Chapter II

Historical

1. The investigation ] | constituents in

Chemical from this plant

have been repo 5 flavone and
miscellaneous ogfounid F4 57 GCC W&E ce of chemical
constituents 1 ata are shown.

Table 1. Chemics cgraphis paniculats

Nees
Type of Cﬁp; = Vyjrﬂl References
compound ‘
Andrograbhglide leaygs, root, whole Cava et a1,
ﬂumwmwmm
Véﬂandrograono— leaves, nole plant Chan et =21,
1971)
’Q WA »mmzu URIINY ﬁ ®)iine ond
pholide-19 Xisctian,
o ¥ glucoside (1982)
Lactone
14-Deoxy-11.12 Whole plant Balmain =nd
didehydro connolly,
andrographolide (1873 ),
14-Deoxyandro- leaves, whole Fujita et =al

graspholide plant ) (1884)



Type of

Lactone

Flavone

14-Deoxyandro- stem
graphoside
Andrograpanin leaves

14-Deoxy-11-
Oxcandrogra
pholide

Androgre

Panicolin

\7

Mono-0 IPt;
w15ht1

AEIMHQ‘V]B%I‘W El’m‘i

F-t vl ether

. Balmain and

Connolly
(1873 D>

Fujits et al,
(1984 >

Balmsin and
Connolly,
(1973

Allison et =1,
(13968 >

Allison et al,
(1988 >

Allison et al,
(1968 >

Biswas, Ali
and Choudhury
(1972 >

Biswas, Alil
and Choudhury
(1872 >

Biswas, Alil
and Choudhury
(1872

Biswas, Ali
and Choudhury
Q13722

q RBIAT UE1) NV Bhoss. a1

di-oc-methyl
ettier
S-Hydroxy-2° ,3", root
7,8-tetramethoxy
flavone

znd Choudhury
(1872 3>

Gupts. et al.
(1983 >



Type of

S-hydroxy-7,8- root

dimethoxy flavone

root

(di)-5-hydroxy-
7,8-dimethoxy
flavone

2-Cis-G<4
Farnes

Caffic
4-dihy
namic aci

3,5-Dies
gquinichigcid

ﬂumwﬂmmmn's

Gupta et al,
(13983

Gupta et al,
(1833

Ruroyanogi
et al,{1987,

Qverton and
Robert, (1874

Overton and
Robert, (1874

Satyanarayzans,
Mythiravee and
Krishnamurthy,
(1878)

Satyanarayana,
Mvthirayee =and
Krishnamurthy,
(1878)

Satyanarayana,
Mythirayee and
Krishnamurthy,
(1873)

Gupta et a1,
(1983)

The main constituents in aerisl part of
Andrographis paniculata MNees are diterpenoid lactone
compounds that have not been found in other Andrographis

species and have been of interest in their pharmacologicasl

action.



2. Diterpenoid lactone compounds

The term diterpenoid is used here to refer of
substances for which at least a portion of the substance

clearly originates as a diterpene, but where other

-

biogenetic modifications ha altered the structure so

that it contains fewer 0 carbon atoms.

Diterpenoid™aectone om@ve been isolated
3 >| 2 - v:ﬂ

from terrestrial and also marine

natural source. : ympletely  satisfactory

classification of ] D I'g \{;is. The structure

of these compound 8% al 'source are generally

classified as follo

1. Phytane type diterz id lactone
LT

S
|| OH

N M
AusIneNingIng
QEAADTUURIANUNAL., 1o

(Porella navicularis)

W
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2. Labdane type diterpénoid lactongt

HO o] i
\ HO y

HO-" ’
- “cuzon

oganthoside
Barua, 1987)

nthus thyrsiflorus)

Andrographoli
(Cava et-al, 1S

(Andfoggaphis panicu

L .
3. Clerodane fﬂgﬁagaw# d lactone

el

AUEINENIAEINS
AN eIy

i

Scuterivulactone D (Kizu et al, 1887)

(Scutellaria rivularis)




1z

Neoclerodane type diterpenoid lactone

Scutellones E

(Scutellarid® ph

¥

¥

on 1
Jateorin (Bhatt et al, 1930)

Columbin (Hanuman, Bhatt

and Sabuta, 1886)

(Tinospora cordifclia)

(Tinospora cordifolia)



Salverin ( = {hl'a \gbata 1886)

(Tinospors

5. i terplendiigot onel il
HO ;l———————————;——?————f—— _
: :: o: el
. a Y
CHO . ‘

Y WK
q /\
Picrodendrin A (Ohmoto Salignone (Matlin, Bittner

et al 18988) and Silwva, 1884)

(Picrodendron bactatum) (Podocarpus saligna)




2,3 dihydropodo lad®" (DaSgupta Burk d Stuart, 13881)

- BHEINENINGINT
RN TAIUR

Angasiol acetate (Rahman et al, 1991)

(Aplysia juliana)

14
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Biosynthesis of diterpenoid lactone

Natural terpenic compounds could be assumed to
arise by accepted reaction mechanisms from simple acyclic
precursors, squalene, geranyl geraniol, farnesol and

geraniol. Fig 2

Geranyl gera gh 3Gff) Lefierated from molecules of

mevalonic acid the precursors of
studied biosynthetic
3
pathway of clerod i ter Emm tone from 4-R- H ,
[ ! 1

diterpenes. Akhil

14

2 C MVA and pre wmay (scheme 1) and

mechanism of cyc

AULINENINYINS
PMIAIATUAMINYAE

018668
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e+ AHEANENINENNS......
e T TR I N

4o fromj [2—1 = ; A denotes E from [4R-- E] MVA

; ® denotes tracer from MVA having tracer at C-5

The

numbering pattern in GGPP has been changed in diterpene

skeletons & and 13 in keeping with the traditional

numbering system of diterpenes. Compound 9 , 10, 13

and

14 are likely to be enzyme bound species because positive

charge units donot exist as such in nature

17
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\/\/

ﬁﬂqwﬂwswawnﬁ
ama\iﬂimummmaa

Scheme 2 Suggested mechanism for the cyclisation of GGEPP

IP

. ¥ : f
to cis-clerodane compounds.” denctes 14 C from [2-

[

C]

o
MVA and T denotes ° E from [4R-H]
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It was well established that C-2 of MVA give rise
to C-1, C-7, C-12 and C-18 of the diterpenes, C-4 of MVA to
C-3, C-5, C-9 and C-14 and C-5 of MVA to C-2, C-6, C-11 and

£—-13

Cis-Clerodane i , be formed from GGPP(1) by two

route 1 - 2 - 3 - 5 and Similarly, trans-

clerodane may be 2 - 3 -4 and

g -7 -8

nucleophile (X) or ; C-100f GGPP from the re-face
v 3l Yok \ 6,7
followed by atta o) e P¥Zattack of A on

+
trophile (H ). This

would generate a B-me - s BsH at C-9, and methvyl

=rmediate 2.

In con ':’;‘.- ’ I:" of  nucleophile
(X)/enzyme on 3 ‘ Ywould neverse the stereo
chemistry st all thegcarbon atomy (ie, C-8, C-9, C-10, C-5,

o ke ﬂﬁiﬂ%%ﬂﬂ?ﬂﬂﬂﬂ? i 8 will

produce 10 and 11 respect1‘e1

ARIANN TN 1{#1INA Y
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13

Experimental techniques for C NMR

Since the esrly 1880s, modern HMR spectroscopy has
become an extraordinarily useful tool for the structurszal
eincidation of unknown organic compound. Some usual

experiments are ss follow.

1.1 / ise g or broad band

spectra were

obtained by irradi n BT i : toyremove all carbon-

proton scalar significant improvement

of the signal/noise ratEo is—aallleved because the signal

of insensitive naclei atfMnarrow- singlet,
B e ——————————————————————————————— ]
. iyt .
without any E coupling. In

|
ear overhouser effeckJ(NOE) may enhance

the signsl=g a0k ‘ﬁ' S f 0 ~3s threefold.

However, tﬂuﬂc OZ[;E]ITb Ngll:lnjoss of 11-{ —13C

R gy
LI zﬂQI ined.

adjacenp to 2 carbon n onger been determin

S
|
|

addition, the n
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1.2 Gate decoupling technigue

A gate decoubling spectra is obtained by

turn on the proton decoupler during a pulse delay but turn

of f during data acguisition. The carbon signals are split
13

owing to the large one bon C coupling constant “Jgy

V(between 120 and 200»“ \ « ““iﬁ are observed for
CH, triplets Fforsthaes q .@or CHs fragments
These muliiplets
couplings over mo Ly overlap severely
0SS ible.

so that an unambig

1.3 "0Of

An

irradistion of a selseFiVe' p¥ eguency near to the

1
H-rescnance

decoupling 1s ﬂ'h -
]

E'plitting due to

ot
ot
5
w

ot

carbon-proton congilnss are red ed to such an exten

i e FUBINHRING T -

small &molﬂu of residual ?pllbtlns

QRIANT) 3K %J,J’I'J'Jﬂﬂ’lﬁ

becomes apparent when many C signals exist in a narrow

Hy
o0
'.-J
0
ot
[
<
a

chemical shift range. A situation often occuring in the

Hﬁﬂuﬂﬂtﬂi "’7 U u ne L1ﬂ14

-~

;|
{
\mmmmunww ALY !
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spectra of steroid., triterpenoid and other molecules
containing many carbon atoms. In spite of the relatively
small amount of residual splitting, there is still

considerable signal overlap, which many easily obscure any

identification of multiplét. &

>

1.4 J-mod [ ach Proton Test (APT)

proton coupled
during the firx pled during the
second delay a iof X Puring the first

proton coupled o i £ b or 3 rtienls

'0

carbon will st a frequency

of J/2 zheszd snift freguency.

The angle throuzh w rotate will therefore

be control by bot constant, J, and the

delay time. Weissonucliear Cecoun Inz I *ng the second
\ ) ,

delay pericd whﬁEr , Ise JJ111 switch off the
| : It

J-coupling and MOVﬁ the d’°t1ncf10n between the two

ﬂumww@wmﬂ@e S

sult g singlet wigl deend nly upon k an 8,

a FARIATAURA VAR o -

doublet 5 triplet asnd a guartet are showed as a3 function

of the delay, tD. At the time tD = J—1 the magnetization
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e 1 o [

'H Decoupler l———-——l
1
)

FIUE@IEJ El'lﬂ‘i

RINNINNTNINYA Y

Figure 4 The effect of J modulation on the amplitude of a
signal after decouping {1H}, In the top .case, only
a short delay 1is inclﬁded and the vector sum is close to
the normal value. As the delay is 1increased, the sum

decreases, goes through a null,and inverts.



(a) : !
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J =213 Hz;(b) the triplet of CH2 Cld J= 178 Hz; (c) the
quartet of CH3OH, g=138 Hz
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components are realigned for all three coupling situation
the phase of the methine and methyl signsls is opposite to

that of the methylene signal.

A spectrum where the amplitude of the

carbon signal depends on the delay, he time dependent

amplitude, or amplitude 1 is a function only of

J , and the Chemical shift

CH

evolution 1is swite ' ; mmighge spin-echo. The

experiment is re

attached proton

1.5 IgFe ive ‘ y e Enhanced by
o ¥ard zat fon Tx = (INEPT)

Po.‘l.ﬁﬁg-%:ﬂ ; or polarization

e F o 0 .
transfer has the b:**;sﬁﬁavyw st pertubation of the

population d1=' c1pution of '_,;-'.‘r e an effect on

i
e

the population !ﬂf ci&pled to A. The

pertubation 1is cpegted by adlowing the evolution of

reanesizacifl i) %ﬂmmmm
ARANMIHURTINGNEY

simultafleous polarization transfer from zll proton to =all
nuclei with the same coupling and number of attached

proton. The basic pulse sequence msy be written.



AU INENINEINS
PRI TUAMINYAE

s during the INEFT

Figure 6' Vector disgrsm for the proton

segquence.

26
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H (T/2)x - tD-(TT)x - tD - (Ti/2)y

@ TT- tb - (T1/2) - Acquire

The result of s singlé INEPT sequence,

then is non-selective polarization transfer from proton to
1 13 1
all carbons with the approp - C coupling. All H

from the carbon

spectrum and each carben doublef will have the 5:-3

intensity pattern. usually applied

in a slightly dif the second TT1/2

pulse being alte -vy. The rphase

alternation produci cern of 8:-8 or 1:-1

for the observed d nd quartets due to

CH and CH arly modified in

2 3

sppearance,becoming 1: Oﬁy! mu ' :-1 respectively.

n‘

Y

‘m-y Polarization
k1

transfer

ﬂ ‘uil ANLNINYIN TV —
JPWR) 41 ML DML [ et

carbon subspectra for methyl methylene and methine signal.

The pulse sequence is
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by (T/2)x - tD - (TOx - tD - (8)y

13C (T/2)x - tD - (ITM)x - tD - Acguire
The delay, tD, is set to (2 Joy) —,
and the whole sequence requires phase cyvcling to ensure

maximum cancellation of natural magnetization and pulse

errors. Acquisition mayy : with or without

broadband proton dec

methine, methylene,
and methyl signs. the width of the
8 pulse, it the basis of
spectrum editing #F1 ‘ _1,"' ' the variaticn of
intensity with &, ethine, methylene
and methyl signal n example. Methyl
and methylene groubsilieach h maximum intensity when
& =TT /4 and are nu :ﬁgihfﬁq' shile the intensity of
a methine -ﬁm-:'
=.H 37/4. If DEPT is

to be used to acqq&re 3 routln 13 spectrum, 8

o AUBINURTNGIAT e e

enhancpmentc for all protgnated carbons.

ARIAND I AT V]Eﬂlﬁdﬂferems

has several practica

itT/2. Methylene

gZroups reach a n!ﬁa.

from the INEPT sequences.
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'a) INEPT given 1:0:-1 and 1:1:-1:-1
multiplets for CH and CH groups respectively, whereas
2 3 '

DEPT gives the more familiar 1:2:1 triplets and 1:3:3:1

quartets; this 1is the origin of ‘distortionless” in the

name . In practice, one rarely acquires proton coupled

k'/ of little practical
L
— &

spectra, so this ad '
consequernce. .

b sl 1#
matching of 3

depends its e

ive to a precise
constants, INEPT
~N:ng tD to a value
while DEPT is

which 1is critical e

relatively insensi the delays.

2. Two-dimens -;L:.&&t ar magnetic resonance
T
EE TR

(2Dg

Vi X
2D Nﬂ' z hed by 4 steps;

mixing period and

e SFHE INYNTNYINT
,I'TN QR (k) T T

in the variable time go exited the nucleuns. The relaxation

preparation perlod evolutlon pPr1od

of the excited state nucleus will evolve free induction
decay (FIDs). A pulse is given agsin to the system to Zet

the second FID. The second FID is in time domain function
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S(t1, t2) and changed to frequency domain function S(f1,

f2) by fourier transformation.

The fourier transformation is repeated to

array the frequency domain again from

There able for presenting

2D spectra, one ig The second

and generally more d /' gptiol is the contour plot.
(Fig. 9
ated (H,H COSY) 2D NHMR

spectra

Y

in;j,-scopy) experiment
is the process‘ coherPnce transfer in which
magnetm*ﬁu%lt’mﬁmew%Tﬂﬁl“‘ o
homonuclear experlment &here H; spin- spln couplings
prmd’aw’l@%ﬂ‘imumaw'aﬁam me
the nucleus spins are alway coupled, therefore coupling

information ma& always be transferred from one spin to

another.
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Figure 9 Contour plot of an H,H COSY spectrum of N

'methyl-benzocarbostyril,arpmatic region only ,symmetrized
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Figure 10 g8 COsY pectrum (COSY 45)

methoxycarbonyl-adamantane-2 ,8—dione.
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Two basically different types of signals

appear in 'H, H COS3Y spectra. The diagonal pesk représent
the original spectrum as obtained in a 1D experiment.
which prove the existence of scalar (through-bond)
couplings between nuclei. The corrésponding coupling

partners can be found by drawing horizontal and vertical

line starting at the cn until the diagonal 1is

‘ﬂthe sigznals of the
,—d
coupling partner

to thmry of the spectrum
this procedure gﬁﬂﬂﬂiffr 'E§§§;“§;::er the upper left

intersected; these

or the lower rig

ing partners are

close to each o ave very similar

chemical shifts s peak 1s located
1 ',

very near to the diagomgi=—and_= be obscured by overlap

:'fJ“;#ﬁj.

Lt - e 35 t h o

of the diagons e a&are wvariants

. e e ———————————————————— .
and improvemelTE y yg'ce to =alleviate
the situation.!ﬂ In So=caried coig 450 varient the

secon pulse not 2 but 2 pulse,

decreas mgﬂtuﬂ&nﬂmﬁWQQﬂﬁm. (Fig.10)
A% mmmuw WMWNLNA Y.

spectra
The H, C COSY measurement is extremely important,
1 . . . ; .
since it connects “H signals in the Fl1 dimension with

13C signal in F2. The pulse sequence is shown 1n

1m0 49Aas
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and

'H decoupler [
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]

-3 c1y

7 4
b2 cs
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c9
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UNSNYINT

MURIINYA Y

cn

5.5 5.2 4.5

" Pulse sequence of C,H correlation

L T T= T

3  § 7 T v
4.0 3.5 3.0 2.5 2.0 1.5 1.0

H/C CORRELATION. 13C 100MHZ XL400 EA-IY IN COCL3J

C,B correlation spectrum of caudicifolin

experiment
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. o
Fig.11 The 180 carbon pulse has the effect of

decoupling in the F1 dimension, whereas proton noise

decoupling provides decoupling in the F2 dimension.

H, C Correlated spectra of caudicifolin are shown

in fig.11 ?"l ‘
2.3 COLOC sp

—

H. ¢ COBY is -ond couplings

and becomes insensiti d to = small long-
1 13 . : :

range H, C coup stant’ such case the

corresponding delay ti : e q ong, so, owing

ation 1s more OF

to transversal relaxa > the—m -t

less delayed at the end of equence before it can

.t _._

be monitored, thaw-:“"_r________;_________! (Correlation

Voo <

Spectroscopy Vvia ong L““technique is

particulary su1tab1- if the molecule congﬂins gquaternary

1) L 21 L Le N1 W

intensities 9€0L0OC peaks 1n s wWay no predict,

concc QPRSP TV 778 A

molecular fragments bearing only few hydrogen atom

In fig.12 COLOC of Picrodenarin A shows the two

and three bond correlations.
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&g, CFY ci8

180 170 0

CH,

CH,

2
\ N\
N
\
i
Y ﬂr

» 5
o

e ,:‘ ‘h?ﬂ‘{ . | & B

Hn
H

18-0CH; -

0§

H3
% H19

Figure 12 1H—13 C Long-Range 2D COSY Spectrum and Two and

Three -Bond Correlations of Picrodendrin A
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13

2.4 2p 3¢, 13

C (C, C COSY) INADEQUATE spectra

Structural elucidation of an. unknown organic
compound or & natural product implies establishing the

connectivity of the atoms the carbon skeleton. The

‘method previously onl 2oal indirectly. For

zé, H CQSY spectrum,

tigb\h-‘_w lished, then in =
.eriments show to
N

example, first by
the connectivit
second step,
which carbon

o that the C, C

connectivity is

The probl -5 in g the C, C connectivity

spectra directly

of tag isotope _4§; ,;a:: about - 8000 molecules)

pling are the rarity

gontains twoga e e e iScerrained positions)
B Y ) 13
aznd the signa jl _ in the C NHMR

spectrum can a°11y be ovprlapped by the main sizgnal

& o 3(“
ﬁ%ﬂlﬁﬁ%ﬂﬁmﬂ‘i singis =0
nuleus. fll addition rotstlon =1de bands and pe from
- ARARINIUENIAINGTE e o

lllfec.

INADERQUATE (Incresible Natursl Abundance Double

Quantum Transfer Experiment) technigue has double gquantum

filter which suppresses strong singlet of if isolated
13C nuclei from 13C NMR spectra and then increase the
13, 13

intensity of settelite line of C-""C coupling.
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L
” awﬂwﬁwaﬂnﬁ
|
i 1 \ I 1 | S I i 1 _l ) i I =
7s 20 3 80 55 so 45 40 35 30 2s
Figure 13 2D INADEQUATE spectrum of cyclooctanol; the
1D spectrum on the top of the plot is the projecstion ,not

the normal 1H broad-band decoupled

130 NMR spectrum.
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This technique also removes rotation side bands and

signals from impurities.

The 2-D INHADEQUATE has the pulse seguence

o
&)}

following.

80x-d-180x-d-80x-t1-Ax-detection

The 2-D INAREQUAEENspec cyclooctanol is in
fig.13 1In an evaly of the H, H COSY
spectra, the co in cyclooctsnol
can be obtaine 7ious signal to
assign, namely ing doublet in
the trace above t ross peak leading
to C-2 following '- ed line wuntil it
intersects the dia ne). From here =&
vertical dashed 1i -2 signal. For C-2
there is anothi;E_______7_7____7___7::;;i5i-new horizontal

dashed 1line is dﬁgrn me t=ﬂsection with the

"]

diagonal that emd;l gt C= , °1gna1° of C-4 and C-5

- menmmwmw hhik
Q‘W‘TWﬁ‘i@I@ﬂﬁﬂ NYTRE =

ofte requilres one o days orf spectrometer time.
Consequently such measurement are performed only when
indirect methods for establishing C, C connectivities

fail.
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3 NOE Difference Spectra

Since the early 1980s, the so-called NOE
difference technigue has been used to substract free
induction decays (FIDs) obtained with pulse fourier
transform (PFT) spectrometers, both witﬁ or without double

resonance irradiation. These difference spectra contailn

’ plled thus, even very

small intensity di anwbly monitored, and
there is no overl Qk:ir:i:nals.

‘signals only of such nuc suffer from NOE-induced

intensity changes,

Tnhe foreg in fig.18 The

'\\:? ative has been

newly introduced

acetate of =
nitrated. The
>r 8. This problem
u:"'"f f ..
cannot be solved by e: he H, H connectivity,
since there 3axe T “detectal plings between the

aromatic and aliPHat) Y]

sac

Irradlablon of the acetoxy mefgml crotons &affords

faﬂﬁnﬁzﬁmwmﬂ?d for one of

the aromaf;éﬂproton whlch apparently does nor posse an

o QNI DI TYRE) o

olnslet Qwing to spatial proximity, this can only be H-6,

significant

so, it hss to be concluded that the nitro group 1Is
sttached to C-7. This simple experiments, requiring only

z few minutes of spectrometer fLime.



COCH;

4 .
C*-CH,

TAEEINEN RS
e RIRAATRAMIA TS

nltrat d benzodiazepinone derivative ,in
3 [
;a H NMR spectrum ;b NOE difference spectrum with

irradiation at the position of the acetoxy methyl

signal(mark by the arrow)

44



45

This techniques'can also be derived from 2-D (the
so-called NOESY) experiments. These spectrz are very
similar to H. H CQOSY spectra, the cross peaks, however, do
not indicate scalar (through bond) but rather, dipolar

(through space) coupling.

Fiz.18 sho Ji ‘ :Vf.. oroximity between the
proton of the as well as the
methoxy group an , . ““5‘ the C-8 position
and between the observation revealed
that the methoXx] C-9 in saromatic

ring.
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Figure

16 NOE 2D spectrum of 2-o-acetylpseudolycorine
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