CHAPTER IV

RESULTS AND DISCUSSION

The 1.2 kg of ground roots bark of

Micromelum minutum /were refluxed with 4

liters of hexane tiffce~to ok éuf-!umrlresidue. A

10.0 g of gummy hiromatOBraphed on'silica gel

N

NN

by fractional en eluting with

hexane : ethyl dividual fraction

that was elat hromatography  was

monitored by TL lated and purified.

The chlorofgkm & trat hat were refluxed with 4

liters of chloroform tf obtained a brown oily

s

residue (31 _,.,,;___,__ residue were

chromatographed =0 Compound 1II

\ﬂrucrystalllzed

was isolated an

] U 3NN NN rocea i o

liters nathannl thrée times sobtained @6 g gummy
resa.dq Wlﬂﬂmm&m ’L’lm Elfluﬁ&raphed by
column chromatography, then eluting with hexane : ethyl
acetate (1 : 10). Each individual fraction that was
eluted from the column chromatography was monitored by
TLC. The appropriate fraction were combined and
rechromatographed over silica by suitable solvent system.

Compound III was isolated and purified. The identification
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of three compounds were performed by physical and chemical

‘method as following.

1. Compound I : 3211 mg (3.24% vield) of crystal

was obtained from FZE - Fgﬂ. This compound was identified

on the basis of the following data.

Color and farm|of jc; : This compound was

crystallized from diethyl BT A3 8 r:nlﬂrless prism.

— e . & ———

g 7 poInt gngorrected)

TLCETECHHIRUE : The coupﬂld was spotted on

silieca gelmzl gr ﬂmjlvent system 1,
3, 45 ter dry ng the ate, detection was

;

o RRTIIHA I T

UV DETECTION : This compound gave only one
spot on TLC in five solvent systems and fluoresced under

254 nm (short wavelength) and 365 nm (long wavelength)
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Benzidine reagent- : This compound gave
negative color with benzidine reagent. It is indicﬁted

that there is no phenolic group in the structure.

SPECTRAL DATA :

absorption spectrum (in

e 4.21)
e 3.77)

Wmf*\Q:?
\\ og £ 4.85)
’\\ sium bromide disc)

\

)-8010 cm~ 1
treching)

_1 ,

‘iﬂﬂ)

)

Jugated double bond
at C-3,-C-4)

f umwaw%’ﬂé‘?ﬂ%ﬁ
R N

213(35.8), 201(48.9),
189(52.1), 175(15.3),
159(17.3), 131(28.5),
115(15.8), 77(15.3)

(see Figure 39
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NUCLEAR MAGNETIC RESONANCE SPECTRUHM

l4-NMR SPECTRUM : 25% w/v of sample of
deuteriochloroform, using TMS as reference compound. The
spectrum was obtained from 500 MHz and analysed in

§ value (ppm) (see Figure 41 Appendix).

Proton Multiplicity

Coumarin Hy o2 ' %{iﬂ} J = 8.4 Hz
Coumarin Hg Yy / QkS; (1H) J = 8.6 Hz
Coumarin Hg ‘_ -" . ‘\\\\?\ 1H) J = 8.6 Hz
Coumarin Hg £, . ~(1H} J = 9.4 Hz
Butene 2 CH éplet (1H)

Z
7-0CH4 (3H)

| double (2H)

Butene 1 GHZ
7.3 H=z

Butene E CHy o 54 singlet {3H)
Y — A
Butene Z CHg Iﬂ

SPECTRUMW : 25% ﬁ‘iof sample in

daummhﬂ ‘Uﬂ’l J2 NI N
S TR

reference



Carbon Chemical Shift Multiplicity
(ppm)
Coumarin Cq 160.9 Singlet
Coumarin Cq 159.8 Singlet
Coumarin C8, 152.4 Singlet
Coumarin Cy 143.5 Doublet
Butene Cg V Singlet
Coumarin Cg Doublet
Butene 2 CH Doublet

Coumarin CB

Coumarin

Coumarin C 3

Coumarin
-DCHE
Butene Z

Butene 1 CHo

Butene E

inglet

C4 inglet

a
oublet

C B Doublet
‘Euartat
CHg duartet

Triplet
léi:rtet

DEPT-90 .SE"EETRUH i (GH only) same

90

13¢  NMR

except ttﬁﬂﬂn’}ﬂ quwg’q ﬂl?ﬁ‘-" pulse. (see

Figure 4

2 guPendix}

0 W’l@ﬂﬂ‘im UNIANEIR

Coumarin 04 Negative ( & 143

Coumarin 05 Negative ( & 126

Butene 2 CH Negative ( 6 120

Coumarin Cgqg Negative (& 112

Coumarin Cg Hegative ( 6§ 107

.9)
.0)
.9)
.4)
.0)
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DEPT-135 SPECTRUM : Same as Dept-80 except there

is a YH 135° pulse. (see Figure 42 appendix).

Carbon ) Position
Coumarin Cy4 Positive ( § 143.5)
Coumarin Cg Positive ( 6 126.0)

Butene 2 CH tive ( 6 120.8)

Coumarin Cg (6 112.4)

Counariny | gsakive ( 6 107.0)
-0CHg / Positiven( s 55.8)

Butene : 25.4)
Butene 6 21.5)
Butene E Mg Positive § 17.5)

H-H w/v of sample in
deuterionhloruforn.,ﬁ;~g;,%ﬁ: was obtained from H-H
COSY pulse v/ row and column

projections pla l--. ;fiendix)

m:fauﬁmm:m feeo o
“‘“W’Tm‘ﬂm URIAINY1A Y

C-H COSY SPECTRUM : The spectrum was obtained
from C-H COSY pulse sequence and analysed in term of
the correlation between carbon and proton. (see Figure

45 appendix)
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LONG RANGE C-H COSY SPECTRUM : same as one bond
C-H COSY. But the spectrum was analysed in term of the
two or three bond (long range coupling) correlation
between carbon and proton. (see Figure 46, 47 appendix)
All these information, suggest that compound I is osthol

vyl) coumarin].

[?-methnxy—ﬂ—(ﬂ—natharl-_y{
\ \ \ L

From LH-NMR = osthol, the protons of

coumarin nucléws B)° were assign by

e - =
comparing withd g ' oumarin nucleus,

0 : T
that was repart]n by T.R. Seshadri (B'Jss in Figure 48.

coumarin nucleus osthol

Figure 48 structure of coumarin nucleus and

osthol.
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The coupling constant {33:4 = 9.4 Hz)  confirms
that the protons at the 3 and 4 positions were cis to each
other as at the 5 and 6 positions. It indicated that
there were two substituted group at the 7 and 8 positions.

The assignments are confirmed by H-H cosy that displays

the correlation between  H-4 and H-3 and bétwean H-5 and
‘H-8B. For the assi

# ethine of butene side

chain is confirme mbpth n with the methylene

.and two methyl y ene frof“He=H COSY spectrum.

The si wWwere assigned as

methyl group Z-butene position
respectively by oy f3 -nli NOES5Y spectrum.
The position "1?={i;ffﬂ'i~ was most easily
demonstrated by th Fl' x:;' am. This showed the close
apprnncl_‘: of proton . 1qs H and HE to the methoxy
group. This /. &6 el

carbon 7 and

From 13C-gpectrum, theymultipicity of signal could

be menuﬂuﬂ’lmc&l’nﬁ.ﬂﬂa‘ﬂimt that was

possible tn:- diserimindte betwesn methylgs methylene,
uethiﬂ_ ,Waﬁ ﬁ&immag‘ WI%L;] aeg actually
determgned from DEPT-90 and DEPT-135 spectra. The DEPT-80
spectrum showed only the methine carbon signal at the
negative position. The DEPT-135 spectrum displayed the
methine and methyl carbon signal at the positive position

and the methylene carbon signal at the negative position.



Sy

The carbonyl carbon could be identified by its
chemical shift charteristic. The lactone carbonyl carbon

appeared at 160.3 ppm.

The quarternary carbons in the benzene ring could

be separated into two groups. The quarternary carbons

that attached to atoms (C-8a, C-7) were

downfield more tt which have no oxygen

(C-4a, C-8).
The assi could be separated
by observing th f”ffi:ji ‘ 3§P1ch was nearly the

oxygen atom. -8 was down field

to 117.3 ppm seared at 112.5 ppn.
H COSY spectra (Figure
46, 47). The C-8 Gorreiati H-8 with three bond

coupling and, F butene with two

bond couplings The C ] 8. H-3 and H-6 with

long range cnuﬁHLng.

Tlﬂ %g“ﬁj WE%%JWQ m;‘:h had oxygen

attached. he C-7 (159.8 ppm) which was ideptified by the
s SV R N HADALNE) ot o
?—neth xy and H-5 with three bond coupling. he wupfield
signal was assigned to be C-Ba (152.4 ppm) because there
are the three bond correlation between C-8a and H-4 & H-5.
The last quarternary carbon signal which appeared at 132.1
ppm was the C-3 butene which was confirmed by the 1long

range C-H COSY.
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The assignment of the methine carbons in coumarin
nucleus could be separated by observing the environment of
C-3 and C-6 which had the ortho effect of the oxygen
neighbours. C-3 and C-6 resonated high field at 112.4 ppm

and 107.0 ppm. These were confirmed by the one bond C-H
COSY spectrum. Cy (143.5 05 (126.0 ppm) which
were identified b ‘ %«:-H COSY and the long
elﬁH 5 and to H-4 with

;arbon at the side chain

range C-H COSY speciri-cor

three bond cnuplfﬂ—-——,_

which appeared irmed by the long

,_NR
range C-H COSY. lat ed to methylene
with two bond a sups with three bond

coupling.

.5 were assigned as

methyl carbon at Z-b,ﬂ;-m, tene respectively by the

=t
interpretatia-f?'-ﬁ. : ; ond € ;'rJSY and the long

range C-H COSY Iﬂe-

s DU ms"?m“j:ﬁ:“::“:: e
ZZ‘IZﬂWZJZWLﬂ"ﬁ S nanAY, o

demonstrated that C-prenylated coumarins lose methyl
radical from the prenyl substituent rather than from the
methoxy group. So osthol eliminated methyl radical from

prenyl substituent to highly conjugated ion (II) (Figure 49).



96

The data obtained indicated that this compound was

osthol agreeing with the data from literature (44).

Figure 49
i 1.83% vield) of
crystal was ob ‘ This compound was

identified with

Color aniggggaﬁxz : : This compound was

crystallized iy diethy ! 'ﬁf—“'”:i‘nl as colorless
LVF o A
needle crystalsiu T
u

- Aulingndngans
A e R T 6

0.60 on TLC solvent system 5

0.41 on TLC solvent system B
Holecular weight : ZBB (EIMs)

Melting point : 212 - 214°C (uncorrected)

.
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TLC TECHNIQUE : The compound was spotted on
silica gel GF 254 plate and developed in solvent system 1,
2, 3, 5, 8. After drying the plate, the detections were
performed under UV, I, vapor and sprayed with benzidine

reagent.

ompound gave only one spot
fluoresced under 254 nm
(short wavelength) ai 55 hm | long wavelength) and gave a

brown spot in I

Benzidj dent. &“a-f{?pnund gave negative
\\\ dicated that there

color with benzid

is no phenolic

1?
SPECTRAL DAY

spectrum {in

Methanol) (se:bj'

= 320 nl (log € 4.22)

ﬂu‘z’i'a mmmmm
Q) BRERFOHNR TRESR e ase

(see Flﬂure 51 appendix)
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v = 2800-3010 (-CH streching)

max .
1770 (C=0 streching,

-lactone ring)

1735 (C=0 streching,
coumarin lactone)

630 (conjugated double bond
" at C-3, C-4)

aromatic)

appendix)
229(54.8),
213(38.8),
186(18.2),
43(15.3)

NUCLEAR MAGNEDIO RESONANOE SPECTRUM

. _b was run as a

saturated sol ? hlnrnfurm, using

THS as referen * compound. e spect n was obtained from
ﬁuﬁ?wﬂ%‘wﬁﬁw" Deerie
appendix)

ammnmuwnﬂmaﬂ
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Proton Chemical Shift Maltiplicity
(ppm)

Coumarin Hy 7.67 Doublet (1H) J = 9.4 Hz
Coumarin H5 7.38 _ Singlet (1H)

Coumarin Hg 6.88 Singlet (1H)

Coumarin Hg 6.32 Doublet (1H) J = 9.4 H=z
Furanyl H, 580 11/} ginglet (1H)

Furanyl Hg 4.05 éﬁet (1H)

Coumarin 7-OCHz “™™3788 7 ISingTet (3H)

LT,

Furanyl 4-CHz '\Qtiggg\
' \\\

13c_NMR = This sample was run as a

¥

o

saturated solutigdn A .#. wd Of | deuteriochloform, using
ypound at 77.0 ppm. The
spectrum was ; -f; e u ‘(Ppn} (see Figure 54

appendix).

X
J U

AULINENINYINS
AN TUNNINGA Y

™



Carbon

Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Coumarin
Furanyl

Furanyl

Furanvl

Coumarin

Furanyl

Chemical Shift

C5
C2
C7
CBa
c4.
CS
c4§
C3
cé
cs
c2
C3
C4
7-0CHg
4-Cligi

7

DEPT-80 ‘SPECTEUH

(ppm)
172.3
180.4
159.9

156.6

Hultiplicity

(CH-onl

Singlet
Singlet
Singlet
singlet
Doublet
Doublet
Singlet
Doublet
inglet

Doublet

Doublet
Doublet
 Singlet

Auartet

as

100

13c_NMR

ot 5181813 Wﬁﬂﬁﬁﬂ?ﬂ“

Figure 54 dppendix)

Qﬁlﬁﬂﬂﬁm NVI’]’JIIEJ?]%\EI

142.9)

Coumarin C
Coumarin
Coumarin

Coumarin

C5
C3
cs

Furanyl C2

Furanyl C3

Negative (
Hegative
Negative
Hegative
Negative

Hegative

(6
(6
89.9)
77.4)
63.5)

(8
(8
(s

127.86)
114.2)
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DEPT-135 SPECTRUM : Same as Dept-80 except there

is a 1§ 135° pulse. (see Figure 54 appendix)

Carbon ; Position
Coumarin C4 Positive ( ¢ 142.9)
Coumarin C5 Positive ( 6§ 127.8)

Coumarin C3 , itive ( § 114.2)

Coumarin (5§ 99.9)

. i---i
Furan?y Posibiye ( § 77.4)
Furany ' Iositivewl & 63.5)

Coumar : 5 ‘Fﬂ.;W: § 5B8.5)

Furany 11.3)

H-H CO0S : 02t 18 | ample was run as a
saturated solution leuteriochloroform. The
spectrum was obtaide %[j posy pulse segquence and

analysed in = ;ﬁls plotted. (see

Figure 55 appe

ﬁiféi"mﬂimﬂ'fﬁ ;v
“’“’W’] mmm umwma 8|

C-H COSY SPECTRUM : The spectrum was obtained from
C-H COSY pulse segquence and analysed in term of the
correlation between carbon and proton. (see Figure 57

appendix)
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All these information, suggest that compound II
is micromelin [7-methoxy-6-(3,4-epoxy-4-methyl-5-

oxotetrahydrofuran-2-yl) coumarin]

@l in, a band at 173.5

em~! was sarin lactone and a

’gﬁf T . .
second strong carbonyl f ~band a 70 cm was attributed to
N RTE

the vy -lacto

Fro = ‘?"IH—HHR resonance
l
patterns (7.38, ePn, s, 1H; B. Bﬂ ppm, s, 1H; 7.67 ppm, d,

o HUHINYNNYINT o

coumarin Was d15ubst1t2ted This was confirned by H-H
CcosY Q Wﬁrm ﬂﬁﬂl %W]af; %ﬁﬁra E]-e methoxy
group 9(3.96 ppm) correlated to H-8 (6.88 ppm) which was
displayed in H-H COSY and NOESY spectrum. It indicated
that the methoxy group substituted at C-7. From H-H COSY
and NOESY spectrum, the furanyl H2 correlated to H5 (7.38
épn}. This indicated that there was a y -lactone ring

substituted at C-8. The chemical shift of methyl group

™
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(1.68 ppm) was closed to the range observed (1.3-1.5 ppm)
for a methyl group attached to a carbon bearing an epoxide
ring (44), the additional downfield shift being consistent
with the proximity of the C-methyl group to the lactone
carbonyl group. This was confirmed by H-H CcosY

spectrum, the methyl gro

orrelated to furanyl H-2 and
furanyl H-3. It [

//at the methyl group

substituted at the The lack of coupling

between two ali furanyl H-2, furanyl
H-3) was con B e relationship between

these protons ™ approximate 90°

dihedral angle

~.the carbonyl carbon
could be identified!'t ; ';-‘35 al shift characteristic.
The y -lactone carbqg: . C-5 downfield to 172.3
ppm. while tg* carbon appeared

at 160.4 ppm.

The quéipternary cagbons in the coumarin nucleus

T ﬂu&% Vi&V1e3 WeBd T Fre auartornary

carbon thnt attached to fhe oxydemsnatoms (C-74 C-8a) were
dm@iﬂ’mﬂﬂrﬁmmﬂ AL Q)no oxvaen
(C-4a, C-B). The last quarternary carbon signal which

appeared at 57.3 ppm. was the C-4 furanyl.

The assignment of the methine ecarbons in
coumarin nucleus which was identified by Dept-80, DEPT-135

could be discriminated by observing the environment of C-3
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and C-8 which had the ortho effect of the oxvegen
neighbours. C-3 and C-8 resonated high field at 114.2 ppm
and 99.9 ppm respectively. These were confirmed by the
one bond C-H COSY spectrum. C-4 (142.9 ppm) and C-5
(127.8 ppm) were identified by the one bond C-H COSY

”/& methine carbons in
—d.

y-lactone side chaln _ere de tified by the one bond C-H

spectrum.

cosy spectrum. ff_”;ich was overlapped

in chloroform ppn. The other

d at 63.5 ppn.

2 v;\\ A

arbon at C-4 furanvyl

methine (C-3 fu

The

TR

hyl

TRy
-

on from the one bond C-H

- \_-L';-I, "
b
o0

COSY.

, f :

/ i
the methyl grao p and the neishbnur1 g proton in both

isomers ﬂ‘”’ﬁﬂ’ﬂﬁ%’?ﬁ mﬂlﬁe with respei:t

to the restllof the noleeula So tha reliable evidence

o G RERTIIN INSTER o e

epoxide group was slightly clear.

e epoxide group,

The data obtained indicated that this compound
was micromelin and were agree with the data from

literature (4,44,45).
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3. Compound III : 12.1 mg (0.02% yield) as a gum
was obtained from methanol fraction which were
chromatographed by column chromatography eluting with
chloroform : methanol (88 : 1). This ;nnpnund was

identified with the following data.

Rf value :
3
4
5
7
8
Mole
TLC TECHNIGOS - - ompound was spotted on

silica gel GF 254 p d in solvent system 3,
P e e = e e e & i

&, By T, B ‘y:_ \_‘ detection was

performed unde!ﬂﬂ'. --rﬁﬂrd with benzidine

and ferric chloride, reagent.

AUEANENINNNG, o e o
on TL WrTa qua?lﬁnﬁrmﬁa‘ er 254 nm

(shortgwavelength) and nm (long wavelength) and gave a

brown spot in Iz vapor.

Benzidine reagent : This compound gave negative
color with benzidine reagent. It is indicated that there

is no phenolic group in the structure.
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! Ferric chloride reagent : This compound gave
red color. It is indicated that there was hydroxamic acid

in the structure,.

SPECTRAL DATA
INFRARED

demountable cell) (sse Fign fandix}

_(0H streching)

(potassium bromide

(CH streching)
Qustreching)

itble bond at

ykm;r(arnnatie}
-0 streching)

=CH2 wag of
nethylene)

L — |
Has%ﬂre - 3 appendix)
u

NV WG
RABIDIV A NN

lH-NMR SPECTRUM : 10 mg of sample was dissolved

ﬁﬁgﬁ - 258(00B88), 205(100.0), 206(24.8)
U

in deuteriochloroform, using THS as reference compound.
The spectrum was obtained from 80 MHz and analysed in

§ value (ppm). (see Figure B0 appendix)

™



107

Proton Chemical Shift Hultiplicity
> (ppm)

Coumarin Hy 7.85 Doublet (1H) J = 10.6 Hz
Coumarin Hg 7.40 ~ Doublet (1H) J = 9.5 Hz
Coumarin Hg 6.87 Doublet (1H) J = 9.5 Hz
Coumarin Hgy 6.20 Doublet (1H) J = 10.6 Hz
CH at C-1° »ad doublet (1H)

CH at C-2° doublet (1H)

CHy at C-4~

Coumarin 7-0CHg.,
CHj at C-3°

same as 1H-

*;>,dauteriun oxide as

g?ﬂ':ux |
13 : - 21g"was dissolved in

deuteriochlorofdr: e compond. The

'I
spectrum talne- i J; and analysed in

“"’"ﬁ‘ ) if bl ﬁﬁ?ﬂ’ﬁl’m‘i
AMIAN TN INYIAE



'Carhcn

Coumarin
Coumarin
Coumarin

Coumarin

Coumarin
Coumarin
Coumarin
Coumarin

Coumarin

Coumarin

c2
c7
CBa

Cda

Chemical Shift

(ppm)

160.5 Singlet

1598.9 Singlet

152.4 Singlet

143.8 Doublet
Elngiat

Doublet
Singlet
Doublet

glet
loublet

Doublet
Doublet
Quartet

- iy

All tggsa 1nfornat10n, suggest that compound

O b*ﬂ’ﬁ‘ﬁi‘ﬂ‘% EJ‘VITW BN

marrangatin

Hultiplicity
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From IR spectrum of compound 3, a band at
1720 cm* was showed the typical of coumarin lactone, a
broad band at 3450 em™ ! was displayed two hydroxy groups
and 1610 cm™! was attributed.to conjugated double bond at
Cc-3, C-4.

From 1H-HHR, onatic 14-NMR resonance

patterns [6.20 ppm (d : H-3), 7.65 ppm (d, J =
10.6 Hz, H-4), 7.40.86m (d,aJ ﬁ; H-5), 6.87 ppm (d,
J = 9.5 Hx; ‘ the coumarin was
disubstituted 'his was comfirmed by
13c_NMR. Two one was methoxy
group (a sharp which could be
subsituted at that could be
substituted at ohic sx‘é chain which had one
methyl group and two oups substituted. Because
there were a methyl ] .78 ‘,v a2 broad 1H signal
\;n,DZD to a clear

doublet snd aljoublet™ 4 obh) of H-2° which
ASV @ﬁmﬂﬂﬁjﬂmﬁﬁ; sufon
W A A AR o

integrated area of signal at 3.94 decreased from 5H to 3H.

(5.32 ppm) ofiH-1" w

It indicated that the hydroxyl peak disappeared on

deuteration (46).

From lsﬂ—spectrun. the multiplieity of signal

could be identified by the off resonance experiment.

#
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The lactone carbonyl carbon appeared at 160.5 ppm.
The assignment of quarternary carbons in the bezene ring
was same as in the assignment of osthol (C-7, 158.9; C-Ba,
152.4; C-8, 115.8; C-4a, 112.5). The last quarternary

carbon signal which appeared at 143.7 was the C-3° butene.

ine carbons in coumarin

énant of osthol (C-4,

T———
The methine

nucleus was
143.9; C-5, 12
carbons at the€1idg ¢ t!:'F-? separated by observing
the environme 7
2° resonated :,v ield; at 68 N\ re was a singlet
thylene carbon of the
7.0 were assigned as

methoxy carbon and' mefhgl ca ,f the side chain.

agmentation pattern
showed the peak i“be characterized by
the loss of wa&ﬂr. The distinct H-léﬁLsak which is given
¢
by loss OWﬂWﬁé}'ﬂmnj alcohols (47).
So the expected mo ecul ion p co e showed at m/e
¢

z?a.'q W'Tﬁﬁ‘ﬂ 3mﬁegﬁy[ﬂ ,Ta“;'rzrise to a

stableg ion( which appear ase peak at m/e 205

(46).
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From : actra were obtained
ﬁf- srature (48, 48). This

corresponded t-' Ler
jeutération of l-H-NMR.

was confirmed bA
Therefore the cém AM identified to be

marrangatin.

ﬂUEJ’JVIEWI‘EWEJ"Iﬂ‘E
ﬂﬁﬁﬁ‘ﬂﬂ‘iwuﬁﬂﬂmﬁﬂ
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