CHAPTER 1V

RESULTS AND DISCUSSION

The dried stem of Strychnes' 1 fr ii Craib was extracted with 95% ethanol.
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Identification of Compound SVM-1 (lyoniresinol 3a-O-B-glucopyranoside)

SVM-1 was obtained as amorphous powder. The compound developed an
intense blue color upon spraying with FeCl;/HCIO;4 reagent, followed by heating for 5
minutes. Its IR spectrum (Figure 3) exhibited a strong OH absorption at 3366 cm™
together with aromatic bands appearing at 1613, 1516 and 1461 cm™. The UV
spectrum (Figure 2) showed absorption maxima at 205 and 280 nm. The molecular
formula of Cy3H3gN,03 was confirmeg e molecular ion peak at m/z 582 in the

e fra y ,402 and 371 could be explained
rand hydroxymethyl group in
. und SVM-1 possessed signals

mass spectrum (Figure 4).
as arising from the subsequ
the molecule (Scheme
characteristic of an a
In the '"H-N ), two signals due to three
\ d 6.57 (1H, s, H-8) ppm,
2 .‘ vv ted benzene ring. In the non-
ﬁl@%i’ :u_ nidisplayed signais of 3 methine protons
(1Hi, HeYiand 442 (1H, d, J = 6.1 Hz, H-4) ppm,
together with 3 signals of fhe QIR SAl 5 2.67 (2H, dd, H-1), 3.52-3.70 (2H,
dd, H-2a), 3.43-3.47 (1H, m 34 4nd 3 813 9TGH. m, H-3a) ppm.
The APT s

one glucose unit.

aromatic protons appe
suggesting the presence
aromatic part of the c6m
at 6 1.70 (1H, m, H-2),

iy ---:-l-a"l-" el ""“‘\;’7‘ ed 28 Ca.rbons inClUding
gnals of the 0 peaks, corresponding to 9
quaternary carbon a - s at & 147.5 (C-5), 148.6 (C- 130.2 (C-9), 126.4 (C-10),

BN 17V N1 i )T
ML RN Jiah ik ini:h

located at C-5, C-7, C-3" and C-5'. On the basis of chemical shift analysis indicated
that the glucose moiety was located at C-3a.
Therefore, it was concluded that SVM-1 is (+)-lyoniresinol 3a-O--

glucopyranoside (Ohashi et al., 1994), the structure of which is shown below.
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(+)-lyoniresinol 3a-O-B-glucopyranoside

Table 14 Comparison of NMI data of of compound SVM-1 and (+)-

Iyoniresinol 3a-0-f-glucopy! Giel)
position )-lyoniresinol 3a-0-3-
-copyranoside
N\O\ ishi et al., 1994)
lll ﬁ'ﬁ.ﬂ \\\\ 3¢

1 3 ) 338t

2 40.7d

2a 66.4t

3 46.7d

3a f 716t

3.87-391m

4 442d(6.1) | 427d

5 1477 s

6 1390 s

f 148.7 s

8 ) 108.0d

9 1303 s

10 126.5 s

1, | %&s ] 13835 2 1394 s
lo 642s  bAls 107.1d
X - 149.0's Ta 149.1s
4 - - o : 1346’5
ANTS: H TR gl

6’ 1642 106.9 6#42s' ' ™M07.1d
Glul 4284d(71.7) | 1048d | 4284(8.9)| 1049d
2 3.23-3.32 75.1d 3.20-3.33 753 4d

3 3.23-3.32 78.2d 3.20-3.33 783 d

4 3.23-3.32 TL.Td 3.20-3.33 71.8d

S 3.23-3.32 779d 3.20-3.33 78.0d

6 3.65 628t 3.65 629t

3.82 383

5-OCHj 334 60.2 q 3.36 s 60.3 g
7-OCHj; 3845 56.6 q 386s 56.7 q
3', 5'-OCH; 374 s 569q 395 570q
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Scheme 14 Mass fragmentation of compound SVM-1
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Identification of Compound SVM-2 (bornesitol)

Compound SVM-2 was obtained as colorless crytals. The IR spectrum
(Figure 14) exhibited absorption bands at 3500-3000 cm™ (hydroxyl group).

The "H-NMR spectrum (Figures 15-16 and Table 15) displayed 6 methine
proton signals at 8 2.80 (H-1), 3.91 (H-2), 3.33 (H-3), 3.08 (H-4), 2.90 (H-5), 3.41 (H-
6) ppm and one methoxy singlet at & 3.28 ppm.

! 15) and DEPT spectrum (Figure 18)
consist of 7 peaks, correspo ding t0 6 bons at 8 81.7 (C-1), 68.3 (C-2),

d one methoxy at 6 56.7 ppm.
The steriochemistry o
2-3 Hz and J,, = 8-1

From the a
(Figures 19-20), HM
compound SVM-2 was

its coupling constants (J.e =
rmation from 'H-'"H COSY

~ (Figures 23-24) experiments,
a et al, 1995).

Table 15 Comparlsor'o_QIMR spectral data of compound SVM-2 and

bornesitol , Ealt 2l
L T RAL R I T
YU (Onocha er af,1995)
] =5 o/
10 7, 1 a I {,Tﬁs]z 8
2 g 91dd (3.5, y 8. 697
3 3.08 ddd (9.6, 5.8, 2.8) 1LY 73.1
4 3.33.ddd (9.6, 93, 4.6) 72.5 74.0
S 2.90 ddd (14.0,9.3,4.3) 75.3 76.3
6 3.41 ddd (14.0,7.0,4.6) 718 3.3
OCH; 3.28 s 51.7 371
2-OH 4.48 d (3.5) " -
3-OH 4.42d (5.8) = .
4-OH 4.53d (4.6) - -
5-OH 461d(43) - -
6-OH 4.58 d (4.6) = .
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Identification of Compound SVM-3 (palicoside)

Compound SVM-3 was obtained as colorless crytals. It gave mass spectrum
(Figure 28) with a peak at m/z S31 consistent with the formula C7H34N,Os and a
fragment peak at m/z 369 due to the loss of glucose unit. The UV spectrum (Figure
26) showed absorption maxima at 220 and 272 nm. The IR spectrum (Figure 27)
exhibited absorption bands at 3406 (hydroxyl group) and 1643 (carbonyl group)

-1
cm .

The "H-NMR spectst / and Table 16) shows four aromatic
proton signals of the A_ring Of the i!dolﬁand characteristic signals of the
Stons d 5.18 ppm (H,-18)and
55.76 (H-19), oneegufitall Hotch BNB SR (2, J = 7.6 Hz, H-21), one
; " d, J =179 Hz, H-1") and one
| -17).

The “C-NMR#Spe ) B 3SR 7 carbon signals (Table 16),
consistent with the bio i paticr f indole alkaloids possessing a secologanin
moiety as follows: 10 cagbon s m tryptamine at 8 134.7 (C-2), 56.1 (C-3),
453 (C-5), 16.0 (C-6), 1053 (€75 126 H(C-8), 117.5(C-9), 1182(C-10), 120.5
(C-11), 1109 (Cl::g,)"' § i

anomeric proton of'

olefinic proton of the'

boratoms from secologanin at &
35.4 (C-14), 30 8(C=T5) 1 »‘ 17.8 (C-18), 135.7 (C-19),
44.1 (C-20), 95.9 ((;-3), c udiﬁthe glucose moiety at 5 98.8
(C-1h, B, _7;-.3:‘(:-3'), 70.0 (C-4), 76.7 (C-5'), 61.1 (C-6') ppm. The NMR

Hatialia slﬂs%%ﬂes’%c%@%e@%ﬂ Qﬁcﬁn Sogies k5240 e

and a carbon ﬂkak at 6 39.8 ppm. P

9y Wmﬂﬁ m:g mﬁz}%rﬁqgﬂm found to be

fully m agreement with thos e previously reported palicoside (Morita et al,

1989). This compound was first found in Palicourea marcgravii (Rubiaceae) and
also found in the African Strychnos mellodora. Palicoside displayed antimycotic
properties against Candida albicans, C. glabrata and Aspergillus niger in the
presence of a specific glucosidase isolated from Strychnos mellodora.  This
glucoalkaloid could be converted into akagerine, which is a monoterpenoid alkaloid
with an N,-C-17 linkage (Brandt et al.. 2001)



Table_16 Comparison of

palicoside

i 56
o CH20H
3 OH
OH 4

of compound SVM-3 and

palicoside (CD;OD)
position Palicoside
(Morita ef al, 1989
Ou d¢
2 g 13 - 134.7 s
3 : f F25 (10.2) 56.1d
5 Z EE 1-3.12m 4511
6 6 159 ¢
7 ' . 105.2 s
3 _ wal v 126.6 s
9 £ = 23 d(7.5) 117.4d
10 X IeF e d 911(7.5) 118.1d
11 6.99 1 e 6.99 £(7.5) 1203 d
12 735d 5 734d(75) | 1108d
13 s @ 1358 s
14 2.0) 3531
10.8)
15 6m 30.6d
16 .P = 1S . - 1125
17 748 s 151.8d 748 5 151.8d
- ; AT
ﬁ 1 . 18d(1045)
19) 5.76 dd 135.7d 5.75 dd 1356 d

N-CH; 243 s 243 s 398 ¢
1’ 457d(79) | 988d | 456d(78) | 987d
7 302-336m | 73.1d | 3.01336m | 73.0d
5 302-336m | 773d | 301-336m | 712d
4 302-336m | 700d | 301-336m | 700d
5 302336m | 767d | 301336m | 766d
6 363d(114) | 6111 |363d(114)| 6101

3384 (11.7) 337d(11.7)
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Identification of Compound SVM-4 (pyrocatechuic 3-O-f-glucopyranoside)

Compound SVM-4 was obtained as amorphous powder. The UV spectrum
(Figure 44) showed absorption maxima at 207 and 303 nm. The IR spectrum
(Figure 45) exhibited absorption bands at 3329 (hydroxyl group) and 1696 (carbonyl
group) cm™. The mass spectrum (Figure 46) showed the molecular ion peak at m/z

316, consistent with the formula C13H;609 .

The '"H-NMR (Figure 47 and Tables17) spectrum exhibited three aromatic
protons at 8 7.22 (d, J =74 Hz \:‘R ‘-a (i#) =74 Hz, H-5)and 754 (d, J=74
Hz, H-6) ppm and an anemesi¢ protorn glu 4.86 ppm.

The APT spectit \\ dlsplayed 13 carbon signals,
including those of a glucg elsign .t aglycone consist of 7 peaks,
corresponding to 4 quaterné 20 «1 i \\ 20.8(C-1), 152.2 (C-2), 146.9 (C-

3), 176.0 (C-7) ppm, 8 methi
(C-6) ppm, HMBC spg
C-3. Compound SVM-
(Sakushima et al, 1995).

1(C-4), 1184 (C-5), 1254
. glucose moiety was located at

s pyrocatechuic 3-O-B-glucoside

9

D

HMBC correlation of compound SVM-4



Table 17 Comparison of NMR spectral data of SVM-4 and pyrocatechuic

glucopyranoside (CD;0D )

position SVM-4 HMBC pyrocatechuic
(H/C glucopyranoside
correlations)* | (CD;OD + DO 1: 1)
Sakushima et al, 1995)
du d¢ d¢
1 - 120.8 - 115.6
2 - 152.2 - 152.2
3 E 146.9 . 146.5
4 722d(15 | 12 9 03, C6 1227
5 6.70 1(7.5) 3,C-4 120.1
6 7.54d(17.5),. 4, C-7 125.2
il - 76.0 173.7
i 4.86d (78 3.5% 102 4
2! 3.41-3.9¢ 743
3’ 3.41- 77.0
4’ 3.41-3. - 70.8
- 3.41-3 £ 77.6
6' 341390 m 2.5 61.9
& W
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Identification of Compound SVM-5

Compound SVM-5 was obtained as amorphous powder which showed an
intense blue fluorescence under UV light. The UV spectrum (Figure 55) showed
absorption maxima at 204, 253, 309 and 373 nm. The IR spectrum (Figure 56)
exhibited absorption bands at 3367 (hydroxyl group), 1636 (carbonyl group) cm™. It
gave mass spectrum (Figure 57) with a molecular ion peak at m/z 527 consistent with
the formula Cy7H31N205 and a fra eak at m/z 365 due to the loss of glucose
unit. §V///

In the NMR sp res S&able 18), the presence of a f3-

carbolinium structure

sonLrmed \‘-. 0

which corresponded o Sul

9), 7.41 (1H, £, J =]

g of six aromatic protons, four of

5831 (1H,d,J=17.1Hz H-

8.1 Hz, H-12) ppm angffwgfméré deshielded doubletsatd 831 (1H, d,J = 7.1 Hz, H-
S) and 8.40 (1H, 4, J =41 i-6 1 ) whose ¢l n icals shifts were in accordance
with a pyridinium ridg. Whe preser of ayquaterna y-methyl group (‘H: 4.43 (s),

C: 45.2 ppm) could also e clded value for the methyl protons
are similar to those of and notmelinonine F (6 420 and 4.55, ppm,

respectively) (Brandt er al,-1999 snances suggested the presence of a

seco-iridoid moiety-similar to se "--=.=-;-:':.'=f!' 7.31 ppm corresponded to
the olefinic H-17 > ppmricould be assigned to for the

hemiacetalic H-21. 'Ie vinyl group was identified by a couple of doublets at 5 5.12
/=103 a ‘la L 1 the methylenic H>-18
protons, wmaﬂﬁec Il}jmmgigz e‘unique H-19 (doublet of
doublets at 5 5.97 ppm)_A doublef at & 4.75 1 ling’ constant of 7.9 Hz
indié&cﬁﬁ-d&nﬂij m umiﬁyﬁﬁiﬁzﬁﬂ-ﬂ . Therefore,
compo?md SVM-5 was identified as 3,4,5,6-tetradehydropalicoside. This compound

was first found in Strychnos mellodora, another Strychnos species classified in the

same section with Strychnos vanprukii (Brandt et al, 1999).



Table 18 Comparison of NMR

3,4,5,6-tetradehydropalicoside

tetradehydropalicoside (C

compound SVM-S5 and 3,4,5,6-

position 6-tetradehydropalicoside
Brandt et al, 1999)
H 8C
2 ' N
3 e &
5 8. L 1359d
6 8.40 117.1d
7 - 3 =
{ &
9 23] B .0) 1243 d
10 7411 @1 (8.0) 123.14
11 7751 (8.0 1(8.2) 132.8d
12 7.82d (8'1) 7.66 d (8.2) 114.1d
13 - RN - -
14 6 32.0¢
15 36.0d
16 -
17 T s 150.5d 744’5 155.0d
18 5.12d €103) 119.9 1o 120.3 ¢
- ‘ [ i 3 |
Tﬂﬁ 597 did 135.6d
Ya78103) | ¢ 9,108) | o
75 d @) N s 0d
. Sl [.8) % 505 0724
229 . .
N-CH; 443 s 45.7 q 435 s 450 ¢
K 4.75d(7.9) 100.6d | 4.78d(7.9) 100.8 d
o 3.15d(7.9) 74.1d 3.15d(7.9) T5.0d
3’ 335m 77.5d 335m 78.0d
4 322m 71.7d 322m 722d
J i 335m 1194y 335m 19.1d
6’ 3.92.d(10.8) 63.0 1 3.92.d(10.8) 63.0 1
3.60 d (10.8) 3.60 d (10.8)

139
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Structure elucidation of compound SVM-6 (3,4-dehydropalicoside)

Compound SVM-6 was obtained as amorphous powder. The UV spectrum
(Figure 60) showed absorption maxima at 209, 360 nm. The IR spectrum (Figure
61) exhibited absorption bands at 3371 (hydroxyl group) and 1645 (carbonyl
group) cm’.

An ES-MS-MS measurement of compound SVC-3 (Figure 62) gave a

molecular formula of C27H33N,0,, . e hydrogen less than that of palicoside.

The '"H-NMR spectrum (Figure ‘ %siows four aromatic proton signals

7.67 (1H, d, J = 8.2 Hz, H-9),
7.16 (1H, 1, J= 7.2 Hz, i-11) and 7.56 (1H, d, J = 8.5

Hz, H-12) ppm and t -\ \ hyl group at & 3.69 ppm.

Similar to compound
N \

characteristic signals (Brandt et al.,

¢ of a seco-iridoid moiety

1999). The vinyl group appeafed a8 tyo doiblefs at. 5,28 (J = 10.8 Hz, H-18,,) and
5.22 (J =179 Hz, H- 1'to the ore downfield H-19 (doublet of
doublet of doublets at 5 502 ppm). /A ” ‘ proton signal at  7.29 ppm (s) and a

#.r - 4 _‘-: _P.'-
hemiacetal proton resonance at & g =i ) ppm correspond to H-17 and H-

21, respectively. The anome the glticese maiety which appeared as a
doublet (/ = 8.2 HZ,L"— S ") the B-configuration of

v-- .

The "C-NMR (Fl§ure 64 and Table 19) spectrum shows 27 carbon signals

N ﬂ’?ﬁﬂﬂ?"ﬂ’ﬁ"’l’ﬁ?‘” S

carbons (6 135 3 ppm), one acetal carbon (6 96.8 ppm) and one glucose

unit inc mﬁqa?m (T[ﬁ loganin part
(C-16 to ilar chemical shiffs as in pahcosnde (Morita

et al, 1989). The deshielded value for the quaternary Np-methyl protons (8 3.69) are

the sugar linkage.

consistent with those of melinonine F and normelinonine F (Brandt et al, 1999). In
addition to a carboxyl carbon, another downfield carbon signal at  170.1 ppm was
observed. In the HMBC spectrum (Figure 72), long-range correlations between this
carbon signal and three proton signals of H-5 (54.07 ppm), H-15 (& 3.45 ppm) and N-
CH; (8 3.69 ppm) were observed. indicating that the signal at & 170.1 ppm should be



assigned to C-3 and that a double bond exists between C-3 and N-4. The structure o1f‘3 1
compound SVM-6 was thus elucidated as 3,4-dehydropalicoside. The signals of H-14
and C-14 were missing from the corresponding 'H and *C NMR spectra recorded in
CD;OD. This characteristic phenomenon can be explained by the proton-deuterium
exchange caused by an equilibrium between the imine and enamine form (Kitajima et
al, 2000). The stereochemistry of H-15, H-20 and H-21 in the seco-iridoid unit was
determined by comparison of their chemical shifts and coupling constants with those

of compound SVM-5 and desoxy-cordifoline (Brandt ez al., 1999). Their similarities

indicated the configurations for H-15. H-
and B, respectively. These are.
proposed biosynthetic paf A

3.4- dehydro@cosnde

ﬂ‘LJEl’JVIEW]iWEJ’mi
ammmmumfmmaa



Table 19 NMR spectral data of compound SVM-6 (in CD;0D)
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3

position Ou d¢ HMBC COSY
2
3 170.1 s
5 4.09 7 (8.0) 55.11¢ €307 H-6
6 3.29m 20.11 H-5
7 124.0 5
8 1254 s
9 7.67d(8.2) 12254 |€-13 H-10
10 7.161(7.2) 1207d. | C8. €12 H-9, H-11
11 7.41¢(7.5) 129. -9. C-10, C-13 H-10, H-12
12 7.56 d (8.5) H-11
13
14 —
15 35m ) d s Sl -17, C- | H-20
16 -
17 7.28 s TRE-21
18 52 % H-19
522 m
19 5.9 7 d= H-18, H-20
20 2.74 S22 C-1 H-15, H-19, H-
Wl ‘ 21
21 5.67d(7.6 6.8d iy H-20
22
N-CH3 3.69s == & 3
G 476 d(8.2) 1641 </
o 3.16-341
3 3.16-
4’ 3.16-3%
5t 3.16-3. :
6 3.25 ¢ 63.01¢ &

AN TUNNINGA Y
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Identification of Compound SVC-1

Compound SVC-1 was obtained as colorless needles. This compound gave
purple coloration upon spraying with 10% H;SO4 in 95% ethanol. The NMR data of
SVC-1 were in full agreement with the published values of B-sitosterol and
stigmasterol glucoside mixture.

In the 'H-NMR spectrum (Figure 74), the signals at & 5.03, 5.17 and 5.33
could be assigned to H-22 and H-23 stigmasterol glucoside and H-6 of B-sitosterol

and stigmasterol glucosides, respecti ely LicAttergration value for H-6 was twice
e

that of either H-22 or H-23. " Fh ve deduced that SVC-1 was a
. o ——

mixture of B-sitosterol and stigmasierol glucosides+n.the ratio of 1:1.

stigmasterol glucoside
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Identification of Compound SVC-2 (17-O-methylakagerine)

Compound SVC-2 was obtained as amorphous powder and gave orange color
to Dragendorff reagent. The UV spectrum (Figure 75) showed absorption maxima
at 204, 283 nm. The IR spectrum (Figure 76) exhibited absorption bands at 3377
(hydroxyl group), 1672 (unsaturated carbonyl group) and 751 (indole) cm™. The
mass spectrum (Figure 77)showed a peak at m’z 338, consistent with the molecular
formular C;;HN,0; .

The 'H-NMR spectru 7 gur d Table 20) showed aldehydic
proton at 8 9.29 ppm, ethylidene &-19) and 2.05 (H-18) ppm and
four aromatic protons at § 3(H-11) and 7.33 (H-12)

Compound SVC alkaloid possessing a
perhydroazepine ring co an original N;-C;7 bond
The “C-NMR (Figure 80 m displayed resonances of

the carboline ring at 560. 0((CH) 19 5, 26.5 (C-8), 1184 (C-9),

121.5 (C-10), 119.4 (C 5 (€-12)Bpmy and perhydroazepine ring at 5 36.8
ol ey
(C-14), 29.7 (C-15), 36.3 83 0i(€! ) 1, together with the ethylidene side

chain at & 15.2 (C-18), 15 ('-::.11—4 F ) ppm and aldehydic carbon at §

194.9 (C-21) ppm. The NMR _ﬁ%ﬁ d the presence of N,-methyl group

sl __‘r,_

peak at 6 425 pp ) and methoxy group

(proton singlet at & 2 58
substituted at C-17 (pre on's . ,4‘1*'?- ak at § 55.2 ppm)

The data obtained from spectroscopic data of S 2 were in full agreement
with the publishe spectrfl #&alues of 17-0 ri hich was first found
from Strychno uﬂa nﬂwmﬁ ﬁaﬁﬁ"f‘ ﬁvalsions similar to
strychnine (Rolfs%'l] etal., 1978). P

QRN W NW]’]V]EI']GH

17-O-methylakagerine
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Table 20 Comparison of NMR spectral data of of compound SVC-2 and 17-0-

methylakagerine (CDCl;)

position SVC-2 17-0-methylakagerine
Su 3¢ Su dc
2 - - - 136.7 s
3 3.78 d(15) 60.6 d - 60.8 d
5 3.061(6.3) 50.0¢ - 50.31¢
6 - 19.5¢ - 198 ¢
7 - - - 108.7 s
8 - 126.5 8 - 126.6 s
9 7.49d(7.5) 1184d | 7.00-7.60 m 118.4d
10 7.10 (7.5 7.00-7.60 m 121.5d
11 7.18 ¢ 7.00-7.60 m 119.4d
12 2.93 10 .00-7.60 m 108.5d
13 = - 131.7s
14 36.8 3691
15 38 ' - 29.7d
16 } - 36.5¢
17 X B 6 83.0d
18 0 : d (8) 151¢
19 it q(8) 150.5d
20 - : - 1478 s
21 . 1049 o (2) 1948 d
N-CHj Y ¥ K S3s 4254
OCH; .0 S 08 5 5524
# 4 -f-,f:'

7

i

AuLINgNIneng
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Identification of Compound SVC-3 (akagerine)

Compound SVC-3 was obtained as amorphous powder and gave orange color
to Dragendorff reagent. The UV spectrum (Figure 82) showed absorption maxima at
211, 307 nm. The IR spectrum (Figure 83) exhibited absorption bands at 3354
(hydroxyl group), 1656 (unsaturated carbonyl group) and 754 (indole) cm™. The
mass spectrum (Figure 84) showed a peak at m/z 326 [M+2H]', consistent with the
formula C50H24N-0; . .

Compound SVC-3 \\} Si1T
methoxy signal was missingsfiom NM

'H-NMR spectrum (Figu
ppm in SVC-2 had shi

al data to SVC-2. However the
1 compound Furthermore, in the
one proton multiplet at § 5.68
cas the "*C-NMR spectrum
(Figure 87 and Table 2 ¢ upf _- shift S ‘ 7 signal from & 83.0 ppm
in SVC-2 10 875.7 ppm i | \\

Therefore, it was C-3 is akagerine and this was
confirmed by comparisén ift data with reported values
(Rolfsen et al., 1978).

Akagerine was first fou vfi‘:d. 130 Strychnos usambarensis. Previous
pharmacological studles of t ?ﬂflﬂgs,ﬁ.’ aled its cytotoxic and convulsant

activities (Rolfsen er@ c;.:;;=' b

akagerine
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Table 21  Comparison of NMR spectral data of SVC-3 and akagerine in CDCl;

position SVC-3 akagerine
On d¢ On dc
2 - - - 136.7 s
3 3.82d(10.8) 60.7 d 3.82d(10.9) 60.5d
5 3.07m 50.0¢ 3.07m 4981
2.72-2.78 m 2.72-2.78 m
6 2.72-2.78 m 19.6 ¢ 2.72-2.78 m 194 ¢
7 - - - 1079 s
8 - 126.6 5 - 1264 s
9 7.45d (7.4) 7.48d (7.7) 1182 d
10 7.081(7.4 7.11¢(7.7) 121.3d
11 7.16 1 ( 7.181(8.2) 11934
12 7.28 1 29d(8.2) 108.3 d
13 136.1 - 136.1s
14 1.9 (10.9) 3.3t
. 12.8)
15 3 1 61 29.7d
. i 4,14)
16 1.96 ; m 3567
“TE m

17 6.21 _ 3.7) 753 d
18 2 Wa@of . (7.2) 1514
19 6.54 g6 55 9 (7.2) 150.7 d
20 - - - 1478 s
21 931dT4 31d(1.4) 195.0d

N-CH; 2518 2,535 41.7¢q

e )
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Identification of Compound SVC-4 (syringic acid)

Compound SVC-4 which was obtained as an white amorphous powder, has a
molecular formula of CoH;¢0s deduced from its molecular ion peak in the EIMS
(Figure 91) at m/z 198. The fragment ions at mz 181, 168 and 153 resulting from

loss of hydroxyl, methoxyl and carboxyl moiety, respectively. The IR spectrum

maxima at 204, 252 an

The 'H-NMR spéct ‘ 4 able 22) showed a signal of
two equivaler{t aromatic 4 A 5 231 ppr ‘4\ H-6) and another signal

representing two equival & ) '. at ' 387 ppm (3-OCHs, 5-OCHj;).
These data suggested S’ s s _ g W%, cetrasubstituted symmetrical
aromatic ring system with, o methoxy | oxy and one carboxy groups.
Therefore, compound SVC-4 .:Lf_g,g.a,‘_é_‘._' ingic acid (Inoshiri er al, 1987).
|€-"" 't al., 2002) and weak

inhibitory activity agai@ xanthine oxidase (Kong er a/ ., 302)

AuLINgNIneng
ARIAN TR INAE

syringic acid



Table 22 Comparison of NMR spectral data of compound of SVC-4 and

Syringic acid (CD;0D
position Compound SVC-4 Syringic acid
Su S¢ (Inoshiri ez al, 1987)
1 - 121.9 122.0
2 1318 108.3 108.3
3 - 148.8 148.7
4 - - 1422
5 - 148.8 148.7
6 7.315 108.3 108.3
3 - 69.9 169.2
3-OCH;, 3.87 56.3
5-OCH; -

AULININTNEINS
AN TUNMIINGA Y
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Identification of Compound SVC-5 (vanillic acid)

Compound SVC-5 which was obtained as an white amorphous powder, has a
molecular formular of CgHgO4 deduced from its molecular ion peak in the EIMS

(Figure 96) at m/z 168. The presence of the fragment ions at m/z 151 and 123 due to

the elimination of methoxyl and carboxyl moiety from the molecule, respectively.

(conjugated carbonyl group). i guie94) showed absorption maxima at
210 and 263 nm. S
The 'H-NMR plre | 9¢ Table 3) revealed three aromatic

protons. The substit
coupling of the proton‘Signal af &/7 d & § -\' z, H-6) ppm to the one at §

6.83 (d,J = 8.7, H-5) ppmAndlaiso’ soupling to another signal at & 7.53 (d, ] =
E ;J’:" y

1.8 Hz, H-2) ppm. Thereforest c substitute ps €ould be assigned to positions 1,

3and 4 of the ring \-Nith o;_‘%’%_whg V.

droxy groups. Compound SVC-5

was identified as van f‘?‘:_“m{-‘

] G
AUL INYNEINLINT

6

AR TURMTINGA Y

vanillic acid
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Table 23  Comparison of NMR spectral data of compound of SVC-5 and

Vanillic acid (CD;0D)
position Compound SVC-5 Vanillic acid
Su 8¢ (Sakushima et al, 1995)
1 - 12305 123.1s
2 7.53 d(1.8) 113.8d 113.94d
3 - 148.6 s 148.6 s
4 - 132.7 8 152.7 5
5 6.83 d(8.7) 115.8d 1159d
6 7.55 dd 3d 1253d
(8.7,1.8
7 - 170.0 s
3-OMe 3 56.4q

o
- [
A
Il
iF |
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Structure Elucidation of Compound SVC-6 (strychnoside)

Compound SVC-6 was obtained as amorphous powder. The compound
developed an intense blue color upon spraying with FeCl3/HCIO, reagent followed by
heating at 105 °C for 5 minutes. Its IR spectrum (Figure 100) exhibited a strong OH
absorption band at 3369 cm’, together with a peak at 1613 cm’ indicating the
presence of conjugated ester moiety in the molecule. The UV spectrum (Figure 99)
showed absorption maxima at 206 z . The molecular formula of CysHss05,

was determined from the pseudomolecular foft at m/z 965 [M+Na]", in the mass

spectrum (Figure 101). The N , und SVC-6 possessed signals

The 'H-NMR (F and APT (Figu ~and Table 24) spectra of
| ‘ hose of compound SVM-1. In
addition, further signals ¢ 5P : { . W R its could also be detected at
| 083 (C-2", C-6), 148.9 (C-3",
44),7167.9 (C-7"") and 167.4 (C-
7"") ppm. '

The connectivity of stablished on the basis of chemical

shift analysis. Comparison of W}WT 3 ectrumeof SVC-6  with that of SVM-1
revealed the downfield shift o field shift of C-1 and C-3
signals (-1.8 and -2.2 : D oiety, together with the
analysis of the HMBCﬂwect JUr » Indicating that one syringyl unit is

ester located at C-2 of thesglucose moiety. Rurthermore, the downfield shift of C-2a

(+2.5 ppm) andﬁ% E‘Jﬁ’af% H %ﬁ weﬂm ‘ihcatmg that another

syringyl ester mo“ty is located at C-}a Compouﬂ SVC-6 was therefore 2a-[(3,5-

dlmetho% ﬂx&k@ﬂﬂiﬁﬂo%%ﬂﬂ[%ﬂﬁﬁ@oﬁzt hydroxy)-

-glucopyranoside, trivially named as strychnoside.

"y O o CHL011
. 0 OH
\ O
S
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Table 24  NMR spectral data of compound SVC-6 (CD;0D)
Position 5S¢ Su HMBC
(H/C correlations)®

1 33.4¢ 2.59d(1.5)

2 37.8d 1.84 m

2a 68.3 ¢ 4.13,4.08

3 47.0d 214 m

3a T1.3¢ 3.48 334

4 422d 424d(6.1) C-9, C-10, C-1", C-2’, C-6
5 1476 s -

6 1389 s -

7 148.6 s

8 107.5 4% C-6, C-10

9 129 : 4

10 2524 A

ll

2' 1 C-4,C-3',C-4', C-6'
3" 1340,

4’ 45 =

Bt 1489, :

6 Az ' 4,C-2', C-4, C-5'
I A
20 0 i B0 W T G T T
3 1489 el |

141 9% —

1" C3 C-4T, GG O

BINT

1o 1213 s = - o/
<' ﬁm CEIE de oo
3 ‘ 48 6 . LA -
Z"h 141.7 s -
G 148 6 5 =
6" 1083 d 712 s C17 C3™, CA™ O™ C77
7' 1674 s -
. 5-OCH; 60.0 ¢ 3.16s
___7-OCH; _ 56.5¢ ~ 38ls
3. 5.0CH; 56.6 ¢ 3.72s - .
I 5"0CH, 56.8 ¢ 3815
S OCHL 56.8 ¢ 3675
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Structure elucidation of compound SVC-7 (vanprukoside)

Compound SVC-7 was obtained as amorphous powder. The compound
developed an intense blue color upon spraying with FeCls/HCIO4 reagent followed by
heating at 105 °C for 5 minutes. Its IR spectrum (Figure 114) exhibited a strong OH
absorption band at 3365 cm™, together with a peak at 1613 cm™ indicating the
presence of conjugated ester moiety in the molecule. The UV spectrum (Figure 113)
. The molecular formular of C37H4607
ak at m/z 785 [M+Na]" and
ass spectrum (Figure 115). The

showed absorption maxima at 208

was determined from the
molecular ion peak at m/z 7
NMR (Figure 116-118) s
of an aryl-tetralin type li

sessed signals characteristic

In the "H-NMR ‘ -118 and Table 25) spectra
of SVC-7 showed che ! Similar \ f compound SVM-1 and
accompanied with ad ignals corre u to Syringyl substituent at § 121.5

(C-1"), 108.1 (C-2",6")

The acyloxy moi resulting from the basis of
chemical shifts analysis. Cofparison of the spectrum of SVC-7 with that of
SVM-1 revealed the downfield.sh ﬁ a -9"* 2.5 ppm) and upfield shift of C-2 (-

e

and 168.2 (7).

it is a syring 8 ' moiety located at C-2a.

R

de, named vanprukoside.

ﬂ‘HEJ’JVlEJ‘Vl‘ﬁWJ%f]‘i
QW?MﬂﬂlNWﬁ\ Ta

o CHy0H
OH

2.6 ppm) indicating { ha
Consequently, the st 'P’-.." d as 2a-[(3,5-dimethoxy-

4-hydroxy)-benzoyl]- (@yomresmo a-O-f3-glucopyran

OH

Ol



Table 25 NMR spectral data of compounds SVC-7

155

Position Sc¢ Su HMBC
(H/C correlations)*
1 33.51¢ 2.74 m
2 38.0d 2.12m
2a 68.71t 4.30 m
443 m
3 46.6 d 227 m
3a 71.8¢ 3.57m
398 m
4 42.5d 4384d(6.1) | C-9,C-10,C-1',C-2', C-6'
5 147.6 s \
6 139.2 5 ‘
7 148.8 :
8 107.9% 5.5 C-6,C-10
9 129. N ;
10 1 ~
I ._
2 1 ~6.38 4, €-3', C-4', C-6'
B 40 9's r- Nl
4 g =
5 4940 s &
6’ 106.9 688 4. C2. CH. -5
e 121 8's -
2 108. £ C-1%, C-3", C-47, C-6",
I T 7
3" 149.0 s =3
4 4 ad \
5 =
6" yC-2",C4",C-5",
A
70 2s -
Glul 10497@h | 427408 )
2 7824 3.2013.26 ) p
3 : 3.20-3.26 m o
4 71.6d 8.20-3.26 m o/
Ia [ [ 4
| ! | - | -
L | 3.85m
5-OCH3 - 3345
7-OCH; - 3.84 5
3',5'-OCH; - 3.71s
3",5"-0CH; - 382

* Correlation from I to the indicated carbons.
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Identification of Compound SVH-1

Compound SVH-1 was obtained as colorless needles. This compound gave
purple coloration upon spraying with 10% H,SOj in 95% ethanol. The IR (Figure
127) and NMR (Figure 128) data of SVH-1 were in full agreement with the
published values of B-sitosterol and stigmasterol mixture.

In the '"H NMR spectrum (Figure 128), the signals at § 5.03, 5.12 and 5.33

ppm could be assigned to H-22 and of stigmasterol and H-6 of both B-sitosterol

dspeak areas of H-6 and either H-22 or
deduced that SVH-1 wasa 1: 1

—_——
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Table 26 Comparison of NMR spectral data of SVH-1 and mixture of -

sitosterol and stigmasterol (CDCls)

167

Carbon Chemical shift (ppm)
B-sitosterol | Stigmasterol SVH-1
(Wolbis et al., 2001)
1 37.3 37.3 37.3
2 31.6 31.7 317
3 71.7 71.8 71.8
4 42.5 42.4 423
5 140.8 140.8 140.8
6 121 1217 121.7
7 32.0 31.7,31.9
8 2.0 31.7,319
9 502 50.1
10 -~ 36.5
11 211,212
12 39.8
13 - 42.3
14 56.8, 56.9
15 - 24.3,24 .4
16 ' 28.2,28.9
17 - 1 56.1
18 . ~4 ' 11.9
19 ).4 £33 19.4
20 64 S | 36.5
21 18. 211 18.8
22 : > 34.0
23 26.1
24 45.9
23 0 29.1
26 ' 19.8 21.3 19.8
27 9.0 19.0 19.0
28 ﬁ NS 23.1
29%2“&“ 5”%3““: 120, 12.2
N ¢ o Q/
FWIANNIUNRIINEIQ Y

q
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Structure elucidation of Compound SVH-2 (7p-hydroxyisopimara-8,15-dien-14-

one)

Compound SVH-2 was obtained as viscous oil. The mass spectrum (Figure
133) gave a molecular ion peak at m/z 302, corresponding to the molecular formula
C20H300,. The FT-IR spectrum (Figure 132) shows absoption bands at 3442 (OH) ,
3082 cm’ (vinylidene group) and 1655 (C = Q). The UV spectrum (Figure 131) in

methanol showed absorption maxima\

The 'H-NMR spectrum : owed exomethylene signals at §
585(dd J=17.6and 10.8 (dy/ = 09 Hz)and 5.01(d J=176
and 0.9 Hz) ppm which respectively. Furthermore,
there are four methyl si 8), 1.06 (H3-20), and 1.12
(H3-17) ppm, together‘ i

\ methine protons
The APT spectrugd(Fj 36-137 and'Tdble 26) shows 20 carbon signals,

resonances were classifi ot four meth /I, Seven methylene, three methine
| (6 204.2). From HMQC
cre assigned (Table 26)

and 6 quaternary carbons

spectrum (Figures 140-141

The HMBC correlations{Eigiires: 43)be ween both signals at § 5.01 and
orrelations{igiires 1 425 g
506 ppm to the CaroQres nal at 5‘;..'—_;);;;;:&;;::;“:‘%5 2t the attaChment Of the

vinylidene  moiety rmore, NOESY correlations

between the methyl pro ohs on the same face of the molectle at C-4 (Me-19), C-10 (§

Me-20) and C-13 %) ‘ m _ as an isopimarane

diterpene. Theacﬁjﬂgﬁ:ﬁﬂme ﬂmﬁﬁt d 204.2 ppm and

protons of Hz-IZ% 1.75), H-15 (8 585) and Me- I¥scan be ob eﬁzijdicating the
I

reto sroi gt AT DS NI ) A .81

4.63 ppm (ddd, J = 4.4, 1.5, 1.4 Hz, H-7) with the carbon signals at & 45.7 (C-5) and

n signal at 6

132.1 (C-8) ppm, between H-6 (5 1.84 ppm) and C-10 (5 41.2 ppm), and consistency
of these chemical shifts with those of the diterpenoids possessing a similar partial
structure (Evidente er a/ , 2002) indicates the location of a hydroxyl group at C-7 and
suggests a ftully substituted olefinic double bond between C-8 and C-9.  The

stereochemistry of compound SVH-2 was established by NOE experiment. The H-7
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doublet of doublet of doublets at & 4.63 ppm showed a correlation with the signal of

the a-oriented H-5 (8 1.54 ppm), hence confirming the configuration of 7-OH as
B. Therefore, compound SVH-2 was elucidated as 7/-hydroxyisopimara-8,15-dien-
14-one.  This is the first time, to our knowledge, that isopimarane diterpenoid

derivative was found in this genus.

AULININTNEINS
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Table 27 NMR spectral data of compounds SVH-2 (CD;0D)

160

position 3¢ dn HMBC
(H/C correlations)®
1 36.3 1 1.85m C-10
1.15m C-20
2 19.7 1 1.70 1t (13.7, 3.4)
1.54m
3 42,41 1.46 m €2, C4 C-18, C-19
1.23m
4 340 s
5 457d 1; (13.1, 1.6) Cava s T
\ | 018, C-19. €-20
6 284 ¢ C-5.Cs7. €-10
(13.
1.68 1d
7 Ch 8
8
9 7
TR3 A C8.C9,C=12. C-13
2 W C9 01,018,
Sl C-14. C-15
13 4877 1z
14 204 8's e < o ,
15 141.6d 108 | G-12. €13, C-14 C-17
16 11 = C-13, C-15
17 R ch
18 ' C-3. 04, -5, C-19
19 222¢q 089 Gl CH 65 C18
=], G5, €9 ¢-10

20 1 m ].36 s |
e FUETAURTRENT

AN TN ING I
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Identification of Compound SVH-3 (strychnocarpine)

Compound SVH-3 was obtained as yellow prism crystals. The UV spectrum
(Figure 146) showed absorption maxima at 224 and 302 nm. The mass spectrum

(Figure 148) showed a peak at m/z 200, consistent with the formular C;,H;,N,0.

The 'H-NMR spectrum (Fig ”- d Table 27) was in agreement with
ic proton signals at 6 7.56 (H-
5), 7.12 (H-6), 7.28 (H-

triplets at & 3.70 (H-

orrelated methylene proton
cthyl group appeared as a
three proton sinélet at

The “C-NMR spe i 1 " e 27 shows further evidence for
the Ny-methyl tetrahydro- ; il with the signals due to two
methylene carbons at & 50. Aland 20, ppm, the My-methyl carbon at §

34.2 ppm and the amide carbonylcarb

Compound S FT i ic which was first isolated

from the stem bark o trychnos elaeocarpa and fouxm to have a weak muscle

relaxant effect tFT ﬁﬁ E?T YI Lﬂy\ﬁﬁae (5-HT) depletion
in mice brain, er synthesis m ibition, in 1catmg a stimulation of 5-HT

< QRTAIN N ING A Y

strychnocarpine
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Table 28 Comparison of NMR spectral data of SVH-3 and strychnocarpine

(CDCLy)

position SVH-3 strychnocarpine
On Oc On Oc
1 = 161.6 - 161.1
3 3.701(7.2) 50.2 3.701(7) 49.6
4 3.071(7.2) 20.6 3.07¢(7) 20.1
4a - 117.8 g 1172
4b 5 125:2 = 124.9
5 7.56 d (7.7) 120.1 7.6-7.0m 120.1
6 7.121(7.7) 7.6-7.0m 119.5
7 7.28 ¢ (7.8) , 7.6-7.0m 124.0
8 7.43 d(7.8) 128 #876-70m 112.6
8a -\ 3TV 137.4
Oa 137.4
N-CHj 33.7

AULINENTNEINT
AMIANTUUNIINYIAY
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Determination of biological activities

The biological activities including antioxidant, anticholinesterase,
antimicrobial and cytotoxic activities of the isolated compounds were determined.
The compounds investigated for these activities were SVM-1, SVM-3, SVM-4, SVM-
5, SVM-6, SVC-7, SVC-8, SVC-9 and SVH-2. Other compounds were not tested

because of their limited quantities. The results for each activity are given below.

1. Antioxidant activity

cancer, inflammatory dise and /2 ther disorders. Antioxidants which
scavenge free radical§ are )$sess preventive as well as therapeutic
potential in free radica atgd disease conditions (Fiwari e al., 1999). The search

for potential pharmacolggical anti S i steat interest and plants are an

The compounds from$ *, ~vanprukii stem investigated for this activity

were SVM-1, SVM-3, SVM-4, ‘l'..r“" ,.SVC-4, SVC-5, SVC-6, SVC-7, and
n— s .r"

SVH-2. The results -are 0 ﬁ by spectrophotometric

assay. M—_ "‘»"

Table 29 Antioxidanrm:tivity (ICso) of the isolated anﬂefercnce compounds.

fi Efjgmﬂ ﬂ%’wg;gml
q wq%ﬂ%m IR

688.9

SVM-6 636.3
SVC-4 1279
SVC-5 375.4
SVC-6 12:5
SVC-7 18.7

SVH-2 1644.7
Vitamin C S




Three lignan compounds, strychnoside (SVC-6), vanprukoside (SVC-7 ) anll64
lyoniresinol 3-O-B-glucopyranoside (SVM-1), exhibited the antioxidant activity
more active than ascorbic acid which was used as reference compound. Compound
SVC-6 showed the most active activity in these tested compounds.

] 7
AULINENTNEINS
ARIANTAUNING 1A Y
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2. Anticholinesterase activity

Alzheimer disease (AD) is a neurodegenerative disorder marked by progressively
worsening cognitive  deficiencies,  behavioral disturbances, and distinctive
neuropathology. The loss of the basal forebrain cholinergic system is one of the most
significant aspects of neurodegeneration in the brains of AD patients, and it is
thought to play a central role in producing cognitive impairment. Therefore, AD
st two decades have focused on the

s of restoring cognitive function
esterase inhibitors (AchEIs),

which enhance cholinergi ion by e enzymatic degradation of

drug development strategies over th

augmentation of cholinergic transm

of these patients (Krall ez

acetylcholine, are approved * A n 1993 tacrine was approved
by the Food and Drug Adminfsts 37 D u\|\ : States for mild to moderate

Alzheimer’s dementia. Vg ra ge and hepatoxicity limit
its use. Galanthamine _ah Amap r‘m 3 \ eceived the first approved
in Austria (Ingkaninan ef al, O)ﬁ' her « \ r other AchEIs is of great

interest and natural productglargan ﬁ‘;:pp 0t PO el; \ ource of such compounds.
ﬁ 55, SVC-4, SVC-6, SVC-7 and

In this study, compounds A=1-S VN
l
SVH-2 were 1nvest1gated on acetyicho!i e inhibitory activity. The results are

.i“ 4
summerized in Table 2¢ e i

AN RBS AN TN

9 SVC-4 531.1
SVC-6 113.6
SVC-7 181
SVH-2 633.4
galanthamine 4




166
All of the tested compounds showed acetylcholinesterase inhibitory activity
less active than galanthamine. Compound SVC-7 (vanprukoside) displayed the
most potent activity in these tested compounds.

AU INENTNYINS
RN TUUMINYAE
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3. Antimicrobial activity

The compounds investigated for this activity against S. aureus, E. coli and C.
albicans were SVM-1, SVM-3, SVM-4, SVM-6, SVC-6, SVC-7 and SVH-2. All of
the tested compounds possessed no activity against any of the test microorganisms at
maximum concentration of 800 pg/ml.

In view of Strychnos alkaloids, the compounds which displayed antimicrobial

activity were the bases with usambarane skeleton such as usambarensine and dimeric

alkaloids such as caracurine ested compound possessed these
skeletons. Most of the sted..co s*Aredlycosides which may be result in
inability to penetrate im07 ¥ ——
/ - N
: ). “
o e |
P N i
H y ke f
o
A
<3 AN
usambarensine caracurine V
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4. Cytotoxic activity

The compounds investigated for this activity were SVM-1, SVM-3, SVM-4,
SVM-6, SVC-6, SVC-7 which are glycosides and diterpenoid SVH-2. All of the
tested compounds exhibited no cytotoxic activity against melanoma B16 cell line at
maximum concentration of 1,000 ug/ml.

The Strychnos alkaloids which have been reported of a pronounced cytotoxic

activity against melanoma B16 were di ic alkaloids such as strychnopentamine

melanoma B 16 (Leclercq e ¢ 36). of activnty of tested compounds

akagerine (SVC-3)
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