CHAPTRR 111 NS
RESULTS AND DISCUSSIONS

I- CCCCC ,e.na hasimancLLam . Plerre

Dried, powdered root bark of czouuiyict koatnoyidzono Pierre
was extracted by refluxing with hexane. The hexane extract was
concentrated on rotary evaporator to yield a gqummy residue.
(Scheme 1). Atotal 5 ginof gummy residue was separated by means of
adsorption column chromatography on 60 gm of silica gel G60 (230-
400 mesh ASTM) and eluted with chloroform. A 25 ml of each fraction
was collected as F, F, F ... . Atotal of 90 fractions of 25ml each
were obtained. Each fraction was monitored by tic in solvent system
E for F1 - ..3 and solvent system B for ..3 - Fgg-

Fractions 5-10, which showed some interesting compounds on
tic plate, were combined and dried on rotary evaporator to yield a
2.2033 ¢ residue. Fractions 12-14 were also combined due to the
similar pattern on the plate. Only these two combined fractions,
containing the interesting compounds, were attempted to obtain the
pure compounds.

The combined fractions 5-10 were rechromatographed on a
column of 60 gm silica gel G60 (230-400 mesh ASTM) with benzene as
eluent. Fractions (10 ml each) were collected. Fractions 15-20,
which showed a single spot on tic plate with solvent system E
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(table 6), were combined and the solvent was removed on rotary
evaporator. The residue on crystallization from acetone, gave
needle-like yellow crystals designated as compound 1.

The combined fractions 2-14 were rechromatographed over a
column of 60 gm silica gel G 60 (230-400 mesh ASTM) using benzene as
eluent. Fractions (20 ml each), were collected. Fractions 20-25
were combined, concentrated and crystallized from acetone to give
compound 2.

. Maonunin e Wight and Arn,

Dried, powdered stem bark of w.ciow.zem .. Was extracted
the methods shown in scheme 2. The gummy residue (12 gm) was dissolved
in diethyl ether and standed overnight to give 2 gm of crystal
(scheme 3). This crystal was recrystallized by dissolving in a small
amount of chloroform; and acetone was added in proper amount to form
a saturated solution. The mixture was left to recrystallize at room
temperature. The crystal was separated and recrystallized with
acetone. The process of recrystallization with acetone was repeated
at least three times or until the pure crystal was obtained. The
pure crystal then was assigned as compound 3 (680 mg).

The combined mother liquor, obtained from the obove process,
was concentrated to give a 10 gm of gummy residue. The residue was
then chromatographed on silica gel G60 (230-400 mesh ASTM) and
eluted with petroleum ether, 100 ml; petroleum ether  diethyl ether
(98 2), 100 ml; petroleum ether diethyl ether (96 4), 100 ml
and so on. A 25 ml of each fraction was collected as Fp, Fy,.. .
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qummy residue

1. Dissolve in diethyl ether
2. Stand overnight

2 gm of crystal mother liquor
Recrystallization
compound 3 column chromatography

Scheme 3 Isolation of compounds from . .cx-omecim minuxuum

Fractions 14-23 were combined and concentrated, so were
fractions 28-29. These two combined fractions showed interesting

compounds on the tic plate; and the attempt to obtain these compounds
was performed.

The combined fractions 14-23 were chromatographed on a column
of 120 gm silica gel G60 (230-400 mesh ASTM) using benzene as eluent.
A 15 ml of each fraction was collected. Fractions 45-50 were combined
and rechromatographed on a column of 60 gm silica gel G60 (230-400
mesh ASTM) with benzene as eluent. Fractions (10 ml each) were
collected. The combined fractions 16-18 were concentrated on rotary
evaporator and dissolved in acetone. After leaving for a few days,

a crystal was formed. Recrystallization in acetone obtained a pure
compound which was assigned as compound 5 (25 mg).

The combined fractions 28-29 were rechromatographed on a
column of 60 gm silica gel G 60 (230-400 mesh ASTM) using chloroform
as eluent. Fractions (15 ml each) were collected and only fraction 8
was taken for crystallization. A pure crystal was obtained from
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acetone and assigned as compound 4.

The identification of these isolated compounds was demonstrated
on the basis of the following data

Compound 1  This compound (18.9 mg, 0.02% yield) was
obtained from the root bark of cc.oene varinanaimy . It Was
crystallized from acetone, and gave a bright yellow crystal.

The identification and structure elucidation of this compound
were based on these following data
molecular weight 309 (EIMS) Indicate that the number of Nin
formular 1s odd.

melting point 150-151 5°c (uncorrected)

tic This compound was spotted on tic plates, developed in solvent
system A, B, ¢, D, E, and F, dried in open air; the
detection was performed with uv light and spray reagents.
This compound gave one spot on tic in these solvent
systems. It gave a quenching spot on the fluorescent
background of tic under uv light (254 nm). It gave brown
color with benzidine reagent, indicated that there is a
phenolic group in this compound.

Rj values 0.89 in solvent system A
0.94 in solvent system B
0.92 in solvent system ¢
0.72 in solvent system D
0.89 in solvent system E
0.68 in solvent system F
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uv spectrum XM;?" 200 m (log £ = 4.22)
(Fig. 1) 233 nm (log £ = 4.23)
255 im (log £ = 4.26)
303 i (log e = 4.54)
340 m (log E = 3.87)
Ir spectrum rlﬁg)xr 3350 cm-1 (O-H or N-H stretching)
(Fig. 12) 1619 cml (c=0 stretching)
900-675 ¢m 1 (out of plane . .. CH
bending)
mass spectrum (EIMS) = mle Corelative intensity) =309 (100.0),
(Fig. 13) 294 (15.08), 266 (14.34, 255 (13.09),
254 (74.81), 253 (24.02), 238 (10.69),
225 (12.83).

H-nmr spectrum (Fig. 14,15)

Proton-nmr spectrum was obtained by using deuterochloroform
(CDClg) as solvent and TVG as reference standard. Six protons of
two methyl groups showed a singlet signal at 1.77 and 1.88 ppm. The
two protons of methylene showed doublet signal at 3.59 ppm due to
their coupling with olefinic proton (H' ). The olefinic proton gave
a triplet signal at 530 ppm. The methoxy proton certainly showed
a singlet signal at 3.88 ppm. was assigned to be a signal at
6.85 ppm due to an ortho coupling with we and meta coupling with wg
(dd, J =8.1 and 2 Hz). The Hy showed a doublet signal at 7.80 ppm
(J = 8.1 Hz). The chemical shift of H* and ng was assigned to be at
7.86 and 6.89 ppm, and both of them showed high intensity signals
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which overlapped to the signals of  and Hg, respectively. To
confirm these assignments, the ~H-nmr spectrum in hexadeuterodi-
methyl sulfoxide (DMSO-dg) was performed (Fig. 15). The signals of
and wo were moved to downfield and showed at 8.16 and 6.99 ppnu
The signal of Hi at 8.16 ppm showed a singlet and that of Hy at
6.99 ppm was clearly splitted into double due to its coupling with
The chemical shift of proton attached to nitrogen (-NH-) was at
8.15 pom in CDClg, but the signal was moved to downfield at 11.26
pom in DMSO-dg. This effect might be caused by the hydrogen bond
forming between NH and solvent.

The chemical shifts and multiplicities of ~H-nmr of compound
1in CDClg and DMSO-dy were summarized in table 8.

Most of the data obtained corresponded with the data from
literature (21) so this compound was identified to be 6-methoxyhep-
taphylline (53). The only significant difference of data was the
assignment of "H-nmr.  The assignment of wg and Hy was at 6.89 and
7.80 ppm, while that in the literature (21) was at 7.45 and 7.30
ppm. In the literature the chemical shift of Hy was found upper-field
than that of wg, but inthis experiment the signal of Hy was found
lower-field than that of wg. The H-nmr spectrum in DMSO-dg was
clearly proved that this assignment of w, and Hy was corrected

and it was agreed with the assignment of other known alkaloids in
this type (42,43).



i

Fig. 10

8 8

WRRLINPRINE

7.90
7.8l

(N

43

PHU

685°°

675

CHEMICAL SHIFT (ppm)

heptaphylline)

530

AH-nmr Spectrum (90 MHz) of Compound 1. (6-M.ethoxy-
(a) CDCI*; (b) DMSO-ag.



Table 8

Proton

-CH
-ch3

-och3

44

AH-nmr Chemical Shifts and M ultiplicities of Compound 1

in CDCI3 and DMSO-dy

Chemical Shift (ppm)

CDC13 DMSO-g

177,188  1.68,1.84
3.59 3.54
3.88 3,86
5.30 5.30
6.85 6.80
6.89 6.9
7.86 8.16
780 786
8.15 11.26
9.84 9.88
11 61 1154

Multiplicity

singlet

doublet
singlet
triplet, broad

doublet doublet,
J=81 2H

singlet (in CDCl3)
doublet (in DMSO-dg),
J=2H

singlet
doublet, J =81 Hz
singlet
singlet

singlet
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2. Compound 2 This compound (30.8 mg, 0.03% yield) was
obtained from the root bark of c..ovien. L (111 LoLne.. It was crysta-
llized form acetone, and it gave bright yellow crystals. The
identification and structure elucidation of this compound were based
on these following data
molecular weight 241 (EIMS)

melting point 218-219°c  (uncorrected)

tic This compound was spotted on tic plates, developed in
solvent system A, B, ¢, D, E and F, dried, and then
visualized under uv light and with spray reagents. This
compound gave only one spot on tic in these solvent
systems. It gave a violet spot on the fluorescent back-
ground of tic under uv light (254 nm). It gave brown
color with benzidine reagent which indicated that there
IS a phenolic group in the molecule.

Rj values 0.76 in solvent system A
0.77 in solvent system B
0.69 in solvent system ¢
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0.39 in solvent system D
0.56 in solvent system E
0.35 in solvent system F

uv spectrum x%t;()?—l = 340 mm (log = 3.89)
(Fig. 16) 300 nm (log e = 4.58)
244 om (log = 4.32)
225 nm (log e = 4.30)
ir spectrum r'\T/Ea()?-l = 3280 cm A (O-H or NH stretching)
(Fig. 17) 1640 ecm  (c=0 stretching)
900-675 cm ™ (out of plane ---- CH
bending)

mass spectrum (EIMS) : mle Qorelative intensity) = 241 (100.0),
(Fig. 18) 240 (11.10), 227 (11.13), 226 (71.08),
198 (28.00), 120 (11.75)

AH-nmr spectrum (Fig. 19)

The "H-nmr chemical shifts and multiplicities of this
compound were shown in table 9.

Most of the data, compared with those of the known compound in the
literature (16), indicated that this compound was lansine ("4). The
only small difference was the assignment of the chemical shifts of
protons at position 1, 5, 7, and 8. This assignment agreed with those
reported of alkaloids in this type (42,43).



Table 9

Proton

-ochs

H/

H1
Ho

H8

H4

dy

-NH-

-OH

tH-nmr Chemical Shifts (prSIand Multiplicities of
Compound 2 in DMSO-dg

Chemical Shift (ppm)  Multiplicity

3.78 singlet
6.74 double doublet,
] =9, 2H
6.81 singlet
6.91 doublet, J = 2 Hz
7.88 doublet, J =9 Hz
8.26 singlet
10.06 singlet
10.91 broad
11 .36 singlet
H3CO 2 4
48l
RN

A7
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3. Compound 3 This compound (680.90 mg, 0.14% yield) was
obtained from Micsiomo . tu . It was recrystallized from acetone,
and it afforded white crystals. The identification and structure

elucidation of this compound were based on these following data

molecular weight 258 (EIMS) (jfx# ftfly
melting point 127-128°c  (uncorrected) 55 X)
tic . This compound was spotted on tic plates, developed in

solvent system A, B, ¢, D, E, and F, dried in open air;
the detection was performed with uv light'and spray
reagents. This compound gave one spot on tic in these
solvent systems. It fluoresced under uv light (366 nm).
It gave a brown spot on tic when exposed with [* vapor

and gave a positive reaction with Dragendorff: reagent.

values 0.76 in solvent system A
0.80 in solvent system B
0.69 in solvent system ¢
0.40 in solvent system
0.56 in solvent system E

0.35 in solvent system F

uv spectrum A\mggH = 322 nm (log E = 4.13)

(Fig. 20) 217 nm (log e = 4.53)

ir spectrum VKBI = 1705, 1715 cm * (a lactone function
(Fig. 21) of coumarins)(28)

1605 c¢m A (c=c stretching)
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100 ¢cm A (C-0 bond)

890 cm 1 (=cH2 wa9 f methylene)
810 cm 1 (assymmetrical stretching)

of epoxy ring)(44)

mass spectrum (EIMS) mie (% relative intensity) = 258 (100.0),
(Fig. 22) 229 (51.18), 199 (49.39), 189 (77.06),
187 (62.14), 131 (45.24)

H-nmr spectrum (Fig. 23)

The H-nmr spectrum of this compound in CDCls were summariz

as follows
Proton chemical shift (ppm) multiplicity
H <« 3y 1.87 triplet
3H (-OCH > 3.96 singlet
2H (-CH-CH-) 3.96 singlet
V
1H 5.07 multiplet
iH (H c=) 5.29 multiplet
tH (H3) 6.25 doublet, J =9 Hz
1H (He) 6.86 doublet, J =9 Hz
1H (h5) 1.41 doublet, J =9 Hz
1H (h4) 7.60 doublet, J =9 Hz
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It spectrum provided a good evidence for the identification
of a lactone functional group of coumarin (28). Melting point
and mass spectrum suggested that this compound might he phebalosin
(s*) (29). In our experience, most of coumarins gave strong molecular
ion peaks. This was because the forming of stable molecular ions
were available by losing of one electron from oxygen of pyrone ring.
Because the reference compound was not available, “H-nmr was performed.
The signals of two protons of epoxide ring, AB coupling, were at the
same position of methoxy proton. The integration indicated a
presence of five protons at this signal. The multiplet at 5.07 ppm
might be assigned to be a terminal olefinic proton which was trans
to methyl group due to the long range coupling of &OQYI& was bigger
than that of CAA. Therefore the multiplet at 5.29 ppm was assigned
to be an olefinic proton which was CPs to methyl group. The doublets
(J = 9 Hz) at 6.25 and 7.60 ppm, which arise from the O protons Hy
and of the pyrone ring, were an indication and confirmation of
the presence of a coumarin nucleus and also showed that the pyrone
ring was unsubstituted. The  doublet, failed at 7.60 ppm in CDClg,
indicated a lacking of oxygen function at Cg in coumarin. The doublets
at 7.41 and e.s6 ppm, due to Hg and Hg, pointed out that the Hg was
absent (45). All of the data obtained corresponded to the data in

the literature (46,47), therefore the compound was identified to be
phebalosin ("5) H



4, Compound 4 A total of 25.0 mg, 0.01% yield, of this

compound was obtained from the stem bark of ULcSlom&ZuiV nvenUstum. It
was recrystallized from acetone, and it afforded colorless needle
crystals. The identification and structure of this compound were

based on these following data

molecular weight 288 (EIMS)
melting point 211-212%C (Uncorrected)
tic This compound was spotted on tic plates, developed in

solvent system A, B, ¢, D, E, and F, dried in open air
the detection was performed with uv light and spray
reagents. This compound gave only one spot on tic in
every solvent systems. It fluoresced under uv light

(366 nm); and gave a brown spot in I2 vapor.

values 0.64 in solvent system A
0.90 in solvent system B

0.61 in solvent system ¢

0.16 in solvent system D
0.38 in solvent system E
0.13 in solvent system F
uv spectrum ng?H = 222 nm (log £ = 3.99)
320 nm (log = 3.86)
ir spectrum Vé?; = 1770 cm 1 (Y-lactone)

1725 ¢cm  (coumarin lactone)

810 cm ~ (asymmetrical stretching of

epoxy ring)
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mass spectrum (EIMS) mie (% relative intensity) = 288 (100.0),
(Fig. 26) 229 (48.15), 214 (18.16), 213 (40.30),
186 (17.34), 43 (15.75)

AH-nmr spectrum (Fig. 27)

The "H-nmr spectrum of this compound in CDClg were summarized

as follows
proton chemical shift (ppm) multiplicity
3H (-CH ) 1.67 singlet
3H (-OCH ) 3.95 singlet
1H (HY 4,04 singlet
H () 5.55 singlet
HH) 6.32 doublet, I =
IH (H) 6.87 singlet
IH(H) 1.37 singlet
IH(H) 7.65 doublet, J =

The doublets at 6.32 and 7.65 ppm indicated and confirmed
the presence of a coumarin nucleus. The singlets at 6.87 and 7.37

ppm due to Hg and H , therefore there was a substitution at position s.

The data obtained indicated that this compound was

micromelin (micromelumin)(56), and were agreed with the data from
literature (48).
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5. Compound 5 This compound (30.5 mg, 0.01% yield) was
obtained from the stem bark of HcCAom&Uim iilLYUixwtn. It was crystallized
from acetone, and gave colorless crystals. The identification and
structure elucidation of this compound were shown in the following
data

molecular weight 412 or 414 (EIMS)
melting point : 137-1380 (uncorrected)
tic This compound was spotted on tic plates, developed in

solvent system A, B, C, D, E, and F, dried in open air;
the detection was performed with uv light and spray
reagents. This compound gave one spot on tic in these
solvent system (normal-phase systems). It did not
show a spot under uv light (365 and 254 nm). It gave
blue color with Liebermann-Burchard reagent indicated
that this compound might be a sterol (36). It also

gave a brown spot with 12 vapor.
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Rir values 0.70 in solvent system A
0.80 in solvent system B
0.69 in solvent system ¢
0.24 in solvent system
0.48 in solvent system E

0.48 in solvent system F

VKBr  _

ir spectrum max - 9450 cm * (O-H stretching)

(Fig. 28) 2800.-3000 cm-1 (C-H stretching)
1650 cm-1, low intensity (c=c stretching)
1080 cm-1 (C-0 stretching)(49)

mass spectrum (EIMS) mie (% relative intensity) = 414 (95.25),

(Fig. 29) 412 (94.09), 400 (100.0), 396 (46.02),
382 (50.62) ,

(Fig. 30) mie (% relative intensity = 412 (100.0),

400 (78.36), 392 (39.52), 382 (38.59)

tH-nmr spectrum (Fig. 31)

The "H-nmr spectrum showed these following signals

- A broad band at 0.68-2.3 ppm, originating from the
unresolved multiplets of the eguivalent protons of the steroid
skeleton, was a characteristic of steroids.

- A very broad multiplet at 3.5 ppm originated from the
3a proton.

- A broad multiplet at 5.09 ppm, AB pattern coupling,
originated from olefinic protons.

- A broad multiplet at 5.36 ppm originated from ethylenic

proton.
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- The characteristic peaks of 18- and 19- methyl groups
were at 0.68 and 1.01 ppm, respectively (49).

According to the data obtained, this compound was characterized
to be a sterol. More experiments are needed for identifying the
structure of this compound (50,51,52). Because a sterol was commonly
found in many plants and this compound was out of our interest, the

more information for identification of this compound was not performed.
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Conclusions

CtCLUA&YUI helAmandcCLna., family Rutaceae, was found in the
northeast of Thailand. A report of using this plant as folkloric
medicine has been known as stomachica. [Its root bark gave pungent

odor, and tasted bitter and acrid.

The investigation of the root bark of this plant was
previously done; the presence of 5 coumarins clausarin, dentatin,
osthol, xanthoxyletin, and nordentatin as well as one carbarzole
alkaloid heptaphylline was reported ( 5). The further investigation
of the root bark of this plant was performed. We could isolate the
two more carbazole aklaloids s-methoxyheptaphylline and lansine.

The structures of these two alkaloids were established on the basis
of chemical and spectroscopic methods. Both compounds gave hrown
color with benzidine reagent indicating the presence of phenolic
group. This was confirmed by adding a few drops of sodium hydroxide
solution into each solution of alkaloids in methanol. Bathochromic
shifts from 303 to 310 nm for e-methoxyheptaphylline and from 302

to 307 for lansine appeared in uv spectra. The ir spectra of both
compounds showed -OH and -NH stretching and aldehyde €=0 stretching.
EIMS showed an odd number of molecular ion (309 for e-methoxyhepta-
phylline and 241 for lansine) indicated that these compounds might
contain a nitrogen atom. The ~H-nmr spectra of these compounds were
analysed. In e-methoxyheptaphylline, the solvent effects in DMSO-dg
was performed for structure analysis (40,41). Hydrogen-bhonding

between solvent (DMSO-dg) and the alkaloid provided better signal
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seperations relative to those in deuterochloroform. Lansine, which
could only be dissolved in DMSO-dg, also showed good signal
seperations which could be analysed. The comparison of spectroscopic
data of these compounds with the known compounds from literatures
were made and most of them were identical. e-Methoxyheptaphylline
and lansine have been previously found in the root hark of

ClauAzna Indicia Oliv. (21) and the leave of clauaena tamivm (16),
respectively. The result of this inrestigation shows the first report

of these two alkaloids in the root bark of claug&cna kahmandlana.

UlcAomzlum minutum (Forst.f.) Wight and Arn. (Synonym
M. pubucz.nl, Blume) belongs to the family Rutaceae. It has a wide
range extending from Indo-China to the Pacific (53). In this study,

the plant specimen was collected from Nakornsrithammarat province,
Thailand.

The chemical constituents of the leave of this plant have
been previously reported, containing a pyranoguinoline alkaloid
flindersine (54) and four coumarins micropubescin (54), osthol (48),

micromelumin  (micromelin)(48), and microminutin (55).

In this study, three compounds were isolated from the stem
bark of this plant. The first compound is phebalosin, which was
previously obtained from the leave of pkchallum lubZACulo6um,
Pkcballum d/Lummondll (46), fAuAAaya panlaulala, and MisiAaya exotica
(29). The second compound is micromelumin (micromelin), which was
isolated from the leave of UICAOmclum minutum (48), HicAomdum

IntcgZAAImum (56), and ULcHomzlum zaylanicum (18) and from the tree
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bark of ccusearda gha\)QnotLY\™ (57). And the third compound is a
sterol. All of three compounds were analysed on the basis of chemical
and spectroscopic methods. The first two compounds, phebalosin and
micromelin, the coumarins, showed the spectroscopic data (" - , ir)
corresponded to the known ones in the literatures. The third
compound, characterized as a sterol, was out of our interest,

therefore more spectroscopic data were not obtained.
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