CHAPTER II

HISTORICAL

1.13¢ Nuclear Magnetic onanc S trosc

In the earl 4 NMR spectropy has grow

from an obscure ie11 accepted general

methoed of inst used 1in structure

elucidation of

The fi carbon - 13 nuclei

have been repo been developed to
enhance the sen ‘'um resolution. Ernst
(6,7) provided 8" low sensitivity and
overlap problem b er - transform spectroscopy

and noise decouplin
Altho ;——F‘ a variety of NMR
spectrometer uiﬂng d

but the basic eory of NMRy js common to all experiment

ang a1 nuﬂuﬂ'mﬂmwmm

ni-w:s of determination

The fundamental property of the atomic nucleus
1s the nuclear spin (I). When we place a nucleus swhich
has spin quantum number # 0 , into the static magnetic
field Ho. Nucleus will spin behave like gyroscope as

illustrated in Figure 1. Vo is the frequency of

precession known as Larmor frequency of the observed



nucleus.(8)
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Figure.1 Motio : BRI\ DUBTeUS™ in a static magnetic

fiel

The the nucleus can

produce the nucleus 1is placed
in the magnetic fiie ,;ﬁ.ﬂf 18, angular momentum may
have any value Eg?-h: , the magnitude of the
force (Ho) _ﬁ:____;_:;_:;;:_______j el body  in  motion.
The law ofed e ;w-hich used to

explain the *omic particle mus

iF |

replaced by
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where I is the nuclear spin guantum number



and can have intregal or half integral value.

The spinning body has its angular momentum
dircted along the axis ofl rotation and these
rotating charge can produced a magnetic field ,

defined as "Magnetic moment”. This moment is also

directed along  the rotation . So, The

nuclear angular  mome r (N) and the nuclear

magnetic moment collinear. This

relation is iﬂ!---" '7: ! by Eq. 1.2

where onstant, 7 is usually

refered to “ma@netdayr. atio and is a very

important characteffissse —ofa c different nucleus.
' ek s, 4
From nuclear magnetic

moment are

ﬁfP* .5

i
1 (. 1.3 )

ﬂ‘lﬂ'ﬁl@ ﬂ%ﬂ‘ﬁwﬂﬁ‘it poin a tield

Ho is g1 by the qfoduct uf Ho and u s eqg 1.1
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From the quantum mechanic, a nuclues with total
spin quantum number I may occupy (2I+1) different energy
level when placed in the magnetic field

For 1H, 13C, 15N, 19F, 31P which I= 1/2 two

spin aligments relative to Ho are +1/2 and -1/2
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Figure.2 (a) Orvemtat n = of SEREhucleus with I = 1/2
(b) ThepBaliatibh of nbieleus in the two energy
The nuglfe u‘; - \ N g% and opposite to Ho
but in the 9 \\ ection with Ho have
more population #f '; leu | ike to stay in the low

energy level. (9)

The energy:- ?;UL:¢  between the energies
E+1/2 and ;-;—"'—— fromy £q. 1.3
1

1;2 = -uHo = - ¥hho (1.6)

quidnenivegns
MIMIMIMILE: Ay

From Eq. (1.7) we can calculate the Larmor

frequency Vo of nuclei I= 1/2

E = ﬁh Ho = hVo
2

So, Vo = Ho {1.8)
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In the field strength of 21.3 kilogauss.The Larmor
freguency of 3¢ s in the range of 22 to 23 MHz lower
than proton {1H} which has the Larmor freguency at 90 MHz

When we apply the external magnetic field Hywith

frequency V4 to irradiate the nucleus which precess in the

The ene ' %’a”“"; overcome the energy

difference (ﬁEJ o that the spin will

flip 1in to on againt the Ho.

(Figure.3) These at the energy (4E) are

absorbed from Hy The process is called

"Nuclar Magnetic o

,%f e containing nuclear
static magnetic field

In _\f

spin (eg. 1H, igc } is p1acad in a
o, an al raquency Vy i8
applied pe ﬂu ar tn y',ii is 1ncraased or decreased
s1uw],q qugmﬁﬂlﬂ{fraquancy
swaep}qﬁ.] chenqm Larmor frequency of the nuleus
to be observed , an absorption signal is recorded in the
receiver of the NMR spectrometer.
Continuous irradiation by the radio frequency 'H

would soon cause all nuclei to precess againt Ho.

At equilibrium the nuclear magnetic energy level
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Figure.3 Actionmes :" 'éuancy field H1 on a

o =
aCT

\x

} ) distribution which
;‘ r1antat1nn to Ho of
\ ion may be expressed

nuclei with I ,_,
#dﬂ

by the Boltzmann :

e r“ 1+ 2 uHo (1.8)
L4 o 1 T

At roof is much less than

1 cal, even vt &trength. As a result,
ll

l rl
the term 2 H;.lH'is »

very 5ma11 and /N-= is only slightly

greater tﬂy ﬂ /J n ﬁrﬂrﬂf“n ljﬂopu'lﬂnon are

favor to anergy.

waTa 3%!” ﬂ%rirgfﬁgf] aeﬂaquﬂ‘ibr'ium
d'lstr'aqut.'mn oﬁﬂ in the static field Ho is
redistributed. Following the resonance was occure ,
the nuclear spins wWill relax to the equilibrium

by two processes (10).

1.5pin-spin relaxation (TE} :this process relax

through the exechange of spin between neighboring nuclei



2.Spin-lattice relaxation (T4) : this process
relax through the loss of energy from the nuclei to the
surrounding (which is called "Lattice”). The important
mechanism of this process is dipole - dipole

relaxation.

From the basi hen apply to 13¢ NMR, we

found that the maij oblem is the low natural

‘ __d
> an mgyromagnatic ratio

ity Of.signal detection.

abundance of t

which vyeild the

Severa Ole for improving the

sensitivity ost economical and

Eh ‘:s

organic molecule fsfthe. r{;r iér transform. (11-12)

efficient methot cement in '3C NMR to

In the of NMR spcetrometer,

...7;

the NMR experiment ined by sweeping

either the e 5,’_:—33_—_':'; field through the

s

region of nuc1gﬁr D .*ﬂenqaes. The inefficiency

of this method js. that only,line can be observed at a

given ﬂﬂﬂtUH’JtmﬂWj'%g{]ﬂ%ta'l shift range

upto 600 pm for diamagnetic molecule apd typical line
wiaeie] 4R 7] B B 3R BIAN B EIo hE) s possivne
to craate spectrum by utilization of several
thousand transmitters and an equal number of
recievers spaced across the 13C chemical shift range
(Figure.4). But this method is impractical in
economical scale.(11) |

Fortunately there have another method. Instead of



- sweeping the freguency we can use a high intensity
rf pulse to excite all the nuclei which have different

Larmor frequencies.

Tronsmate# == 5y 3 fy
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Figure.4 i /8 dthetical multichannel

A short characteristics of

rectangular DUl SE ig type of pulse

contain waves [of== fwhich cover a large

band of Frequedﬂﬁés. Shown/ that the freguencies

contain within sthis pulsegs are within of the main
ﬂwg nﬂwmmms g TaR.iC8)
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Figure.5 Various frequencies that are added to a

rectangular pulse.
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in 3¢ NMR, the range of Larmor frequency in
different chemical environment 1is abont 5,000 Hz at the
field of 2T. Therefore a pulse duration [tp} chosen to

produce half the range that is 2,500 Hz and the time is

t, = 1/250 = 0.4 millisecond.
e

p

At the end

precess freely with Ir e amﬁc Larmor frequency

reflecting their R\;:—nt. The resulting

ahe. induces an G

= -\\;:T\ amplitude decay in

precession signal is

iod, the nuclei will

macroscopic tra
I.fl

signal in the reg

the exponential

(FID)

therefore also cal ‘;'};‘E‘E ‘tion decay"

When two ions take place the
FID become more ccmp1m —The- to analyse the spectral
information fr{p:' 4 " {11)

Fourie oA 211 the frequency

component out o-“ complex wave “form that present

» RN
W"mﬂ‘iﬁmm'mmm

IRRlDIlTIﬂH I0Hz FROM SIGNAL
I000H: SPECTRAL WIDTH

( h_}J
10He

Figure.6 Spectrum of CH3I (a) Time domain (b) Freguency domain
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In combination of fourier transform technigue
with decoupling method such as proton noise decoupling.
Off resonance decoupling can enhance the sensitivity
of all multiplet lines in a coupled spectrum. This

sensitivity enhancement is called "Nuclear owverhauser

The nuclea g r/ﬁt observed in '3c {'H}

‘
experiment ar'isy a intFameldecular dipole-dipole
relaxation mech s '*Eighi§\ A and X (e.g. 13¢

and 'H) in a«fn 'e. having . intermolecular and

Effect”™ (NOE)

intramolecular ibration, rotation)

give rise to f] 1d. Energy transfer

between A and X m Juctuating field.

In an A{X} the transitions of nuclei

X are irradiated ile tHe el of nuclei A is
observed smce "‘ very strong. The

homonuclcar reiéELt1on process are no adaquata to restore
the equili g %W The nuclci X
transfer ﬂ ﬂ iﬁw E]:j ﬂ j,:a internuclear
dipel sﬁb ﬁ ﬁ’1 ving these
transgﬂ)l@qaf mywa a eﬂm have been

irradiated themselves and relax. This heteronuclear
relaxation process of the nuclei A that induced by
double resonance. The population of the Jlower A level
increase. As a result the intensity of a signal is

enhanced.
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1.2. Assignment technique in 13g_§g§§§£§

Assignment the chemical shift of carbon in
13¢c NMR can used several techniques in combination to

elucidate structure of organic compound. Some techniques

are as following. ’v

1. Pro 1ing (11)

overlapping mult
Proton noise de

simplicity and 0ise because we use

wide-band hetero at result a single

£

sharp peak for eac \\ ivalent '3c atom

noise decoupled 13¢
NMR spectrum of data print out, 1is

shown in  Figlr

2. BH’- ph@g (12)

Because the gproton noise decoupling

cmoriries B4 AU BE S 1ont ot 100

of coup11ng information.¢ Off-resqganance decowpling give a

simo1 W 3N Th B bVl bR IRE L deBh - 130

coupling information. So, long range coupling is usually

lost, from this result we can separate CHz, CH,, CH and C
by observe the pattern of the coupling, methyl carbon
atoms appear as qguatets, methylene as triplets, methine
as doublets and quaternary carbon as singlet. The Off

resonance spectrum of brucine together with
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proton noise decoupling spectrum is display in

Figure.8 a, and b respectively.

3. Selective proton decoupling (11)

when a specific proton is irradiated at it

er level than the o©ne

used in Off - ng. the absorption of

the directly bondes @sing]at while the
other 13¢ abﬁsipﬂ*"f .--\\ ‘x;; coupling. This

technique has lak assignment but

satisfactory r D aﬁjl- finding the precise
frequency of the ' _4* ﬁ. - [ onriate power level
for decoupling .gé“: .‘ \ this method is
demonstrated on J E‘ -acu1a y 2 = furfural.

adﬂ'
» : A —— . 13
Despite 1its simplici r—zgag; assignment , of C HNMR,

in the distiy

£nd c-4 is  still
obscure. Sel V _ ;}--‘

remove ﬁ& ambiguity. As

;:,:.:“:::“ﬂyﬂﬁmm wam:‘“::i
IMRIRN AN

This technigque has been used for complex

irradiation of

proton easily

molecule assignment because the coupling interaction more
than 2 bonds give the information that can identify the
carbon atom in the different environment of the molecule.

The Gated decoupling technique (14,15) can be used to
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Figure.9 Single frequency selective decopling in 2-furfural
(a) irradiation at the resonance frequency of C3-H

(b) irradiation at the resonance frequency of C4-H
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measure the 13c-H long range coupling constant or
line splitting. However, this measurement always
depends on the experiment resolution and 1line

width of the resonance signal.

hich consists of high oxygenated

Quercetin,
aromatic ring as ements , may serve as

an example i1lusteatin: ] . (18) (Figure.10)

OH

- T
5. “Ling shift reagant (1g

ﬂﬂﬁ?%&iﬂﬁhﬂ&b’m% app1ication

in  proton R but are pelatively less effggtive in 3¢
NMR haﬂlﬁ}ﬁﬂ@ﬂﬂﬁ%fuaﬂ%}m glir}analmt as the
related Proton resonance (about 5 ppm on average).So this
shift are not significant for assignment in the complex

molecule.

However, the most useful application of

shift reagent 1is to expand the proton spectrum



Figure.10 C - 13 NMR spectrum of gquercetin (a) proton noise

decoupling (b) and (c) Gated decoupling that show

the long - range coupling

18
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follow by single frequency decoupling experiment. An
example 1s provide 1in Figure.11, showing the europium
chemical - shift enhanced proton spectrum of geraniol
along with partial decoupled 130 NMR spectra

obtained by selective

proton C7-H {Figura.-wh',w Figure.c)
ST} ré at the higher field
W —

ow-power irradiation of

olefinic carbon after irradiation

proton C3-H, t bearing those

proton will b

Deutdratisey = ‘ carbon  result in
decreasing 13G signal —Erote Qoise decoupling spectrum,

because the reTe G-D is longer

/T T—, N

than 13¢c-H dueidt ”‘dipo?a relaxation

f,u'

i)
and the duater-J1on give no nuclear-overhauser effect.

T".‘nll , m ‘ also slightly
shift the Qtuﬂg;ﬂm rzjm;m up field to
0.25 %quq e ~ r] Y

4 r] a‘ﬂﬂ iﬂd1y M:;fr]dlllgionasﬂ 3¢ studies
of steroid by Robert and co-workers (17) that used
deuterium labelling in order to sort out carbon resonance

in keto steroids, 3,17 - diketoandrostanone and

2,2,4,4,16,16,- hexaduetero derivative. (figure.12)
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Figure.11 (a) Europium chemical shift enhanced 90 MHz proton spectrum
of geraniol (b) olefinic region of the 25.2 MHz '3C NMR
spectrum obtained by selective irradiation of proton G7-H

(c) same as (b) but with irradiation of C3-H
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D D
o
D D
2,2,4,4,16,16 duetero 3,7 - diketo -

ary carbon are the

most difficult ‘,11y in the large

molecules becayée BT rrW‘FH }.:xcity.
Medit is possible for

individual group | =2int themselve more

rapidly than the rff ; e molecules as a whole:;

for example the C

cholesteryl c 5'ﬁﬂ::*-—"-””ﬂ--‘—-'*-“- AT idly than overall

molecule, Fast 'WFI _ o lang relaxation times.
W i¥

the methyl group 1in

The 1ntensity aflp1 nal is dij ffarant from another atoms

WA O ﬂ%&l@ﬂ%ﬂ EWI?W 81173
quaﬂﬂimﬂﬁﬂﬂmaﬂ

Cholesteryl chloride

UETUANAT FRIUINIUTNT

4 e o
, TRTNINTWINIINGAY
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8. Graphical method (11)

In complex spectra the interpretation
of Off - resonance spectra by using residual
splitting s difficult because of 1line overlaping.

aen proposed to soclve this

The graphical method has

problem. The - use /-er‘ias of off resonance
experiment which whh& decs érequency is increment

The carbon pes; uaﬂﬁ" wﬂLHHH
proton irradiat e cdUdncy . \q::%“xwx

.'QL four off-resonance

lotted against the

od 1is shown in the
Figure.13 The
obtained by vagVigh { “decouple frequency of 1 kHz
were plotted as - bupler frequency. The

intersection of th fhe 1 # graph are the chemical

n» 000 800 o0 [Fae ] 00 €00 BOO ADD 00 g LHE
8.6 L) 08

el l 7. TT 7

Figure.13 Graphical correlation of Off - resonance decoupled

3¢ NMR spectra of thiamine hydrochroride and

determine of coresponding 1H chemical shift.
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1.3 CARBON - 13 NMR OF COUMARINS.

After the development of ‘30 MMR with pulse
Fourier - Transform method and used computer as the
sophisticated data acquisition / processing equipment,

the Fourier - Transform

structure elucidation

rbon - 13 HNMR has become a
sensitive and powerf l’

of natural produ armation and other

applied field in system.

We NMR as a tool for

\\

structure eluc very r§pid1y and

become a routin 1ety of structural
and conformation have been studied ,
most of them studied by other
technique eg. spectroscopy, Mass

spectroscopy etc.Th sis Wwill reconfirm

the structure JSaine—At—the—preseattifle , the '3C NMR

e

data on caumaﬁﬁr -rqa is still scarce.

However, this 1; stigatad rasults would provide

1mpgrtantﬂug%wgm§wuﬂqﬂj e, rtiEe

structure ana1ysas @and  wil’ sant1a1 in
bws,.m&'laaawﬂmw'rmﬂ'la e

In general, assignment of carbon’'s chemical
shift in coumarin are base on model studies which
compare it with similar structure, Because complex
structure cannot be <clearly assign by direct
comparison, the suitable instrumental techniques are

reguired eg. single freguency decoupling, Long range
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coupling, deuterium labelling, shift reagent technique.
1.3.1 Spectral assignment
The chemical shift of carbon on coumarin I

have been previously assigned (18-20) (Figure.14)

easily be asssign
to C-2; which y carbon ( 160.0
ppm.) The assig _'_ & : ' carbony] carbon
of lactone with - tic chemical shift,

reported 1in the

I -,51ing experiment,

C-2 has low 1!* B} the 1loss of

["

Nuclear averhav enhanceme and signal still singlet
when the Of ﬁ % ed (22). The
gated decnﬂﬁ; jmml Bpfjj:ilca of a large
one-bo i 3\ é“E[ coupling
infor q1ﬁn§&ﬂ§mi w:l mg:]} upling is

and is much larger than EJ(CZHE} interaction

(4.5Hz) This relative order of magnitude is similar to

that observed for "Long-range” aromatic C-H coupling (24).

Carbon 1in position C-3 and position C-4

can be assigned by compare with cinnamic acid (25).
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e COyH 143.0
17.4 Eji:J[:fatI:fa
o (o]

tran-cinnamic acid Coumarin I

By wusiggd &“ coupled experiment
s & sﬁhough the reverve
\B&\M\H nt at measurable

\\\ - 5 Hz.Similar Effﬂet.

interaction. 2J(C
magnitude. The normally found.
Coupling constant g
also found from Cg

The @€ 7£¢'~J m the position of
signal of C-3 and C i ? 1e fregquency Off -
resonance decoupling e ;5:mp": decoupling the proton

signal and in the '3¢c NMR

=1
-

; [~ & -
spectrum 1is ‘VV “ we decoupling

T

proton signal Im H4,the multiplet ~m11apse completely

to a smgﬂua?ﬂﬂﬂrﬁw 13ﬁ]fT$spectrum. this

carbon mus

AR 8 ARV N HR Bhere r1re

tentat1va1y located with reference to anisocle and to
o - cresol (26). By wusing the Off - resonance technique,
we can differentiate the quaternary carbons C4a and
Céa from the tertiary carbons which we can clearly
observe in Figure.12. The signal of C4a and C8a are

singlet that means no proten bearing on those



o
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N
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J
o e =
i_.-
g .

figura.1%0ﬁ%ﬂrﬂaiﬂjme§mgﬁgm in DMSO-d
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carbon atom and C4a, C8a show a small coupling due
to vicinal coupling with proton on the benzenoid
ring (27), Since C-8a 1is attached by oxygen atom,
the chemical shift of C—ha will be more downfield

than C-4a about 23 ppm. (9) in benzene system and the

influence of a vinyl gropl =, much smaller. (21)

\\,/

the Long - range

- tribromocoumarin

Lp1ings of Cda with H4, H5

coupling throug

that show three

and H7 (the couplindliitonst e 0 Hz, 9 Hz and 7 Hz
respectively) for C8 ,ﬂ” ' about 10 Hz.Cussan and

Huckerby (24) *’m,' of bromine in
this work ‘mme on the chemical
shift of aromatjc.carbon atgps is quite small even at
e eres 1 UARYRATNEA T or v
subst.1tut1on should cause a a11 pertu rbation in

Q wr] aﬁr-ﬂ@m&%ﬂq wﬁl’r}a HE a signal

which may be readily recognised by the loss of the
nuclear Overhauser enhancement in the conventional
proton noise decoupled spectrum.

The assignment of C-5, C-6, C-7 and C-8 can
not be assigned by direct comparison with anisole

and o-cresol . The method which Gunther et al.(28)
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used to differentiation the chemical shift of four
contiguous methine within an aromatic ring can be
used to verify the shift assignment of coumarin, This
method used a fully proton coupled spectrum that show

the signal of four methi carbons C-5, C-6, C-7 and C-8

The group of signalsy car £ gz in two set of
shapes , the outer, e | ‘ i A form of broad diffuse
sharply doublet of
1gerprints” method

the other methins.

ngerprints method is
the assignment Zﬁ.wetf ] ene which contained a

symmetrically orthofdisSfitct - benzene ring. We used

Figure.13 The Fingerprints spectrum of Naphthaleen.



The multiplet structure obtained from the

resonance  of these two paires of 3¢ nuclei

( o< and £ carbon) differed characteristically as
demonstrate 1in Figure.16

In coumarin I the four remaining carbon

can be assign as o (C-5,C% 8 (C-6,C-7) by Off-resonance

_&ed the band shapes of
‘ éposition. Thus the

signal at 12T;4 apm.are classified as

while the n123.8 ppm. and 131.1

ppm. are assiag
hs £ i = ‘ = dueteration to
assignment C-6, oumarin by partially

deuterated to obtai i0 - 4 - hydroxycoumarin.

ﬁﬂmﬁwfwmﬂﬁm

he 13¢ MMR  spectrum of 6.4, - didueterio
s - r@rﬁﬂ mﬂ‘amuw%nyma decreasing
in ns1t1es of the signal C-6 and C-7 because of

dueterium - carbon couplings and the nuclear overhauser
effect. C-6 and C-7 are differentiated on the basis of
the additive effect of methyl substitution in o-cresol (26)

Cussan and Huckerby (23) used Long-range

coupling technique for assignment of the substiuent
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effect of methyl group on coumarin as show in Table.1

A1l methyl derivetives show signficant
incrcases in chemical shift of carbon to about 10 ppm
(+8.6 to +11.8 ppm) show a quartet coupling constant

EJ{C-CHSJ of 5-6 Hz, a quartet spitting SJ(C—C—CHSJ

about 5 Hz also being preduged,at the carbon ortho to
the site

thyl substitution on
perturbation shift in benzenoid

ring are - 0.4 ata carbon are -

0.5 to + 0.7 | are consistent

ison 15 made between

the substituent‘ alue predicted for

6,8-dimethy]l coumaria -t JQ sbination of data for
= C] l--c'-, — . "'"_:F '

the 6 an‘v: Y] alue shows a

discrepancy of Ere ppﬁ From this  ©basis

we predict va}u of &5 - group by subtract from
5.8 - mﬂusm&mwmm
The effectgof hydroxy substit t on coumarin

mqaﬁﬂﬁtm ﬂtﬁ’]%ﬂeﬂq'ﬁoﬂan OH group

when present in the carbocyclic ring is quite
characteristic, the newly formed quaternary carbon move
approximately 30 ppm.down field from the value observed
in coumarin itself. Carbons that ortho and para to the
substituent both move upfield by 11-15 and 7-10 ppm.

respectively, while the meta carbons have little affect
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but move consistently downfield by 0.3 - 2.3 ppm.
Replacement of H by OH also introduces

characteristic changes 1in coupling patterns within the

benzenoid ring. The one bond C-H coupling for a éarbnn

ortho to the substituent drops by 2-3 Hz and meta

coupling across an nded carbon also drop by

this amount, o ‘ py, meta couplings

involving the increase by 2-3 Hz.

"R;; the substituent effect
\\*‘i;?%, tern is similar to

' g

for 4 - and 7-
the hydroxy de
rin the largest

changes produce the OH proton

is - 1.4 ppm. other shifts are

static or move sli v upwWard except C-6 and C-7.

;; only significant
difference com B ivative are at c-7

r
|

(s1ightly down e]d shift) and th ortho sites C-6 and

:;ih::*:"‘m;}ﬁmﬁwﬂn T
msrmawn‘qufmmﬂ e i

couplipg spectra

From the data that present above, we can
predict the chemical shift of some derivatives (methyl
- hydroxy, dihydroxy and methyl - dihydroxy) by suitable
combination of data with 7-hydroxy—-4- methyl conmarin, The

largest error 1in prediction is 0.6 ppm for the two

INA/RynaLR
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a7

6,7 - dihydroxy derivative the worst discrepancy is
1.0 ppm and for the two 7,8 - dihydroxy compounds
the poorest estimate is 1.5 ppm off.

The assignment of furanocoumarin 13& NMR
is base on the benzofuran structure (A) (25).The
on comparision with

derivative such as

zofuran - 3 - acetic

chemical shift analysi
Indole skeleton

benzofuran - 2 -«

—

nd 7 - methylbenzofuran

acid (C), 5 - m Ll

(E} were used atation using fully

proton - coupled

= HI= R'I‘I= Hl!!= H

=CH3CUDH,R'= R'"'= R""'= H

_!!= H!!i_: H
-] L. L
%) CH 4COOH
RI— R?"l.—. H Rll— HE

ﬂutl’m&m‘ﬁﬂsﬂ‘lﬂ”'i et
w A AP IR ﬂmmﬂjﬁﬂ

overhauser enhancement 1in proton noise decoupled
technigue., C-7a 1is attached by oxygen atom , so the
signal will shift downfield than C-3a.

C-2 and C-3 are expectedly the lowest and

highest field methines respectively. The finger-printing



method (28) differentiates C-4 and C-7 from C-5 and C-6
and the high - field position of C-7 indicates it to be
associated with a carbon ortho to an oxy
substituted carbon. This point is confirm by C-4

experiencing mild shielding on introduction of ¥

in benzofuran - 3 - acetic

effect due to side
acid (C).
@ofuran (E) structure,

methyl substiti differentiate C-5

from C-6 of its change the

C-5 coupling pg important three

bond coupling w,

ft data of coumarin

and benzofuran, it e 'to assess the furano

coumarins eg. otoxin, and imperatorin.

The shift of Bhe—tiiteovetteo—a .-.“_-_..-.,__._E_ shown in Table 4.

I

(o]
-~

Xanthotoxol R=H
Xanthotoxin R=Me \\Tﬁﬁlmperatnrin

The other technigue was proposed by Bose

et al.(22) which wuse Titanium tetrachloride and trichloro
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acetylisocyanate (TAI) as shift reagent for 13¢ NMR

studies.

This technique employ running the spectrum
in the normal experiment, then adding shift reagent

into the sample and running again. The results are the

position on carbon hift will move upfield

mal spectrum.

;qﬁ?:\ham1ca1 shift change

or downfield a

with other structure

of furanocouma shift have

been assigned. in assignment

because they the different

change 1in chemic

Figu.nﬁh;be y; bon  chemical shift of
furanocoumar it é-'- v e e ddonjugated  ketone,
strong dawnf1al!ﬂ -'cau by Ticl, for the
carbonyl and B‘- arbons , w carbon undergoes

o oo ﬁ%ma&amwmm i

the d1nol r canonicak form LI). Aftergadd TiCl,, a

o) TG UHARBEARE oo =

a gre t extent at the carbon (31-32).

-¢=C-C=0 ————+ -C-C=C-0
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Figure.17 TiCl, i ce thel '3c NMR spectra of

(1d), (le) fampd coumarings

ﬂumwmwmm
ama\aﬂmumfmmaﬂ
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1.4 Classification of coumarin

iy »
YUnéiw s Lmmioaay

L ""5 L C—.f t—h‘-ﬂf
Coumarin 1is a large group of natural occuring

compound possessing a 2 H-1- benzopyran - 2 - one
nucleus.(33) Coumarin was first isolated from seed of

y Vogel 1in 1820 . Untill

Coumarona ordorata

now , about 300 been isolated from

many source & ant ¢=====i1y from families
Leguminosae , Umb; | [ ferae , Rutaceae ,
labiatae , Gramip€agl chh daceacs(.34) They have also

been report froj

2 nucleus)

0
e BTN, o e o
e\ W N0 Tv 5 11

n hydrogen at cC-3 and C-4 (unsaturated
pyrone ring).The other is “abnormal type” ,Which
either lacks of the C-7 oxygen o©or possesses pyrone

ring substituents. Seshadri and vishwapaul (38) had

classified coumarins 1in to five group as following.
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1.Simple coumarin

This type of coumarins have hydroxy
group and / or methoxy group substituent on benzene
ring of the benzopyran nuclues eg. Scopoletin ,

Umbelliferone , Aesculetin.

S
HO o o
Umbelliferone Aesculetin
2 -
Y )
ih1s ype 'uum:ﬂhns has furan ring
fused with the ¢ sgoumarin @iucleus various

e EUHANBDIHEINT. " S
;;;‘?ﬁiﬁ'i“émicﬁmm AR

SiX subtypes.

2.1 Psorarene type (linear)



:o: ::: :ojka [:;:[:;][:::Lb
OCH,

Psolaren Xanthotoxin

(angular)

Dihydrofuranocoumarin (4,3) nucleus Glaupalol



2.4 Di ocoum

Dihydrofurancog

Dihydrofuranocoumarin (7,8) nucleus

OH

Angenomalin

45
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3.Pyranocoumarins

This type of coumarins has pyran ring

fused to the benzene ring at various position.

These coumarins may be called chromano - coumarins.

pyran ring , pyranocoumarins

Consider the fusion of

may be cliassified subtypes. (38)

Luvangetin

-
—
A

U

AULINENTNEINS

1N

Braylin

Seselin nucleus
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3.3 Dihydroxanthyletin _type

Dihydroxa Decursinol

#ld-l

(2%
i

Lomatin

ﬂ%ﬁ’r&l REHI NN
’QW’TWWTW’MEH&EI

This type coumarin has phenyl ring
substitute at c-3 or c-4 of coumarin nucleus,

Phenylcoumarins can be <classified into seven subtypes

4.1 3 - lcoumari



3 - phenylcoumarin | ey Derrussnin

4 - pheny ':.'l' ” M Mammea A/AB
W 4

4 - phenyldihydroangelicin nucleus Pheny Imammea A
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4.4 3 - phenylxanthyletin type

3 Y '
3 - . . ’ ' "
-. ::@
) I
3 - phenylseselin nucigus

AUEANENI NN
RIAFIUPNRINGIAY

Scandanin




4.7 Tripyran derivative type

Tripyran : '/ : "o “nophyllum A
5. Bicg

This consist of two

1."...
coumarin nucleus \\' without methylene

group

ARIAINTRILBA TN



	Chapter II Historical
	1 C Nuclear Magnetic Resonance Spectroscopy


