDINY acyl fidwmia 6 wusuAe mammea B/AA cyclo F (29),

mammea B/AB cyclo F (30) 1182 mammea B/AC cyclo F (31) Tuihweafeniu da'liannse

Ny oo

a’j @ dy 9 3 a 1< [ [
HYNAI1INY 3 G]?Hiﬂlﬂl!ﬁ”lillifjﬂ‘ﬁ 2 ﬂﬂl'ﬂuﬁ"ﬁﬂﬁllﬂuﬂﬁul

mammea B/AA (26) : R =

mammea B/AB (27) : R!

e

mammea B/AC (28) : R!

Sge

mammea B/AA cyclo F (29) : R?

mammea B/AB cyclo F (30) : R? =

mammea B/AC cyclo F (31) : R? =




a9 ﬂfjiJ 4-phenylcoumarins 2 fanwulatamuiy 7,8-fused a-(hydroxyisopropyl)
dihydrofuran HAZNA N 6 ‘ﬁﬂg acyl Aanune 6-(3-methylbutyryl) (mammea A/AA cyclo

F) (32) 18 6-(2-methylbutyryl) (mammea A/AB cyclo F) (33) WUReINY 151580 2 Al

4
=

glhimmnsaugneenviniuldifuamsusans  ignilassatiavesasiszneuii Idiaa
aeisalnlasalall wazdfnTennil [19] wagny 4-(1-acetoxypropyl)-5,7-dihydroxycoumarins
uesnaues coumarins ¥iialnl 4 & Afanuandafuiing acyl idumia 8 fe 8-G-
methylbutyryl) (mammea E/BA) (34) iag 8-(2-methylbutyryl) (mammea E/BB) (35) ndJu
99AUTLNOUNEN UATA1ION 2 @I S-butyryl (mammea E/BC) (30) uay 8-(2-methyl
propionyl) (mammea E/BD) (37) wuluilSinanfisudnifos answen 34-37 Sqniaihuvass

A A ~ A Y . ~
mqmumﬂiﬂumwﬂu mammea coumarins NAYNUUI [20]

mammea A/AA cyclo F (32) : R =

).j\)\
0]
mammea A/AB cyclo F (33) : R! = )l\(\

mammea E/BA (34) : R®=

mammea E/BB (35) : R2 =

mammea E/BC (36) : R? =

mammea E/BD (37) : R% =

Sgsys



A 4 I~/ [ % PL

Crombie uazaAniSU1F letter coding  system LﬁfJLﬂuﬁﬂJuaﬂBmﬂl%}ﬁﬂﬂ mammea

. a 1 dg’ =~ A = A [ 9 .
coumarins ¥HAA19e YUIUY 1966 [12] wevian@esnnuduaululnsea@s19v09 coumarins

1 dyd! AA A Y =R o = 9 2 . S .

NN NFONANBAAINUNIN  TALDA TIATITTIINANYDY  coumarins 1] 5,7-dihydroxy

. S o J ~ A & = o = A a :22‘ =
coumarin  UHANNAUNMIFoNFodIaoNMIUTUIIBaz@oanuauInlul 1987 [21]

E4
[

=}
JU

1. 8miuali¥ouod mammea AINAIBAIONYT UONFUAVDIUYUNUNNA UK 4

mammea A = phenyl
mammea B = propyl
mammea C = pentyl

mammea D = 1-methylpropyl
mammea E = 1-acetoxylpropyl
2. AmualdSnbsdai 2 vendumiaiing acyl WhlegluTaseadninily e-acyl wie
8-acyl
A

6-acyl

B 8-acyl

3. Amualionysdan 3 venwiiavesngunui acyl

A 3-methylbutyryl

= 2-methylbutyryl

B
C = butyryl
D = 2-methylpropionyl

4. lunsdinngunui prenyl ImMsdlane waWONBIAIN 3 WAIWAIY prefix cyclo 1Az
NY5AIN 4 W VONFUAUD heterocyclisation
cyclo D = 2,2-dimethylpyran

3-hydroxy-2,2-dimethyldihydropyran

cyclo E

cyclo F = 2-(1-hydroxy-1-methylethyl)dihydrofuran



uonNH 111l 1965 Finnegan 118 Bachman l@fAn¥103f1seneumaninnadiuaria
methanol voauda M. americana  nimsadaiiiuesnudIny 2-hydroxyxanthone (38) [22]
wazd) 1966 389N 4-hydroxyxanthone (39), 1,5-dihydroxyxanthone (40) waz 1,7-dihy

E4
droxyxanthone (41) NgniTaseasravesmsmariiareismeannlasalatluazfisound

[23]
O
O
OH
2-hydroxyxanthone (38) 4-hydroxyxanthone (39)
OH (@] OH O
OH
O O
OH
1, 5-dihydroxyxanthone (40 1, 7-dihydroxyxanthone A1)

U 1969 Carpenter LtaZAMENY xanthones 7 §7 MNAIUANA chloroform VoAU
(heartwood) ¥oa M. africana ae 1,5-dihydroxyxanthone (40), 1,7-dihydroxyxanthone (41), 5-
hydroxy-1-methoxyxanthone (42), 1,5,6-trihydroxyxanthone (43), 1,6,7-trihydroxyxanthone (44)
HAgNUTINTNUDY 1,3,6,7-tetrahydroxyxanthone (45) Uag 1,3,5,6-tetrahydroxyxanthone (46)
#iTl 1.6.7-trihydroxyxanthone (44) uogae ﬁq%iﬁﬂiqﬁ%ﬁqﬁ"lﬁﬁ’aﬂ?%mqmﬂﬂimﬁTﬂ"TJ
tazinlgnseunil [24]

1 1970 uazil 1971 Carpenter HAZAVLIIWIIUIINY coumarins 9 AINNTIUANA light
petroleum votlaen’ld (bark) M. afficana fiuoiniszmeluiie [25, 26] coumarins it
9 @Qﬁﬁy W 4-N-propylcoumarins 4 @ ey 4-phenylcoumarins 4 #1 naziilu 4-pentylcoumarin
1 $7 coumarins ﬁllﬁjﬁwumﬂuauﬁuﬁmm 5,7-dihydroxycoumarins Ao 5,7-dihydroxy-8-(3-
methylbut-2-enyl)-6-(3-methylbutyryl)-4-phenylcoumarin (mammeisin, mammea A/AA) (2), 5,7-
dihydroxy-6-(3-methylbut-2-enyl)-8-(2-methylbutyryl)-4-N-propylcoumarin (mammea B/BB) (4)

uag 5,7-dihydroxy-8-(3-methylbut-2-enyl)-6-(2-methylbutyryl)-4-phenylcoumarin (mammea A/AB) )
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Rl R3 R5 RG R7
5-hydroxy-1-methoxyxanthone (42) OCHj,4 H OH H H
1,5,6-trihydroxyxanthone (43) OH H OH OH H
1,6,7-trihydroxyxanthone (44) OH H H OH OH
1,3,6,7-tetrahydroxyxanthone (45) OH OH H OH OH
1,3,5,7-tetrahydroxyxanthone (46) OH OH OH H OH

1314 coumarins Maewylu M. americana 13, 15] au 5,7-dihydroxy-8-(3-methylbut-2-enyl)-6-

(2-methylbutyryl)-4-N-propylcoumarin (mammea B/AB) (27), 4°,5’-dihydro-5-hydroxy-5"-(1-

hydroxy-1-methylethyl)-6-(2-methylbutyryl)-4-propylfuro[2°,3*:7,8]coumarin — (mammea  B/AB

cyclo F) (30) Uag 47,5’-dihydro-5-hydroxy-5’-(1-hydroxy-1-methylethyl)-6-(2-methylbutyryl)-4-

phenylfuro[2°,3”:7,8]coumarin (mammea A/AB cyclo F) (33), @y coumarin wulu M.

americana [19] whudedny sy 5-hydroxy-6,6’-dimethyl-6-(2-methylbutyryl)-4-phenyl

pyrano[2°,3°:7,8]coumarin (mammea A/AB cyclo D) (12), 5-hydroxy-6’,6’-dimethyl-6-(2-

mehylbutyryl)-4--propylpyrano[2°,3°:7,8]coumarin (mammea B/AB cyclo D) A4y vag 5.7-

dihydroxy-8-(2-methylbutyryl)-4-N-pentylcoumarin (47) @Y coumarins wilalvinnuuass

usnlu M. africana Taseasravesmsiignidredtneanlnlasalatluazdudulnseaindie

Unseunll
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3 1978 Crichton i8¢ Waterman An¥103AlsEznaumMuaianag a1 wes M.
africana lulszmauamegu [27] WU known coumarins 2 @291n1)aen 1fife mammea B/BA
(mammein) (l) 11aY mammea A/AA (mammeisin) (2) Taewy mammeisin Tulaon 15Ty
USinaigede 1% Taeimnin luvailinumsnguilaindiuaia petrolium voaluiae usly
UM friedelan-3-one (friedelin) (11) Famsiimownly M. americana (141 uazlumdany
coumarin ¥Halvi 1 @2fe 8-(2-methylbutyryl)-5,7-dihydroxy-4-/l-pentyl-3,4-dihydrocoumarin
(dihydromammea C/OB) (48) W5 oUNY known coumarins 3 @IA® mammea B/BA (1), mammea
AAA () naz mammea BBB () figniTassatrvesmsmarigneizmeannlasalad)
dmdumsigailaseadvesans 1 2 uaz 4 W¥msnSeuiivusudeyananinlasaladl

[ LY 1 d' = Y Y dy
ﬂ‘Uﬁ']'i@l’J@fJN“I/ILﬂEJiJﬁ']EJ\ﬂuVl’Jﬂ@uﬁUTH

OH

HO (@) @]

dihydromammea C/OB (48)

1) 1980 Bandaranayake tazanz ldanueenszneumaniives M. acuminata diu
A dy A = o = 1 o . = Y
NYWUUBDIUDIUALEY  [28] Iﬂﬂ‘ﬂ'lﬂ'lﬁﬁﬂ‘]&l']ﬁﬂuﬁﬂﬂ light petroleum fl]']ﬂ!ﬁll'ﬂ@ﬂllﬂ WU
glutinone (49) uag glutinol (50) Anwv1dIUadA light petroleum VoAU 1 (timber) W1
4-hydroxyxanthone (39), 1,5-dihydroxyxanthone (40), 1-hydroxy-7-methoxyxanthone (b, 2-
methoxyxanthone (52), sitosterol (53) 1A 3-hydroxy-2-methoxyxanthone (54) HazANYIAIY
ana chloroform v1ntie 1Hw 2-hydroxyxanthone (38), 1,7-dihydroxyxanthone (41), 1-
methoxy-5-hydroxyxanthone A2) vaz 2,6-dihydroxyxanthone (55) ﬁqsﬂﬁiﬂﬂﬁ%} NUDIAT

1 dyﬂl an =t = ~ 9 [ Y] 1 ~ 9y
mataeIsnealalasalal uaznlseuiisudeyanuvesmsiedsiinesieau 3
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Z
Z
“,

HO

",

glutinone (49) glutinol (50)

sitosterol (53)
o} R?
R R?
RG O 0) Q R3
R R? R3 R® R’
1-hydroxy-7-methoxyxanthone (51) OH H H H OCH,4
2-methoxyxanthone (52) H OCH; H H H
3-hydroxy-2-methoxyxanthone (54) H OCH; OH H H
2,6-dihydroxyxanthone (55) H OH H OH H

7 1996 linuma vazAMARYIAIUANA benzene AN (twigs) M. acuminata wu

a 1 I Aa A
xanthones ¥ 1M1A® acuminol A (56) 1182 acuminol B (57) 11 furanoxanthones BHA IMUN
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wuasausnlunsana Mammea wieuniy known xanthones 4 #7® 2-hydroxyxanthone (38), 4-
hydroxy xanthone (39), 1,7-dihydroxyxanthone @l), uas 3-hydroxy-2-methoxyxanthone (54

fga Tassadvessnamariiareisnuaninlasaladl [29]

acuminol A (56) : R=H

o) o) acuminol B (57) : R=0H
OH

1l 1997 WimidonguiReniudl IdAnuauania acetone 1nneNiinlaenves M. acuminata
WU xanthone ¥tialniifAe 2,7-dihydroxyxanthone (58) 1182 known xanthones 2 #2719 1,5-dihy
droxyxanthone (40), 5-hydroxy-1-methoxyxanthone (42) 1ag (-)-epicatechin (59) ﬁﬁjﬁ]ﬁ’

Y
Taseaduamsmaiaresnalnlasalail [30]

0]
HO OH
O
2,7-dihydroxyxanthone (58) (-)-epicatechin (59)

7 LA R &
10Tl 1969 Ganguly uazauz Iddnuiesnlszneumaniives M. longifolia dailudu 'l
F4 4
AT AUUTIY Western Ghats U9 India WUIAIUENA hexane 1INTINHNEAWLLATIS Y
4 4 A 1 4 I
(antibacterial activity) onenesntszneuny 4-alkylcoumarins wiialni1¥iyed]u surangin A

(60) 1rag surangin B (61) Wgaii Tnssainvesmsisaesdaedtnuanln Tasaladl [31]
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1
T

suragin A (60) : R

OAc

suragin B (61) : R

TutlszinsInelimsnandeiivana Mammea 2 ailadd Ao M. Siamensis (e13#) uaz M.

harmandii (ensfaenlnauseilszasdne dmsu M. siamensis fulfduduauianarsga 10-
Y A < 1R A = = I A A '

15 wa3 lundaly iFeuveadluuiu Dewdv wazeznlaswiludmaosson wuluilszma
Ed v

Ine a1 Avauy waziuyn Tuanthwgangsa tazthasd dgnldnaly dseTenimg

o v o -4

< a a o o
EJ"I?d]i’J AonN NIAHONEY uﬁ'”l%’ﬁwu%’au RIYDINIT ‘]J”quﬂﬁ’ﬂi] P13 VUAN NWNNITUNNYUNY

o 9 ) @

R Y A < o
]1‘1/]ﬂi%ﬁ?uﬂﬂﬂﬁn!ﬂﬁB\TEJWL‘]JUEJ']W@N‘]J"ISQQﬂ1a\1 unay ’]J']i\ﬁ’i'ﬂﬂ [32, 33]

a

113l 1981 Thebtaranonth uazAmzAnI03RsznoUMUAliluadIuaia petrol VB
aan M. Siamensis ws phenylcoumarins 2 A8 6-butyryl-5-hydroxy-4-phenylseselin (mammea
A/AC cyclo D) 62) vaz 6-butyryl-5,7-dihydroxy-8-(3,3-dimethylallyl)-4-phenylcoumarin
(mammea A/AC) (B3) fignifTaseatravesmsinaesdismaatnTasalatluaz§iseunt

[34]

mammea A/AC cyclo D (62) mammea A/AC (63)

= o o 1 I
1/ 1989 Belza tazaAaiziIMsAnYILENDIAUITLABLNAIUANA ethanol 9101 (leaves)

M. siamensis wa proanthocyanidin ( 64) #91)52n01A8 flavan 3-ol unit LAzl 2,3-Ci5 steriochemistry
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miﬁuﬂﬂ”lﬁ’ﬁqm%:mﬂm (piscicidal activity) (LC,, = 0.3 ppm) uazﬁqﬁ%waa (molluscicidal
activity) (LC,, =15 ppm) [35]

9 1998 Cordell tazAME WU xanthone ¥HAlvy 1 @A 1,2-dimethoxy-5-hydroxy
xanthone (65) NAIUANA methanol ﬂlfoQ;\i M. SIamensis 1az known xanthones 6 #1770 1,7-
dihydroxyxanthone (41), 5-hydroxy-1-methoxyxanthone (42), 1,3-dimethoxy-5-hydroxyxanthone
(66), 2,5-dihydroxy-1-methoxyxanthone (67), 1,3,7-trihydroxyxanthone (68) uag 3,5-di hydroxy-

1-methoxyxanthone (69) Wiga1 Inseadravesansiiven ladao35nemiln Tnsalndl [36]

proanthocyanidin (64)

) 2000 Ruchirawat tazanz I@anIadIUaARA hexane Mnnavas M. SIAMENSIS [37] wu
known mammea coumarins 7 $3A9 mammea A/AA cyclo D (3), mammea A/AB cyclo D (12),
mammea B/AC cyclo F (31), mammea A/AA cyclo F (32), mammea A/AB cyclo F (33),

mammeaA/AD cyclo D (70), 182 mammea A/AC cyclo F (71) mammea coumarins ﬁm’dm‘ﬂu
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. . Y
aslnddmsy M. siamensis uaglusieauiifinissieaudoya NMR (Nuclear magnetic
Y Y
[ ' ) [ [ o w <
resonance) VoIeInana1d dwmsuas 10 wuasawsnlinfumdaves M. ferrea [38] uazwu

a5 71 adausnludu M. racemosa [39]

o] R!
RY R?
9808
R5
R? R? RS R® R’
1,2-dimethoxy-5-hydroxyxanthone (65) OCH; OCH; H OH H

1,3-dimethoxy-5-hydroxyxanthone (66) OCH; H OCHj,4 OH H

2,5-dihydroxy-1-methoxyxanthone (67) OCH; OH H OH H
1,3,7-trihydroxyxanthone (68) OH H OH H OH
3,5-dihydroxy-1-methoxyxanthone (69) OCH, H OH OH H

mammea A/AD cyclo D (70) mammea A/AC cyclo F (71)

2 . .
TiAeuil Ruchirawat tazasLANEI@IUARA hexane yosaonuita M. SIAMENSIS wu
4-alkylcoumarins A® mammea B/AC cyclo D (16) I8¢ 4-phenylcoumarin 19 mammea A/AC

cyclo D (62) [40]

1l 2002 1inenguiAeaiu1A318911 mammea coumarin ¥ia lwimuANIINdILANA

hexane V03a0nua M. SIAMENSIS Ao mammea E/BA cyclo D (72), mammea E/BC cyclo D (73),
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mammea E/BD cyclo D (/%) 1ag mammea E/AC cyclo D (15) 1ag known mammea coumarins
90 6 A1A® mammea B/AC cycloD (16), mammea B/AC cyclo F (31), mammea A/AA cyclo F (32),
mammea A/AC cyclo D (62), mammea A/AC cyclo F (71), 118 mammea A/BC (76) ﬁq o

Taseadwvesas 72-15 desnwanlnlasaladl [40] dwsuas 76 wuasausnluly M.

aCemosa [42]
/?u\
O

mammea E/BA cyclo D (72) : R

mammea E/BC cycloD (73) : R =

(@]
mammea B/BD cycloD (74) : R = )}\(

mammea E/AC cyclo D (75) mammea A/BC (76)

1141 2003 Reutrakul 118¢ Tuchinda ladn¥wEnaeflszRoUMUATiVRIEINENA ethyl
acetate ndauwenlunazia M. harmandii wy coumarins wiialwai 2 §fie isomesuol
(mammea A/BD) (77) {198¥ mammarin A (78) HALWL known coumarins 90 9 #IAD mammea
A/AA cycloD (3), mammea A/BA (7), mammea A/BB (8), mammea A/AB cyclo D (12), mammea
B/AC cyclo D (16), mammea B/AD cyclo D (17), mammea A/AD cyclo D (70), mammea E/BC
cyclo D (13) 1ag mammea E/BD cyclo D (74) fimsnageumammnwunans 17, T waz 4

= s < . R a o ! a
ONBAUFAANZIT (anticancer activity) N9t Iaseai19h ldarematianailnlasalail [43]
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isomesuol (77) mammarin A (78)

4 1

MnsenuMsAneeInlszneumaniivosiivluana Mammea dredunuaisnqu

I 4 @ QEJ} 1 Y ] 1
coumarins 8% simple xanthones Wuesalsznaunan mimﬁmﬂqwﬁﬂszmﬂagmumu

Y
1 1 o < ]

@199 UBANY AIUNINIAWY xanthones 1A Twie ] Hazwda a1 coumarins WuIATY

g} Y I o o . s I g 1
alaen sz lninfuwaa [24] dwisy M. siamensis it udu s wuihuvedIneg Tins laeaau

o & o o A = J = I . °
apni T uegainle ieAnyI99AlszNEUNUANYOIAIUABN WU coumarins TIUIULIN
vy ludiwvouaenwagn M. SIAMENSIS 0198  coumarins  uanwmz il
[Y] Y] J v 1 Q( 1 {
anuduiusnuludiuaen  1aznNMINATeUgNENNTIMNVEIEIUNaza1w  TU  ethyl
. . Qa‘ o

acetate YBNAIUANA ethanol 3nuldenwagn M. SIAMENSIS TgnFA1uialsa (antituberculosis
.. = .. . . . = <y J S o g
activity) 1 minimum inhibitory concentration (MIC) = 25 pg/ml UHNTAULEAANLLT agagelai
BC cells 9 effective duse 50 (ED,,) = 1.744 pg/ml; KB cells: ED,, = 2.404 pug/ml; NCI-H187 T

. o . . =KX A = o ~ 1
inhibitory concentration 50 (IC,,) = 0.7 pg/ml aanuauladnyieenlsenounualvesaIu

ana ethyl acetate MNMlaonHagnuas M. siamensis



UNN 2

N1INAAD

m3isehfinadsuad  ausinemans wmInededating Wiz Tiauw
Juns uasilgy Sadandrhlemadilnad1 (Ultraviolet spectra) @281A309 HP-8453 UV-Vis
spectrophotometer Tadunsusaailnai (Infrared spectra) {éﬁlj’JEJLﬂ"ié’EN Perkin Elmer spectrum GX
FT-IR system 5A NMR a11/naZ1 2610399 Bruker Avance 300 (300 MHz #1150 'H-NMR 1@
75 MHz §W5U "C-NMR) spectrometer 1% CDCI, 130 CDCI-DMSO-0; 1fludhazats
chemical shift L‘]dJ U 8 (ppm) Taed tetramethylsilane L‘]dJLl internal standard @ specific rotation [OL]D
19 MeoH Wudiazats @10in3eq Polarimeter Jasco P-100 57 MS i 70 eV 1e1AT04
VG 7070 mass spectrometer 19 silica gel 60 (Merck, 0.040-0.063 mm %30 0.063-0.200 mm)
W38 Lichroprep RP-18 (Merck, 0.015-0.040 ¥39 0.040-0.063 mm) (J1 adsorbent 11351
column chromatography 14 silica gel 60 (Merck, 0.015-0.040 mm ) 3134 adsorbent A5 quick
column chromatography 11391 thin'layer chromatography (TLC) 1% precoated silica gel 60 F,,
plates (Merck, layer thickness 0.25 mm) n30 precoated RP-18 F,,, plates (Merck, layer thickness
0.20 mm) AN spot ABLAT UV taz Taon1uaie 1% CeSO, Tu 10% aq. H,SO, La109UAY
ANuTeu MM preparative layer chromatography (PLC) % precoated silica gel 60 F,,, plates
(Merck, layer thickness, 0.25, 0.50, %30 1.00 mm) High performance liquid chromatography
(HPLC) ﬁljﬂlﬂtﬁém semi-prep HPLC (Waters) 1% Waters™ 600E Multisovent Delivery System
1ae Rheodyne injector Lne Waters 2487 Dual A Absorbance detector 1% column U84 Nova Pak®

C,; 6 um 8 X 200 mm Radial-Pak™ Cartridge %30 Nova pak® HR_,, 6 pum 25 X 200 mm Prep

C18
Pak® Cartridge waz 1y MeOH/H,O ndJu mobile phase 1 flow rate 8.0,9.0,10.0 %30 12.7 ml min”
A5 a15NANNLIAAY 280 nm 130 290 nm

msaf"fﬂuazm'suﬂndmaﬁmﬂﬁanmmwamiﬁqn Mammea siamensiS)

wmlaenveswamsngniluaziden (485.3 g) 1ENAAI 95% ethanol (EtOH)

Y E4 [
ungired wendrudna E©OH oonanmnuazaing Mngungines iaznouvearaivniia

4

9
9 a K a 1 Qy 1 A
VHINAUVU iullﬁlﬂﬁﬁa$ﬁ18®®ﬂllﬂzﬂiﬂﬂﬁ’luﬂlﬂﬂﬁgﬂﬂu‘ﬂiqﬂ seeaauntuasazaiy

v 9

9 v o FUR o < H ad ) Y o 1 o AN Y
mﬂﬁlmmmwum "lﬂmuﬁﬂﬂ EtOH Lﬂuumuﬁuuﬁmmawu HaduaIuana EtOH Vlvlﬂ‘ll"l
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@191 (300 ml) WAz AfARIY ethyl acetate (EtOAC) (3 X 250 ml) ugnaIuaia EtOAc 3IUAY

Y Y
14 nagihsuimnadadie  N-buthanol (N-BuOH) (3 X 150 ml) uenaIuaia N-BuOH 2utAY

Y l v A 91031} 1 c?/’ g’ Y v o Y
ub igl‘ﬁﬂﬁ?uaﬂﬂﬂqﬂ‘ﬂq 3 @7U ( EtOAc, N-BuOH tag ¥UU) izlﬁﬂﬂqﬂﬁl@ﬂj'lllﬂuﬂ'] ulﬂﬁ'lu

Y
ANANIEINAIA

~
TN 1

1 Y ]
MI1eN 1 uaanimintazanyazaIuaian ldanmstenaiuana EtOH vouasnna

arsngn (Mammea siamensis)

Y

gaudana Wnin (g) ANBUZAT
Y 9
o v Y A o 9
EtOAc REIL IR IOR RV
S A gl
N-BuOH YIULUYIFUINA
g/ IR\ 3’
1 14.7 YDIUVIFUIND

d o
msuenesnlszneumuniisiuana Et0Ac minilasnveswaaisngn

iduana EtOAc (19.0 g) UBNAY quick column chromatography 19 silica gel 60

(Merck, 0.015-0.040 mm) ‘Uiﬁﬂflu column mumﬁ’umquf‘fﬂmﬂ 10.0 cm 4agge 4.0 cm ¥

column #A18@2111a2a18 EtOAc/hexane ANAI0AIM1a2a18 dichloromethane (CH,Cl,)/methanol

(MeOH)/water (H,0) (lower phase) Tusaiidiuaien aasluasied 2) uazlddniazatorse

Y v Y I
AT9az 300 ml szmedazaenieldanuaudt 1dasnanua 16 fractions H3013197 2

1 Y ]
M9199 2 taanihminuazdnyazvoaay fraction Nuen IdanaIuana EtOAc

Y

Fraction No. 11azany WM () ANy
oy % = g’
1 20% EtOAc/hexane 1.36 UIUUTUINALUAY
g’ % 9 dg}
* 2 30% EtOAc/hexane 7.31 UV UTUIND
g’ % 9 dg}
3 40% EtOAc/hexane 4.72 HIYUVUFAUIND
* 4 50% EtOAc/hexane 1.17 hrutudiiea
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M519N 2 (AD)

Y

Fraction No. 110z UM () ANHULET

5 60% EtOAc/hexane 0.15 siududihaia
6 70% EtOAc/hexane 0.28 sisfududima
7 80% EtOAc/hexane 0.14 sisfuduiima
8 90% EtOAc/hexane 0.22 voadadihaa
9 100% EtOAc 0.10 Tlydhana

10 CH,CL/MeOH/H,0 (20:3:1) 0.01 Tilydriea

11 CH,CL/MeOH/H,0 (10:3:1) 0.30 vowdedima
12 CH,C1/MeOH/H,0 (10:3:1) 0.42 Trlydima

13 CH,CL,/MeOH/H,0 (7:3:1) 0.23 Tilydriea

14 CH,CL/MeOH/H,0 (7:3:1) 0.02 Tlydhana

15 CH,CL/MeOH/H,0 (7:3:1) 0.18 Tlydhana

16 CH,C1/MeOH/H,0 (6.5:3.5:1) 0.08 Gumwﬁﬁﬁymm

* fraction ﬁﬁﬂ‘l&l 199
d a )
f'nii!lilﬂﬁ)ﬁﬂ‘lji%ﬂﬂ‘l.l?l1\‘i!ﬂ3~l“ll®ﬁﬁ1§ fraction 2

11 fraction 2 (7.31 g) IUHNAY quick column chromatography 14 silica gel 60 (Merck,

0.015-0.040 mm) V55911 column ViNAFUHIGUINAIL 10.0 cm G4 4.0 cm B2 column AIER)
[ Y

Baza1e EtOAc/hexane Tueas1aIua199 (anslumsned 3) wazldd@viazaienssas 200 ml

suvediazatsmaldanuaud1das 12 fractions H3015199 3
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v Y H
o @ Y ' . 9 .
ﬂ1§1\1ﬁ 3 UFAAIUINUNUACANHUSUDIUIAAE fraction ﬁllﬂﬂ]lﬂiﬂﬂﬁ'li fraction 2

Y

Fraction 110z a1 TMUN (mg) ANHUTET
* 2-1 hexane 164.2 wax Fhaaseu
22 2% EtOAc in hexane 276.3 nangliliudindes
2-3 4% EtOAc in hexane 635.2 vouNaINAdIMAD
* -4 6% EtOAc in hexane 624.0 YoUNAINLATINADY
*2-5 8% EtOAc in hexane 586.5 HANTINADY
2-6 10% EtOAc in hexane 480.5 HANFUAUYY
*2-7 12% EtOAc in hexane 500.3 YOUNAIMTIAAUAUTY
2-8 14% EtOAc in hexane 145.3 VI IMTIAFLAUY
*2-9 16% EtOAc in hexane 422.3 YDUNAIMTIATUAAUTY
*2-10 20% EtOAc in hexane 764.6 YBUNAIMTIATUAAUTY
2-11 25% EtOAc in hexane 2024.0 YBUNAIMTIATUAAUTY
2-12 30% EtOAc in hexane 317.8 Yo HadAulLy

U1 fraction 2-1 (140.0 mg) VBRI preparative layer chromatography Taeld silica
gel 60 F,,, (Merck, 1.00 mm) azly EtOAc/benzene (1:50, 3 runs) i developing solvent 48N
518 2 uou Msuavuy 2-1-1) Wuvewdadmaee (66.3 me) wazuovan (2-1-2) 1h

< A A
YDAV DD (37.1 mg)

o =2 9 Yy =X I A A
UIT1T 2-1-1 (66.3 mg) WINNHANAIY MeOH Vlﬂwaﬂgﬂlmuﬁlﬂa@\i (21.8 g) URTILINY
2 o = <=

Y v o MY ] A A A A
filtrate ﬂ1fﬂ@maumwn”lmammﬁmam (40.7 mg) u,azmmwaﬂﬁﬂwmmam (21.8 mg) 7N

L1l

1@ column chromatography 14 Lichroprep RP-18 (Merck, 0.040-0.063 mm) ‘].Iiiﬁ]flu

' I
column mumﬁ'umg{ue’fﬂan 1.0cm ¢ 14.0 cm 11U adsorbent HAZYE column 538 acetronitrile
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(CH,CNY/H,0 (5:1) 'I1da15 2 i i uveaudis@inidos (1.0 mg), melting point (mp.) 133-134 °C 1

fluans MSF-14  uazvediednides (152 mg) Fanawandio MeoH ldnangilindmaos
Y3 o 1 £ @ < a4 oA

(9.5 mg), mp. 144-145 °C 1¥iduas MSF-12 uaziidiuved filtrate Fuiluveawdedmiaos

(40.7 mg) WEAAIY column chromatography T4 Lichroprep RP-18 (Merck, 0.040-0.063 mm)

‘U‘i‘iiﬂu column mumﬁ'umﬁut‘fﬂmq 1.0 cm @3 16.0 cm il adsorbent 1AL column @28
Y o & d o A & = Y =2 A A '

CH,CN/H,0 (5:1) Wdens 2 dadluvewded@maosdianwanlu MeOH Iinandinanssou

(2.7 mg), mp. 137-139 °C Wiilua1s MSF-15 uazvewiadinaes (27.8 me) Feannanluy

MeOH lanangiilindivaes (9.4 mg) vo9 MSF-12 ide liuTans wagrthaau filtrate M31He

TR0 IqNAD (17.6 me) FINNWANAIY hexane 1ANANTINADY (7.1 mg), mp. 82-85 °C I

g g p

3|
1Wuars MSF-13

U113 2-1-2 (24.4 mg) WWEAABAIY column chromatography T4 Lichroprep RP-18

(Merck, 0.025-0.040 mm) 155911 column MAdurgUIna 1.5 cm g9 16.0 cm (i
Y Y I IR A

adsorbent LaZ¥s column A8 CH,CN/H,O (10:1) 1% MSF-11 Wuvoaudadivans (10.1 mg),

mp. 104-106°C

U1 fraction 2-4 (624.0 mg) WUEARIY column chromatography 19 silica gel 60 (Merck,
0.063-0.230 mm, 62 g ) ‘Uﬁﬂu column muwé’umg{uéﬂan 2.3 cm ndJu adsorbent LAS VS
column #78 EtOAc/benzene (1:50) 3% fraction N3 TLC milouiy udrszivediinazaie

Y v o Y . o ~
meldanuaudi 1da1s 5 fractions aanaaluaisian 4

v Y H
5199 4 uaaahvminuazanyus VoA fraction ‘ﬁl!ﬂﬂvlg])ﬁﬂﬂ fraction 2-4

Y

Fraction WINUN (mg) ANHUL AT
* 2-4-1 202.0 dniududiaes
2-4-2 1422 N EIETEATCAY TR
g’ v 9 A A
2-4-3 120.7 DRFIE TGO
<=\ =
2-4-4 56.2 VOIAI T DD

=®X 4 A
*2-4-5 42.8 AEIGIYIGRN
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%1 fraction 2-4-1 (202.0 mg) MIANWANAIY hexane MMHIAINABIBIU (118.3 mg) 11

=KX 4

g’ < J g’
Han? lauanHANG1AI8 hexane I@WANIUITRIADIBOU (95.3 mg) LAZANKANG1AIY hexane

v
@ <= A '

annsalanangliiudimaneseu (51.6 me) liniluas MSF-16

U

)

U1 fraction 2-4-5 (42.8 mg) MANNANAIY EtOAc/hexane (1:5) "lé’fwﬁﬂgﬂu,%mﬁmﬁm

804 (18.8 mg), mp. 124-125 °C 11115 MSF-18

11 fraction 2-5 (586.5 mg) WWEAAIY colum chromatography 14 silica gel 60 (Merck,
0.040-0.63 mm, 58 g) Uii@iu column mum&’uwﬁqus‘fﬂmq 2.3 cm 1)1 adsorbent LAY
column @28 EtOAc/benzene (1:50) 32u@15 fraction N3l TLC wnilounuuazszvolieans

6 fractions 4 1UA15199 5

v Y ]
M99 5 uaanihminuazdnyazvouaay fraction Nten' 18910 fraction 2-5

Y

Fraction MIMUN (mg) ANHULET
oy o 9 A A
2-5-1 29.1 M UIU A0
=R A A Y
*2-5-2 338.8 NANAanIdu
=K A A
2-5-3 41.7 NANAYanY
=K A A
2-5-4 493 NANAYAnY
=KX A A
2-5-5 38.3 NANAYanY
2-5-6 39.0 wangihiinlaliid

U1 fraction 2-5-2 (338.8 mg) WWBNAIY column chromatography 19 silica gel 60
(Merck, 0.063-0.230 mm, 40 g) U559 column ARvINAFUAIgUINAI 2.3 om 1Tu
adsorbent AY¥S column Gslj’JEJ EtOAc/hexane (1:50, 1:30, 1:10 uag 1:8 mna"wﬁ’u) FAINAT

fraction N1 TLC MioUNULAZ I IAeNT 4 fractions A 1Ua13199 6



25

v Y H
o Y v ' . Y .
ﬂ1§1\1ﬁ 6 LLAAIUIVUNLAZONHUSUDILADS fraction ﬁ!,l,ﬂﬂllﬂinﬂ fraction 2-5-2

Y

Fraction MIMUN (mg) ANHULET
= 3 A A
*2-5-2-1 112.5 HangUI N aaq
2-5-2-2 137.4 nangliliudndes
2-5-2-3 51.3 ISFUTIADY
* 2-5-2-4 323 wangUidiudmasa

%1 fraction 2-5-2-1 (112.5 mg) ¥18LA18AY hexane Faa e amdoaiatu nios
13voasdinded (45.5 mg) FuinNanWaNAI8 EOAc/hexane (1:5) Idnangiiindmaesou
(202 mg) S MANWANS 1398 hexane Ianangihindmansgou (14.9 mg), mp. 78-82 °C 1ilu
MSF-16 11 fraction 2-5-2-4 (32.3 mg) WLEAAIY preparative TLC (Merck, silica gel 60 F,,,,

9

0.5 mm) 1% EtOAc/hexane (1:5,4 runs) ndJu developing solvent 18 sFuddy (30.7 mg) 369

adtﬂ o

hinians Juhwnenaeds preparative TLC (Merck, silica: gel 60 F,,, 0.25 mm) 1%
EtOAc/hexane (1:5, 6 runs) i developing solvent W isFuadu (7.5 mg), mp. 96-110 °C 1%

I
1Wuals MSF-17

11 fraction 2-7 (500.3 mg) UWBNAIY column chromatography 14 silica gel 60 (Merck,
0.040-0.063 mm, 52 g) ‘]Jiiiﬂu column ﬂlmmﬁ’umquﬁﬂaw 23 cm udJu adsorbent LAWY
column @78 EtOAc/hexane (1:10, 1:8, 1:6 4ag 1:5 MUSIHY) 3901300 TLC iilouiuuay

5218 AT 3 fractions FIA1T 19N 7

v 2 H
5190 7 uaasihminuazanYUL Yo AAY fraction ﬁllﬂﬂulﬁjmﬂ fraction 2-7

Y

Fraction TMUN (mg) ANHUT AT
g’ v 9 a9
2-7-1 191.7 HIYUVUTTY
g’ v 9 a9
*2-7-2 117.7 WV UVUTAY

2-7-3 116.1 Hniududimana
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U1 fraction 2-7-2 (117.7 mg) WWEAAIY column chromatography 14 Lichroprep RP-18
(Merck, 0.040-0.063 mm) 03391 column vwAdurgudnals 1.0 cm g4 18.0 cm iy
o 9 A A

Y
adsorbent 1192%2 column #20 CH,CN/H,O (5:1) Idifududimdessou (54.6 mg ) Huens

NEUUDIANT 2 AIAD MSF-1 118z MSF-2

U1 fraction 2-9 (422.3 mg) WWBNAY column chromatography 14 silica gel 60 (Merck,
0.063-0.230 mm, 45 g) msq“lu column muwmﬁ'umquéfﬂan 2.3 cm L”]C’]“Ll adsorbent LAWY

column 918 EtOAc/benzene (1:50, 1:30, tag 1:10 9UAINY) 1eNaNT 1@ 7 fractions FIAT N 8

v Y H
As1eh 8 LAAININTNUAZANHULVOILADE fraction ﬁusm"lﬁ'mﬂ fraction 2-9

Y

Fraction TMUN (mg) ANHUT AT

2-9-1 8.7 dniuduladimiaeaag

2-9-2 15.4 dniuduladimiaeaag
g’ v 9 = A

2-9-3 75.4 g ladvaoaung
g’ v 9 = A

* 2-9-4 47.3 iusuladvanauag
g’ v 9 = A

* 2-9-5 107.1 Phdusuladmanaag
3’ v 9 = A

2-9-6 116.2 hdusuladmanaag
g’ o 9 = =

2-9-7 21.7 Tusuladvanauag

11 fraction 2-9-4 (40.0 mg) UWBNAIY column chromatography 9 Lichroprep RP-18

(Merck, 0.040-0.063 mm) 7155911 column v AEUAIUANAIT 1.0 cm U559 g9 19.0 cm
iy adsorbent 11AZ¥Y column §28 CH,CN/H,O (5:1) Idiniududimdes (18.9 mg) Huans
NEUUDIANT 2 AIAD MSF-3 tiay MSF-4 111 fraction 2-9-5 (107.1 mg) 3J1LLEJﬂ¢911’JEJ column

chromatography 4% Lichroprep RP-18 (Merck, 0.040-0.063 mm) ‘ﬁ“ﬂ‘iiﬂu column VYUIA

9 1 4 I Y 9
(FUREUINAIE 1.0 cm g9 19.0 cm 1YW adsorbent 1AL¥E column $78 CH,CN/H,O (5:1) 14

9

Wfutudmaesou (21.2 me) Wuaswauyod MSF-9 (g MSF-10
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11 fraction 2-10 (760.0 mg) WEAAIY column VD Lichroprep RP-18 (Merck, 0.025-
0.040 mm) VNAFUMAUINAIN 1.5 cm g9 17.0 cm UA¥E column #20 CHLCN/H,O (5:1) 14
a g = I A A ' &£
a3 2 silaluranglivumvasaeeau (165.2 mg), mp. 80-96 °C HUUAIIHANVDI MSF-5

v 9 A 0 0A

9
itag MSF-6 Lmz"lﬁ’ﬁmumuﬁmama@u (270.9 mg) L‘ﬂuﬁﬁﬂﬁu‘u@ﬂ MSF-9 ttaz MSF- 10

¢ = .
msuenesnlszneumaniives fraction 4

U1 fraction 4 (1.17 2) WWBNAIY column chromatography 1% silica gel 60 (Merck,
0.040-0.063 mm, 100 g) ﬁlliiiﬂu column GUHMLZ‘QT)HF\hf[uETﬂaN 3.5 cm ndJu adsorbent LAWY
column #78 EtOAc/hexane (1:100, 1:50, 1:10, 1:5, 1:4, 1:3, 1:2 1@z 1:1 MUAIAY) 59U fraction

A A o Y v o MY . ~
3 TLC milounu vazszmomeldanududldans 7 fractions taaalua1inem 9

v Y H
As1eh 9 LAAININUNUAZANH ULV AR fraction ﬁuﬂﬂ]lg]jﬁ]”lﬂ fraction 4

Fraction nin (mg) AnNHUL AT

4-1 42 dniududieag

4-2 113.4 dniuduladmaes
g’ v 9 = A

4-3 269.4 iusuladvans

* 4-4 668.8 Hniuduladmasady
3’ v Y dgl

4-5 15.7 dududiena
3’ o 9 dg’

4-6 227 dududiena
oy o 9 doy

4-7 10.3 dududiena

WEsaIUNHIUDY fraction 4-4 (117.1 mg) WWEAAIY column chromatography 14
silica gel 60 (Merck, 0.063-0.200, 20 g) V53911 column NHviAdUMIGUINAIL 1.5 cm

ALY column @18 EtOAc/benzene (1:10) 1ena15 1@ 3 fractions taad1umsan 10
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4 091 @ o { 9 .
ﬂ1§1\1ﬁ 10 l!ﬁﬂ\‘iu’lﬂuﬂuagaﬂymgﬂlﬂ\‘]aqiﬁuﬂﬂqﬂfﬂ’]ﬂ fraction 4-4

Y

Fraction TMUN (mg) ANHULET

Y

o v 9Y A A 9
4-4-1 455 UUIUTM AU

Y

o v 9Y A A 9
* 4-4-2 102.7 UUIUTM AU

Y

o v Y A A 9
4-4-3 18.8 WUIUTM AU

11 fraction 4-4-2 (102.7 mg) UBNAIY Lichroprep RP-18 (Merck, 0.025-0.040 mm) 7
U539 11 column VINAFUHIGUINAN 1.5 cm 1AZFI 16.0 cm B¢ column A28 CH,CN/H,0 (3:1)

1AnandiManaeou (46.8 mg), mp. 112-115°C Wuaswanves MSF-7 1iaz MSF-8

I@dnwenenuuenansway MSF-5 waz MSF-6 uavalsHay MSF-7 uay MSF-§ a2y
column chromatography 1% preparative TLC uﬁa"13J'1J'izﬁ‘uwaf?n?ﬁqﬁwmiwﬁuﬁmmmﬁy
11987 methylation ApuLAIIMSLENa Lay laneneuenaIHaY MSF-1 1oy, MSF-2, 913
HAY MSF-3 11az MSF-4 LAga15Hay MSF-9 (tag MSF-10 #98 column chromatography Llag

. 9 1 1 o & &£ o 1 Yy o Aaaa @ ] [
preparative TLC 11872 u@ hidszaunadusayads lu 1dimsinlgasenuasaena
Methylation Y93a@13WaN MSF-5 uag MSF-6

WasHay MSF-5 t1ag MSF-6 (54.6 mg) WUAN acetone (10 ml) 1Ay K,CO, (1.0 g)
wazidy Mel (1.0 ml) 4&INIUVDINAUN 60 °C 4 $2 T3 WIVOINTUUTLING acetone DO LA
@u1i1 (20 mi) @fadae CH,CL (3 X 10 ml) 1h¥u CH,CL 5auiuudai1¥uiedno anhydrous

v o v
NaSO, N304 tagszmenelannuaudl 1doyWus methyl ether YoI@1IHEN MSF-5 1Az

o 9

MSF-6 1 yo1ilu MSF-(5+6)Me i uigiudula'laisid (54.6 mg)

10NN TLC [silica gel; EtOAc/hexane (1:3)] W11 MSF-(5+6)Me 3 2 spots meld

LEr UV 3931M5118nasaae column chromatography 14 silica gel 60 (Merck, 0.063-0.230 mm, 10 g)

~

115591 column VUAFUFIAUINAIE 1.0 cm ¥E column A8 EtOAc/hexane (1:3,1:2) 1&ans

Q U

o =

2 & A MSF-(5+6)Me-1 1Thniniudulaluiid (22.3 mg) uaz MSF-(5+6)Me-2 1 13Tudud

A 1
Wia0309U (17.3 mg)
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'H-NMR spectrum 184 MSF-(5+6)Me-1 fidayanauansiniluoysiug trimethyl ether

v 1= = ®
Y09 MSF-5 11z MSF-6 waruniueg Jaiha1snauiinmende HPLC 19 Prep Nova Pak HR_

U

v < ~ Lol Y
25 X 200 mm column 1% MeOH/H,O (81:19) 1Y eluent N flow rate 12.7 ml min uazl¥ UV

C%

detector 7 Kmax 280 nm 19 trimethyl ether Y94 MSF-6 (MSF-6Me-1) (t. 31.5 min.) daindy

Fula'lifid (10.9 mg) uag trimethyl ether Y99 MSF-5 (MSF-5Me-1) (t. 33.6 min.) 1w

dula'ling (5.3 mg)

'"H-NMR spectrum U84 MSF-(5+6)Me-2 HdanauanadniliueyWus dimethyl ether

L] ]

v 4 4 . ®
Y99 MSF-5 11ag MSF-6 Werunuduilotinnuend e HPLC 1% Prep Nova Pak HR_, 25 X 200 mm

column o MeOH/H,0 (76:24) !,‘]d]u eluent N flow rate 8.0 ml min ttaz]¥% UV detector 9

Y
C%

A, 290 nm 1% dimethyl ether Y99 MSF-6 (MSF-6Me-2) ( t 26.5 min.) iutiniududimde

Lo

Y
o v 9 a A

20U (8.8 mg) 11ag dimethyl ether Y93 MSF-5 (MSF-5Me-2) (t, 28.7 min) Lﬁuumumuﬁmam

20U (4.2 mg)
Methylation Y83a 138 aW MSF-7 itay MSF-8

ey MSF-7 Liaz MSF-8 (125.0 mg) 419117501 methylation 428 K,CO, (1.0 g)
1 acetone (10.0 ml) Az Mel (1.0 ml) ag reflux # 65-70 °C 4 ¥2139 1183910 work up 1
methyl ether VBIANIMEN MSF-7 uaz MSE-8 [MSF-(7+8)Me] Huiisiutudimaosou

(116.6 mg)

TLC [silica gel; EtOAc/hexane(1:3)] Y93 MSF-(7+8)Me ) spots malduas UV 39

1N MSF-(7+8)Me A28 column chromatography 14 silica gel 60 (Merck, 0.063-0.200 mm, 11.0 g)

‘Uiiiﬂu column muwmﬁ’umquﬁﬂaw 1.0 cm 1A% column A8 EtOAc/hexane (1:3) 1a
o 9

MSF-(7+8)Me-1 Wuriniudula’lid 31.6 mg) uaz MSF-(7+8)Me-2 1iiududivdosoon

(32.1 mg)

'"H-NMR spectrumn Y99 MSF-(7+8)Me-1 LaAId Y Ty trimethyl ether U4

)

v e ®
MSF-7 tag MSF-8 Heruiuogdai1uenaie HPLC 19 Prep Nova Pak HR_, 25 X 200 mm

column 118% MeOH/H,0 (80:20) 91 flow rate 10.0 ml min wagld¥ UV detector 7 Kmax 290 nm
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1% trimethyl ether Y89 MSF-8 (MSF-8Me-1) (t. 34.3 min.) iuifudulalilid (11.7 mg) uag

trimethyl ether Y94 MSF-7 (MSF-7Me-1) (t_ 36.9 min.) Lﬂuﬁ”lﬂuslslluﬁlﬁllﬁﬁ?f (11.5 mg)

"H-NMR spectrum U939 MSF-(7+8)Me-2 uveamsNaNvoa dimethyl ether U®IH1T
9
= ®
Hery MSF-7 1tag MSF-8 3uena1snauiiane HPLC 19 Prep Nova Pak HR_,, 25 X 200 mm
column 8¢ MeOH/H,O (75:25) 1 flow rate 9.0 ml min” uagld UV detector N }\‘max 290 nm

v 9 A 0A

i dimethyl ether Y93 MSF-8 (MSF-8Me-2) (t. 35.8 min.) dhnhfududmaswou (10.7 mg)

. . 1< :’ v 9 A A 1
11ag dimethyl ether Y94 MSF-7 (MSF-7Me-2) (t. 38.2 min.) Anhdurudmasieou (9.8 me)
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aIWaN MSF-1 uay MSF-2

MSF-2:R=

A15WEN MSF-1 1tag MSF-2 gﬂuﬁwﬁuﬁﬁ’uﬁmﬁméau; [OU,” —49.15° (C 0.08, MeOH);
UV A MecOH nm (log €): 223 (4.26), 256 (3.89), 296 (4.05), 331 (4.40), 379 (3.74); UV A___
MeOH + 0.01 N NaOH nm (log €): 225 (4.22), 254 (3.98), 332 (4.43), 378 (3.90); IR V,_ " cm :
3386 (broad), 2970, 1741, 1718, 1592, 1561, 1401, 1377, 1237, 1195, 1135, 1101, 1044, 970,
882, 857; 'H 1182 "C-NMR (CDCL): naaslumsrail 11; EIMS: Mz (rel. int., %) 430 (M, 21),
388 (11), 370 (60), 355 (54), 327 (28), 315 (64), 299 (19), 285 (9), 217 (12), 257 (100), 229 (17),
133(24), 115 (14), 91(12), 77.(14)

aIWaN MSF-3 uas MSF-4

MSF-4:R =

13N MSF-3 118y MSF-4 Lﬂuﬁwﬁwﬁ'uﬁmﬁmd@u; [OU,” ~52.99° (C 0.10, MeOH);
UV A MeOH nm (log £): 222 (4.34), 257 (3.91), 296 (4.16), 330 (4.39), 379 (3.68); UV A,__
MeOH + 0.01 N NaOH nm (log €): 225 (4.25), 253 (4.06), 331 (4.45), 379 3.99); IR V,_ " cm’:
3379 (broad), 2969, 1741, 1714, 1594, 1559, 1402, 1384, 1231, 1194, 1182, 1136, 1100, 1044,
972, 899, 858; 'H 118z "C-NMR (CDCL): uaaalumsnail 12; EIMS: M el int., %) 416 (M, 31),
374 (15), 356 (59), 341 (79), 323 (15), 313 (63), 301 (74), 285 (16), 257 (100), 229 (19), 133 (24),
115 (15), 91 (14), 77 (21)
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aIWaN MSF-5 uag MSF-6

MSF-6:R =

asHaY MSF-5 1z MSF-6 1flunanguidindimaesdou; mp. 80-96 °C; [0, ~19.36°
(C 020, MeOH); UV A__ MeOH nm (log €): 222 (4.13), 257 (3.52), 301 (4.07), 327 (4.08);

nujol

IR V_ """ cm': 3319 (broad), 2970, 1713, 1606, 1592, 1376, 1201, 1125, 849; 'H tlag "C-NMR
(€DCL): uaalumsaf 13; EIMS: MV (rel. int., %) 388 (M, 49), 372 (29), 355 (67), 331 (55),

315 (61),299 (22), 275 (35), 257 (100), 229 (22), 133 (9), 115 (4), 91 (4)

MSF-5Me-1

]
o o 9

MSF-5Me-1 fluniniudulahilid; [o],” —94.04° (€ 0.02, MeOH); UV A, MeOH

neat

nm (log €): 222 (4.48), 297 (4.06), 328 (3.80); IR V cm ' 2970, 2874, 2829, 1738, 1713,

1608, 1582, 1454, 1403, 1374, 1321, 1232, 1195, 1113, 1074, 1035, 984, 960; 1H-NMR (CDC13):
uaaslumaed 14; "C-NMR (CDCL,): taaslumad 16; EIMS: MIZ (rel. int., %) 430 (M, 19),

415 (14), 373 (39), 341 (18), 129 (10), 128 (11), 115 (12), 91 (10), 85 (14), 73 (29), 69 (51), 57 (100)
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MSF-6Me-1

MSF-6Me-1 flwigfudulaliiid; (o], —99.37° (€ 0.06, MeOH); UV A, MeOH

neat

nm (log €): 224 (4.30), 297 (3.95), 325 (3.70); IR V,_"“em: 2971, 2937, 2876, 2830, 1738,
1704, 1607, 1581, 1454, 1403, 1375, 1321, 1233, 1195, 1114, 1072, 982; 'H-NMR (CDCL,):
uaaelugsnd 14; "C-NMR (CDCL): uanslums1adi 16; EIMS: MZ (rel. int., %) 430 (M, 13),

415 (1), 373 (100), 345 (9), 341 (22), 129 (3), 115 (4),91 (4), 69 (16), 57 (32)

MSF-5Me-2

MSF-5Me-2 Thniniududmaessou; [0, -78.60° (C 0.02, MeOH); UV A, MeOH

neat

cm’: 3434 (broad), 2959, 2927, 2873,

1

1737, 1713, 1606, 1580, 1456, 1403, 1368, 1291, 1231, 1199, 1121, 1102, 1074, 1035, 988;  H-

nm (log €): 222 (4.23), 296 (3.84), 326 (3.68); IR V___

NMR (CDCL): taaalumsei 15; "C-NMR (CDCL): tanalug1sieii 16; EIMS: M Grel. int., %)
416 (M, 17), 401 (14), 383 (5), 359 (39), 341 (11), 315 (5), 147 (4), 129 (9), 115 (12), 91 (11), 77 (10),
69 (28), 57 (100),
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MSF-6Me-2

MSF-6Me-2 iuniiududmaesen; [00], =79.30° (C 0.06, MeOH); UV A, MeOH
nm (log €): 221 (4.43), 296 (4.06), 325 (3.84); IR V"™ cm ': 3463 (broad), 2967, 2933, 2875,
1737, 1713, 1606, 1579, 1455, 1402, 1376, 1320, 1295, 1230, 1120, 1073, 1049, 987; 'H-NMR
(cDCL): uaaslumsedi 15; "C-NMR (CDCL): uaaslumsadi 16; EIMS: M (rel. int., %)
416 (M, 12), 401 (2), 359 (100), 341 (10), 331 (13), 315 (4), 275 (3), 128 (3), 115 (4), 91 (4), 77 (4),

69 (11), 57 (31)

aIWaN MSF-7 uay MSF-8

MSF-8 : R =

AIHEN MSF-7 ay MSF-8 unandimaesdon; mp. 112-115 °C; [A],” —15.18°
(C 0.22, MeOH); UV }\,max MeOH nm (log €): 223 (4.39), 256 (3.77), 298 (4.28), 325 (4.27);
IR V" cm’: 3414 (broad), 2968, 2916, 1717, 1606, 1423, 1381, 1203, 1125, 874; 'H uay
“C-NMR (CDCL): ttaraslumsadi 17; EIMS: M2 (rel. int., %) 374 (M, 54), 356 (17), 341 (59),
331 (45), 319 (23), 313 (45), 301 (40), 285 (15), 275 (23), 257 (100), 229 (17), 133 (7), 69 (5), 55 (10)
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MSF-7Me-1

MSF-7Me-1 fhniiiudulaluia; [, —62.59° (C 0.02, MeOH); UV A, MeOH
nm (log €): 222 (4.44), 297 (4.06), 325 (3.86); IR V. "™ cm’': 2966, 2936, 2876, 1738, 1709,
1607, 1581, 1455, 1403, 1375, 1321, 1195, 1113, 1097, 1079, 983; 'H-NMR (CDCL): taaaluasig
fi 18 ; "C-NMR (CDCL,): uaaaluassdi 20; EIMS: M (rel. int., %) 416 (M, 61), 401 (38),
385 (10), 373 (100), 369 (29), 345 (22), 341.(69), 313 (9), 115 (11), 91 (8), 69 (22), 55 (15)

MSF-8Me-1

MSF-8Me-1 funiiinfulaluia; [QL],” —65.38° (C 0.02, MeOH); UV A.__ MeOH
nm (log €): 222 (4.43), 297 (4.07), 325 (3.85); IR V. "™ cm’': 2969, 2931, 2875, 1739, 1706,
1607, 1580, 1455, 1375, 1321, 1234, 1195, 1131, 1079, 1022, 982; 'H-NMR (CDCL): tiaraqlu
M319f 18; "C-NMR (CDCL): naaslums1adi 20; EIMS: M2 (rel. int. %) 416 (M, 16), 401 (2),

373 (100), 345 (10), 341 (25), 313 (3), 115 (5), 91 (4), 77 (4), 69 (13), 55 (8)
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MSF-7Me-2

MSF-7Me-2 Husiniududimansson; [0, ~76.00° (C 0.05, MeOH); UV A, MeOH

neat

nm (log €): 222 (4.40), 296 (4.04), 325 (3.84); IR V. "“cm: 3467 (broad), 2965, 2935, 2876,
1736, 1718, 1711, 1606, 1579, 1457, 1403, 1375, 1296, 1230, 1198, 1122, 1095, 1049, 986;
'H-NMR (CDCL): waaslumsei 19; "C-NMR (CDCl,): warasluenaed 20; BIMS: M2 (rel. int., %)
402 (M, 55), 387 (42), 369 (19), 359 (100), 341 (41), 331 (18), 315 (11), 303 (7), 129 (10), 115 (14),

91(12), 77 (11), 57 (45), 55 (20)

MSF-8Me-2

MSF-8Me-2 flwinfududmaessou; (0], -81.14° (C 0.02, MeOH); UV A,__

neat

MeOH nm (log €): 222 (4.42), 296 (4.06), 325 (3.86); IR V" cm : 3463 (broad), 2971, 2933,
2874, 1734, 1714, 1607, 1580, 1455, 1403, 1383, 1320, 1232, 1198, 1120, 1098, 1072, 1049, 986;
'H-NMR ( CDCL): traraaluamsnedi 19; "C-NMR (CDCL): taaalugnssii 20; EIMS: MZ (rel. int., %)

402 (M, 16), 359 (100), 341 (11), 331 (12), 315 (5), 115 (5), 91 (6), 69 (13), 57 (17), 55 (8)
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aIWNaN MSF-9 uag MSF-10

MSF-10: R =

v
o v 9 A

asHay MSF-9 tiay MSF-10 ihnifududivaessey; [OL]D25 -27.88° (C 0.10, MeOH);
UV A__MeOH nm (log €): 223 (4.63), 255 (4.07), 300 (4.55), 327 (4.61); IR V. "“cm’: 3308
(broad), 2969, 1713, 1606, 1592, 1423, 1377, 1202, 1139, 1123, 848; 'H 1@z "C-NMR (CDCL,):
waaslumsadi 21; EIMS: M (rel. int., %) 456 (M, 31), 438 (14), 399 (26), 381 (15), 371 (20),
355 (14), 351 (15), 333 (93), 315 (100), 297 (32), 275 (39), 269 (20), 257 (77), 229 (22),

@13 MSF-11 (mammea B/AC cyclo D)

a3 MSF-11 funangUifiud@nidos; mp. 104-106 °C; UV A, MeOH nm (log€): 227 (4.33),
286 (4.51), 336 (3.81), 374 (3.67); IR V. """ cm': 3424 (broad), 1732, 1650, 1612, 1582, 1190,
1151, 1111, 909, 859, 763; 'H-NMR (CDCL,): tiaraaluaisng 26; “C-NMR (CDCL,): uaaaly
31971 27; EIMS: M2 (rel. int., %) 356 (M, 30), 341 (100), 323 (16), 313 (9), 295 (6), 285 (3),

241 (3), 115 (4),91 (3), 77 (5), 69 (3), 55 (5)
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@19 MSF-12 (mammea A/AA cyclo D, mammeigin)

a15 MSF-12 ilunangiifiudnaes; mp. 144-145 °C (from MeOH); UV A, MeOH
nm (log €): 233 (4.40), 286 (4.48), 371 (3.76); IR V__"" cm': 3414 (broad), 1743, 1640, 1609,
1586, 1257, 1215, 1189, 1136, 1119, 895, 849, 769, 705; 'H-NMR (CDCL): naaalumsraii 22;
“C-NMR (CDCL): uaaelums1aii 25; EIMS: MV (rel. int., %) 404 (M, 14), 389 (22), 375 (58),
357 (22), 347 (28), 171(11), 129 (19), 115 (18), 97 (17), 77 (25), 73 (56), 69 (68), 60 (65),
57(97), 55 (100)

@135 MSF-13 (mammea A/AB cyclo D)

@15 MSF-13 Lﬂuwﬁﬂﬁmﬁm; mp. 82-85 °C (from hexane); UV 7\,% MeOH nm (log €):
233 (4.36), 287 (4.45), 380 (3.65); IR V™" cm': 3330 (broad), 1732, 1608, 1583, 1257, 1193, 1135,
1118, 899, 861, 767, 703; 'H-NMR (CDCL): traraaluansiail 22; EIMS: MV (rel. int., %) : 404 (70),
389 (100), 371 (36), 347 (73), 333 (10), 305 (11), 165 (13), 115 (22), 105 (14), 77 (25), 69 (25),
57 (61)
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a13 MSF-14 (mammea A/AC cyclo D)

@15 MSF-14 {lunan@ivmany; mp. 133-134°C ; UV A MeOH nm (log E): 232 (4.34),
287 (4.39), 379 (3.70); IR V__ """ cm’: 3331 (broad), 1737, 1607, 1586, 1256, 1191, 1133, 1115,
852, 706; 'H-NMR (CDCL): uaaaluans1eii 23; EIMS: M2 (relint., %) : 390 (63), 375 (100),
357 (41), 347 (49), 329 (14), 315 (22), 301 (9), 259 (21), 115 (19), 91 (12), 77 (25), 55 (19)

@13 MSF-15 (mammea A/AD cyclo D, mesuagin)

I =K A A 1
@15 MSF-15 L‘]Juwaﬂﬁmama’ou; mp. 137-139 °C; UV }\,maxMeOH nm (log €): 233 (4.25),

thin film

286 (4.31), 372 3.57); IR V. cm ' 3421 (broad), 2965, 2930, 2873, 1745, 1735, 1614,
1582, 1464, 1422, 1379, 1258, 1191, 1132, 1115, 858, 768, 748, 699; "H-NMR (CDCL): uaaglu
MINN 23; EIMS: miz (relint., %) 390 (M, 76), 375 (100), 357 (50), 347 (95), 329 (11), 171 (7),

129 (1), 115 (7), 77 (3)
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a19 MSF-16 (mammea A/AA, mammeisin)

IS =2 3 A A
@15 MSF-16 Hundngi i iudniaes; mp. 78-82 °C (from hexane); UV A__ MeOH nm

thin film

(log€): 233 (4.19), 283 (4.29), 320 (3.96); IR V__ """ cm: 3354 (broad), 1711, 1623, 1576,
1235, 1204, 1147, 1116, 1036, 915, 839,766, 574; 'H-NMR (CDCL,): tandlua1sn 24; "C-NMR
(cDCL,): uearaalua1s1ei 25; EIMS: M (relint., %) 406 (M, 50), 391 (7), 363 (16), 351 (47),

349 (50), 293 (100), 171 (12), 115 (3), 57 (7)

@13 MSF-17 (mammea A/AC)

@15 MSF-17 iilunan@inaes; mp. 96-110 °C; UV A MeOH nm (log€): 236 (4.19),

thin film

286 (4.24), 318 (3.99); IR V_ ™ ™ cm: 3350 (broad), 1700, 1624, 1566, 1510, 1287, 1210,
1143, 1127, 1096, 1038, 827, 767; 'H-NMR (CDCL,): teraaluaisng 24; "C-NMR (CDCI,):
uaasluas1en 25; EIMS: MIZ (rel. int., %) 392 (M, 47), 347 (60), 337 (65), 321 (18), 319 (18),

293 (100), 171 (25), 165 (21), 115 (51), 105 (26), 91 (18), 77 (51)
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a19 MSF-18 (mammea B/AC)

15 MSF-18 1ilunanguilindnidessou; mp. 124-125 °C (from EtOAc/hexane (1:5));
UV A__MeOH nm (log €): 230 (4.12), 286 (4.28), 313 (4.01); IR V. """ cm™: 3379 (broad),
2969, 2928, 2872, 1709, 1615, 1583, 1429, 1381, 1185, 1144, 1112; 'H-NMR (CDCL,): tiaaalu
M314i 26; “C-NMR (CDCL): uaaalums1ad 27; EIMS: M2 (el int., %) 358 (M, 95), 341 (28),
323 (13), 315 (41), 303 (100), 285 (15), 274 (14), 259 (38), 241 (15), 231 (17), 185 (15), 171 (13),
157 (15), 135 (15), 129'(28), 115 (20), 97 (24), 83 (29), 73 (48)



@519 11 'Hand "C-NMR speciral data of a mixture of MSF-1 and MSF-2 (CDCl,)

1

13

Position H C DEPT

2 159.3, 159.5 C

3 6.29, 6.30 (1H, both S) 106.4 CH

4 157.1, 157.3 C

4a 100.3, 100.4 C

5 7.20 (OH, DI 9) 158.1, 158.3 C

6 1102, 110.3 C

7 14.67, 14.71 (OH, both 5) 165.8, 165.9 C

8 104.3, 104.34 C

8a 156.5 C

I’ 6.50 (1H, 0d, 2.5, 8.3) 73.8 CH

CO-CH, 170.2, 170.5 C

CO-CH, 2.20 (3H, 5) 21.1 CH,

2’ 1.69 (A1, 0dq, 2.5, 7.2, 145) ~ 28.7.28.8 CH,
b 1.96 (10, 0dg, 7.2, 8.3, 145) - -

3’ 1.03 3K, 1, 7.2) 10.1, 10.2 CH,

Prenyl

1”a 3.44 (1, 0d, 6.0, 15.6) 21.6,21.7 CH,
b 3.56 (1H, 00, 6.0, 15.6) - -

2 525 (14, 1, 6.0) 119.9, 120.0 CH

37 138.8 C

4 1.83 (3H, 5) 25.9 CH,

5 1.87 (3H, 5) 18.1 CH,

8-(3-methylbutyryl); MSF-1

R - 206.3 C

2 3.13 (11, 0d, 6.9, 15.0) 53.7 CH,

b 3.19 (1H, 0d, 6.9, 15.0) - -

37 2.26 (1H, M) 25.6 CH

4 1.04 3H, 0, 6.8) 22.6 CH,

50 1.05 3H, 0, 6.8) 22.7 CH




- :
19197 11 (919)

43

Position 'H

C DEPT

8-(2-methylbutyryl); MSF-2

1 - 2108 C

2 3.91 (1H, $€Xt, 6.6) 47.0 CH

3 148 (10, dQuint, 7.5, 13.8)  27.1 CH,
b 1.94 (11, dQuint, 6.6, 13.8) - -

4 1.00 GH, , 7.5) 11.8 CH,

5 126 3H, 0, 6.6) 16.7 CH




M319N1 12 'Hand "C-NMR spectral data of a mixture of MSF-3 and MSF-4 (CDCl,)

13

Position 'H C DEPT

2 159.5 C

3 6.28,6.29 (1H, both (, 0.9) 106.3 CH

4 157.2 C

4a 100.4 C

5 7.13 (OH, ) 158.2 C

6 110.3 C

7 14.59, 14.68 (OH, S) 165.6, 165.9 C

8 104.6 C

8a 156.0, 156.3 C

I 6.50 (11, 0dd, 0.9, 2.1,8.1) 737 CH

CO-CH, 170.5 C

CO-CH, 2.18 (3H, ) 21.1 CH,

2’ 168 (H, 000, 2.1,7.5,147) 299 CH,
b 1.95 (10, 0dg, 7.5,8.1,147) - -

3 1.00 3H, 1, 7.5) 10.1 CH,

Prenyl

17a 3.43 (11, 0d, 6.6, 16.6) 21.6 CH,
b 3.55 (10, 00, 6.6, 16.6) - -

27 523 (14, 1, 6.6) 119.9 CH

3” 138.8 CH

4 1.82 3H, 9) 25.9 CH,

5” 1.87 BH,9) 18.1 CH,

8-butyryl; MSF-3

1 - 206.5 C

2 327 (2H,1,7.5) 46.7 CH,

37 1.78 (2H, Sext, 7.5) 18.1 CH,

4 1.04 3H, 1, 7.5) 13.8 CH




M5199 12 (919)

45

1

Position H C DEPT
8-(2-methylpropionyl); MSF-4

| e - 211.0 C

27 4.06 (1H, Sept, 6.6) 40.5 CH
3 1.26 (3H, d, 6.6) 19.3 CH,
4> 1.27 (3H, d, 6.6) 19.2 CH




M319N1 13 'Hand "C-NMR spectral data of a mixture of MSF-5 and MSF-6 (CDCl,)

1

13

Position H C DEPT

2 160.4, 160.8 C

3 6.04, 6.09 (1H, both S) 108.7 CH

4 156.9, 157.0 C

4a 100.8, 100.9 C

5 10.82, 11.10 (OH, both 5) 157.8 C

6 114.5, 114.7 C

7 14.10, 14.20 (OH, both S) 166.4, 166.8 C

8 103.9, 104.0 C

8a 156.1, 156.2 C

1’ 4.67,4.72 (1H, both {, 6.7) 77.9,78.6 CH

1’-OH 4.54,4.89 (1H, both S) - -

2’a 1.83 (1H, overlapped) 27.6,27.7 CH,
b 1970, 0dq,6.7.7.5,15.0) - !

3’ 1.02 GH, {,7.5) 10.5 CH,

prenyl

1”a 3.34 (14, 0d, 6.1, 13.6) 22.0,22.1 CH,
b 3.43 (14, 0, 6.1, 13.6) - -

2 5.19,5.20 (1H, both t, 6.1) 1214 CH

37 133.0, 133.1 C

4 1.70 (3H, 5) 25.8,25.9 CH,

5 1.813H, 5) 17.9 CH,

8-(3-methylbutyryl); MSF-5

17 - 205.0 C

27 2.92 (11, 0d, 6.8, 15.7) 53.7 CH,

b 3.03 (1H, 0d, 6.8, 15.7) - -

3 2.20 (1H, M) 25.3 CH

4 1.00 3H, 0, 6.9) 22.6 CH,

50 1.00 3H, 0, 6.9) 22.8 CH




M3197 13 (99)

47

Position 'H

C DEPT

8-(2-methylbutyryl); MSF-6

1> - 210.1 C

2 3.72 (1H, S&Xt, 6.7) 472 CH

3 1.43 (10, dquint, 7.2, 13.5) 26.9 CH,
b 1.83 (1H, overlapped) - -

4 0.92 GH, 1, 7.2) 11.6 CH,

5 121 GH, 0, 6.7) 16.6 CH

@319 14 'H-NMR spectral data of MSF-5Me-1 (CDCL,) and MSF-6Me-1 (CDCL,)

Position MSF-5Me-1 MSF-6Me-1

3 6.60 (1H, 0, 0.9) 6.60 (1H, 0, 0.9)

I 471 x, ddd, 0.9, 2.7, 7.5) 472 (11, ddd, 0.9, 2.7, 7.5)

1’-OCH, 341 (3H, ) 342 (3H, 9)

2’a 1.44 (11, dquint, 7.5, 14.4) 1.47 (11, dquint, 7.5, 15.0)

b 1.75 (11,000, 2.7, 7.5, 14.4)  1.87 (1H, overlapped)

3 1.04 3H, t,7.5) 1.01 3H, t,7.5)

1”a 332 (1H, 0. 5.7, 15.3) 332 (1H, (d. 5.7, 15.9)
b 3.48 (1H, 0. 5.7, 15.3) 3.49 (1H, (d. 5.7, 15.9)

2 5.1708,1 5.7) 5.1708,1 5.7)

4> 1.72 GH, S) 1.72 GH, S)

57 1.79 GH, S) 1.78 GH, S)

2 2.81 2H, (. 6.9) 2.98 (1H, SeXt, 6.9)

37 2.34 (1H, M) 150 (11, dquint, 7.5, 15.0)
b 1.87 (1H, overlapped)

4 1.05 3H, 0, 6.9) 1.04 3H, 1, 7.5)

5 1.05 3H, 0, 6.9) 123 3H, 0, 6.9)

5-OCH, 3.78 (3H, S)* 3.78 (3H, 9)*

7-OCH, 3.80 (3H, 9)* 3.79 (3H, 9)*

* assigments may be interchangable.



@319 15 'H-NMR spectral data of MSF-5Me-2 (CDCI,) and MSF-6Me-2 (CDCL,)

Position MSF-5Me-2 MSF-6Me-2

3 6.70 (1H, 0, 0.9) 6.70 (1H, 0, 0.9)

r 5.16 (1H, overlapped) 5.17 (1H, overlapped)

2’a 1.49 (10, dquint, 7.2, 14.4) 1.50 (10, dquint, 7.2, 13.8)

b 1.91 (11, 000, 2.7, 7.2, 14.4)  1.90 (1H, overlapped)

3 1.04 3H, t,7.2) 1.01 GH,t,7.2)

1”a 332 (11, 0d, 5.7, 15.3) 332 (1H, 0d, 5.7, 15.9)
b 3.46 (1H, d. 5.7, 15.3) 3.47 (11, 0d, 5.7, 15.9)

2 5.16 (1H, overlapped) 5.17 (1H, overlapped)

4 1.72 GH, S) 1.72 GH, S)

5 1.83 GH, S) 1.78 GH, S)

2 2.81 2H. (. 6.9) 2.96 (1H, SeXt, 6.9)

37 2.34 (1H, M) 1.50 (14, dquint, 7.5, 13.8)
b 1.90 (1H, overlapped)

4 1.05 3H, 0, 6.9) 0.97 GH, 1, 7.5)

5 1.05 3H, 0, 6.9) 121 3H, 0, 6.9)

5-OCH, 3.78 (3H, S)* 3.78 3H, S)

7-OCH, 3.79 (3H, 9)* 3.78 (3H, 9)

* assigments may be interchangable.
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M3197 16 “C-NMR spectral data of MSF-5Me-1, MSF-5Me-2, MSF-6Me-1 and MSF-6Me-2 in

CDCl,
Position MSF-5Me-1 MSF-5Me-2 MSF-6Me-1 MSF-6Me-2
2 159.8 159.8 159.8 160.0
3 110.7 110.9 110.8 110.9
4 156.9 158.1 157.0 158.3
4a 109.1 109.1 109.6 109.4
5 157.2%* 157.2* 158.2%* 158.3*
6 126.3 126.3 126.3 126.5
7 158.4* 158.4%* 158.6* 158.6*
8 105.6 104.4 103.4 104.3
8a 156.5 156.7 156.4 156.8
r 81.6 71.5 81.6 71.5
1’-OCH, 57.8 - 58.8
27 30.2 30.8 30.2 30.8
3 10.4 10.5 10.4 10.5
1 234 234 23.4 23.4
2” 122.3 122.3 122.3 122.3
3 132.8 132.7 132.8 132.8
4> 25.7 25.6 25.6 25.6
5 18.0 18.0 18.0 18.0
1 202.2 202.3 206.2 206.6
2 54.0 54.0 49.2 49.2
3 24.0 24.0 25.0 25.0
4> 22.6 22.6 11.6 11.6
5 22.6 22.6 14.8 14.8
5-OCH, 62.7* 63.1* 62.7* 63.1*
7-OCH, 63.4% 63.4* 63.5* 63.5*

* assigments may be interchangable.



M3191 17 'Hand "C-NMR spectral data of a mixture of MSF-7 and MSF-8 (CDCl,)

13

Position 'H C DEPT

2 160.3 C

3 6.02, 6.05 (1H, both 5) 108.3 CH

4 156.6 C

4a 101.5 C

5 11.11, 11.30 (OH, both 5) 157.2 C

6 113.9, 114.0 C

7 14.12, 14.35 (OH, both 5) 166.9 C

8 103.0, 103.6 C

8a 156.6 C

R 4.65,4.68 (1H, both (0 6.2, 8.3) 77.8 CH

1’-OH 5.11, 5.28 (OH, both DI $) - -

2’a 1.82 (1H, overlapped) 27.9 CH,
b 201 (1,000, 7.5.83,152) - !

3’ 1.03 GH, ,7.5) 10.6 CH,

prenyl

1”a 3.35 (1H, 0d, 6.0, 14.6) 22.0,22.1 CH,

b 3.43 (1H, 0d, 6.0, 14.6) - -

2 5.19,5.20 (1H, both , 6.0) 122.0 CH

37 1323 C

4 1.71 3H, 5) 25.7 CH,

5 1.82 (3H, 5) 17.8 CH,

8-butyryl; MSF-7

R - 205.6 C

2a 3.05 (1H,1,7.2) 46.7 CH,

b 3.07 (1H, {,7.2)
37 1.75 (2H, S€Xt, 7.2) 18.2 CH,
4 1.02 3K, 1, 7.2) 13.8 CH
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1

Position H C DEPT
8-(2-methylpropionyl); MSF-8

| e - 210.1 C

2 3.82 (1H, Sept, 6.7) 40.2 CH
3 1.20 3H, 0, 6.7) 19.3 CH,
4>’ 1.23 (3H, d, 6.7) 19.3 CH

M3190 18 'H-NMR spectral data of MSF-7Me-1 (CDCL,) and MSF-8Me-1 (CDCL,)

Position MSF-7Me-1 MSF-8Me-1
3 6.60 (1H, 0, 0.9) 6.60 (1H, 0, 0.9)
1’ 4.73 (11, 4dd. 0.9, 3.0, 7.5) 471 (11, ddd. 0.9, 3.0, 7.5)
1’-OCH, 3.41 (3H, 9) 3.41 (3H, 9)
2’ 144 (111, dQuint, 7.5, 14.7) 147 (11, duint, 7:5, 14.4)
b 1.80 (11, 00, 3.0,7.5,14.7)  1.81 (11, ddg, 3.0, 7.5, 14.4)
3 1.03 3H, ,7.5) 1.04 3H, t,7.5)
1”a 331 (11, dd, 7.2, 14.7) 3.32 (1H, (d, 6.0, 15.3)
b 3.48 (1H, 00, 7.2, 14.7) 3.49 (1H, (d. 6.0, 15.3)
2 51708, 7.2) 5.16 (18,1, 6.0)
4> 1.72 GH, S) 1.72 GH, S)
5 1.80 3H, S) 1.78 GH, S)
2 2.90 2H,1,7.2) 3.14 (1H, SEPL, 6.9)
3 1.80 (2H, Sext, 7.2) 125 GH, (0, 6.9)
47 1.03 3H. 1, 7.2) 125 GH, 0, 6.9)
5-OCH, 3.78 (3H, 9)* 3.78 (3H, §)*
7-OCH, 3.79 3H, §)* 3.79 (3H, §)*

* assigments may be interchangable.
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@319 19 'H-NMR spectral data of MSF-7Me-2 (CDCI,) and MSF-8Me-2 (CDCL)

Position MSF-7Me-2 MSF-8Me-2
3 6.70 (1H, (, 1.2) 6.70 (1H, 0, 1.2)
I 5.17 (1H, overlapped) 5.17 (1H, overlapped)
2’a 148 (11, dQuint, 7.2, 14.4) 148 (1e, AQUINt, 7.2, 14.4)
b 1.90 (11, 0d0, 3.0, 7.2, 144)  1.90 (11, Ad, 2.7, 7.2, 14.4)
3 1.09 3H, t,7.2) 1.10 3H, t,7.2)
1”°a 332 (1H, d, 6.9, 14.4) 332 (1H, (d, 6.3, 15.6)
b 3.46 (1H, 00, 6.9, 14.4) 3.46 (1H, 00, 6.3, 15.6)
2’ 5.17 (1H, overlapped) 5.17 (1H, overlapped)
4 1.71 GH, S) 1.72 GH, S)
57 1.78 (3H, 5) 1.78 (3H, 5)
2 2.89 (2H,1,7.5) 3.13 (1H, Sept, 6.9)
30 1.78 (2H, S&Xt, 7.5) 125 3H, 0, 6.9)
47 1.02 GH, 1. 7.5) 125H. (. 6.9)
5-OCH, 3.77 GH, §)* 3.77 GH, 5)*
7-OCH, 3.79 (3H, 9)* 3.78 (3H, 9)*

* assigments may be interchangable.
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M1519N 20 “C-NMR spectral data of MSF-7Me-1, MSF-7Me-2, MSF-8Me-1 and MSF-8Me-2 in

CDCl,
Position MSF-7Me-1 MSF-7Me-2 MSF-8Me-1 MSF-8Me-2
2 159.9 159.9 159.8 159.9
3 110.6 110.7 110.7 110.8
4 156.9 158.5 156.5 158.6
4a 109.4 108.9 109.5 109.1
5 157.3* 157.5% 157.7* 157.5%*
6 126.2 126.3 126.3 126.4
7 158.4%* 158.4%* 158.6* 158.4*
8 104.6 103.9 103.9 104.4
8a 156.5 156.7 157.0 156.8
r 81.6 71.5 81.6 71.5
1’-OCH, 57.8 - 57.8 -
27 30.2 30.8 30.2 30.8
3 10.4 10.5 10.4 10.5
1 234 234 23.4 23.4
2” 122.3 122.3 122.3 122.3
3 132.8 132.8 132.8 132.8
4> 25.6 25.6 25.6 25.6
5 18.0 18.0 18.0 18.0
1 202.8 202.8 206.6 206.7
27 47.1 47.1 42.5 42.5
3 17.0 16.9 17.8 17.8
4 13.6 13.6 17.8 17.8
5-OCH, 62.8* 63.1* 62.8* 63.1*
7-OCH, 63.2% 63.2* 63.3* 63.3*

* assigments may be interchangable.



M319N1 21 'Hand "C-NMR spectral data of a mixture of MSF-9 and MSF-10 (CDCl,)

13

Position 'H C DEPT

2 160.5, 160.8 C

3 6.10, 6.16 (1H, both 5) 108.3, 108.4 CH

4 157.3,157.5 C

4a 101.2 C

5 10.73, 10.98 (OH, both r'$)  158.8, 158.9 C

6 114.2,114.5 C

7 14.22, 14.41 (OH, both S) 166.4, 166.6 C

8 103.7 C

8a 156.2, 156.3 C

R 4.70,4.75 (1H, both 00, 6.0, 7.8) 77.7,77.9 CH

1’-OH 4.62, 4.90 (OH, both DI $) - -

2’ 1.87 (2H, overlapped) 28.0 CH,

3’ 1.033H, 1, 7.5) 10.5,10.6 CH,

geranyl

1”a 3.39 (14, 0d, 6.7, 13.4) 21.9,22.0 CH,
b 3.45 (14, 00, 6.7, 13.4) - -

27 523 (11,1, 6.7) 121.3,121.4 CH

3 136.6, 136.8 C

4 2.05 (2H, overlapped) 39.8 CH,

57 2.05 (2H, overlapped) 27.8 CH,

6 5.08(1H, 1, 6.7) 124.2,124.3 CH

7 131.3,131.4 C

8" 1.59 (3H, 9) 17.7 CH,

9 1.66 (3H, 9) 25.7 CH,

10 1.82 3H, 9) 16.6 CH




M1519N 21 (919)
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Position 'H C DEPT
8-(3-methylbutyryl): MSF-9
1 205.0 C
2a 2.96 (11, 0d, 6.6, 15.9) 53.6 CH,
b 3.06 (10, 0d, 6.6, 15.9) - -
3 2.23 (1H, 05ept, 6.6, 7.2) 25.3 CH
4 1.04 3H, 0, 72) 22.6 CH,
5 1.01 31,0, 7.2) 22.7 CH,
8-(2-methylbutyryl): MSF-10
1 210.0 C
2 3.72 (1, $eXt, 6.7) 47.0 CH
3 147 1, dquint, 7.2, 13.2) 267 CH,
b 1.87 (1H, overlapped) - -
4 097 GH, 1, 7.2) 11.7 CH,
5 123 31, 0, 6.7) 16.2 CH




M15191 22 'H-NMR spectral data of MFS-12 (CDCI,) and MFS-13 (CDCL,),

56

Position MSEF-12 MSEF-13

3 6.00 (1H, S) 6.00 (1H, S)

2,6 7.32 (2H, M) 7.32 (2H, M)

3,475 7.38 (3H, M) 7.38 (3H, M)

2 2.98 (2H, 0, 6.9) 3.69 (1H, SEXt, 6.6)

37a 2.25 (1H, M) 1.40 (14, dquint, 7.5. 14.4)
b - 1.83 (1m, dquint, 7.5. 14.4)

4 0.98 3H, 0, 6.9) 0.90 3H, 1, 7.5)

57 0.98 (34, 0, 6.9) 1.16 3H, 0, 6.6)

37 5.65 (11, 0, 10.0) 5.64 (11,0, 9.9)

4 6.91 (11, 0, 10.0) 6.90 (11, 0, 9.9)

5 1.59 (3H, 5) 1.58 (3H, §)

6 1.59 (3H, 5) 1.58 (3H, )

5-OH 14.81 (1H. S) 14.67 (1H, )
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M13519% 23 'H-NMR spectral data of MFS-14 (CDCI,) and MFS-15 (CDCL,)

Position MSF-14 MSF-15

3 6.01 (1H, ) 6.00 (1H, )
2,6’ 7.34 (2H, M) 7.32 (2H, M)
3,4, 5 7.41 (3H, M) 7.38 (3H, M)

27 3.07 2H, 1, 7.5) 3.85 (1H, SEPt, 6.6)
37 1.72 (2H, SeXt, 7.5) 120 3H, 0, 6.6)
4 1.01 GH, 1,7.5) 1.20 3H, 0, 6.6)
3 5.65 (1H, 0, 10.0) 5.64 (1H, 0, 10.0)
4 6.91 (1H, 0, 10.0) 6.92 (14, 0, 10.0)
5 1.59 3H, 9) 1.58 3H, 9)

6" 1.59 3H, 9) 1.59 3H, 9)
5-OH 14.77 (1H, S) 14.67 (1H, S)

M319N 24 'H-NMR spectral data of MFS-16 (CDCl,) and MFS-17 (CDCL,)

Position MSF-16 MSF-17

3 5.98 (1H, ) 5.94 (1H, )
2,6’ 7.42 (2H, M) 7.40 (2H, M)
3,4, 5 7.54 (3H, M) 7.52 (3H, M)

2 2.88 (2H, 0, 6.6) 3.00 2H, 1, 7.2)
37 2.22 (1H, M) 1.66 (2H, SeXt, 7.2)
4 0.93 3H, 0, 6.6) 0.92 3H,1,7.2)
5 0.93 3H, 0, 6.6) -

1> 3.59 (2H, 0,7.3) 3.55 (2H, 0, 6.9)
2 529 (1H,1,7.3) 526 (1H, 1, 6.9)
4 1.75 3H, ) 1.75 3H, )

5 1.78 3H, ) 1.78 3H, )
5-OH 10.91 (1H, S) -

7-OH 9.90 (1H, 5) -
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M1519% 25 “C-NMR spectral data of MFS-12 (CDCI,), MFS-16 (CDCI,) and MFS-17 (CDCL,)

Position MSF-12 MSF-16 MSF-17
“c DEPT “c DEPT “c DEPT

2 159.7 C 159.2 C 160.1 C
3 112.7 CH 112.8 CH 112.4 CH

4 156.4 C 154.4 C 154.8 C

4a 102.2 C 100.8 C 101.1 C

5 164.4 C 159.3 C 159.2 C

6 107.2 C 107.3 C 107.2 C

7 158.1 C 163.2 C 163.3 C

8 101.9 C 108.0 C 108.0 C

8a 158.0 C 156.7 C 156.7 C

I 139.3 C 137.3 C 137.8 C
2°,6° 1272 CH 127.4 CH 127.4 CH
3,5 127.6 CH 129.2 CH 129.1 CH
4 1282 CH 129.8 CH 129.6 CH

1 206.8 C 207.2 C 207.5 C
2 53.6 CH, 53.66 CH, 46.8 CH,
3 25.1 CH 24.77 CH 17.8 CH,
4> 22.7 CH, 22.6 CH, 13.8 CH,

5 22.7 CH, 22.6 CH, - -
1" - - 21.7 CH, 21.6 CH,
2 79.9 C 120.6 CH 120.7 CH

3 126.3 CH 135.4 C 135.6 C
4> 115.6 CH 25.9 CH, 25.8 CH,
5 283 CH, 18.0 CH, 18.0 CH,

6 283 CH, - - -
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M131911 26 'H-NMR spectral data of MFS-11 (CDCI,) and MFS-18 (CDCL,)

Position MSF-11 MSF-18

3 5.97 (1H,S) 5.98 (1H, S)

I 2.97 2H, 1, 7.4) 2.99 2H, 1, 7.4)

2’ 1.67 (2H, Sext, 7.4) 1.67 (2H, Sext, 7.4)
3’ 1.03 GH, 1, 7.4) 1.03 BH, 1, 7.4)
27 3.11 2H, 1, 7.4) 3.13 2H, 1, 7.3)
37 1.77 (2H, S&Xt, 7.4) 1.75 (2H, SEXt, 7.3)
4 1.04 GH, 1, 7.4) 1.02 BH, 1, 7.3)
P - 3.62 (2H, 0, 7.0)
2 - 525 (11,1, 7.0)
37 5.86 (1H, 0, 10.0) -

47 6.86 (1H, 0, 10.0) 1.85 3H, )

5 1.56 (3H, 9) 1.91 (3H, 9)

67 1.56 (3H, 9) y

5-OH 15.39 (1H, 9) 15.24 (1H, S)
7-OH - 6.99 (1H, br 9)
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M319H 27 "C-NMR spectral data of MFS-11 (CDCI,) and MFS-18 (CDCI
Position MSF-11 MSF-18
“c DEPT “c DEPT
2 160.0 C 160.3 C
3 110.3 CH 1102 CH
4 159.5 C 159.8 C
4a 103.2 C 103.5 C
5 165.1 C 163.9 C
6 107.1 C 106.8 C
7 157.7 C 160.1 C
8 101.1 C 104.5 C
8a 155.5 C 157.3 C
1’ 38.5 CH, 38.6 CH,
2’ 22.8 CH, 22.8 CH,
3’ 14.0 CH, 14.0 CH,
1> 207.7 C 207.8 C
27 46.9 CH, 46.7 CH,
3 18.3 CH, 17.8 CH,
4> 13.9 CH, 13.8 CH,
1> - - 22.0 CH,
2 79.7 C 120.2 CH
3 126.2 CH 138.6 C
4> 115.7 CH 25.9 CH,
5 28.2 CH, 18.1 CH,
6 28.2 CH, - -
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msfnmesflszneumuniidiuiiazaeludu EoAc vosduada EOH 11nnlden
wagn M. SIAMENSIS (an57) WuEINAUYDY coumarins 1 § ADENTHAY siamensin A (MSF-9)
11 siamensin B (MSF-10) “léﬂl‘ﬂuﬁ”lﬂﬂij NUFITHTUUDY coumarins 2 i:]' AOANTHAN mammea
F/BA (MSF-5) N1 mammea F/BB (MSF-6) a2 @15W @) mammea F/BC (MSF-7) N1 mammea
F/BD (MSF-8) Fufluensluddmsufivena Mammea wuaiswauves coumarins 8n 2 ¢ fie
A15WAN mammea E/BA (MSF-1) 1) mammea E/BB (MSF-2), e13W@4 mammea E/BC (MSF-3)
11 mammea E/BD (MSF-4) 1182 coumarins 2 §17 Ao mammea A/AA (MSF-16) 1182 mammea
B/AC (MSF-18) Fuiiuans Tvaidmsu M. Siamensis wazéany coumarins 8n 6 frdunenyly
M. siamensiS Ao mammea B/AC cyclo D (MSF-11), mammea A/AA cyclo D (MSF-12),
mammea A/AB cyclo D (MSF-13), mammea A/AC cyclo D (MSF-14), mammea A/AD cyclo D
(MSF-15) itag mammea A/AC (MSF-17) mﬁmﬁ@qu%(mﬁamwmm MSF-1 D4 MSF-13,
MSF-16 74 MSF-18 11a2d130 WU Y99 MSF-5, MSF-6, MSF-7 ttag MSF-8 uaalumsa

128,29 1ag 30

a15WaN MSF-5 1) MSF-6

MSF-6: R =

asHaAN MSF-5 71U MSF-6 (Hunangiiiudimiesdou lganasuinad 80-96 °C iim

[aL],-19.36° Higas Tuana C,,H,,0, (M, 388) UV spectrum Yo4a13Hel MSF-5 i1l MSF-6

227728

11 absorption band 71 222, 257, 301 4@Y 327 nm FUIVBNI1 MSF-5 1oy MSF-6 3 1a5ea514

T 5,7-dihydroxycoumarin ‘ﬁfl‘lfiy: acyl agiﬁéiumu'a 8 [21] IR spectrum ﬁﬁiy,tllﬂmﬁ 3319 cm’
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(broad, Wi;l: hydroxyl) 11713 ecm’ (WUBE C=0 ¥93 O-lactone) t1azh 1606 cm” (WU C=0
VDY aryl ketone)

"H-NMR spectrum 48 "C-NMR spectrum UB9&15WaH MSF-5 11 MSF-6 (15197 13)
Tdyanaiveninilumsnauuesats 2 @1 iudaanauved singlets 2 17U O 6.04 1182 6.09
FuiJuueq olefinic methine proton UUNLUIU coumarin (H-3) uagwué’@ﬂpmmm hydroxy

' I . Y A I3 o
protons 3 113 Usngilu singlets 3 3@ 9 az 2 1dun O 4.54 uaz 4.89 1uves 1'-OH dyan
~ I~ A < . A
7 0 10.82 uag 11.11 Wuves 5-0H tazh O 14.10 uag 14.20 1Juved phenolic hydroxyl #
Aumiia 7 inaiuse leTasounumny carbonyl Nog191Re 910 integration VoITyRIA H-3
(2 1du) 1ag hydroxy proton aazaldad1MMINY 1.4 : 1 MlMiFoinineliasilaseaiig
adenuunnraniueg 2 Arludasidiu 1.4 - 1 Usznounulu "C-NMR spectrum ¥09a13
HEY MSF-5 U MSF-6 tiudnnaues carbons 22 @2 ludwuiinuhiidyanaves

% Y] 1

v A3 o { Y
carbons 17 mﬁmuﬁigaunm 2 Glgﬂﬁﬂé]j”lﬂﬂull”lﬂﬁﬂ methyl carbons 3 A7 AYYI1UVDINIY methyl

[

uAaznyil 2 msveu Usngi O, 25.8/25.9, 17.9 (2 X) uag 10.5 (2 X) Ay 1m0 methylene

g 9

carbons 2 MTUBU MITUBUAY 2 AN 6C 22.0/22.1 uag 27.6/27.7 @ YIUVDI oxymethine

1
[ [

carbon 1 §17% 2 ﬂIWﬁ 8C 77.9/78.6 olefinic methine carbons 2 A7 @y INAL 2 Mmsvoun
S, 108.7 (2 X) uag 121.4 (2 X) WazdyaIWVOY quaternary carbons 9 §3 UAAZAI 2 Mfl
6C 160.4/160.8, 156.9/157.0, 100.8/100.9, 157.8 (2 X), 114.5/114.7, 166.4/166.8, 103.9/104.0,
156.1/156.2 1Az 133.0/133.1 uazd M Uda 12909 carbon 80 5 @21 “C- NMR spectrum
Usingdayananiiu 10 Aiuandaiufe daamues ketone carbonyl 2 A1f O, 205.0 Az
210.1 Y@ 10¥89 methine carbon 2 A7l O_ 25.3 1Az 47.2 Ay 1AV84 methylene carbon 2 A1
fi 8, 26.9 waz 53.7 azdnyaUVY methyl carbon 4 AT O 116, 16.6, 22.6 11z 22.8

A31EH "C-NMR spectral data Ay DEPT, 2D HMQC itag 2D HMBC spectra

MSF-5:R =

MSF-6: R =
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'"H-NMR spectrum VDNE1IHTN MSF-5 Llag MSF-6 WUﬁIﬂJiLHmGU’EN olefinic methine
proton (H-3) ﬂimgrﬂu singlets ﬁ 8H 6.04/6.09 “ﬁﬂﬁ%ﬁ]’h MSF-5 11a2 MSF-6 ()14 coumarin
fiflnygunuiiedfiduimia 4 ¥8929uMIU 'H-NMR spectrum ¥0ae13Wely MSF-5 11 MSF-6 1)
dayaaueany 1-hydroxypropyl 8glulnseaine iiudaaaued oxymethine proton (H-17)
Usnguilu triplet 7 O 4.67 uay 4.72 YRy 12Y99 methylene proton G'T;qﬂﬁﬂgzﬂu multiplet A
0183 (H,-2’) ttag doublet of doublet of quartet ﬁ 01.97 (H,-2) ﬁ’ﬂgﬂunmﬁuawiqj methyl (H-3)
Usingedlu triplet i O 1.02 uazdayaNaueany hydroxyl U31ngilu singlet i O 4.54/4.89
'H-'H cosY spectrum UDIA1IHNTY MSF-5 11ag MSF-6 (g‘ﬂﬁ 1) 3 correlations 5¥1314 methyl
protons ( H-3") ‘ﬁ 0 1.02 methylene protons (H,-2") ﬁ O 1.83 uay 1.97 uag methylene
protons (Hab-2’) 17] O 1.83 uag 1.97 f;}fl correlations N1J methine proton ( H-1") ﬁ O 4.67/4.72
tazlu 2D HMBC spectrum Y93e13Wery MSF-5 111 MSF-6 (g‘ﬂ‘ﬁ 2) 1HUFYINUYDS methyl
protons  (H-3) fi O, 1.02 i correlations U 8. 77.6/77.9 (C-1°) uaz O, 27.627.7 (C-2°)
”iy,aunm methylene protons (H,,-2’) ‘17] 8H 1.83 1az1.97 3 correlations 1) 8C 77.9/78.6 (C-1°)
Az 156,9/157.0 (C-4) tagdya sl methine proton ( H-17) fi O, 4.67/4.72 1 (correlations U
8C 100:8/100.9 (C-4a) ttae 80 108.7 (C-3) imﬁsjuﬁuﬁ’mumm olefinic methine proton Y83 H-3
i S, 6.04/6.09 i correlations iU O. 77.9/78.6 (C-1'), O, 100.8/100.9 (C-4a) LAz

O, 160.4/160.8 (C-2) ua@A1M3 1-hydroxypropyl ADIDGNAILNUI 4 YDIIWWIU coumarin

MSF-5:R =

[

51% 2 2D HMBC correlations NAAYBIAITHAN MSF-5 11ag MSF-6

L'l o

A o

9
11 'H-NMR spectrum ¥03813Ha0 MSF-5 11 MSF-6 Ny 1asupany prenyl Adil doyayios

g 9

Y993 methylene 1 113j1l51ngTI 1 doublet of doublets 2 AT O 3.4 (H.-17) tag O 3.43 (H,-17")
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{2y 184 olefinic methine proton U51AHI triplet 71 O 5.19/5.20 (H-2") 11az¥84 methyl 2 ny
Usngiilu singlet 2 yaft & 1.70 (H-4") waz & 1.81 (H-5") Febudu'l&Aw 2D HMBC
correlations (3 ﬂﬁ 2) U9 olefinic methine proton ( H-2"’) ﬁ 6H 5.19/5.20 NU methyl carbon ﬁ
8C 25.8/25.9 (C-4>°) uag 8C 17.9 (C-5>) uag 'H-'H COSY correlations 34319 methine proton
(H-2) 71 S, 5.19/5.20 1 methylene protons (H_-1*) i 8, 3.30 11ag 3.36

1y 2D HMBC spectrum UYDIAITINHY MSF-5 1 MSF-6 (W11 correlations 3$1314

hydroxy proton i O, 14.10/14.20 iy O, 114.5/114.7 (C-6), O. 166.4/166.8 (C-7) uag

c
8(: 103.9/104.0 (C-8) ALY correlations 7¥M 319 methylene protons ﬂlm‘ﬁ‘y: prenyl ‘ﬁ 6H 3.44
(H,-1°) uag 3.43 (H,-17") /1 O, 157.8 (C-5), O, 114.5/114.7 (C-6) 1oz O 166.4/166.8 (C-7)
UaAIINHY hydroxy i O, 14.10/14.20 ﬁ’m@gjﬁ C-7 wazwy prenyl agj‘ﬁ C-6 @U hydroxy
group ﬁ 6}{ 10.82/11.10 ﬂgiﬁ C-5 Lf‘immmﬁu 2D HMBC correlations 52%731 hydroxy group
i3, 10.82/11.10 U S, 157.8 (C-5) waz O 114.5/114.7 (C-6)

Ty "H-NMR spectrum ¥04e3Hen MSF-5 11 MSF-6 Hdqaaivoany acyl 2 nijfio
3-methylbutyryl 148 2-methybutyryl 11 'H-"H COSY spectrum ¥03e15Hal MSF-5 f11 MSF-6
(gﬂﬁ 1) tiudya munany) 3-mehylbutyryl Taomiudannaiaues methylene protons 15103
Lﬂu doublet of doublets 2 Glmﬁ 02.92 (Ha—2”’) uag O 3.03 (Hb—2”’) agjﬁﬂﬁu methine proton
(H-3) Fe1l57ng:5u multiplet # & 2.20 118 methine proton (H-3"") fraéﬁﬂﬁ’wyj methyl 2 Wy
(H-4> uag H-5) c?;qﬂimggﬂu doublet i & 1.00 (2 x CH,) #az1u 2D HMBC spectrum (31
fi 2) iiuAMUFTUT 211 methylene proton (H,-2) @i O 2.92 uay 3.03 AU ketone
carbonyl (C-1"") ‘ﬁ 8C 2050 @My wiUu‘EUqu"lJi’Nﬁlwl' 2-methylbutyryl lu '"H-'H cosy
spectrum (gﬂ‘ﬁ 1) Mudaia sextet Y94 methine proton il 8372 m27) GEIGTRGIRTGE
methylene protons ﬂi”lﬂ;]t‘ﬂu doublet of quintet ﬁ O 143 (H,-3") uazilu multiplet ﬁ 0 1.83
(H,-3") dayaaveany methyl 2 vy Usngiiu wiplet i O 0.92 (H-4"") uag doublet i
O 121 H-5") wazly 2D HMBC correlations Y94a15Hd1 MSF-5 11 MSF-6 (gﬂ‘ﬁ 2) vin
ﬁagapmmm ketone carbonyl (C-1""") ﬁ SC 210.1 3 correlations N1 methine protons (H-2"") ﬁ
o) 3.72, methylene protons (H,,-3""") ﬁ O 1.43 uay 1.83 Lmzﬁ’um%i methyl (H-5"") ﬁ 0 0.92
UV spectrum YDa1IWNTY MSF-5 (lag MSF-6 il absorption band ﬁ 301 nm Llﬁﬂﬂ’hﬂy: acyl

]
a2 o 9

9 1A o 1 . A J Yy 9 9
VADIVYNATULNUN 8 UDIWLHNIU coumarin [21] NIV 2D HMBC wﬂan”lﬂumwmu
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1
1 IS

W3 OH 71 & 10.82/11.10 A 14.10/14.20 oGl C-5 11z C-7 MWAIU 1azHyY prenyl (C, unit)
ogfid i 6 ﬁmgumg acyl T980904AR M9 8 210 integration YOITYANIAUVDI methylene
proton (H-2") 7 8 2.92 uaz 3.03 ¥o4 3-methylbutyryl side chain Y94 MSF-5 11gufudya ol
U8 methine proton (H-2""") ‘ﬁ 0 3.72 Vo4 2-methylbutyryl side chain Y83 MSF-6 HoasaIu
WMNY 1.4 ;1

I¥nenenon MSF-5 fU MSF-6 sonnndu udliduse Sahesnawd i
Uf)561 methylation 18 methy! ether YoITIHANTIRaLA 4 2 Ao trimethyl ether Y94 MSF-5
(MSF-5Me-1), dimethyl ether U994 MSF-5 (MSF-5Me-2), trimethyl ether Y93 MSF-6 (MSF-
6Me-1) 1ag dimethyl ether Y09 MSF-6 (MSF-6Me-2) Faenasia 4 dreennniude

column chromatography $114 A28 HPLC

MSF-5Me-1

v
o w 9

Trimethyl ether Y94 MSF-5 (MSF-5Me-1) 1Hutiiutiulalifid fiah (o], -94.04° 3]
gasluana C,;H,,0, (M, 430) UV spectrum AR1@AUYOIHEN MSF-5 111 MSF-6 & absorption
band‘ﬁ 222,297 1a¥ 328 nm IR 'spectrum ﬁﬁmiymﬁ 1738 om’' (wy: C=0 V94 O-lactone) ﬁ
1713 cm” (W3 C=0 U1 aryl ketone) #i 1608, 1582 1Az 1454 cm’ (113 C=C conjugated) Haz
Usingdyanadanuil 1113 uaz 1074 cm” (W C-0)

'H-NMR spectrum Y89 MSF-5Me-1 (131971 14) 1182 “C-NMR spectrum 489 MSF-
sMe-1 (13790 16) Sdaanaadetudyanuvesansnan MSF-5 uaz MSF-6 110 1ileus
MSF-5Me-1 Tifayaive vy methoxy a1y 3 1wy Usingiiy singlets 3 idudanuil & 3.41,
3.78 uag 3.80 11 "C-NMR spectrum Jdya)19iued methoxy carbon Usngfi O 57.8, 62.7
1oz 63.8 A AL taz 1y 2D HMBC spectrum ved MSF-5Me-1 (3171 3) ifudayanaivosmy
methoxy 71 O, 3.41 T correlations 11 8, 81.6 (C-1°) uasdayavea1y methoxy B0 2 1y i
O, 3.78 1az 3.80 i correlations U O, 157.2 uag 1584 ¥ed C-5 LAz C-7 UYDINWHIY

]
v I

coumarin 83 luamnsoszyNdyaan O, 3.78 130 3.80 VI methoxy 3 correlations i1l
C-5 W30 C-7 Y04I9HIU coumarin 11 'H-NMR spectrum ¥89 MSF-5Me-1 §afldqyanaii
HAAINUNY 3-methylbutyryl figume -8 1LY methylene proton (H-2) 15109
i 82.81 dayaa1ves methine proton (H-3"") il multiplet i & 2.34 1az o9y methyl 2 1y

(H-4 uag H-5") UYsngdlu doublet i & 1.05 (2 x CH,) "C-NMR spectrum U939 MSF-5Me-1
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Lﬁuﬁtgiyjmmm carbon 5 carbon atoms U84 3-methylbutyryl ‘]Jﬁﬂgﬁ 8C 202.2 (C-17), 54.0

(C-2),24.0 (C-37"), 22.6 (2x) (C-4>"’ 11ag C-5")

MSF-5Me-2

F
o o 9 A

Dimethyl ether 484 MSF-5 (MSF-5Me-2) iHutiniudufimaesdon fia [ol],” ~78.60°
gasTuana C,H,0,(M’, 416) UV spectrum AA10AUYDIA15HEAL MSF-5 11 MSF-6 15U
UV spectrum Y absorption band ﬁ 222, 296 118 326 nm IR spectrum 1 band ‘17] 3434 cm’|
(broad, Wigl: hydroxy) ﬁ 1737 em’' (mj C=0 ¥94 O-lactone) ﬁ 1713 cm’” (m;j C=0 Y83 aryl
ketone) 71 1606, 1580 110 1456 cm” (W3] C=C conjugated) 1Al 1121 1Az 1074 cm (1] C-0)

'H-NMR spectrum (9151971 15) 1182 "C-NMR spectrum (A15197 16) 99 MSF-5Me-2
Usngdayanundionuues MSF-5Me-1 110 1ot 1y 'H-NMR spectrum Y99 MSF-5Me-2
Tidfayanaueany methoxy 1ies 2 vy Usingiilu singlets 2 idufi 83.78 uaz 3.79 Tu "C-NMR
spectrum ﬁﬁ’tyﬂﬁmmm methoxy carbon ﬂ’ﬂﬂg‘]ﬁ' 8(; 63.1 uag 63.4 c’?asﬂuﬁmumuwmmaqu:
methoxy ‘ﬁagjummmu coumarin 2D HMBC correlations U934 MSF-5Me-1 118z MSF-5Me-2

adenuunaaaslugli 3

MSF-5Me-1 MSF-5Me-2

Y]

519 3 2D HMBC correlations NAAUUDI MSF-5Me-1 11ag MSF-5Me-2

Y o



67

MSF-6Me-1

v
o w 9 A A

Trimethyl ether Y94 MSF-6 (MSF-6Me-1) Futiuiudiulaifid a1 (o], —99.37° 4
qmimaqa C,.H,,0, (M', 430) UV spectrum 1 absorption band 224, 297 1A 325 nm IR
spectrum ﬁﬁmuﬂymﬁ 1738 cm’' (‘Viiql: C=0 Y03 S-Iactone) ‘ﬁ 1704 cm’' (ﬁig: C=0 ¥®3 aryl
ketone) 71 1607, 1581 1ag 1454 cm” (1 C=C conjugated) uasii 1114 uag 1072 cm” (Y C-0)

'H-NMR spectrum (15197 14) 11a2 "C-NMR spectrum 489 MSF-6Me-1 (A1519 16)
Usingdyapundrenudyg uvesdiswdy MSF-5 1ag MSF-6 1azyod MSF-5Me-1 lu
'H-NMR spectrum U904 MSF-6Me-1 fidaya1a1u09¥3] methoxy 3 3j1l51ng:iu singlets 3 1&u
fi 8 3.42,3.78 uaz 3.79 T "C-NMR spectrum Usngit O, 58.8, 62.7 uaz 63.5 2D HMBC
spectrum V93 MSF-6Me-1 (Eﬂﬁ 4) ﬁmﬂﬁmﬂlﬁ]\iﬂyz methoxy ﬁ 6H 3.42 1 correlations 1l
S, 81.6 (C-1°) Fayaauvoawy methoxy i O, 3.78 1Az 3.79 i correlations U O, 158.2 Az
158.6 (C-5 tag C-7 V0N aromatic ring) uaﬂmﬂﬁ” 'H-NMR spectrum U9 MSF-6Me-1 i
dyaNaIveany 2-methylbutyryl fidumis 8 Taoffudg mues methine proton (H-2"")
‘]Jﬁﬂ;]l,‘]dJLl sextet ﬁ O 2.98 ﬁ’aumunmmm methylene protons ‘]Ji”lﬂj"]!,‘]d]u doublet of quintet ﬁ
& 1.50 (H-3°") oz iludayas overlapped i O 1.87 (H.-3") nazdayiaiuevia) methyl 2 13
UsnguTu triplet 7t & 1.04 (H-4*) uag doublet i & 1.23 (H-5") T "C-NMR spectrum ¥84
MSF-6Me-1 ﬁﬁ’aumunmmm carbon 5 atoms VD4 2-methylbutyryl ﬂﬁﬂgﬁ 8C 206.2 (C-1""),

49.2 (C-27°),25.0(C-3"), 11.6 (C-4""’) wag 14.8 (C-5")

MSF-6Me-1 MSF-6Me-2

[

519 4 2D HMBC correlations NAAUUDI MSF-6Me-1 11a2 MSF-6Me-2

L' o
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MSF-6Me-2

Dimethyl cther 499 MSF-6 (MSF-6Me-2) tiutinfududmaesson i [0, ~79.30°
igasTuana C,H,,0, (M', 416) UV spectrum AA0NUa1sWaN MSF-5 iU MSF-6 i
absorption band 221, 296 16 325 nm IR spectrum ne ﬂulﬂﬁmﬁ 3463 cm’' (broad, ‘qul: hydroxy)
#1737 em” (C=0 ¥99 S-lactone) A 11713 em’ (C=0 W04 aryl ketone) T 1606, 1580 1A
1455¢m” (3] C=C conjugated) tazdyanaidanulsingf 1120, 1073 cm” (3 C-0)

'H-NMR spectrum U84 MSF-6Me-2 (@519 15) #19910U09 MSF-6Me-1 111
spectrum Y04 MSF-6Me-2 Tidaia)1a1v04¥1] methoxy 1fioq 2 13 Us1nguilu singlets 71 & 3.78
(2 x OCH,) "C-NMR spectrum U84 MSF-6Me-2 [Hi{o 1189 MSF-6Me-1 80131 MSF-6Me-2
fidyan@ved methoxy carbon ufl 2 MFueUDzABNIINGT O, 63.1 1Az 63.5 2D HMBC
correlations U89 MSF-6Me-1 1lag MSF-6Me-2 ﬂé’wﬁuumﬁmaﬂﬂugﬂﬁ 4

nnveyaaninlasalatlieduvesasnan MSF-5 fU MSF-6 uazvesouWwus
methyl ether ‘ﬁgﬂ 4 A1909 MSF-5 lag MSF-6 ﬁWIﬁﬁ;ﬂqﬁjﬂi MSF-5 fi© 4-(1-hydroxypropyl)-
6-(3-methylbut-2-enyl)-8-(3-methylbutyryl)-5,7-dihydroxycoumarin (mammea F/BA, theraphin C)
11ag MSF-6 A9 4-(1~hydroxypropyl)-6-(3-methylbut-2-enyl)-8-(2-methylbutyryl)-5,7-dihydroxy
coumarin (mammea F/BB, theraphin B) mi‘ﬁgq 2 ‘ﬁW‘Uﬂ%ﬁuiﬂiuLﬂﬁ@ﬂﬂl@ﬂ Kayea assamica
(Clusiaceae) aaifufismuiioavealszmamafae ot “thera-pi” [33] Famnsianosd

Wuas lnidmsuiivana Mammea

a1IWad MSF-7 uas MSF-8

MSF-8: R =

a15HEN MSF-7 uay MSF-8 1uwandiniesson lgavasumad 112-115 °C i

[a],” ~15.18° figas uana C,H,0, (M', 374) UV spectrum AZ@NUEIHEN MSF-5 1ag

217726
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MSF-6 3] absorption band 223, 256, 298 1ag 325 nm  @9Ueuen NN Iasearuily 5,7-dihy

'
A o

droxycoumarin N1y acyl 0gNA MK 8 IFURSINUVDIIATIAS 19 MSF-5 11az MSF-6 [21]
1ag IR spectrum ﬁﬁﬂgnﬁmﬁ 3414 cm’ (broad, Tiy: hydroxy) 1717 em™ (C=0 V04 6—lactone)
1Az 1606 cm’ (C=0 V04 aryl ketone)

'H-NMR spectrum 482 "C-NMR spectrum Y04e15Ha1 MSF-7 1) MSF-8 (115191 17)

[

ldganundiendya suesdIsnay MSF-5 1ay MSF-6 110 U siued  olefinic

methine proton UUNLNIYU coumarin (H-3) 111U singlet 2 1§Uf O 6.02/6.05 nazwudya I

Yy

Y94 hydroxy proton 3 ¥y Us1ngilu singlet 3 ¥ 9 az 2 1dui O 5.11/5.28 (1’-OH),

[

11.11/11.30 (5-OH) ttas 14.20/14.35 (7-OH) 91N integration YOI IU H-3 (2 L%’u) iuag
hydroxy proton fazglsaTdMNAY 1.2 : 1 ldiFednineiiasitlaseaundiei
wnndunu 2 Mludast @i 1.2 : 1 1iswaeInunsalvesa1swal MSF-5 uag MSF-6 'H-NMR
spectrum UVDITITNTY MSF-7 1Lag MSF-8 1l wa,;ﬂunmmawy: 1-hydroxypropyl Lﬁuﬁ’}ﬂulﬂuﬂmsllﬂx‘i
oxymethine proton (H-1") ﬂimggﬂu doublet of doublet ﬁ O 4.65 uay 4.68 Wﬂgagwmﬁuaq

methylene protons ﬂi?ﬂgl‘]ﬂu multiplet 10 1.82 (H,-2’) ttag doublet of doublet of quartet i

0 2.01 (H,-2) dayaauony methyl Usingiilu triplet i O 1.03 (1-37) uagiidanaiveiny
prenyl (C; unit) Taotiudayaaivuedny methylene 1 13 1510931 doublet of doublet 2 ya
O 3.35 (H-17) uaz O 3.43 (H,-1”") daya)1sveq olefinic methine proton (H-2") 151ngilu
triplet #1 O 5.19/5.20 LAz YDINY methyl 2 1y Us1ngIlu singlet 2 A 7 O 1.71 (H-4") uag
O 1.82 (H-5) 'H-'H COSY correlations 5Ui’N‘Viial: 1-hydroxypropyl LLE‘IS“U@QW{J}I prenyl (C; unit)
YOIANTHEY MSF-7 tiaz MSF-8 udaalugii 5 Funilounuvesasnay MSF-5 11az MSF-6

A Yy 9 9
‘Vlﬂ'ﬁTJhl‘]JLLﬁ’J"UNGIH

MSF-7:R =
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Tu 'H-NMR spectrum 84815 MSF-7 il MSF-8 tiudayanany acyl 2 nyio

99 U

butyryl 1¥ 2-methylpropionyl 911 'H-'H COSY spectral data (g‘ﬂﬁ 5) M ldennsasy

3

Aayanavuesny butyryl Taoiumy methylene 2 13 Us1ngdu triplet 2 %@ ) a2 1 proton 7

03.05 (H,-2") ag 3.07 (H,-2") 1ag sextet 1 %A (2 protons) 9 O 1.75 (H-3") uazdyayin

v
1 a % % 1

Y01y methyl 1 1f 7 O 1.02 (H-4") Usinguilu triplet dmSudayaravomy 2-
methylpropionyl If1Y methine proton 1 proton ‘]J‘ﬂﬂg‘]l,‘]dju septet 0382 (H-2>") uazmg
H S d‘ 29 299 1 l
methyl 2 %3] U515l doublet 2 % ) 82 3 protons 1 O 1.20 (H-3"") uag 1.23 (H-4") 'H-'H
COSY correlations UDN protons Gl,umg: butyryl uazmqj 2-methylpropionyl Llﬁﬂiﬁ\igﬂﬁ 5 uag
2D HMBC correlations "UENTiqu: acyl ﬁiﬁﬁ)ﬁmg:ﬁ@ butyryl L9g 2-methylpropionyl Lmﬂﬂug U 6

Faaoandoanu Ingaaiia

MSF-7:R =

MSF-8: R =

[

317 6 2D HMBC correlations N 1AYYOIA 1WA MSF-7 11az MSF-8

9

11 2D HMBC spectrum ¥8313wet3s MSF-7 1 MSF-8 (3111 6) 15{1 correlations 11}
VONIMY  1-hydroxypropyl BgAIMKUI 4 YDINUWIY coumarin 3 correlations TLHI
oxymethine proton (H-1") ﬁ O 4.65/4.68 P C-4a (6 101.5) uag C-3 (6 108.3) olefinic methine
proton (H-3) 71 O 6.02/6.05 f1 C-1” (8 77.8) uaz C-4a (O 101.5) 2D HMBC correlation §3%7¢
ixu’jwmg prenyl (C, unit) agjﬁéﬁumﬂq 6 lag methylene protons (H,-1°") (8 3.35 118y 3.43) i
correlations 11 C-6 (8 113.9/114.0), C-5 (& 157.2) uaz C-7 (8 166.9) 1y hydroxy i
O 11.11/11.30 1 correlations 11 C-5 (O 157.2), C-4a (O 101.5) taz C-6 (O 113.9/114.0) LaAAq

v v 1
7MY hydroxy # ADIBYNANUL 5 11AITPINNETHEN MSF-7 1tag MSF-8 §i UV absorption
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band 71 298 nm AR butyryl Y89 MSF-7 tiagHy 2-methylpropionyl Y84 MSF-8 @fmagjﬁ
AUNUL 8 YDI NI coumarin [21] FINTVNY hydroxy i O 14121453 Fudawuse
loTasiunumy acyl 9191f9f0HY butyryl Y89 MSF-7 11az 2-methylpropionyl 499 MSF-8
LAY hydroxy ﬁyﬁeqefﬁﬁnmm 7 YBINUNIY coumarin
Tuihweudeniuldneneuenasaeay MSF-7 fiu MSF-8 oannfuua lidusa 39
ﬁmwiwmﬁ‘lﬂﬁwﬂﬁﬁ?m methylation 18 methyl ether Yosmnshsaeaianun 4 &9 i
trimethyl ether ¥94 MSF-7 (MSF-7Me-1), dimethyl ether Y93 MSF-7 (MSF-7Me-2), trimethyl
ether Y94 MSF-8 (MSF-8Me-1) 4ag dimethyl ether U939 MSF-8 (MSF-8Me-2) Gl]?ﬂuﬂﬂﬁ 13‘1/%@ 4 69

99NINAUAIY column chromatography A1UA28 HPLC

MSF-7Me-1

Trimethyl cther Y93 MSF-7 (MSF-7Me-1) ifuniniiudulaluia S [, ~62.59° 1
gasluana C,H,0, (M', 416) UV spectrum 3 absroption band i 222, 297 uag 325 nm
IR spectrum e ﬂluﬂluimﬁ 1738 cm” (C=0 94 6—lact0ne) ‘ﬁ 1709 ¢cm™ (C=0 ¥®4 aryl ketone)
i 1607, 1581 1ag 1455 cm’' (C=C conjugated) uazﬂﬂﬂgé’f’ﬂgmumsﬁmwﬁ 1113, 1097 uag
1079 cm™ (C-O)

"H-NMR spectrum Y04 MSF-7Me-1 (11514 18) 11ag "C-NMR spectrum U84 MSF-
TMe-1 (A15197 20) ldyanundienuvesansway MSF-7 1oy MSF-8 11N (#eaua MSF-
7Me-1 iUu‘EUUWiu"IJE’NWIJ 1-methoxypropyl Lmumg 1-hydroxypropyl Iﬂ&lﬁ oxymethine proton
(H-1) 15 1ﬂ§]l,‘]cju doublet of doublet of doublet “ﬁ O 4.73 methylene proton 2 151’317; 1.44 (1H,
dqumt) 1ua 1.80 (1H, ddq) ‘HJQJ: methyl 1 ‘qu:ﬁ 1.03 GH, ) Lmzmg methoxy ﬂﬁmgﬁJu singlet
i 83.41 11z MSF-7TMe-1 fafidayaaivoany methoxy 80 2 il 8 3.78 (§) 1az 3.79 (§)

2D HMBC spectrum 484 MSF-TMe-1 (3111 7) 1fudayapiaiveany) methoxy 1l & 3.41
3 correlations A1) C-17 (6 81.6) L4ag methoxy an 2 ‘mﬁ O 3.78 uag 3.79 ¥ correlations A1 C-5
uaz C-7 (O 1573 uaz 158.4) dyaaveIny prenyl LAzl butyryl 1 MSF-TMe-1
mﬁauﬁuﬁﬂgﬂymﬁﬂﬂﬂgﬁlu 'H-NMR spectrum Uo4a15HaL MSF-7 tiaz MSF-8 fina1lal
w998y ez 2D HMBC correlations ¥4 MSF-7-Me-1 (31 7) mileusuiina1nluuda

o ¢

dmSuasway MSF-7 ez MSF-8 11ndoyaninandeduagyl1ai1 MSF-7Me-1 floo1sius

1°,5,7-trimethyl ether Y93 MSF-7
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MSF-7 Me-1 MSF-7Me-2

[

gﬂ‘ﬁ 7 2D HMBC correlations ﬁﬁ 1NYUDY 717 MSF-7Me-1 1oy MSF-7TMe-2
MSF-TMe-2

Dimethyl ether Y99 MSF-7 (MSF-7Me-2) Furiiududmdessou fim [, ~76.00°
fiqasTwana C,H,0, (M', 402) UV spectrum i absorption band i 222, 296 A 325 nm
M3 IR spectrum ﬁﬁ’iyﬂﬁmﬁ 3467 cm’”’ (hydroxyl) ‘ﬁ 1736 ¢m’(C=0 ¥D4 8—1actone) ‘ﬁ
1711 em™ (C=0 84 aryl ketone) # 1606, 1579 1az 1457 cm (C=C conjugated) nasdya
Faroufl 1122, 1095 11ag 1049 em’ (C-0)

"H-NMR spectrum @397 19) tay "C-NMR spectrum (@347 20) Y4 MSF-7TMe-2
Usingdyanaumilounuues MSF-7Me-1 110 1figaua 11 'H-NMR spectrum U939 MSF-7Me-2
fidyanaued methoxy tins 2 vy Usingilu singlet 2 1dud § 3.77 wag 3.79 Tu "C-NMR
spectrum §1§ayQ 191984 methoxy carbon 131097 O_ 63.1 11 63.2 ppm FuTudyanavesny
methoxy ﬁagiummmu coumarin HAMHU 5 182 7 "H-NMR spectrum Y99 MSF-7Me-2 'la]
UdynUpINY methoxy figwmia c-1° YBIHY propyl fgwmia 4

2D HMBC correlation Y93 MSF-7Me-2 (gﬂﬁ 7) MioUNUYDI MSF-TMe-1 inﬂﬁlsll’e]i;lla

Aana1i1ady 3983131 MSF-7Me-2 o 011U F 5,7-dimethyl ether Y9 MSF-7

MSF-8Me-1
. [ g} o 9 A A 25 0O A
Trimethyl ether Y94 MSF-8 (MSF-8Me-1) Wurdniudu lung gan [],” —65.387 U

gesluana  C,H,0, (M, 416) UV spectrum i absroption band 222, 297 tag 325 nm
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v v ]
=

IR spectrum ﬁﬁlilluillﬂilm 1739 ¢cm™ (C=0 ¥4 O-lactone) N 1706 cm (C=0 V04 aryl ketone) 7
1607, 1580 11az 1455 cm” (C=C conjugated) tazdyanadainuves C-0 Al 1113 1az 1071 cm’

'H-NMR spectrum (A15199 19) 118z °C- NMR spectrum (9137197 20) U89 MSF-8Me-1
AAUNUUDIATHEY MSF-7 'l MSF-8 11azu8d MSF-7Me-1 310 11 'H-NMR spectrum U84
MSF-8Me-1 Ny ueai] 1-methoxypropyl 11azHy methoxy 8 2 mgﬁ O 3.78 uaz 3.79
wazdanudayaaveany prenyl (C, unit) uag 2-methylpropionyl fina1aluudrreduly
"H NMR spectrum U84a15Ha3 MSF-7 11z MSF-8

BC-NMR spectrum 99 MSF-8Me-1 (§auaaslua1s1afi 20) 3n512@2e DEPT, 2D
HMQC itag 2D HMBC correlations

2D HMBC correlations 93 MSF-8Me-1 (gﬂﬁ 8) ABNEAYDI MSF-7Me-1 11a2V04
A13WaN MSF-7 1 MSF-8 91ndoyadanandisduagyl a1 MSF-8Me-1 fio 1°,5,7-trimethyl

ether U933 MSF-8

MSF-8Me-1 MSF-8Me-2,

[

5171 8 2D HMBC correlations NA AU 815 MSF-8Me-1 1182 MSF-8Me-2

Y 9

MSF-8Me-2

9
o v Y a2 A

dimethyl ether Y93 MSF-8 (MSF-8Me-2) 1fluiniutudimaosson a1 [or],”-81.14°
ﬁqmimaqa C,H,,0, (M, 402) UV spectrum 1l absroption band ﬁ 222,296 19 325 nm IR
spectrum W ilJtlﬁil!“ﬁ 3463 cm (hydroxyl) #1734 cm” (C=0 v®4 O-lactone) 1714 cm’” (C=0
V94 aryl ketone)“ﬁ 1607, 1580 1@z 1455 cm ' (C=C conjugated) HazdyanaFanuved C-0 i

1120, 1098 118 1072 cm’'
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'H-NMR spectrum 1482 ~C-NMR spectrum U949 MSF-8Me-2 (15199 19 uag 20
auda) Usingdya aunieunuues MSF-8Me-1 110 (gl 'H-NMR spectrum 404
MSF-8Me-2 Ueqya1su0ay] methoxy 1HeN 2 ¥ FIDYUUIWKIY coumarin NEWHA 5
waz 7 Usnguilu singlet 2 1 Ui & 3.77 uaz 3.78 2D HMBC correlations Y94 MSF-8Me-2 (31/7 8)

A [ 9 [ 1 9 9 = 1 A [ 4
MUDUAUYDY MSF-8Me-1 9INVDYAAINA1IVIAY 3903191 MSF-8Me-2 AD oYWUT 5,7-
dimethyl ether U839 MSF-8

9 Y Y Ao w o

nndoyaniealnlasalainaundiayvesasway MSF-7 11 MSF-8 Lazypd
OYIWUTVYD methyl ether 19 4 §2UpI MSF-7 1tag MSF-8 annsodajl1aan MSF-7 fio 4-(1-
hydroxypropyl)-6-(3-methylbut-2-enyl)-8-butyryl-5,7-dihydroxycoumarin ~ (mammea  F/BC,
theraphin A) (82 MSF-8 Ao 4-(1-hydroxy propyl)-6-(3-methylbut-2-enyl)-8-(2-methylpropyl)-
5,7-dihydroxycoumarin (mammea F/BD) mammea F/BA WUATUTANT DAY mammea F/BA
118 mammea F/BB lunnlaonvaq Kayea assamica (Clusiaceae) [33] 14§ mammea F/BC Auens
TnidmSuisana Mammea uag mammea F/BD iflumsnaadusisssumnalvidalined

F191UNINOU

aIWadN MSF-9 uag MSF-10

MSF-10:R =

v
o w 9 A

asway MSF-9 uay MSF-10 Hhniwiudufindesdou fiar [o],” —27.88° lgas

Twana C,,H,.0,(M’, 456) UV spectrum UY4a13Ha Y MSF-9 118y MSF-10 ¥ absorption band
#1 223, 255, 300 1A 327 nm Failuve4 5,7-dihydroxycoumarin iy acyl ogAR LML 8 LAY
IR spectrum ﬁﬁi‘gﬂﬁmﬁ 3308 cm ' (broad, hydroxyl) 1713 em ' (C=0 V09 S—Iactone) Hagh

1606 cm ' (C=0 V04 aryl ketone)
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"H-NMR spectrum 118 "C-NMR spectrum U899 MSF-9 1tag MSF-10 (@15199 21) 3
fyanund1enUdynsueIdIsHay MSF-5 1ag MSF-6 A0 WUR 181904 olefinic methine
proton UUIMNIU coumarin (H-3) ‘lJﬂﬂg]L‘ﬂLl singlet 2 L%’uﬁ d 6.10 uag 6.16 ﬁ’ﬂgﬂunmmm
hydroy proton 3 ¥} U5 1nguiu singlets 3 A 7 8z 2 14U S 4.62/4.75 (1-OH), & 10.73/10.98
(5-OH) uaz‘ﬁ O 14.22/14.41 (7-OH) 91N integration Guméfmununm H-3 (2 !,zgfu) Uag hydroxyl
proton uAazg sAT1AMINAY 2.2 ¢ 1 nanefansiiTassad uadiefumnrauiued 2 &
Tudns1aan 2.2 : 1 1 'H-NMR spectrum ¥03615Way MSF-9 tiag MSF-10 Ny v dny
1-hydoxypropyl [0 4.70/4.75 (H-1°), 1H, (d; 1.87 (1-2"), 21, Overlapped; 1.03 1-3°), 3H, t;
4.62/4.90 (1>-OH), 1H, Dr Sz 8, 77.7/77.9 (C-1), 28.0 (C-2), 10.5/10.6 (C-3")] uazdayaa
YOI acyl 2 Wy A0 3-methylbutyryl [ 2.96 (H_-2>), 1H, 0d; 3.06 (H,-2"), 1H, 0d; 2.23 (H-
3°%), 1H, USept; 1.04 (H-4>), 30, 0; 1.01 (H-5"), 3H,  uag O 205.0 (C-1°>"), 53.6 (C-2"),
253 (C-3"), 22.6 (C-4""), 22.7 (C-5">")] 1@z 2-methylbutyryl [ 3.72 (H-2">"), 1H, SEXt; 1.47
(H_-3>), 1H, dqQuint; 1.87 (1,-3>>), 11, 0verlappd, 0.97 (-4, 30, t; 1.23 (H-5">"), 3H, d uay
O, 210.0 (C-172),47.0 (C-2°7),26.7(C-3°7"), 11.7.(C-4>), 16.2.(C-5’>))] 'H-"H COSY 1ag 2D
HMBC spectra “IJ’eN‘Hy: 1-hydroxypropyl, 3-methylbutyryl 48¢ 2-methylbutyryl UB4a1IHNTN

MSF-9 t1az MSF-10 taadlugii 9 uag 10 muda

3UN 9 'H-'H COSY correlations ¥oda13Way MSF-9 uaz MSF-10

1 'H-NMR spectrum 409 MSF-9 1taz MSF-10 Jdyaaifitandi1iny geranyl (C,, unit) 9

0 9

Tulnsead uanA199INVOIEIHAN MSF-5 18 MSF-6 Guiluny prenyl (C, unit) 17in

AQyR181U04 olefinic methine proton 2 1y Usngilu triplet 2 yaf O 5.23 (H-2"") 1Az 5.08 (H-6™)
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@ [l 1 @ <
fYYIUVDI methylene protons 3 1] methylene protons 1 13 s N4 ﬂlui‘gm‘!!,ﬂu doublet of

doublets 2 AT O 3.39 (H-1"") tag 3.45 (H,-1"") 821 methylene protons dn 2 1gj 1/51ngTu

]
% v A 1% %

dyanudounun O 2.05 (H-4 uag H-5) uagdalidyn s methyl protons 3 111 15104
ilu singlet 3 gafi O 1.59 (H-8), 1.66 (H-9"") uaz 1.82 (H-10") dudu'ldde 'H-'H cosy
spectrum (gﬂﬁ 9) 3 correlations 52¥1314 olefinic proton (H-2") n105230 methylene proton

(H,,-1"") 71 0 3.39 uag 3.45 Ay correlations 331 olefinic proton (H-6") 710508

=

methylene proton (H-5"") 91 2.05 wazly 2D HMBC correlations (gﬂﬁ 10) Lﬁui“qf’ﬂluﬂﬁﬂ‘!
metylene proton (H_-1°") ﬁ SH 3.39 1ag 3.45 U correlations N1J 6C 121.3/121.4 (C-2”) uag
S, 136.6/136.8 (C-3) wazdaya1a1ve9 methyl proton #i O, 1.82 (H-10) fu S, 121.3/121.4
(C-2"), 136.6/136.8 (C-3"") uaz 39.8 (C-4>*) dayqy1as methylene proton (H-4") 71 O, 2.05 U
6C 121.3/121.4 (C-2"), 136.6/136.8 (C-3°), 27.8 (C-5"’), 124.2/124.3 (C-6"*) ag 16.6 (C-1"")
ﬁmm1m methylene proton ﬁ SH 2.05 (H-5) 3 correlations N1J 60 39.8 (C-47°), 124.2/124.3 (C-6")
iay 131.3/131.4 (C-7) uazé’uﬁu correlations U89 methine proton (H-6’) ﬁ 6H 5.08 U

6C 39.8 (C-4>7), 17.7(C-8) wa 25.7 (C-9) HAZUONVING 2D HMBC correlations U04813
Ml MSF-9 1a% MSF-10-17udaaial methylene proton (H.,-17") 71 0,339 t1ag 3.45 o4y

geranyl (C,, unit) 1 correlations 111 6(; 158.8/158.9, 114.2/1145 uag 166.4/166.6 Fuiluveq C-5,

C-6 Az C-7 MUAIND aA9I1 Wy geranyl (C,, unit) A090GNA MU 6 YDII9UHIU coumarin

tag UV spectrum Y9Ie13WEL MSF-9 i) MSF-10 4 absorption band 7 300 nm LAY

[
=1

acyl 92ADIDYNRUINUL 8 YDIIWWIU coumarin [21] uazwy OH A1 O 14.22/14.41 1ilu

. A a @ [ ] A ] Y v [V :// ] 9 VA
phenolic hydroxy ﬂLﬂﬂWHﬁ%Ul%IﬂimuﬂUWH acyl mg“l,ﬂaﬂu AUUNY acyl ICADIBYN
' A
g

AN 8 uazny OH #1 O 14.22/14.41 oghdunivs 7 dauwy OH 7 O 10.73/10.98 ogh

@‘hgmu'a 5 UDINUUYIIU coumarin
<3 1] ]
111 13C—NMR spectrum UDNF1INTN MSF-9 (1ay MSF-10 muﬁaumunmmmm{uau 27 a1

o dy A o J v A d o A v 1% A
Tudnuinunidynuvesnsuen 22 MNMUdYYIUUIAIT 2 FANAISAUNINAD
methyl carbon 4 ¢ Q@ 1UVYBINY methyl uAazAIT 2 MIVeupzaaNIINgN O 10.5/10.6,

% 4 A
16.6 (2 X), 17.7 (2 X) uag 25.7 (2 X) qdyI1UVDI methylene carbon 4 ATUDUDLADN N

O, 21.9/22.0,27.8(2 X), 28.0 (2 X) 1A% 39.8 (2 X) Ay 1WVDI oxymethine carbon 1 fi
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MSF-9: R=

MSF-10: R =

)

H

(@]

[

5111 10 2D HMBC correlations NAAQYV0Ia 1M MSF-9 11z MSF-10

g

[

2 mﬁ 6C 77.7/77.9 olefinic methine carbon 3 A7} UYIUAT 2 mﬁ 6C 108.3/108.4,
121.3/121.4 waz 124.2/1243 wazdayaaved quaternary carbon 10 sausazdadl 2 Ml
8C 160.5/160.8, 157.3/157.5, 101.2 (2 X), 158.8/158.9, 114.2/114.5, 166.4/166.6, 103.7 (2 X),
156.2/156.3, 136.6/136.8 wag 131.3/131.4 wazdmSudggisvesmsvoudn 5 dalu
“C-NMR: spectrum U94@15Has MSF-9 11az MSF-10 Usingdaanauiiu 10 mfunna iy
c’f;dmﬁauﬁuﬁmuaunmmmmmau MSF-5 110z MSF-6  ADTQy14U03 ketone carbonyl il
2 Ml 8, 205.0 Uz 210.0 FayaIWMVed methine carbon 2 AT O 25.3 waz 47.0 Fayayios
methylene carbon‘ﬁ 8(: 26.7 Qg 53.6 LLﬁ%ﬁNyﬂJﬂﬂ!ﬂlﬂi methyl carbon 4 ﬂ'Tﬁ 6(; 11.7,16.2,22.6
uag 22.7 AAT1LHA0YA "C-NMR spectral data 428 DEPT, 2D HMQC Wtag 2D HMBC spectra
910 integration VYD wﬂluﬂlﬂm methylene proton (H,.-2"") ‘ﬁ 0 2.96 uaz 3.06 Vo4
3-methylbuytryl side chain Y93 MSF-9 Lﬁﬂuﬁﬂﬁiyﬂlﬂmﬂmi methine proton (H-2") ﬁ 0372
V04 2-methylbutyryl side chain Y99 MSF-10 40a516110U 1 : 2.2
nndoyaanlnlasalaildeduvosansnay MSF-9 waz MSF-10 shldagillan
MSF-9 o 4-(1-hydroxypropyl)-6-(3,7-dimethylocta-2,6-dienyl)-8-(3-methylbutyryl)-5,7-
dihydroxy coumarin (siamensin A) {82 MSF-10 Ao 4-(1-hydroxypropyl)-6-(3,7-dimethylocta-
2,6-dienyl)-8-(2-methylbutyryl)-5,7-dihydroxycoumarin ~ (siamensin B) siamensin A (Y
siamensin B Warunuedlusasidu 1 : 2.2 wazensia 2 diiuans lnii himefisieauin

nNou
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a1IWaN MSF-1 1iag MSF-2

MSF-2:R =

9
asway MSF-1 wag MSF-2 Wuhiududimiesdou fim [a],” —49.15° figas

Turana C,,H,,0,(M, 430) UV spectrum ¥ absorption band 1 A___ 223,256, 296, 331 L8z 379 nm;

307

A (0.01 N NaOH) 225, 254, 332 t1ag 378 nm #919u0n33 Iasaairaily 5,7-dihydroxy

max

coumarin iy acyl ogiidwwis 8 1wwReINTATIA31e MSF-5 wag MSF-6 [21] IR
spectrum ﬁﬁ"ﬂgtmmﬁ 3386 cm ' (broad, mgj hydroxyl) 1 1741 cm’ (qu: C=0 U909 acteate) N
1718 cm™ (C=0 V04 6-lactone) 1Az 1592 cm” (C=0 V04 aryl ketone)

'H-NMR spectrum UI@3Hay MSF-1 gz MSF-2 (m3199 11) Ddqyansiuaain

o

< o Aa 9 Y o I I
Humswanvesmsszney 2 @l lasedinameny  GeadenudyaaedaisHa
= o . A oI
MSF-5 11az MSF-6 110 floWudaya s singlet Y99 1 proton Y5 O 14.67/14.71 1iluves
phenolic hydroxyl inanuse laTaswununy acyl $10fes uazdaa singlet Y04 1 proton

ﬂﬁﬂQﬁ 0 7.20 Hhuves phenolic hydroxyl on 1 mg' il singlet U olefinic methine proton U

. ~ 2 o 1S . Aa 1 A
WHIY coumarin (H-3) 151097 O 6.29/6.30 Famrgariveryuinilu coumarin Nlinyjunuiog

bl

{ o ] [ . 1 < o ]
NAWHUS 4 uazlidayauueny prenyl (C, unit) 1 WY TaeiUdYYIUVDINY methylene

g QU

(H,.-1) 1 3 Usngiilu doublet of doublets 2 4a 1 O 3.44 Az 3.56 FyNWVBI olefinic

[ 1

methine proton (H-2") ‘ﬂﬂﬂ;]!‘ﬂu triplet ‘ﬁ 0525 HASAYYIUVDINY methyl 2 ‘Hqu: (H-4 uay
H-5") Usngidlu singlet 2 1dufi S 1.83 uaz 1.87 wazdanwd 'H-NMR spectrum Voaa13wel
MSF-1 1oz MSF-2 Ndoyasiueany acyl 2 %ijA® 3-methylbutyryl 118z 2-methylbutyryl
wiloutudyaaiiusingly 'HNMR spectrum vesenswau MSF-S uaz MSF-6 'H-'H
COSY 118z 2D HMBC correlations Y9411 prenyl (C, unit) 1AV acyl ‘ﬁgmmwyz VoIe15
Wiy MSF-1 1oz MSF-2 uaaslugil 11 uag 12 ey vy acyl ﬁyqaawy:éfmagjﬁ

) ] . { 1 4 a 1 [} % 1
AWMU 8 VOIINIU coumarin  TagingMIVOIIVEINY acyl Wiuselalasoufiumny
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hydroxyl AN 7 uazdiEiuayuaIe UV spectrum UIa1IHEN MSF-1 1tag MSF-2 i
absorption band i 296 nm 1A% band fmeliioduma 21]

910 integration VOITQYYIM hydroxyl proton fi 8 14.67 ieuiy 14.71 azdy o
VYD H-2”” U89 3-methylbutyryl U893 MSF-1 Lﬁﬂuﬁﬂﬁiyﬂlﬂmﬂjﬂﬂ H-2>’ 993 2-methylbutyryl
Y99 MSF-2 U8as1a@2InL 2 : 3 u@aed1l MSF-1 tag MSF-2 Yunulusasiaiu2: 3

2D HMBC spectrum U99e13WaN MSF-1 11U MSF-2 (g‘ﬂﬁ 12) dyaa hydroxy
proton 71 O 7.20 31 2J n3e *J correlations f C-4a (& 100.3/100.4) waz C-5 (O 158.1/158.3)

1AAII MY OH 71 O 7.20 A0 0GNA KU 5 YDIINIY coumarin dIUNY OH 11 O 14.67/14.71

MSF-1:R = 1 3A/7

310 11 'H-'H COSY correlations Y09 15Wal MSF-1 11as MSF-2

agfidunia 7 vosrumau ifleaniniiiy 2 w3e ) correlations 1 C-6 (8 110.2/110.3), C-7
(0 165.8/165.9) 118z C-8 (O 104.3/104.34) 2D HMBC correlations 89%5283%1)3113 prenyl (C, unit)
agi‘ﬁﬁumﬁq 6 Taodyaar doublet of doubles ﬁﬂﬁ@ﬂﬂ;ﬂﬂj’mﬂﬁ methylene (H,.-1"") i S3.44
1az 3.56 1 correlations 1) C-5 (O 158.1/158.3), C-6 (O 110.2/110.3) tiaz C-7 (O 165.8/165.9)
'H-NMR spectrum Y03815HaY MSF-1 11ag MSF-2 §aldqya1su0any 1-acetoxypropyl o¢ 1
Tasead1e Tu 'H-'H COSY correlations vesmanan MSF-1 ag MSF-2 (71l 11 ) iy
Fayauveany oxymethine (H-1") Fals1ngiilu doublet of doublet 1 & 6.50 ogAafNY
methylene (H,-2’) «faﬂsmgtﬂu doublet of doublet 2 Glg:ﬂ‘ﬁ O 1.69 taz 1.96 Lmz‘l’iy: methylene

E4
U 1

(H,-2) #i egAafumny methyl (H-3) Gesingiiu tiplet # O 1.03 wazlu 2D HMBC
correlations (ﬁmﬁﬂﬂugﬂﬁ 12) LﬁLl‘Vii;l: methyl "Ui’N‘Viﬁ;l: acetate 1 O 2.20 ® 3 correlations N1
“ri‘qu: carbonyl (6 170.2/170.5) oxymethine proton (H-1") (8 6.50) ¥ correlations N C-3 (8 106.4)

1az C-4a (O 100.3/100.4) TINUAUTYIUUD olefinic methine proton (H-3) (O 6.29/6.30)
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il correlations 11 C-1" (O 73.8) AAIIMY 1-acctoxypropyl ABIBYNR NI 4 YBIIWHIY

coumarin

MSF-2:R =

31 12 2D HMBC correlations Nd1AQyv09 915 MSF-1 11 MSF-2

AA51ZHVOYA "C-NMR spectrum YDIeIHAN MSF-1 11z MSF-2 (faudaslumisig

# 11) §20 DEPT, 2D HMQC 11a¢ 2D HMBC spectra
nndeyamilnTasaTaTldeduvesarsnay MSF-1 naz MSF-2 i ldagi 1471 MsF-1

Ao 4-(1-acetoxypropyl)-6-(3-methylbut-2-enyl)-8-(3-methylbutyryl)-5,7-dihydroxycoumarin

(mammea E/BA) ey MSF-2 fp 4-(1-acetoxypropyl)-6-(3-methylbut-2-enyl)-8-(2-methyl

butyryl)-5,7-dihydroxycoumarin (mammea E/BB) MSF-1 1ai¢ MSF-2 Wef unuludasidu2:3

a1IWaN MSF-3 uay MSF-4

MSF-4:R =

asway MSF-3 way MSF-4 iuhiududimiesdou fim [a],” —52.99° figas
Tuana C,,H,,0, (M, 416) UV spectrum ¥ absorption band 1 A, 222, 257, 296, 330 Lag 379
nm; A_(0.01 N NaOH) 225, 253, 331 t1a2 379 nm #41isuenini Inseadruilu 5,7-dihydroxy

coumarin N3y acyl NEWHUN 8 1FURGINY TATIAT 1909 TWAY MSF-1 1iag MSF-2 [21]
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[

115V IR spectrum 3 ﬂluﬂlﬂm‘ﬁ 3379 cm’ (broad, 1Y hydroxyl) # 1741cm” (113 C=0 V03
acteate) ﬁ 1714 cm” (C=0 ¥4 O-lactone) uaz‘ﬁ 1594 cm’ (C=0 V94 aryl ketone)

'H-NMR spectrum Ve4a15Hau MSF-3 1iag MSF-4 (131971 12) ﬁﬁﬂujmuwmﬁuﬁmﬁ
Suamsnanvesans 2 § iillassadndrody IFURSINUTYYIUVRIATHAY MSF-1 LAy
MSF-2 Ao 1 Wﬂgagwmﬁuaq olefinic methine proton UUINKIU coumarin (H-3) ‘]Jﬁﬂ{(]tﬂu
singlet 2 Lig(juﬁ 0 6.28/6.29 uaz i wﬂJutle‘!GlJ’EN phenolic hydroxy proton 2 ﬁig: “ﬂﬂﬂ;]&ﬂl! singlet
2 9 &ail 11&uf & 7.13 (5-0H) nazd 2 1dufi S 14.59/14.68 (7-OH) 'H-NMR spectrum 04
A3y MSF-3 11ag MSF-4 Udqya1aiunany 1-acetoxypropyl tag#i prenyl (C, unit) 1/31ng)
RNy lu spectrum UDNTITNTY MSF-1 L1ag MSF-2 Lﬁuﬁ)ﬂjuﬂlumﬁl@\i oxymethine proton
(H-1°) ‘]Jﬁﬂ;]t‘ld]u doublet of doublet of doublet 7 0 6.50 dyaNaived methylene proton 15109
ﬁ]u doublet of doublet of quartet 2 %A ] AL 1 proton ﬁ O 1.68 (H,-2) uag 1.95 (H,-2”’)
Yanaveany methyl Usingiiu wiplet i & 1.00 (H-3) nasduyanaves acetoxy 1 Wy
ﬂimgn‘ﬂu singlet ﬁ O 218 Lmzﬁﬂujﬂﬁmmmwyj prenyl (C; unit) Lﬁuﬁ’ﬂgﬂgmmm methylene
13 (H,-1) J51ngiiu doublet of doublet 2 ¥afl O 3.43 1Az 3,55 FuaUVDY olefinic
methine proton (H-2") Us1nguilu triplet it & 5.23 tazdayanaiveany methyl 2 wyjilsangih
singlets 2 Glgﬂ‘ﬁ 01.82 (H-4) uay 0 1.87 (H-5") '"H-'H COSY correlations GUEN‘H%I: prenyl (C, unit)

agnY I-acetoxypropyl 11 spectrum ¥09@15Way MSF-3 i1 MSF-4 teraalugilin 13 &9

MSF-3:R=

MSF-4:R =

51 13 'H-"H COSY correlations Y0815 MSF-3 11a MSF-4

U

ilounuvesesHey MSF-1 1 MSF-2 saiinan ludadhedu dmsudayanmveny acyl

[ [

2 nyjluarsway MSF-3 ag MSF-4 A0 1Y butyryl 1182 2-methylpropionyl tHlounudnya
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fsngluasnay MSF-7 fiu MSF-8 Taoifiudannaveswy butyryl Felidannaveans
methylene 2 vi3j1/51ng U triplet 7 O 3.27 (H-2"") ailu sextet /1 1.78 (H-3") uazdayqa
vouny methyl 1 wydsingdlu wiplet | O 1.04 (H-47) diudyonuveny 2-
methylpropionyl Lﬁﬂﬁﬂgﬂlﬂﬂﬂ]@ﬂ methine proton 1 wyjﬂsmgzﬂu septet 0 4.06 (H-2"") uag
1% 1 1 < ~ 1

Ay 1mueany methyl 2 ¥ijils1ngilu doublets 2 Al O 1.26 (H-3"") waz 1.27 (H-4") 'H-
'"H COSY a2 2D HMBC correlations ﬂlm‘ﬁ‘y: butyryl 18 2-methylpropionyl UDIFITHNTY
MSF-3 1182 MSF-4 Miloufuvesasnay MSF-7 ay MSF-8 awaaslugili 13 waz 14

ANAINL

[

5111114 2D HMBC correlations NEAUVDI A1THEY MSF-3 11ag MSF-4

Y 9

2D HMBC spectral data ¥04a13Way MSF-3 Liaz MSF-4 (JUf 14) $e3z131my
1-acetoxypropyl @Ejﬁﬁﬂlﬁﬁﬁ 4 YBINUNIU coumarin IALINY correlations VYD oxymethine
proton H-1’ (5 6.50) N1 C-3 (6 106.3) 1tag olefinic methine proton H-3 (6 6.28/6.29) N1 C-4
© 1572) uag C-1° (B 73.7) wagsIwszyImy prenyl (C, unit) ogAd ML 6 Taoidiv
correlations Y94 methylene proton (H,,-1"") (8 3.43 uag 3.55) N1 C-5 (8 158.2), C-6 (8 110.3)
Az C-7 (8 165.6/165.9) 1y hydroxyl (8 7.13) 04t C-5 114010} correlations 11 C-4a (S 100.4)
oz C-5 (8 158.2) uazwy hydroxy (O 14.59/14.68) ot C-7 1104907 correlations
C-6. (8 1103), C-7 (D 165.6/165.9) az C-8 (S 104.6) HOANNITY UV spectrum YBITA1THAY
MSF-3 1102 MSF-4 i absorption band i 296 nm &4 band ffmﬂ"lﬂgfiammgﬂuﬁmazﬁgﬂu

I 1AAIIHY acyl A 113 butyryl ¥99 MSF-3 118z 2-methylpropionyl 499 MSF-4 @040¢
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ﬁsﬁmmﬁ 8 UDIWUHNIU coumarin [21] 1D integration ﬂlﬂﬂﬁﬂluﬂﬁmﬂlm phenolic hydroxyl
(O 14.59/14.68) tazued H-2" (O 3.27) ¥4 butyryl side chain Y84 MSF-3 tiiguny H-2> (O 4.06)
U89 2-methylpropionyl side chain Y93 MSF-4 POATITIUMNINY 2.3 : 1

“C-NMR spectrum ¥03815HaY MSF-3 1tag MSF-4 (134 15) 521) 1age1fo DEPT,
2D HMQC ttag 2D HMBC correlations

nndeyaalnTasa TaTldeduvesarsnay MSF-3 uaz MSF-4 1 lWeag1 14731 MSF-3
Ao 4-(1 -aectoxypropyl)-6-(3-methylbut-2-enyl)-8-(3-butyryl)-5,7-dihydroxycoumarin (mammea
E/BC) 1ag MSF-2 fio 4-(1-acetoxypropyl)-6-(3-methylbut-2-enyl)-8-(2-methylpropionyl)-5,7-
dihydroxycoumarin (mammea E/BD) W1 mammea E/BA, mamea E/BB, mammea E/BC tiag
mammea E/BD asausnlu M. americana Tugdvesasway 4 & [20] Fudumslmidmsy

'
e

M. siamensis Taswuiluaswan 2 g Aogiinils MSF-1 (mammea E/BA) tay MSF-2

(mammea E/BB) luonsidiu 2 : 3 uazs«jﬁ 2 MSF-3 (mammea E/BC) 1ag MSF-4 (mamea

E/BD) lusasiain2.3:1

MSF-16 (mammea A/AA, mammeisin)

MSF-16 ANWANAIY hexane lawanjlifudimass Jganaoumad 78-82 °C Jgas
Tmaqa C,H,,0, (M, 406) UV spectrum 1 absorption band fi 233, 283 uag 320 nm Fatlaven
11 MSF-16 laseasradly 5,7-dihydroxycoumarin ﬁﬁﬁy: acyl @gjﬁﬁumm 6 [21] uaz IR
spectrum ﬁﬁmme‘ﬁ 3354 cm (broad, ‘Viqu: hydroxy) uazﬁtgtywmmawyj carbonyl 2 ‘HSQJ:ﬁ
1711cm’ (8-lactone) 118 1623 cm' (aryl ketone)

'"H-NMR spectrum 499 MSF-16 (913 i 24) Uy 1MUDY olefinic methine proton

I { $ ] Y] 1 ] { 1A o [
(H-3) Usngilu singlet N1 & 5.98 FaFwei VAU coumarin Aolngjunuognduiis 4
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WudayaNae4 phenolic hydroxy 2 11515y singlets 2 ¥a# & 9.90 (7-OH) tag 10.91 (5-OH)
Tu '"H-NMR spectrum ¥99 MSF-16 fidayanasfiuenainiiviy phenyl 1 1y oglulnseasielag
< . < . A

Wi aromatic proton 5 protons ﬂﬂﬂ;]&ﬂl! multiplet 2 %AN O 7.42 (2H) uay 7.54 (3H) Uag
PC-NMR spectrum (13197 25) Idqyanavesnsveu 6 msveuszaon Usingi O, 137.3
(C-1°), 127.4 (C-2°, C-6’), 129.2 (C-3’, C-5) ung 129.8 (C-4’) 11 2D HMBC correlations U84
MSF-16 (3141 15) iuanuduiusszrning H-3 (O 5.98) A C-1° (O 137.3) ¥94Hy phenyl
1EA971 phenyl ADIDGNR NI 4 YDINWNIU coumarin 11 'H-NMR spectrum U93 MSF-16
Jafidynauodny 3-methylbutyryl Taoiiudaaauedny methylene (H-2) Usingdiiu

A . o A [~ . 1 13

doublet N1 O 2.88 methine proton 1 19N 0222 (H-3") 11l multiplet ALY methyl 2 ‘Hll"!,ﬂu

doublet i O 093 (H-4 waz H-5) uazlidqaavedny prenyl (C, unit) Taoiiumy

methylene (H-1""")

gﬂﬁ 15 2D HMBC correlations ‘ﬁﬁ’”lﬁilﬁlﬂﬂ MSF-16
ﬂ‘imQL‘ﬂu doublet ﬁ 0 3.59 olefinic methine proton (H-2"") W triplet ﬁ 0 5.29 uazmqj
methyl 2 ‘Viig: (H-4>>’ uag H-5"") W singlet 2 L??f}u‘ﬁ O 1.75 uag 1.78 Tu 2D HMBC spectrum
¥04 MSF-16 (Ul 15) $98521311Y prenyl (C, unit) ORI 8 Y8IWHIU coumarin
TagiuANUEURUT 3811319 methylene proton (H-1°"") (O 3.59) 11 C-7 (O 163.2), C-8 (O 108.0)
ag C-8a (0 156.7) lu UV spectrum Y94 MSF-16 3 absorption band“ﬁ 283 nm meﬂmyj acyl

(3-methylbutyryl) @090¢ @111 6 Y9919 coumarin [21]
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BC-NMR spectrum U84 MSF-16 (§anaaaluasiafi 25) sz Tlaeld DEPT, 2D HMQC
iag 2D HMBC spectra

nndoyadninTasaTatldreduves MSF-16 naznlSeuieuniudoyamilnTasalndl
U3 mammea A/AA Tines1e0u'13 [41] 1% a301851 MSF-16 fio 5,7-dihydroxy-6-G-
methylbutyryl)-8-(3-methylbut-2-enyl)-4-phenylcoumarin (mammea A/AA) W1 mammea A/AA
avausnlu M. americana [s] uazsounwulu M. africana [25] § MsF-16 ez Tnaidm sy
M. siamensis

MSF-17 (mammea A/AC)

MSF-17 flunandivaes lyavasuman 96-110 °C figas luana C,,H,,0, (M, 392)

UV spectrum 11iouRy MSF-16 i absorption band 11 236, 286 1A 318 nm #4119U0n31 MAF-17

[
] 1

1 5,7-dihydroxycoumarin ﬁﬁﬁlqu acyl agﬁﬁumm 6 [21] IR spectrum ﬁﬁﬂJUQ‘JWmﬁ 3350 cm’'
(broad, ‘Vi?qJ: hydroxy) uazﬁiy, UTEWUGQ‘HZ;I: carbonyl 2 ‘qu:ﬁ 1700 cm ' (8-lactone) 1AL 1566 cm'
(aryl ketone)

'H-NMR spectrum 494 MSF-17 (131971 24 ) 11az "C-NMR spectrum 94 MSF-17
(13719 25) AdwFY MSF-16 110 11 'H-NMR spectrum WUAYQIMUD olefinic methine

proton UUAUHIY coumarin (H-3) U5nguilu singlet i O 5.94 dqyaauveany phenyl 15105

=~

71 O 7.40 @H, M, H-2’, H-6"), 7.54 (3H, M, H-3", H-4’ WAz H-5") "C-NMR spectrum 1114
ﬁmumuimﬂlﬂd aromatic carbons 6 carbons ﬁ 01378 (C-1), 127.4 (C-2°, C-6"), 129.1 (C-3°, C-5)
uag 129.6 (C-4’) nazly 'H-NMR spectrum §afidayanaivoany prenyl (C, unit) Iaoiiu
ér’agapmmawy: methylene (H-1""") ﬁ 0 3.55 (2H, d) olefinic methine proton (H-2""") ﬁ 0526

(1H, 1) nazdynauvesny methyl 2 vy (H-4> wag H-5>") U519 O 1.75 3H, S) uaz 1.78
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(H, $) 1u 2D HMBC correlations Y04 MSF-17 (3Ufi 16) tfiuanudusiusiiveeniimg
phenyl ag}ﬁ@‘immia 4 UDINUHIU coumarin Lﬁuﬁ’ﬂgiymmm olefinic methine proton (H-3) (O 5.94)
1l correlations A C-1° (O 137.8), C-4 (O 154.8), C-4a (O 101.1) uaz C-2 (O 160.1) uag 2D
HMBC correlations  §432835f11119v0any] prenyl (C, unit) 8 MNL 8 VBIIWMIY
Tﬂﬂlﬁu correlations U9 methylene proton (H-1"") (8 3.55) N C-7 (8 163.3), C-8 (8 108.0)
waz C-8a (3 156.7) 1 'H-NMR spectrum Vo4 MSF-17 Tdayanaifineainves MSF-16 fie
Wy acyl Y94 MSF-17 1Huny butyryl Taowiudayanaueany methylene 2 Wy Usingiu
triplet 1 & 3.00 (H-2) 10 sextet 1 O 1.6 (H-3") uazdayaissuoany methyl 1 1y 15104
i wiplet 1 8 0.92 (H-4") Farreandearit "C-NMR spectrum Miidya 12104 methylene
carbon 2 éf’Jﬁ 0 46.8 uay 17.8 methyl carbon 1 carbon atom ‘ﬁ O 13.8 1ay carbonyl carbon 1

@M O 207.5 UV spectrum U939 MSF-17 1l absorption band 1 286 nm LLﬁﬂQTJ‘”Imal: butyryl Ao

PYNAIHUI 6 YDIINUWHIY coumarin [21]

[

gﬂﬁ 16 2D HMBC correlations Nd1AU09 MSF-17

o

“C-NMR spectrum U84 MSF-17 340312178 DEPT, 2D HMQC 4ag 2D HMBC
spectra

nndoyaanlnlasalaildeduves MSF-17 uaznlSouiivunudoyaanlnlasaladl
¥0915 mammea A/AC Miavsioald [33] hldagy1d MSF-17 fio 6-butyryl-5,7-
dihydroxy-8-(3-methylbut-2-enyl)-4-phenylcoumarin (mammea A/AC) WU mammea A/AC f:}
ﬂigmiﬂcluﬂaﬂmm M. siamensis [33]
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@13 MSF-18 (mammea B/AC)

=2 9 Y =K S A A 1 =
MSF-18 anWanalg EtOAc/hexane (1:5) "1ﬂwaﬂ§,ﬂmuﬁmamaau RN RV sl

124-125 °C figas luanaidlu €, 0,0, (M, 358) UV spectrum i absorption band i 230, 286

217726

uag 313 nm 1IN MSF-18 Hlaseadradly 5,7-dihydroxycoumarin ﬁﬁwy acyl agiﬁ
AMHUY 6 [21] IR spectrum flﬁilluilﬁm‘ﬁ' 3379 cmEl(Viqu: hydroxy) ﬁ 1709 cm' (C=0 ¥4
6—lact0ne) Lmzﬁ 1615, 1583 cm’ (C=0 ¥®A aryl ketone)

'"H-NMR spectrum Y03 MSF-18 (miwﬁ 26) AA1OTUTYIUVEIET MSF-17 (131
#i 24) 110 ANTUR MSF-18 Uy IUV0INY 4-propyl LNUHY 4-phenyl 114 MSF-17 Tagfi
Yooy propyl Usngilumy methylene 2 1y 7l 8 2.99 (2H, b waz 1.67 2H, SeXt) waz
Wy methyl 1 3} i O 1.03 GH, ) Fsa0Andoeiy "C-NMR spectrum (314 27) Tdayaias
methylene carbon 2 carbon atoms ﬁ O 38.6 1Az 22.8 LAY methyl carbon 1 carbon atom ﬁ 0 14.0
11 'H ez "C-NMR spectral data (15191 26 1Az 27 M du) vos MSF-18 §afldyanaves
olefinic methine proton (H-3), mg: 6-butyryl LLazwyj 8-prenyl (C, unit) MilounuUee MSF-17

(M13199 24 1Az 26)

519 17 'H-'H COSY correlations Y93 MSF-18

UG
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'H-'H COSY 1az 2D HMBC correlations 04 MSF-18 eraalugilii 17 uag 18
AU 910 2D HMBC correlations U909 MSF-18 #31/'1811%3j propyl , #3j butyryl uag]
prenyl (C, unit) DHAA UMY 4, 6 1Az 8 MUY WAz hydroxyl 2 W# O 15.27 waz 6.99
DETIA N 5 118 7 YOI coumarin MUY

BC-NMR spectrum 99 MSF-18 (15194 27) s¢1Taol¥ DEPT, 2D HMQC 1 2D
HMBC correlations

nndoyadlnlasalatldeduves MSF-18 ilviagd1din MSF-18 Ao 6-butyryl-

< ~

5,7-dihydroxy-8-(3-methylbut-2-enyl)-4-N-propylcoumarin (mammea B/AC) Faluansnmeny

Y 9
v A

aswsnluwaa M. americana (191 eglugivesarsnaudslifluamsnsans aseil MsF-18
(mammea B/AC) fuonldann M. siamensis Wumsuigniuaziuasinddmsuies M.
siamensis

gﬂﬁ 18 2D HMBC correlations N1 QJ‘EUUBUEN MSF-18

@135 MSF-11 (mammea B/AC cyclo D)




&9

MSF-11 funandimaes Tyanasuman 104-106 °C igas Tuanau ¢, 1,0, (M, 356)
UV spectrum i absorption band ‘ﬁ 227,286, 336 Lng 374 nm G?Qﬂﬁﬂ’é)ﬂ’h MSF-11 134 comarin
UMy acyl agﬁmmm 6 [21] IR spectrum ﬁﬁngﬂymﬁ' 3424 cm’ (W3 hydroxy) #1732 em™ (C=0
Y94 O-lactone) uaxﬁ 1650 cm’' (C=0 491 aryl ketone)

'H-NMR 1182 “C-NMR spectral data 989 MSF-11 (iaraslua1sdi 26 wag 27 aw

o w v o A A

dv) Ndyaundionudynaves MSF-18 Aelidyanaueany 4-propyl 1ag 6-butyryl i
wileuiuasdaanadfiaaiufie MSF-11 1y hydroxyl fies 1 vajidumia 5 Usingd O 15.39
wagliny 2,2-dimethylpyran UNURY prenyl T4 MSF-18 dayaiar 'H-NMR spectrum V0943
2,2—dimethylpyranclu MSF-11 1§13 singlet YD protons 6 ¢ ‘UENWJ methyl 2 Wqu,ﬁ O 1.56 L
doublets 2 4AVDY olefinic protons 2 /1 Us YT O 5.86 L1z 6.86 FaroaAdeay "C-NMR
spectrum (GﬂiN‘ﬁ 27) ﬁﬁtytymmm methyl carbon 2 M UDUDZAON ‘ﬁ O 28.2 olefinic carbon

2 carbon 1 O 126.2 1Az 115.7 uay quaternary oxymethine carbon 1 carbon atom 70 79.7

'H-'H COSY uag 2D HMBC correlations ved MSF-11 ueraslugit 19 waz 20
AUAAL 2D HMBC correlations Y89 MSF-11 @1i1a1§u31y propyl 118 butyryl agj‘ﬁ
AUINUL 4 1182 6 MUAIAY 1AL INUKIY 2,2-dimethylpyran AONUIWKIY coumarin TEHIN
C-7 1z C-8

BC-NMR spectrum 499 MSF-11 (1aaslua1saii 27) 321y Iavo e DEPT, 2D HMQC
1tag 2D HMBC correlations

nndoyaainInsalatldreduves MsF-11 filiagal 1431 MSF-11 Ao S-hydroxy-

6°,6’-dimethyl-6-butyryl-4-N-propylpyrano[2°,3°:7,8] coumarin (mammea B/AC cyclo D) ¥q
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mamea B/AC cyclo D Hiiluasimenwuluwaa M. americana lugivesansii hivsans [17]

wazaou Wy ludiuaia hexane vosaonuts M. SIAMeNSIS [39]

519 20 2D HMBC correlations Nd1AQU03 MSF-11

U D)

MSF-12 (mammea A/AA cyclo D)

= Y =X <=\ = = =\

MSF-12 anwanly MeoH ldwangiiiudivaos Tyavaeumad 144-145 °C Ngas

Twana C,H,,0, (M, 404) UV spectrum 1 absorption band 71 233, 286 1@z 371 nm IR
d 2581245 p p

spectrum WA wN 3414 cmEl(Viqu: hydroxy) tagdyIaIUe carbonyl 2 ‘qu:ﬁ 1743 cm ' (-
lactone) 148 1640 cm_l(aryl ketone)

'H itaz "C-NMR spectral data Y94 MSF-12 (1351399 22 11z 25) Ad 180 1UU93 MSF-16
(13199 24 waz 25) W1 Av VA IUVDINY 4-phenyl 1182 6-(3-methylbutyryl) 1HNOUAUVD

MSF-16 1oy MSF-12 Udayanananiy MSF-16 N1 hydroxyl 1hed 1 ¥iNdwmig 5

ﬂimgﬁju singlet 10 14.81 Lmzﬁwyj 2,2-dimethylpyran LL‘VIL!‘qu: prenyl Lﬁﬁ]ﬂiﬂﬂﬁ’ﬂluiuuim
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'H-NMR spectrum 48443 2,2-dimethylpyran Y94 MSF-12 A UF Q1019343 methyl 2 wqﬁi
S 1.59 (6H, $) 11az doublets 2 FAVBA olefinic protons 2 A3 O 5.65 1Az 6.91 TeaOAARDITY
“C-NMR spectrum ﬁﬁﬁ'@mummm methyl carbon 2 MiuoUBzADY ﬁ O 28.3 olefinic methine
carbon 2 M3 UOUDZADY ﬁ O 1263 uag 115.6 ua quaternary oxymethine carbon 1 Mivou
pzABN N1 O 79.9

2D HMBC correlations 484 MSF-12 eraalugil 21 s2eaiiuayuimy phenyl o7
AWMU 4 2N 2,2-dimethylpyran ABBYNUIWNIY coumarin TEHINW C-7 tag C-8

UV spectrum U893 MSF-12 il absorption band 7 286 nm ﬁﬁﬂﬁlgu’h 3-methylbutyryl ﬂfjﬁ

AN 6

gﬂﬁ 21 2D HMBC correlations N1 QJ‘EUUBUEN MSF-12

BC-NMR spectrum 489 MSF-12 (A1574 25) 521y Tae0 ey DEPT, 2D HMQC Wag 2D
HMBC correlations

nndoyaalnlasalatldeduiildagyl1dan MSF-12 fio 5-hydroxy-6’,6’-dimethyl-
6-(3-methylbutyryl)-4-phenylpyrano[2°,3°:7,8] coumarin (mammea A/AA cyclo D, mammeigin)
éf;qndJumiﬁmawﬂuﬁwﬁummmﬁﬂ M. americana [7] wazaoumlunsves M. Siamensis
[36]

TuhueuRedty MSF-12 JeyannanIasalnilues MSF-13, MSF-14 1ag MSF-
15 adefiuves MSF-12 1nlaehi 'H-NMR spectrum Y99 MSF-13, MSF-14 1iag MSF-15

(3NN 22 wag 23) UdYIVARINTYYINVEI MSF-12 (Heddyanavedny acyl
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Auids 6 Ao MuFya vy 2-methylbutyryl lu MSF-13 dayanaivesny butyryl Tu
MSF-14 1182 @@y 191903 2-metylpropionyl 114 MSF-15

nSeufendoyaminlasalailues MSF-13, MSF-14 1iaz MSF-15 U mammea
A/AB cyclo D, mammea A/AC cyclo D 112 mammea A/AD cyclo D [36] ﬁ”lclﬁlﬁ':;ﬂ"lfzﬁ”l
MSF-13 1o 5-hydroxy-6’,6’-dimethyl-6-(2-methylbutyryl)-4-phenylpyrano[2°,3’:7,8] coumarin
(mammea A/AB cyclo D) , MSF-14 o 5-hydroxy-6’,6’-dimethyl-6-butyryl-4-phenylpyrano
[2°,37:7,8] coumarin (mammea A/AC cyclo D) iag MSF-15 Ao 5-hydroxy-6’,6’-dimethyl-6-(2-

methylpropionyl)-4-phenylpyrano[2°,3°:7,8] coumarin (mammea A/AD cyclo D, mesuagin) W1

mammea A/AB cyclo D afausnlu M. africana [25, 26] sewwulu M. Siamensis [36] uaz M.
harmandii [42] iemy mammea A/AC cyclo D Haludaunonuazfaves MSIAMensis [33, 36]
QWY mammea A/AD cyclo D adausnlu Mesua ferrea (371 uazdeamulunsves M.
Siamensis [36]

qnad I lsn (anti-TB), 1MNZI5Y (anti-cancer), A11NAI30 (anti-malarial), G104
M3IONAY (anti-inflammation) 118 qmﬁlﬂuﬁyd@waﬁ (cytotoxicity) (vero cell) Y04 MSF-1
919 MSF-18 Llﬁﬂﬂuﬁﬁﬁﬁ 28 uazmswﬁ 29 E]VI‘LEJ anti-TB, anti-cancer LA cytoxicity (vero

cell) YDIOIIUT methyl ether YDI MSF-5, MSF-6, MSF-7 1az MSF-8 tia@a1uai131af 30



7113149 28 i]“l/l% anti-TB, anti-cancer l81¥ anti-malarial Y93 €15 MSF-1 719 MSF-18

anti-TB anti-cancer anti-malarial
13 MIC KB BC NCI-H187 EC,,
(ng/ml) ED,, ED,, IC,(1g/ml) (ng/ml)
MSF-1 + MSF-2 50 0.69 1.04 0.2 inactive
MSF-3 + MSF-4 50 0.67 15.82 0.1 inactive
MSF-5 + MSF-6 50 3.7 2.575 1.94 3.7
MSF-7 + MSF-8 50 8.3 4.984 1.49 8.3
MSF-9+MSF-10 50 2.07 0.69 1.5 2.1
MSF-11 100 inactive inactive 18.88 inactive
MSEFE-12 25 inactive inactive inactive inactive
MSF-13 50 inactive inactive inactive inactive
MSF-16 50 0.84 0.75 0.9 inactive
MSF-17 50 2.84 0.65 0.9 inactive
MSF-18 50 13.97 2.51 1.0 inactive

MSEF-14 1tag MSF-15 hi'lanaasuiilosanialsuanios




A15199 29 i]‘ﬂ% anti-inflammation I8¢ cytotoxicity (vero cell) ¥93 MSF-1 919 MSF-18

94

Anti-inflammation

cytotoxicity

a9 COX-1 COX-1 (vero cell)
IC,, against IC,,against IC,, (ng/ml)
MSEF-1 + MSF-2 inactive 4.64%X10° 0.5
MSF-3 + MSF-4 inactive 227%X10° 0.5
MSF-5 + MSF-6 NT NT 0.7
MSEF-7 + MSF-8 NT NT 1.0
MSF-9+MSF-10 3.39X10° 3.20%10° 6.3
MSF-11 inactive inactive >50
MSFE-12 0.81X10° 1.00X10° 78
MSF-13 inactive inactive >50
MSF-16 3.13%107 L13%10° 2.5
MSF-17 148X 10" 427X 3.5
MSF-18 4.75%10” 4.49X10° 2.3

MSF-14 az MSFE-15 li'ldnaaeuidaanniiisunades; NT : lildnaasy
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H = Y4
M19199 30 N7 anti-TB, anti-cancer Q% cytoxicity (vero cell) Y9IDUWUT methyl ether

193 MSF-5, MSF-6, MSF-7 LlaZ MSF-8

anti-TB anti-cancer cytotoxicity
a1 MIC KB BC NCI-H187 | (vero cell)

(ug/ml) ED,, ED,, IC,, (ng/ml) | IC,;(ug/ml)
MSF-5Me-1 50 14.07 12.05 4.13 8.2
MSF-5Me-2 50 6.12 7.77 7.75 9.4
MSF-6Me-1 25 13.43 15.06 3.13 6.9
MSF-6Me-2 50 7.57 5.61 9.35 8.4
MSF-7Me-1 25 6.41 9.5 4.20 7.9
MSF-7Me-2 25 3.65 5.53 3.13 10.8
MSF-8Me-1 25 8.25 8.22 4.62 8.8
MSF-8Me-2 50 7.86 9.6 11.66 10.2
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