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"ABSTRACT: . - . N :
CARBON-13 AND TELLURIUM-125 NMR STUDIES
-, OF ARYLTELLURIUM HALIDES AND PROTON -~ .
', SPIN-LATTICE RELAXATION RATE  STUDIES T
. OF SOME SIMPLE NITROGEN HETEROCYCLIC

COMPOUNDS . o

Stiywathie Peiris, Ph.D.
_ Concordia University, ]983'
N , ‘g , . ,

A series of three d]aryltel]urwm dihalo compounds and three
ary]’teﬂumum tr1hahdes has been prepa_@@y_hﬂlegenatmn of the

corresponding d1ary1teﬂur1um or diaryl di tenumde, respectwely. The

]30 and ]25Te NMR spectra of these compounds haVe been, mterpreted in
terms of the e1ectronegat1v'1t1es of halogens. s The' temperature
, dependence of 1267¢ chemical shifts.was investigated for one compound
The 13¢ spectra of a series of parasubsti tuted diaryltellurium -
d1ch10r1des have been 1nterpreted in terms of resonar{ce structures due
to electron donor mesomeric contributions: as weH as e'lectron acceptor .
properties of tellurium. ’ T s

Proton spin-lattice relaxatwn rates of a ser‘es of 2-methyl and
2 2- d1methy1 substituted 4, 6- d1am1no-1 -aryl-1- 2-d1hydro S- tmazmes,
13 ary1 -5, 5-dimethyt-2~ th1ohydantmns their 5-monomethyl analogues, *and

¢

P

!

T A

et

3-ary1=2, 3-dihydro-4{ TH)= -quinazoTinones with different/N-3 aryl ortho

substituents, havebeen measured. Préton spin-latticerelaxation rates—

in these compounds have been rne‘asuredjn order ‘to establish the
relaxation rates of protons in different environments, and. the factors
influencing the rates. Evidence for anisotropic motion of the
'molecules, and inter-ring relaxation pathways has been considered.

The R1 values of these compounds have been explained in terms of

.




. Ee’terocyt‘:lic.'compowﬂs, e.g.

°

IV - .
. 'l‘ . . - .

free rotatton of substltumnts (Cr{ groups) . stenc effects., preSerred
|

conf\ormatlons, and mtér—ung relaxation path\gays. Inter-ring-

relaxation in triazines was confirmsd by NOED eipterimen}:s. :

| -

Proton spin-lattige relakation rates of a seriesléf éimple nitrogen

urac1ls, 2 pyrlmldones- 4 py,nmldones,

» [T [

pyr1m1d1ne ant’i some similar typl_s of b1cyc11c compounds have been,

.

Unusually hlgh ‘relaxation rates for protons A-to

measu:ed.

spz—hybridized nitrogen atoms or grotons which are adjacent to gn.

PR . L. . . 1 e \
Es;p/‘a—hybridized nitr?ge“n atom which is influesnced by proton exchange,

have been observed. In certain cases, these higher relaxation rates

s

were identified as belng dua to scalar coupllng of the first kind. .

N .

o, i]\Sﬁlectlw_- pulse spm—lattlce relaxation rate mnasurements were used -to

- .« .

clarify the contribution of-non-dipolar mechanisms. R

£ . . .
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CHAPTER 1 .

l3—CAiRBCN NMR SPECTRA OF PHENYLTELLURIUM HALIDES

AN

13

The application of C NMR spectroscopy to organic and

1-3

s organometallic compounds has been extensively reviewed. In general,

» »

. 13(3 spectra can provide information on substituent and steric effects,

on the inductive and conjugative influences of substituents 13nd on

relaxation processes. Further, 13, che/mi:al’ shift measurements have

p ' o .
been found to.ra=flect the electron density at the carbos atom and,

organometallic compdunds.

4

It is well xnown  that carbon atoms directly bonded to a heavy
» . 4 .

13¢ shielding. The

halogen (Br or I) exhibit an abnormally high
chemical shifts of these ¢arbons do not, indeed, £it into the empirical

linear. correlations which have been established between 13C chemical
v . P 4

-

shift and electronegativitys.

- The chemical shift of the carbon atom which is attached  to
tellurium also exhibits an abnormally hijh 13 shieldiné. This fact
concerning -the family of the chaicogens ha’s rec;aived\onuly sl'igk{t
attention in the literature. Sulfur apd the heavier elements qf gz“oup
VI form compounds, called as 'a class ~hdlcogens. in which the compound
.can be formulated as Ar-M-Ar where M= O, 3, Se or Te All that' has
been reported is a m@deviation in the resonance of the \carbo.n atoms
bearing the hetero atom in aromaticr’ and benzylic7 ditellurides and

[

.derivatives. Tnese results deviate significantly from additivity rules
' \
for the same carbons in phenyl vinyl selenides‘p’. However, the available

data on tellurium compounds are limited compared with those for sul fur

) 1 - -
*

therefore, they have been particularly useful as probes for the study of
[ 3

o

ey

.t etk

L

I

‘W&" BFL ST



~groups of.workers, using dipole momént measurements

Gt [ e o S S R S g 3 e
®

i

v

and seleniun compounds®'® 12, A principal interest in_this research has

v 13

been to provide addlr.lonal lnformatlomon the C spectra of tellurium

compounds wlth the aim of gamlng Eurther in51qht into the factors which

influence 3¢ chemjcal Shlfto. . o ‘

The unusual_shielding effects which have previously been reported7

may be d\le to tne metallic nature of the tellurium atom7. - Certain
13

that diphenyltellurium, I, is not a planar compound. This inference may

135

be supported by the unusual “°C shielding effects noted for this

»

Ebm_pound .

. ' Te

£ the molecule is planar, there is a possibility for overlapping of

lone palr electrons of tellurium with the 2p-Pi electrons of the

' 13

aromatic ring. One therefore expects an upfield ~C chemical shift, ,or

shielding effect, for para carbons with respect to other ring carbon

atoms."\ [n fazt, the chemical shifts of C-4 and C-4' ile , the para

carbons\tof the dlphenyltellunun, are not much dxfferent (128.04 ppm)

from the \3

.that non-—p‘)‘anarlty of the molecule 1nh1b1ts such electron overlap. If

the '*ompoun‘ds were planar one would expect significantly dlféerent

a

chemical shifits for these two ‘carbon atoms.

13

The stud \of the ~°C NMR spectra of the aromatic.organotellurium

' .
_2_ - ~
' f

, have suggested’

€ benzene chemlcal shift (128.5 ppm) . ’I'rus supports the idea"

\,



L.

: ,diphenyltellur'ium. '

compoundé ?éported.in this thesis was undertaken in drder to obtain
information on the effects of tellurium on the chemical shifts. of the

carbon nuclei. Effects of aromatic subsStituehts on the resonances of .

the skeletal carbon atoms were" also investigated. It was expected that

d

thé_ihfomation obtained would be valuable for structure determination
i I

purposes in fiture studies of compounds of similar type, and that

insight into the use of 13 spectroscopy for determining conformation

would result. 13C spectra, at 25.1 MHz, were measured for four

diphenyltellurium dihalides, three phenyltellurium trihalides, three
v w
substituted diphenyltellurium dihalides, and four substituted

phenyltellurium trichlorides, plus the’ reference compound
' * .

1 3

- ° °

- EXPERIMENTAL ) o

13

. The pulse Fourier trans’form, C NMR spectra of all of the

compounds exgept a few were determined at a probe temperature of about
35°C using ane extenswely modified Vanan HA-100 spectrcmeter operatmg
at 25.1 MHz thh a homonuclear ( ) lock provided by the solvent.
Broadband H decouplmg was employed ’I\\e spectrometer was 1nterfaced
to a Hewlett-Packard 2114A computer, using .a 4K word data ‘block ‘and a
blocik avoraginé technique' to improve dynamic range.’ Spectral ‘width was
. ' A
5000 Hz ‘(g.eﬂ. about 200- ppm) in all cases. Concentra-tions of 2 to 4%
{(weight/volume) in dimetﬁylsulfoxide (DMSQ) were employed, the proton
decoupled solvent providing the lock si'g}xal.
13

C spectra of a few caﬁpourids were\measured at approximateiy 28‘_’Cl

on a Brukér WH 400 spectrometer operating at 100 Mﬂi, using DMSO-d

. as
6 .

solvent.




.
- - M 1
-4 -
L4 .

N
. ) ‘ o .
Some of the compounds were obtained from Dr Vijay Kumar, of this

’

. Uniyersity, .and were purified by recrysi:allization.' Diphergyltellu;ium

dihalo and phenyltellurium trihalo compounds were synthesized according
already known\proceduresm, as described latqr. Chemical sh"iftsﬁ (ppm)

are reported relative to tetramethquilane (I‘MS) » and were measured with

-

respect to the DMSO signal (40.40 ppm). They are estimated to be

P)

Y .
accurate to 2~.-Qz\(equivalent to about 0.05 ppm), unless otherwise

~ —

“ indicated. B . A

8

. RESULTS AND DISCUSSION

-

As a géqeral rule, the intensity of a slowly r=2laxing _13C signal )

. . .
will be inversely related to its T, value, since insufficient time is
7 .0 I - + - :

1

) - “
usually allowed for complete relaxation. This information}\can be used

AN

ind'ir'ei:tly as an aid to spectral assigmment. In carbon atoms that have-
no directly bonded protons, dipolar relaxation.is inefficient, leading

to much longer relaxation times and smaller intensity of the observed
)

l3é signals. - Quaternary carboen signals were identified by this method.

0

)

DIPHENYL [ELLURTUM DIHALO COMPOUNDS

13,C ;:hemi_cal shifts for the’dipher}yltellurigm dihalides are

a
-

recorded in Table l.l. ‘Assignments of the aromatic signals were based

6,15, Examination® of Table 1.1 reveals that the

on previous stuc'i‘ies
effect of changes in tel%ur‘ium halo substituents is most stronély
observed at C-i, to which the tellurium is directly attached, less so at
C-2 (ortheo) ard C—4‘ {para) and least at C—Bn (meta) . .

In all the di‘aryl dihalo compounds, the two meta and two ortho

¢

carbons ars equivalent, because one signal is observed for each of tRe
]

!
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two pairs of ~arbon atoms. The measured chemical shifts are, therefore,’
. N )
values averaged over a number of conformations-arising from rotation

about/the phenyl-tellurium bond. The fact that the chemical shift of

3

the para carbon of diphenyltellurium is not much different (128.04 ppm)

13

fron the '°C benzene chemical shift supports the idea of nori—planarity

of ?:he phenyl rings in this compound, ’L.eadinq to a less effective
overlap of the p electrons of the tellurium atom with the Pi electrons
of the phienyl ring. According to X-ray structure analysis ‘og
aiphenyltelluriun dibraniaels, diphenyltellurium d';haio compounc;s in the
.‘crystalline state are trigonal bipy‘ramid‘al in structure, II; wt{ere the
two hgiogens are in axial positions, the two i)hényl nuclei and the lone
.'paic of electrons. from tellurium at'om are in equ’ato'ri‘al positions. The

phenyl groups are eciuivalent, heing related by a ¢ plane.

TABLE 1.1

13-CARBON CHEMICAL SHIFTS OF DIPHENYLTELLURIUM DIHALIDES

X ' cl, 1! £2,2' 6,6 c3,3' 5,5+ C 4, 4'

* 115.04 137.80 120.87 ~ 128.04°
F 140.45 ©131.54 . 128.53 " 131.08
cL 138,45 134.49 128.52 130,90
Br 135.19 135.91  129.38 -130.93
I 130.7L 136.48 C129.12 . 142,24

* Diphehyltelluride

A

o S S e A e
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The chemical shift of the carbon which is g:xttacﬁe’d to the tellu.ril.m
dihalide group decreases (i.e. .shielding increases) \uniformly as the
halogens vary from £luorine (140.45 ppm) to iodine (130.71 ppm) . This
effect arises from activation or deactivation (i.e. displacement of
electrons to or ‘from) of the directly bonded carbon of the phenyl group.

’Fhe telluriu;t-dihalide group can delocalise electrons prirparily‘

~

from the carbon which is attached to tellurium. Fluorine is the most
ezectrone?;ative halogen ard is, therefore, expected to have the largest
affect on carbon shielding. The deshielding of the ortho carbon atoms
monotoni::ally'increases in the series F-C1-Rr-I, with an 5.06 ppm
difference betw-een the resonances in the di"fluo'ride and the diiodide.
This could be due to the \"ortho effect” En a’nalogy with the similar
effect in halobenzénes. ‘I‘ne chemical shift of C-3 is somewhat dependent”
on'the. nature of the phenyl group substituents (§ee later). Within the
group'of four halo compounds the chemical shifts of C-2 and. C-6 vary in

the sequence I»3r>C1>F. Plots of chemizal shift sersus the Pauling -

electronegativity (Figur2 1-1) suggest a correlation but, rather

‘surprisingly, the greater the electrohegativity of the substituent at

-
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the tellurium the greater the shielding of. C-2 and C-6 (ortho carbons).
There is no marked difference in chemical shift, with respect to

| (cH4) is slightly shielded with respect to benzene (0.8 The

benzene, of the meta carbons. 'In_ diphenyltelluride tfxe para caghon
e
electron density of C-4, which determines its shielding. must be
influenced by coupling of a hetercatom elec_:tron pair with the Pi system
of the benzene ring. C+4 is lesé shielded compared to chemical shifts
of para carbons of derivati'Jes of other heteroaéomg in the samé
seti’es”. Me chemical shifts of the meta and para carbon atoms follow
the same trend observed for the ortho carbon atoms,‘ which is opposite to

that found for’ the C-1 carbon atom.

PHENYLIELLURIUM TRIHALIDES

13C chemical shifts for the phenyltellurlun trihalides are recorded

in -fable 1.2. Examination of Table 1.2 shows that the effect of the
halogen is most strongly observed at G—l, to which the tellurium trihalo
group is attached, less so at C-2 (ortho) and C-4 (para), and hardly any

at C-3 (meta).

Chlorine is more electro negative than bl‘romine, hence should remove .
4

electron density, primarily_from the carbon atoms to which the tellurium
trihalide group is attached, and so the chemical shift at 'E:-l is
displaced to lower fieldm(Table 1.2). However, for the iodide
substituent C-1 is de;hielded compared to bromine.“n This can be
attributad to the "heavy halogen ef:fect". The cbemical shifts of C-3
and C-5 (meta carbons) in all three hafo compounds practically coincide

13

(+/-0.4 ppm) with the ~°C benzene chemical shift. This indicates the

lack of significant inductive effect from the tellurium trihalide group.

]

\
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‘The chemical shifts of(c-4)~ (para) are _’1.—3 ppm lower (i.e' deshielc?ed)

thdn in benzene. This means that the substituents cause a decrease in
. <

the electron density at C—4. _.Jhe dow sensitivity to the nature of the

halogen substituent grqup could be due‘to the greater length of the

v Py
tellurium’carbon bond compared to the cmrbon-oxygen, carbon-sulfur,
- + L}

[

carbon-selenium bondlz_i, leading to a decrease in the steric interaction.
A longer bond implies that conditions are poorer for overlapping of the

"Sp orbitals of tellurium and the 2p orbitals of -the benzene ring..,

e

| TMBLE 1.2

-«

‘ 13-CARBON CHEMICQﬁS%hIFTS OF PHENYLTELLURIUM fRIHALIDES -

-
.

: X
I “ \
. e-—x o
. 4 )
X : o
P . . -
Gy ' \
[3 4
X _c1 c2 .cC3 ca cs cC6

¢1 153.28 °132.70  128.52 130.51  128.52°  132.70

o 0 b 149 e 130081 128.52 - 134.49

s

- By comparing the data in Table 1.1 and Table 1.2, it is clear that
for a given organic substituent, C-1 chemical shifts vary according to
\ ’ ? a

the nunber of chlorine atoms attached to tellurium, PhTeC13> PhTeCl,>

¢

Ph,Te. This trend ca}x be\explained by considering the polarity of the

T:-C bond. On going from phenyltellurium trichloride to

" diphenyltellurium dichlofide, there is a decreasing partial "positive

<

I T

. I 146.62 '131.09 128.85 131.80 128.85  131.09 .

@

o et e
’

e s e

L ke 3
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s
charge on téllurlum which corresponds to a decrease in the polarlty of
| the Te-C bond Magnet1c anlsotr001~ effects orlglnat1ng in the
- &
tellurlum substltuents are riot axpected to vary much in this closely
related'series,'moreover, they are expected to be smalle. _Thus, the
‘poiarity of the T?—C~bond appéars Eo have the largest effect oﬂ Lh; c-1
-reson;ance. In contrast to C—l, for a pértié\ular‘éubstituent, chemical
‘ shift values of C-2 (ortho) yhange in the opposxte direction, i.e.,
PhI‘eC13< PhTeCI < Ph ’De. This can be due to the change ?f the -
conformation of the molecule with differing number of shbstituedgs on
"tellurium atom. Ortho effects are nat well undérstood.

N i

\ ‘ .
PARA SUBSTITUTED -DIPHENYLTELLURIUM DICHLORIDES.

)

- o melE L3

13-CARBON CHEMICAL SHIFTS QE_‘ PARASUBSTITUTED DIPHENYLTELLURIUM

v DICHLORIDES

[

21 CZ,C6‘( c3, 5 - c4 . C7 .-C8,12 C3,1l Clo

- - 138.46 " 134.49 128 52' 130.90 138.46 134.49 128.52 130.90

127.73 "136.48 114.55 161 93 138.46 134.49 129.52 130.71

wﬂ-
[o%
O
)

dSCZD 126. 93 136.48 114.80 150.34 138.46 133.89 128.72 130.51

H3CO H,CO 128. 37 136.30 114.94 161.29 128237 1356.30 114.94 151.29

3\/

‘
¢

_Table 1.3 shows Bhe’ relationship between the C- chemical shifts of

-~y

" ‘the para carbon and the carbon which is attached to the tellurium

4 ) “
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carbons 6f the other rimj. These' results show that
/ f . .

'-\-\.’ : ‘_11_ -

' dichloridle group. .Apart from the small inductive effect of thé

tellurium compared to other elements in group VI, this element can'act
N

. as an electron a‘c*ptor, preaumably on account of its vacant 5-d

orbltals ‘For example, when a powerful Pi donor group is present in the

para ,posu:';on of the aryl nucleus some contribution is expected from the

PR
polar structure shown below.

3

< | .I'- o’ ‘T '
; ) I
. . ’ X

’

RYS AN
Thus.an electron releasmg group at the para position shlelds
(10:73 ppm) the carbon (1“_,“ c-1) which i3 attached to ‘the tellunum

dichloride group. At the same time C-1 is d/shielded compared to the

para tarbon of anisole by 8 ppm. “This difference can be attributed

to the tellurium dichloride gron.ip.‘ As expected, C-3 and C-5 experience

an upfxeld Shlft (13.91 ppm) due to the methoxy group at C-4. This

a g

clearly indicates t:he interaction of the lone pai\\hof electrons of

oxygen with benzene 2p-Pi electrons. On-the basis of mesomeric effects,

the methoxy group is an electron releasing group. The carbon which is.

attached to the tellurium dichloride gré'up is more effectively shielded,

compared. to the;‘corresponding carbon (i.e. C-7) of the phenyl ring
0 ’f‘ R

which does not have a para substituent. The other importént thing to

" note here is.that the para substituent group does not have any effect on’

13(‘. chemical ‘shifts

reflect intramolecular electronic effects. Chemical shifts of the meta

St o s 1

Y




_ 12

e,

carbons of the unsubstituted 'g;)enyl ring are not much different frgn the .
l : R .

- B¢ benzene value.

¢ 1

'SUBSTITUTED PHENYLTELLURTIUM TRIHALIDES
TABLE 1.4

13-CARBON CHEMICAL SHLFTS OF SUBSTITUTED PHENYLTELLURIUM, TRICHLORIDES

A

-

g : cl
LO)ti-a.
a cl
R2
R, Ry c1. cC2 c 3 ca. . cs - C6
- - 153.28 | 132.70  128.52  130.51  128.52  132.70
HCO - 142,44 134.49  113.61 - 160.73  113.61  134.49
S :

HCO - 1423 134.49  113.81  160.34 ' 113.81  134.49

HCO - H.C  142.50 ‘12673 134.49 - 158.94  110.723  125.14

H,C0 H.CO 143113 114.42 148.01 150.139 114.42 127.73

\

'I‘able'l.4 shows ﬁhg effect of substitution on the 13C chemicgl

shifts of phe'nyltellurimn', trihalides. ~As expected, ‘from the data on
substituted phenyltelluriun dichlorides (Table 1.3) the carbon in the
position para to tne electror; donoty' subst\ituent,{ {i.e. C-1 is most
sensitive to substi\tutio‘n. The' chemical shift of C-1 has m&gd upfield
by 10.84 ppm. The chemical shifts of, ortho cqrbons (i.e. C=3 and 6-—5)
follz’s&;the 'same trend’ (upfield shift) observed for the C-1 carbon. "I‘hi_s
can be explained via the changes in electqon'distrit;ution, v?hich changes /
by overlapping of the lone pair of electrons from oxygen wit:h.t:he~ 2p-Pi

glectrons froir the benzene as shown before. The chemical shifts of meta




_13_’° \

N

carbons (i.e.” C-2 and C-6) move down field (1.4 ppm). When electron )

releasing groups are ortho to each other these effects are additiv;/}l 50
that, in compounds where there are methyl and methoxy groups ortho td

each other, C~1 is more shielded than in the unsubstituted compound .

o

13C chemical shift measurements on a series of ‘'phenyl and diphenyl

" tellurides were carried out . The shielding effect resulting from the

v

\ preéence of an atom from a higher row, as is already well 'known4 for

: iodine, also exists for tellurium though to a lesser degree, but is much

larger compared. to other elemer;i:s in the same series. This could

- probabl¥ *be due to its metallic nature. Tellurium has electron. ddnati'ng

mesomeric properties as well as electron acceptor properties because of -

the availability of vacant 5-d orbitals. This reflects 'in some 3¢
chemical shifts of pa’i‘a sub‘étituted,dibhenyltellurium dichlorov.n
. - . } . . N

compounds. ;‘or example, in diphenyltel’luf:iun dichloride with relatively
* weak donor ubstfituents, the tellurium atom interacts with the Pi system

of the aromatic ring, mainly by an inductive mechanism, and shows a

. tendency /to undergo polar conjugation. . o ‘ " L
' / " 1
\ ' / : | !
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. 125 TELLURIUM NMR
The three naturally most abundant isotopes of tellurium (lZGTe,

128 l 'I‘e) have a nuclear spin quantum number of zero and are,

therefore, unsultable for mvestlgatxon hy NMR sgectroscopy Efven

h 125 and 123

though bot Te isotopes have spin 1/2, the very low natural

125 125, \

abundance of 123Te (@.89%) compareﬁ to Te (7%) makes Te more

suitable for NMR studies. Difficulties associated with the low'nétural
\ !

£ 125

" abundance o Te and its ‘low sensitivify to MR detection (3.16% that

of the proton at the same field strength) can be avoided by using the

‘pulse Fourier transform method. This gensitivity is an order of

magnitude /largex: than tﬁa_\t of 77Se. These factors appearv to make 125’I‘e

‘a favourable nuclide £or NMR étudy. One problenm, however, is that where

nuclear Overhauser effects become important, the negative gyromagnetic

125

ratio of the Te nucleus may attenuate sen§itivit§?’.

' Despite its favourable NMR properties, relatively few di 1:e<:tm"2G

21-22 125

or indirect observations of Te in organometallic compounds have

been reported. In contrast to tellurium, a number of investigators have

77

studied. the ''Se NMR spectra of a broad range of compounds in a variety

of chemical environments. These studies have establ ished the utility of

77Sé NMR in obtaining structural information, as a result of the wide

range of chemical shifts observed (ca 1808 ppm).

Literature repotrts have documented 12506 NMR shifts covering- a

range of 40¢40 ppm. nly a few report523 -24 f 125

relaxat;i@on rate measurement have been found. No details of

- .

experimentally determined NOE effects have been repo:?ed. .

In the current study, 125

phenyli:elluriwn aihalides and trihalides have been measured. During

Te spin-lattice

Té chemical shifts of a series of

a
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125

this work, the temperature effect on Te chemical shifts has also been

measured. The results show that the 125'I‘e chemical shifts of
phenyltellurium halides are influenced to a -measurable degree by

variation of the directly bonded halogen substituent. In contrast,

there appears to be no obvjous correlation between changes in 125Te

- f » .
chemical shift and change in substituent on the aromatic ring. The

variation of the chemical shift of the diphenyltellurium dibromide with

e

temperature’ iS linear as shown in Figure 1-2\

e

RESULTS AND DISCUSSIN

-~

]'.25Te chemical shifts are recorded in Table 1.5 with reference.to '

125,

diphenyltellurium. The chemical shift of the reference compound

has been reported as 685 ppm with reference to dimethyl telvluri\dezz.

Ihspection of Table 1.5 shows that fluorine 1induces the largest
downfield shift, whereas bromine induces the smallest. A correlation
between halogen',electronegativities and 12574 chemical shifts is

13

observed. This observation is analogous to the behaviour of the C

chemical shifts of these compounds. The large downfield shift (452 ppm)
of diphenyltellurium di fl“uorit‘ie is indicative of efficient electron
withdrawal by the highly electronegative fluorine atom (inductive

effect) .

lste chemical shifts is seen (Table

‘The same effect of halogens on
1.5) in phenyltellurium trihalides, where the tellurium atom is
deshielded to a much larger extent (390 ppm) in the trithloro compound

than in the triiodo. 13

C chemical shifts of these qorﬁpounds also show
that C-1, which is attached to the tellurium trihalide group, is

deshielded in the trichloro relative to the triiodo compound by 7 pPpm.

a
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' Table 1.5 / _
P 125-Te CHEMICAL SHIFTS OF PHENYLTELLURIUM HALIDES
~ | . _
COMPOND *RESQNANCE FREQUENCY | 7125, e
‘ | OF 'I‘e125 , 2o ¢

Enz're , 38670 ° T

- 1Pn2T;F2 ‘ Ces21 L 451.85
thTeCIZ 7‘7098 o 310.12
Ph.TeBr, 74781 - 286.3%
P—OCH,PhTeCl,Ph 77187.5 305.13
P—0C,sPhTeCLPh C 77484 306
(P-0CHPh) 5 TeC1, . 77613 . 308.50
PhTeCly" | 107318 . ";) 543.9
PhTesr, " 104220 * 519,06

.?Phter, B} 7167.04 S 153,12
P-2C i PhTeBr, 3 " 105177.7 . | 527,50

. p-OCH,PhTeCl, ——" 108552.73 T 553.73,

P—OC HPhTeCl, _ 108693.36 7 554,85

. p~OCH,XCH,PhTeCl, " 104158.8 51892
\

‘*see text for an explanation of these numBers.

-

~ -

l)JTe_‘_E. = 550 Hz. 2) measured using a 360 MHz spectrometer

It is clear that, in both the para substituted trichloro and

L

. tribromo compounds, the tellurium atom is more deshielded (10-8 ‘ppm)»

than in the corresponding ‘unsubstituted. trihalo compounds. The opposite

T T
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. according to

_pem) . As explained above for the

/‘ : - 20 -

effect was noted for the Be ;:hemical shifts of the carbon atom which is
attached to the tellurium trihalide grc;up (i.e , C-l}. For exam—ple,r.
L3¢ chemical shifts, the carbon which is attached to/ the
tellurium trihalide grouwp is .more shielded (142.34ppm) in -para-methoxy -
phenyltellurium trichrloride than in phenyltell‘uriun. tpichlgride (1;53.28

‘ 13¢ chemical shifts, this could be due
to the contribution of the polar resonance structure of the type as

shown in, IV. It arises due to the conjujation of vacant S5d-orbitals on

tellurium with the Pi orbitals of the benzene ring.

7

"

| o
HCO =Te-Cl -
¢l

This deshieflc.linc_; effect on 12°Te cﬁemical..shifté of para
substituted phenyltelluriun trihalides could be explained by considering
the electronegativi:y of the haloéensl Considering the palar rasonance
structure, electﬁon density around the tellurium will be higher than in
the para unsubstituted compound . Howevér, delocalization of electron

-0
densijty awvay Erom the tellurium atom by the halogens will tend to reduce
the influence of mesomeric slectron donation. It is not <lear why there '
isa net-deshielding effect on tellurium under thes;e cirzumstances.

Only a2 slight change in the lZSTe ~hemical shift’was apparent upon
an order of mggnitude reduction in the concentratiorn (Table 1.6). For

gxample, a 0.5 M solution of dip,henylf:elluriun dibromide in DMSO—d6 has

a chemical shift of 286.7 ppm and, on dilution, it has changed very

+
- .
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slightly to 287.2 ppm at 0.06 M solution concentration., The lz:c’Te“

chemical shift for the diphenylteilurium dibromide changes 1inearly with
the tempc;rature as seen in the Figure 1-7. An increase of tempgratﬁ{re
1ead‘s to an upfield shift of 0.18ppm/K for diphenyl tellurium dibromide
in the ramge 340— 360%K (see Table 1.7):

Tne T, found for the dibhenyltellurium dibromide is in the range

1-1.2 sec. ‘Mis value is of the same order as the previously reported

T, (i.=2., 1,1 .sec) for dimethyl telluride“. The spin-lattice

relaxation time for tellurium has been found to be dominated by the spin

24

rotation mechanism™’. 'I‘he‘only exceptions may be for the case where a

telluriwn atom is directly bound to atoms with a maq?zetic moment such as

i, 19 and 3'p.  In this situation the dipole-dipole mechanism may have

a non-negligible influence. Observation of the 125'1‘5 signal 1is

>

facilitatéd by the consenient relaxat%iri rate.

Experimental

1250 nR spectra were recorded with the broad band probe of the

Bruker WH-400 spectrometer tuned to 68.46 MHz. The resonance position

for diphenyl telluride was located by using a spectral width of 20,000Hz

at 68.46 MHZ, 1 pulse width of 30 micro seconds, and broad band proton

125

decoupling . The Te chemical shift values are referenced to diphenyl .

telluride. A 0.1M solution of diphenyl telluride in DMSO—cl6 was found

to resonateoét an ,of.ﬁfset frequency. of 38630.9 Hz, and  the 1251 chemic al

shifts ware subsegquently calculated by freé;uency differfnce from this

standard by using the relationéhip, ,/

Hi - Hieet Vi, T Yy
85 (ppm) T e '

! HO Vo
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where . ' Y
Vi = rasonance' frequency of the 25‘E'm_gcﬂleus of the
-compound of interes’t_ '

Vref = resonance frequency of thg l25’1"e nucleus pf the reference
‘ _ compound. "
Vo= spectrometer frequency

The offset frequency of the 125'1‘9 nucleus fgru each compound is

125

shown in Table 1.5, The Te spin-lattice relaxation time for one

compound (thTeBr?_)' was measured by -using. the s andard

inyersion—nrecovery pulse sequence, i.e./ (180°-t~ 90°-PD)n. The

. . . 4
experiment employed a spectral width of 5000 Hz,'a 90° pulse xfidth of 20
micro sec, and a recycle time of 5T, second. C

L4 ’

The temperaturé dependence of the 12':"‘I‘e chemical shift for one

N 4

compound '(phzTeBrz) was measixred, in 20°€ intervals. Temperature was
meaéured. with tkfe thermocouple with a precision of ,+/-0.S°K'. The
~ concentration dependence of the l25“[‘e chem}cal shift:L' wa% also measured
for the same compound in four different :.:oncentrations. DMSO—d6 was
used as the sol'{ent for both expériments. Unless otherwise indicated,
all egxperirnents ‘were performed at room temperature wh_ich was 293°K

(20°%0).

‘-

-
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-«

EFFECT OF CONCENTRATION OF>125-TELLURIUM CHEMICAL SHIETS .-

OF DIPHENYLTELLURIUM DIBROMIDE

*
v

i

CONCENTRATION M CHEMICAL SHIFT PPM

e ¢
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I‘EMPERA'IURE DE.PENDEINCE OF lZS‘-’I‘ELLURIUM HEMICAL SHIF’I‘

OF DIPHENYLTELLURIUM- DIBRCMID\B
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SWNTHETIC PROCEDURES

, 'Organotelluriur'n'compounds have been preparad by several
; : = .
methodszs‘z&which either give poor yields or impure products. The

pre{S‘aration of phenyltelluriuh chloride from phenyl lead compounds has

129

already been found to be very useful®”. Organotellurium compounds for

30

+the current study were prepared from organotin compounds™.

The organo—-tellurium dihalides “and trihalides required for this
study were prepared by halogenation of the cgorresponding
diphenyltellurium and diphenyl Qiteilurides,’ psi‘ng established
procédures, and were characterised by melting points, tellurium
analyses, and ly NMR spectra. o
The dippenyltelluriun dihalides except diphenyltellurium fluoride,

which was prepared according to Berry's metlrxod30

14

, were prepared

according .to Chand Paul's™" method. However, the melting point found

~ for .the fluoro compound differs considerably from that reported in the -

1 itera‘lf‘ure30

. The preparatory scheme of the diphenyltellurium dihalides
(except for the fluoride) is shown in the Figure 1-3.
Tetraphenyl tin, tellurium 'tetrachl_oride, and dry toluene were

employed as the precursors. Reaction was carried out under anhydrous
. Id

conditions for three hours. Diphenyltellurium.dihalides except the

difluoride were recrystallized from absolute methanol, and identified by

31 were\

tellurium analyses and melting points. Tellurium analyses
measured on an atomic absorption spectrometer by Mr P. Aysola in this
University, and the meélting points were measured on a Gallenkamp melting

point apparatus. ' '
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PREPARATION OF DIPHENYLTELLURIUM DICHLORIDE

‘Tetraphenyltin (Pfaltz and Bauer) (25g, 0.586 mol) was dissolved in

" dry toluene (Aldrich) (25 ml, 0.235 mol), and was mixed with tellucium

tetrachloride (BDH) -(16g, 0.0593 mol) dissolved in dry toluene (20 ’ml ’
0.19 mol) in a round bottom flask, Eitted with a drying tube. The
fr(ixtu;e was 'refluxed_ for three hours. After cooling, thep solution was
filtered to remove insoluble matter and was ;ochngrated to 10 ﬁ\l by
distilling off excess solvent. Petroleum ether (40-50°C B. Pt.) was
added until white needlé—lfke crystals érecipitated. The crude product
was recrystallized t?wice from absblutc_-[: methanol to yield 12.50g of pure

white crystals that were then dried under vacuum. <

Yield 12.5g (55.4%) e

M.Pt . 158°C

(Lit. 159°0)30r %6

= 160°c™? -
Te 3§ (calculated) = 36.19%
{£ound) | = 35.85% ' e

PRiE:PARATIa\L OF DIPHENYLTELLURIUM

Diphenyl tellurium was the precursor for diphenyltellur?un diiodide
and dibromide. Pure diphenyltellurium dichloride (7g, 0.0199 mol) was
dissolved in a potassium metabisulfite (J.T.Bakear): (lZg,'O‘:054 mol)

solution in 75 ml of cold water by, stirring yfo’r 5 hours. The resul ting

vyellowish green liquid was-extracted three times with ether. The ether -~

-
extract was dried over anhydrous potassium sulphate and will’s/ﬂ:/hen

evaporated to yield a dark yellow liguid (5.5 g) which wgs/'d/i‘étilled by

-
- ) i /1/
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usirig reduced pressure (about 7 mm. Hg). The product was collected at .

o
170°c. o ‘o
‘7»* . .
. Yield = 4,10 g (74.5%)
. B.Pt. o = 170°C at 7 mm.
= (Lit. 1829C at 16 mm) 33
Ta 3  (calculated) = 45.31
(found) = 44.68 ' ~ .

GENERAL PROCEDURE FOR THE PREPARATION OF DIPHENYLTELLURIUM DIIODIDE AND

. prey

DIBROMIDE
Diphenyltellurium (liquid) (2g, 0.0171 mol) was dissolved in

anhydrous carbon t&trachloride (20 ml) (Aldrich) in a 200 ml three

necked . round bottom flask, fitted with a drying tube. A equimolar

concentration solution of the halogen in carbon tetrachloride solution
{20 ml) was slowly added to the magnetically stirred solution, using a

separatocry funnel. The solution was then stirred for 2-3 hours, after

whicht a coloured precipitate was filtered- and dried. The crude dihalo .

compound was recrystallized from absolute methanol. A brick red

precipitate for the diiodo compound was obtained with a m.p. of 235°¢

(lit. 237—238°C)32 while the dibromo compound was obtained as a light
yellow powder having a m.p. of 197°C, (Lit: 198-201% 3% o
-~

«
' Yield (dibromo compound) = 3.5g (37%)

M. Pt. =197% . -

' = (Lit. 198-201°034
' = 28.9

Te (ca}culated) _
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‘ (Found) = 29,2 ’
Yield (diiodo compound) = 2.5g (52%)
M.Pt. , = 235°%C ,

' = (Lit. 237-238% 32
Te 3 (calculated) = 23.8 ‘

(£ound) S =22.4 ' b - .

+ »

PREPARATION OF DI{PHENYLTELLURIUM DIFLUORIDE

Diphenyl tellur_iun\dichlor.ide (2.40g, 0 068 mol) was added in small
quantities to a mixture of silver fluoride (82.04g, 0.014 mol) (Aldrich)
in dry toluene (120 ml) which was’ boiled. under reflux for one hour) .
The reaction mikture was filtered, and the fi.]:trate was added to light
petroleum ether (50—70°C) . On standing in tl:le refrigerator for sev}eral
hours, this solution deposited light brown crystals whdich were filtered
off and recrystallized from glacial acetic acid., Finally the material

was recrystallized from petroleum ether (70-100°C). The melting’point

and tellurium analyses wer2 as—follows..

M.Pt. = 150°¢C N
= (it. 169-170°%03 ]
| = 153°¢3%
yield " # =1.25 (57%)
Ted (calculated) = 39.92°
" (found ) = 39.54 ‘ S

The phenyltellurium trihalide% were preparad by an adaptation of

7

oy
T
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37

© the method of McWhinnie and Thavornyutikarn via the diphenyl

38

ditellurides by oxidation with either bromine or iodine®°. Diphenyl .. .

‘ditelluride was prepared by reducing phenyl tellurium trichloride. It
is pqssible to‘ synthesize the phenyl tellurium trichlorid;e by resaction
of tellurium tetrachloride with the appropriate organotin co/r;poundm.
Phenyltellurium trichloride prepared by this method was contaminated
. with a small amount of greyish material which was diff;cult to remove by
recrystallj,zétion. It is.convenient, therefore, to reduce the crude
trichloride to the"’ditellur'idénagd reoxidise the purified ditelluride
with c;xlorine to pure phenyltellurium trichloride. The ditellurides
were also required for the preparation oﬁ the bromide and i_odide. The
prepaFétion scheme for phenyltellurium trihalides is given in Figure
1.4. | |

'Crude phenyltellurium trichloride was preparad according to Chand
Paul's methodl4 using tetra‘pheenyltin and tellurium tetracﬁloride.
Tetraphenyltin (Pfaltz and Bauer) (r40g, .094 mol) and tellurium
tetrachlorid'e (BDH) (25.24g, .094 mol) were stirred in dry toluene
(A'ldrich) (90 ml) fo:: two hcgurs at room temperature, in a-round bottom
flask fitted with a dr~ying tube. A dull white precipitate separated and
was filtered, washed with toluene, and dried. Recrystallization of this

material on¢e from glacial acetic acid yielded off-white crystals (about

15.6g, m.p. 210°C). :

N .
PREPARATION OF DIPHENYL DITELLURIDE -

Crude phenyltellurium trichloride (15.6g, 0.050 mol) was dissolved

Ae

in potassium metabisuifite (KZSZOS) (J.T.Baker) (30g in 160 ml of water)

solution by warming. The resulting dark greenish liquid was extracted




‘ . ’ ' ‘ .. ‘.-.32‘» !

4 , ]

2-3 times with dry ether to yield a dark reddish solution. _An ether
extract was dried over anhydrous KZSO4, avaporated and the solid was

recrystallized with dist:.illed petroleum ether (60-70°C). Orange, red
. o i :

crystals were obtained with a m.p‘. of‘/ 65°C: ‘ .
Yield e = 8g (79%) -
, M.PE. " = 65°%
T = (Lit. #6°0)%3
) res (calculated) . ° = 45.5 ;
, ’ — ( found ) = 43,1 X

i [ Yo
‘ u
\ .

' : stirred . el i
' , Sn t+ Tec), . loluene, . @ 'e—Cl|
E"‘ ‘ 4 o | . n~ V ' ‘ cl'
| .
| . K,S,0,

| 9 _ \ :
| ! > ~ |
(Oix o OO
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PREPARATION'QE,PHEﬁ?LTELLURIUM TRICHLORIDE :
' ‘Diphenyl ditelluride (0.8364g, 9.002 mol) was dissolved in
anhydrous carbon tetrachloride (Fisher) (3§ ml) (distilled and‘ dried

over calcium chloride). Chlorine gas was dissolved in anhydrous carbon

tetrachloride (Fisher) (35 ml) and ;vas slowly added dtop by drop tc; the
diphenyl ditelluride solution in é:arbon tetrachloride, while maintaining
the temperature at 1¢°C. Yellowish brown crystals were obtained, and

the product was recrystallized from glacial acetic acid.

- 0.699  (41.4%)

yield

ﬁ.pt; = 213-215°C |
= (Lit. 215-218%)37

Tet ( found ) = 4g.2

*
(calculated ) 41.4

e

PREPARATION gngHENYLTELLéaxum TRIBROMIDE

Bromine (Fisher, 1.294g, ¢.008lmol) in carbon tetr,ach'l'oride was
\slov.lly added with stirring to a carbon tetrachloride solution of the
diphenyl ditelluride (1.13qg, GﬂﬂZ?mél) at 10°C. The brown ditelluride
became yellow, and yel}.ow crystals were deposited. Addition of ‘bromine
was cor:;:inued until an excess was present. The mixtu‘re was stirréd for
a iurther 3¢ minutes, after which the pr;écipitate was 'filtered off and
dried. ' The product wa;s recrystallized from glacial acetic acid to

: ) A
afford yellow crystals of phenyl tellurium tribromide.

Yield -

1.80g (67%)

0

227-229°C

M.pt.

e
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i

(Lit. 227-229°0.%7

C | Tey (found) *

i

29.4

(calculated) 28.7

PREPARATION OF PHENYLTELLURIUM TRIIODIDE

' \Diphengl ditelluride (Q.96§3g, 9.0823mol) ‘in .anhydrous carbon‘

' tetrachloride (35 ml,~ Fisher) was maintainec} at 3-5°C whilsf sublimed
‘\ iodine (1.‘7Slg,ﬂl.‘%6'9 mol) in anhydrous carbon tetrachloride (6@ r;\l) was .
added slowly. The solution was then stirred for a further 3¢ miniutes,
after thch the red brown 'precipitate was collécted and ;iried; The
cru@e‘triiodide was recrystallized from benzene/light petroleum ether.
It was noted that if iodine was added to di[;henyl ditelluride at 1¢-15°C

. a black benzene soluble material was obtained.

3 &

yield - 1.80g (67%)
M.Pt - 180-181%
. _ | = (Lit. 180-181°%) 77 J
| Tt (Eound) = 24.5
= 21.8

(calculated)
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CHAPTER I[ |

INTRODUCTION .|

[} i

s
L]

Routinely, high resolution nuclear maghetic resonance spectroscopy
has been ’utilized~ for st.udying the structure and the stereochemistry of
organig compounds. To the usual parameters measured from these spectra,

y r.w_meiy the chemical shifts, the coupling [con tants and the integrated
areas, further magnetic resonance infprma ion can be added. This
/ includes the séin—}agtice relaxation tims (Tl) values and the spin-spin

relaxation time (‘1‘2) values

—%

« With the deveiopnent of new in’str ental techniqués (especially

. Fourier transform (FT) spectroscqpy), it has b‘%ne possible to measure,
on a routine basis, the Tl value of any tesonance that can be clearly‘
resolved in a nuélear magnetic resonance spectrum, 2ven in systems v;hich

are chemically complex. Spin-lattice relaxation times can be measured-

13, 15 9

for protons, °C, N, 19 and many other huclei.

\ .
There are numerous examples in the literature of investigations
into the potential of proton spin-lattice relaxation times (’I‘l values) ,

or rates (R; values) for providing diagn‘ostic information on the
\ i N '

molecular structure of a variety of compounc}é\ such as carbohydrat:es39

40 41

1

- nucleoside

42 and steroids

\ .
, natural products such as

and, recently, complex protein molecules43.. .

derivatives, alkaloids

terpenoids 43

Spin-lattice relaxation phenomena a’e associated with the way in

t

which, and the rate at whic.cx, magnetic energy|is transferred bétween the
magnetic nuciefl/'underalstudy (the spins), and their surroufxding
environment (the lattice), The rate a;ﬁ wimicu this transfer occurs is
tl"xe relaxation rate (R, value, sec™t), and reciprocal of the rata is

'

: - 5
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the spin lattic¢e relaxation time (Ty value, sec.,). . >

Consider a sample containiny nuclei with spin 1/2 placed in the

?na;.;neti; field, Ho. The nuclei will precess around the direction of the

2

- field with a frequency known a$ the Larmor frequency (wW0). The nuclei

are either aligned with or opposed to.the direction of HO' as shown in

3

Figure‘z—lf Since, at aquilibrium, there is a slight Boltzmann excess
of nuclei aligned with the magnetic field, these will give rise to a

>

resultant magnetization vector, My, which also lies 3n the same

" i

direction as HO. .

\ | Hy

/ '
.

F -,

L F . 4 .
Figure '2.1/40tion of nuclei vectors in magnetic field.
. d ,
Y

This description of the nuclear motions is often referred to as the -

stationary or laboratory frame of reference. Lf, however, we were able
to rotate Bze laboratory frame at the Larmor frequency, W0, then the

nuclei would -no-longer appear to precesé but would become stationary and

. ~

vy

&
4

Sor
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cc‘)ir}ciderxt with thé' magneltic field axis _ho, as shc;m' in Figure 2.2. The
magnetlc behavmur is now completely descrlbed by a. statlonary bulk
magnetxzatlon vector My, ?ctmg along Ho. 'i'his system 1s referred to
as-a "rotating frame systerr\(' and 1ts effect is to greatly Smellfy the

de'scr1pt10n of the effects produced by.t‘he application of a

. o

Figure «2.° Or1entat10n of bulk magnetization in a frame

o

rotating at the Larmor frequency.
' . ! “
. & .

We can apply a pulse of radio frequency radiation for a time t al"sq

at the resonant frequency WO, along the x-axis to the frame (which is

rotating at the same frequency,w 0). This is equivalent to applying a
static f1°1d H, along .the x —ax1s of the rotating frame. Consequently,
as M0 is stamonary in the rotating frame, the effect.of applying a

a Vi ) . 4
constant field would be to cause Mo to rotate, i.e. precess.about the

&

"x"axis, as shown in. Figufe 2.3. fThe angle @ is known as the pulse,

°

tip,  or nutation angle:

o
ectors, with phase coherence, is aligned along the direction of MO‘

fu

\

¢ -

‘ ol
,

, .

[t is important’to point out (Figure 2.3.) that .a bundle of spin

s

-




b s A o kA s e e a8
B

C M, e, ’ ,
Figure 2.3The behaviour of the bulk magnetization vector M after a

AN

pulse tipf)ing it thréugh an angle O has been applied. .

The net effect of the pulse is to "sweep up" the individual spin

vectors, which were initially randomly distributed around the z' axis,

.

so that they now have phase coherence. . - .
Once :the radio-frequency pulse has been rémpved, the perturbed spin

system will begin to.relax back toward its equilibrium congition by

1
\ R}

means.of two Separate processes. . . : - «

s

In the first of these, the component of the magnetization remaining

«

along the z-axis returns to its original.value, MO' by an exponential

1 ’ !

decay process characterized by’'a relaxation time Tl' This process is

kqdm ‘és spin-lattice relaxation‘m, tince relaxation occurs by the loss

. of énergy from tﬁg ‘excited nuclear spins to.the 'surrdunding~ molecular

N

lattice. :

In -thHe second process,. the nuclear spipé intarchange with one



¢
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g

another so that some spins now precess faster than M, while others

precess more slox\vly, with the result the spins be{in to.'lose phase

coherence. ' This process is known as the spin-5pin relaxation process.

I[n the spin-lattice relaxation proc

~

ess, if the initial

' magngtization along the Z axis is MO’ and the component at a time t sec.

i

® after a pulse has been applied is M,, the Mz,rgturné‘ to M, as ‘shown in

- the Figure 2.4.:

o

N

z

)

Mathematically,

MO -M,

when M, returns to M, along the y' axis, the component M

that:

We have,

4
}

My =M

M, =0

M, 0)

[E after. a pulse MY' (0) -is the component of M

Figure 2.4 Relaxation mechanisms

\ " "
~ ’
\

we can express this process as,

=My (L-cos@)exp ( t/'I‘l)

-

~

e 45

My sip ® and

¢ N
My _(0) e(-t/T))

5

’

M = MOCOSQ

N

Component of ‘M in x' y' plane

M'_ =0

=
n

" \
MOSm ] g

n

" .

Y

v

decays so
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‘ ,’Dipole-dipol'é relaxatiioq can be of three types, namely:

- 40 -

' | \

SPIN-LATTICE RELAXATION

. , >
As mentioned hefore, spin-lattice relaxation involves a transfer of

3 .

enarjy from the spins of- the magnetic nuclei to.their surrounding
ensironment (the lattice). There are a number of distinct mechanisms
~that allow this transfer to occur, most of which involve the interaction

of the spin with randomly fluctuating magnetic fields arising in the

lattice. ‘The most common of these) .along with their associated

relaxation times, are:

‘Dipole-dipole _1 | T, DD
Spin rc;tat'ion . ‘ Ty SR
) Quadrupolar '. Ty 2 v
- Scalar ‘ - T, SC .
C?femical shift anisotropy T CSA

.

N a a) intramolecular
y ~ b) intermolecular
I c) lparamagnetic . ‘ .
, In principle andloft':en in practice, several of these relaxation

mechanisms-operate simultaneously, and .can contribute to the overall

.relaxation rate of a particular nucleus. In these circumstances, the

. spin-lattice relaxation time measured experimentally ('I‘1 experimentall

is a composite value, and contains contributions from each of the

. several mechanisms. It can be described as follows: |

v
)

. ) = 2 HT_______//
/I, (exp) 1/1‘1DD + l/TlSR + VT].Q + l/TlSc + 1CaA

.
.

. \
For convenidnce, we consider the relaxation rates (R1 in sec 1) with the

relation,

Rl'= ]./I'l. ‘ »h

oY
.



Hence,

R, (fexpT = Rypp * R + R, + R

N

1R * Rip ¥ Rise * R

¢

~ If this were always the case then it is quite probable that this éntire
phenomenon would have little br no relevance to organic chemists, since

although it is a trivial matter to obtain an experimental value for a

spin-lattice relaxatinon time, it is often a more diffifult t\:ask\to

derive from that value the individual contributions from several

i

different relaxation mechanisms.
)

Fortunately, we can conduct experiments in which one of these
imechanisms, the intramolecular dipole-dipole mechanism, dominates the
relaxation, an_d under éptimum conditions is the only opgrative
mechanism. In practice, the moleclule studied must move moré or less
isot:rop/ic:alt'?45 in solution. To overcome the i‘nter'molecglar effects,
these molecules” should b@ studied in éilute (0.1M) solui:forﬁs in solvents
Iwhich do not themselves provide relaxa’tion. It is sufficient to use
perdeuteratad solvents f:'o_r lH relaxatioq measurements, since the small

magnetoqyric ratio of deuterium makes this nucleus very inefficient for

relaxation (the relaxation efficiency of deuterium is 6,3% that of an,

equivalent proton). In practice, using deuterated solvents to qvercor’ng

intermolecular effects has the added convenience of providing a

(heteronuclear iock signal for the spectr‘ometer'. Dissolved oxygen in the

solution is usually the,m&st important source of paramagnetic
. N -

(dipole-dipole) reléxation. YIE requiregi, oxygen may be removed by

46‘, but it has been shown47

standard .techniques this is unnecessary for
most yualitative studies. TIhe rate constant for relaxation to oxygen is

very similar for all 'protons in a molecule, 'so that all of the Rl values

e ur s e

o b bbb 3
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determined for pi'otons in a molecule will be inc7eased by an essentially

:
o i
v it

| 4
- " DIPOLE-DIPOLE RELAXATION

constant amount.

In the system where the intramolecular dipole-dif)ole mechanism is

predominantqe, the contribution can be expressed as,

.
< »

R _ R Yp Yr i N o
Ry = UT) o —2Tc (D3R) (2.1).
. {(rn o) L .
D,R )
’ * :- . R k' ¢
This equation is valid provided that the molecule is tumbling rapidly

2p <<1) is met. This is

enoujh that the extreme narrowing condltlon (w
normally the case for small to medlum sized molecules. ‘
. In this equation, D refers to the donor nucleus and R to the
receptor nucleus. T_ i8 the rotational correlation time for the D,R
vec'tor, the T's are the magnetogyric ratios, and r is the internuclear
distance. ) | . ) ' .

The efficiency with which any receptor nucleus, R, is relaxed by a

 donor nucleus, D, is proportional to the square of the magnetogyric

ratio of each nucleus and to the correlation time of the motion of the
vector D ——-->"R with respect to the field. It falls off as the inverse

sixth power of the distance Tr6 D—> R) between the two nuclei‘ This

means that contnbutxons to the relaxatlon of a nucleus are attenuated

very rapidly men the distance between the two nuclei increases. It

" follows that' the Rl value of a proton is largely dependent on the

proxxmlty of its immediate nelqhbour,s

© Since only protons” have a high value of Y, intramolecular

p
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N

relaxation will be dominated by interproton interactions, with' the

nearest protons making the largest contributions. Hence, proton

o

relaxation times show pronounced configurational dependences. In most

organic molecules, each individual proton will be relaxed by

/

interactions with several other (D1, D2....... } in the same molecule, -

and hence its total relaxation rate will have. Aﬁhe' form gii;en by the
equation 2.2. ’ '
R _ Dl D2 D3 '

L USRI FRIIHARTT b areeananys 42.2)

The magnitude of each of these contributions will depend on the
‘ !
relative magnitude of the individual Yinternuclear distances.

For several reasons, it is also important to note that the
relaxation efficienéy\between the donor and the receptor is dependent on
Tc. AS a result, R, values can provide direct information concerning
.molecular motion, both the overall tumbling of the moleéule and any
additional degrees of'n%otional freedom for pendant substituents.
However, Tc values depend on the solveﬁt, the solute concentration,
temperature and on molecular weight and shape.

Since relaxation rates are dépendent on rates of molecular t'umbiing
(motional correlation time Tc), a change in the mass or geometry of a
substituent in a molecule may affect the R1 values of all of the nuclei,
not only those in the immediate vicinity of the subs\tit'ution site.
Thus, if the Rl‘ values of molecules with different substituents,
jJeometries or in different experiments are to be com'pared it is

advisable to normalize the relaxation rates ihternally with respect to

the rate of a nucleus remote from the site of substitution. For the

molecules in this study, normalization is quite straightforward,' because J

' . s . /
all of the molecules have a rigid planar structure, and_interproton

PO
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distanceé will not vary much In general, a proton that is adjacent to
two other protons wilL get about 95% of its intramolecular relaxation
from these protons, and so this particular proton is the obvious choice
for normalizing.
In summary, under suitable conditions, proton spin-lattice‘
. relaxation involves through space interactions between individual
protens in the same molecule. Since the efficiency af)~these
) interactions decreases with distance, =ach proton receives most of its
relaxation from its nearer neighbour protons. This feature can be used

- as a possible way to determine the conformation of the molecule.

1

SCALAR COUPLING RELAXATION\\

As seen before, any mechanism which gives rise\tb a fluctuating
magnetic field at£ a nucleus is a possible c:a\ndiQate Eo'r a relaxation
mmhanifm. In the case of spin-spin (scalar} coupling between the spins
Iand S (where [=1/2 and S>1/2), the quadrupolar nuclius S provides a
relaxation mechanism for the I nucleus through scalar coupling. This is
referred to as scalar coupling relaxatlon49. There are two kinds‘of

scalar relaxation, namely, the first kind and ‘the second kind of scalar

relaxatlon . .
4 ) .
i - ' 3
' \

|SCAI.AR RELAXATION OF THE SECCND KIND

z~’

p
|

This arises when two n,uclei are coupled and tne sécond i.2. the S
(%Pucleus with sp1n>1{2 of these, has a relaxation tima T (s) (T ) that is
%}hort compared to the inverse of the coupling constant /A (I, $). 1In

is case the local field AS(t) AT produced at nucleus I(H) by nucleus

'\%(N) fluctuates with a correlation time I‘ = Tl( ". In thls event, of
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course, only the average value of the spin-coupling interaction is seen

and one o\bse;'ves .for nucleus I[(H) not thée expected multiplet, but a

single line. 1In a manner similar to that shown above for the

dipnle-dipole interaction, it may then be shown'thatso,

2A TS '
.
3 * ] + (NI—NS) TS " :
) 2
A . T s
I - (2:4)
RE = — S (S+1)4{Ts + 7 5
where A is the spin-spin coupling constant in radians/second and
Ts is the relaxation time of the quadrupolar nucleus (S).
This situation is provided in the case where S>1/2 e.qg. 1‘}N, S is’

consequently relaxed priwmarily by the quadrupole interaction. TIn this
case, which often is referred to as scalar relaxation of tjhe secoﬁiﬂ
kind; 'I‘15= 1‘25= Is. Depending upon the strength of the coupling
constant and the relaxation time of the quadrupolar nucleus a broadening
of the spectrum of the spin 1/2 nIJC].EL.]S is usually observed. 'When ‘the
coupling is entirely washed out, the scalar couplfhg interaction is
treated as a }rellaxation mechanism, and the nucleus of spin >L/2 treated
as part of the lattice. .

The broadeninjg observed.for the signals of the protons o« to the

|

.nitrogen atom in the heterocycles i§ related to the bresance of the
nitrogen atoxt{. There are two possible origins wﬁich can be considered

for this broadening.

.



Hence, it can be concluded that the H-

_nuclei. One may easily show that™,
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1) Shortening of the'= proton relaxation time by interaction with

@

the nitrogen nucleus.

2) [ncomnplete washing out of an N-H spin—épin coupling b/}(‘ M14

quadrupolar relaxation.

In the first case, two r%échanisms might be operative. The nitrogen

nucleus may contributa to the H-of relaxation through,

14

A) H-""N nuclear magnetic dipole-dipole interaction modulated

by the molecular movements in the liquid. .
!
8) Scalar spin-spin interaction modulated by the 1

relaxationso. One can examine cases A and B Separately.

4N quadrupolar

A)Contribution of 1—}‘11}_ dipole-dipole interaction to H-otrelaxation

Inis is a case of rélaxatipn by dipole-dipole interaction between
50

unlike spins” . I[n the extreme narrowing approximation (wOZ’I‘C2<<1) the

14

contributions [y and T,y of the H-"'N dipole-dipole interaction to the

H-o relaxation should be equal. The correlation time is very short in

non-viscous solutions as in this study, with values from

-10 13.

10 -=>10" 7" sec. Therefore, the extreme narrowing approximation is

3

valid. T, should then be equal to T, . I the dipole-dipole

relaxation mechanism is the dominating relaxation mechanism, 'I‘l should

51

be equal to T,. But Kintzinger”" has shown that T, ‘calculated from the

line widths is smaller by a factor of 100 than the measured Tl's.

14‘N dipole~dipole interaction

mechanisn is not the cause of observed line broadening. Because of the

14

snall magnetic moment of the “°N nucleus, the contribution of TlD and

Ty is expected to be small in the case of H—MN as compared to H-H

50 './'.
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3 I,(I,, +1 .
(/T p(HH1) /1Ty (H=N)) = = (yH/yN)Z Wiy + 1) 108
2 IN(IN +1) -

U

Tip = spin-lattice relaxation due to dipole-dipole relaxation

¥ = magnetogyric ratio .

I

spin quantum number

‘I'hérefore, at the same internuclear distance, spin-lattice relaxation is
* .

more efficient by a factor of 108 in the case of H-H nuclei than in the

case of H-MN nuclei. Hence, this mechanism is seen to be negligible.

B) Contribution of H—Mlj_ scalar interaction to H-& relaxation

When the quadrupolar relaxation time Tq is long, the proton signal

is split into a triplet ‘corresponding to the three spin states +1, 0, -1

of the 14N\nucleus. As T decreases, the lifetimes of the_ 14N spin

q
states decreases and the lines of the proton triplet become broad. As

q
line which then narrows (interniediate case) . Finally, when Tq is very

T, continues to decrease, the proton spectrum coalesces into a single

short, so that it becomes comparable to the prbton Larmor period, the

nitrogen quadrupolar relaxation acts as a relaxation mechanism of the

proton via the scalar H-—MN coupling. The contributions of this

-

mechanism to 'I‘l and T2 are different and may renderd'l‘2 appreciably

shorter than Tl5Q. In this last case the proton is treated as seeing an

average field from the quadrupolar nucleus, and T&;” the time constant of

the fluctuations of this field, is considered to be much smaller ‘than

'L o

(2PiA)” - where A is the H-N coupling constant.

- °
» »
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'SCALAR RELAXATION OF THE FIRST KIND

Scalarﬂ relaxation can also occur when coupling constant (A) becomes
a function of time. This situation is often referred to as scalar
relaxation of the first kind and arises when chemical exchange takes
place. In this case, the local field at I is AS/¥T when I and‘S are
covalently boud in the same molecule and zero otherwise. In the case
of chemical exchange that causes bond breaking, the magnetic field at I
Eiuctuates because the c.oupling constant (A) is modulated £rom its
normal value to zero. - :

[f the chemical exchange rate is much» larger than either the
coupling constant (A), or 1/T for either I or S; and 1if the time the
nuclei are uncoupled is short compared with t;_he time they are coupled,

only a single line is observed for the o proton. This is similar to

scalar relaxation of the second kind and Ts becomés Te, the exchange

e
5

time. If Ts or Te is not short enough to, cause the multiplet to

collapse completely to a single narrow line ( a few Hz or less) a more

detailed analysis is needed to obtain useful chemical informationssz.

a

The fact that equations 2.3 and 2.4 are identical ‘fc;r the case Té=
I's is quite reasonak;lfe, for all nucleus 1 =2xperiences is a local field
of. xnmnit@e AS/YI which is f£luctuating in a characteristic time t. It
is immaterial to nucleus I whether this fluctuation érises from a-
chemical exchange process or from a fast ré}axati’on"process of hucleus
S. ‘This is frequently the case when one of tl;e_gn\)uclei has nu ar sﬁin
>1/2 since .such nuclei possess.an electric‘ quadrupole. ‘s this
quadrupolar nucleus moves in solution, the quadrupolar coupling tensor

becomes 3 function of time and provides a relaxation mechanism which for

'
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this type of nucleus is generally dominant.

One might think whether this scalar interaction should be expectad

N

to be an effective relaxation process since the 'scalar coupling

interaction is usually small (:‘l{,'s=104

interaction (JCd=108Hz) - It can be very-effective under

Hz) compared to the dipole-dipole

ﬂthe proper

conditions. Although Jd is generally much larger than }s, the

molecular correlation time Tc is, for mast liquids, rather

0"[].

1 sec). On the other hand , Ts and Te can be, and often

range where (wi-ws) tz=l. In this case, the scalar relaxation

is greatly enhanced and is sometimes the dominant relaxation

2 5

TEMPERATURE EFFECTS

¢

vhera, equ;‘h is the quadrupolar coupling constant and

tq is the correlation time. -

‘small (Tc=

are, in the

interaction

mechanism.

(2.9)

The quadrupblar' rel axation time of the %AN nucleus is given by53,
3 equ 2 ) -
R 'tq
1 [
) 8 \h

'In the simplified case of the rotation of a sphere of radius a in a

medium of viscosity none has,

> tTina 3
tq = :
Kr ’
where
'K = Boltzann's constant

s

am

.
]
]

absolute temperatare.

When 'the temperature is lowered, tq increases (as also does the

PN
o

-
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-viscosity) and hence, Tg decreases i.e. the qu’adfupolar relaxation
becomes more efficient. As a consequence the N-H coupling is also more
efficiently washed out and the H-¢l signals sharpen up. Therefore,

d—f)rotoné relax faster than the.others.

2 . . hd

EFFECT OF THE VISCOSITY OF, THE SOLUTION -

From equation 2.5 and 2.6, it is clear that whhen viscosity

'

increases, t’q'incrgases and-"l‘q decreases.’ As a result quadrupolar

relaxation becomes more effective, the 14y linewidths increase and the

. 3 51
H-o\ signals sharpen up™ .

4 z‘
The H-ck signals of the neat liquids or of
N " i ~ .o o R
solutions in low viscosity solvents should be broadened. Whilst in the

14

o -

viscous solutions a strong broadening of the
¥ .

N signals and :a
. \" ' )
sharpening of the d-proton signals can be expected. /5
. . \h\u._/'

«

SPIN-LATTICE RELAXATION EFFECTS QrE_‘_ NON-SELECTIVE PULSES

In general terms a spin-lattice relaxation experiments consists of

-

exciting the spin system to a non-equilibrium state and then monitoring

0

the level populations of the spin system as they return to the‘
. < o
equilibrium state. A homonuclear spin‘system may be excited with .rf

pulse that are so intense compared \;Ii'th the frequency width of the

i

spectrum that all thgéresonancés are essentially uniformly excited to
the nonequlibrium state. This is a non selective pulse experiment.

For a non selective 180° perturbing pulsé thé initial .’conditions of

- .

" the experiment are;

M, (0) =—Mi(co) . - C(2.7)

for i=A, M, and X. . - % s
B . ~ - ’oa ':

‘ . . ‘ 2

-

tehy

P S
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' . ! v

rhe® non selective relaxatlon-rate, les) {, so defived foryspin

i=a, M, X, has a simple relationship with the more fundamental rate

<]
" valaues Pjj and 05 according to, ‘
* kg
Ri(ns) i = 2: (PyjhO {41+ P . (2.8)-
Jni | .,
where, .
< @ % )
. pij = intramolecular dipolar temm
* .

0. = relaxation contribution from other mechanisms

l/ . -

Tij = cross r&laxation term

. ) .
* = homo nyclear or "like" spins.
»

The -2xtrame narrowing limit valxuets °f,~p(inj and - o iy are given by

ejdation (2.9 and 2.10). ~

o
.2 2.2 . i )
ik ' . : a
= JT—— T, . . h '
ij .
LT L (2.9)
%3 7 M2 ey T ; (2.10)

Cross relaxation is ca‘use‘d by'a "transfer" of magnetization from
~any nei:j\hbou'ring non equilibrium spin. By definition, .:r6§§ relaxation
exists betwean any two nuclear spirfs and for dipolar interactions it
dep:nds on the inverse sixth power of the internuclear distance between
the two spins.

The effoct of a non-qel;ctive pulse zn:;y‘be regarded as " syitehirngd

on" ‘all th: cross relaxation paths of the spin states, thereby

increasing the observed relaxation rates by term (oij"s), which contain °

. - .
only dipolar contributions. . v

o . \~




SPIN-LATTICE RELAXATION EFFECTS OF SINGLE-SELECTIVE PULSES

In the NMR spectfum where the chemical shift differences between

2
¢

indf:ridual resonancescare‘ sufficiently large, as in the AMX spin‘systan,
the mag_netization of a nuclear spin can often be excited with a
selective rf pulse without ‘perturt;ing the other ﬁuclaar spins. ~ For
example, each of the four gomponem‘:s\of the resonance“of spin A in the
AMX system can be ‘exited equally with a single selective lS&J0 _pulsé
;lithout»perturbing any of the transitions in the M and X resonances.
For such a selective'pulse, the boundaz"y c\:onditions' for .the. motions of
the spins can be described by equations (2.11) as given below:
My (00 =M 9 © 1 (2.11a)

My (0) =y (@ ‘ (2-11P) ‘

My (0)

1

Hy &) (2.1}c)

The resul}:ing single select,iv§ relaxation” rate for spin A, RlA'(Ai' ) )
can be obtained from the initial slope plot of 1ln {MA(cb)-MA(t)} versus t
is given by,
Ria (A = PP axh Pyt (2.12)

\

where the tilde (') is introduced to designate that only the nuclear
najnetization of spin A nas been perturbed.

cross correlation effects. ‘

p

*

homo nuzlear or " like" spins.

Qualitatively one may' ir{\agine that the siﬁgle selective pulse
prepares the spin_'population in a \;lavy as to "switch off" the 'cross';
relagation paths of the §érturbed spin by not allowing it to “sample"

the magnetization of the other unperturbed sp‘ins. However, the

_unpartucbed spins will 'sample the magnetization of the perturbed spin
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because the motlons oE the unperturbed spins are "coybled" via the cross.
, :

relaxatxon paths to that’ of the perturbed spin. ’Phus; the initial
motmn of the perturbed sp1n is independent of cross relaxatmn wmle
the initial motion of any qnperturbed spin depends only on its cross
_relaxation with the perturbed .spin.
In general, the singie selective relaxation rete eof spin i which| is
part of the pseudo first order multispm system may be defined by,

Ry (i) -Zp i : O (2.13)

This 1eads to an extremely important  conclusion and provides the
fundamental quahty control for the dlpole—dlpole mechanlsm. If it is .

' *
: correct to assume that there is 100% dipolar interaction, i,e, Py =

RGN =8 oy e e
j#l . - . -
e . Then comblnlng of equatlons (2 14, 2.7, 2.8) and (2. 12) results in

K

the follomng rat1o48 54 Eor a pseudo flrst order spm system, _

LRp ) ns B (ogy +agy) o e
, ' SLA fopr (2.15)
G o Ee e | | |
- i :
! ’\“ ' I‘ ‘
, * ‘
( =15 o e (248)
i ‘ . S A
Ry GY)

' " K -

Ejquation (2,16) then contains the criterion used to define the
extent to which a particular proton relaxes via.the dipole-dipo'le
mechanism‘ [t is tms quality contyol experiment mich confers a major

advantage to” the relaxatlon method er the nuclear “Overhauser methpd,

- by '
-+ , . )
' ' S
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\

The equiv&ent quality control' for the latter would require all-but the

receptor resonance to be saturated.

~

. 'MEASUREMENT 3 PROTON SPIN-LATTICE RELAXATION TIMES

In recent years, several semi-automated systems have become

available for routinely determining spin-lattice rélaxqtion times, Such

J

measurements impose very high demands on the spectfometer, especially

: [ - '
- upon its ability to provide a sequence of accurately timed pulses of

.

extremely short duration. As we have 'seen, the magnetization vector

. normally lies along the z' direction at equilibrium, while the .

spectrometer detects sighalé in the x'y' plane (Figure 2.1 and'2.2)a

Thus, 'to assay the amount of magnetization it is necessary to tip the

_inagnetization vector through 90° into the x'y' plane. This can be doné

§

' by applying a suitable amount of radio frequency in the form of short

pulse which is able to tip the magnetization through 90° from the z to

the y' axis. This is known as a 309 or (Pi/2) pulse, and the time for

which the pulse is applied as the 90° pulse time. The time for which
the pulse is applied must be short when compared to the rate of change
of magnetization along the z' axis, so an intense pulse is required.

‘The tip angle‘,e , is given by,

6 = vH t

wheré tp is the duration of the pulse (sec) and Hl is the magnitude of

' -

'
|

[f twicé that amount of power is applied by doubling the length of
the pulse, then the original magnetization will be tipped through 180°

1

and will be along the -z' axis (Figure 2.5). This pulse is known as a

A

T
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180° or (Pi) pulse. g - \

There are two common methods for determining spin-lattice

relakation times. . The relaxation rates of the aromatic heterocyclic

comnpounds were determined by using the conventional " inversion recevery

" two pulse sequence. [n this method, a 180° pulse is applied to invert

the magnetization to the -z’axis (Figure2.5). Hence, immediately after

the pulée, the magnetization vector Mz equals —Moz, and will now begin

.

y

to relax back along the z' axis towards its equilibridm value, Mz,' via

the spin-lattice relaxation process, as shown in the Figures 2.5 and

2.6.

Figuré~2.5‘Diagram‘s ill'ustratinq the -principal of
T recovery experiment.

This can be expressad mathematically as: .
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M = MO, {1-2exp (—t/Tl)}'

Wnere M is the component of M along the -2 axis, t sec aftg{ the

rappllcatlon of the 180° pulse _MOz is its equ111br1un valua, and T1 is

the spin-lattice relaxation time. Hence, at one point Mz will actually
. A ‘ .

" pass throwgh zero, i.e., M, =0.

Therefore,
0 . - =MD, (1-2 exp (-t /T))}

where to is the time at which Mz =0 . Co

»

We have now,

0 | =2 exp (—to/Tl)
‘I‘l = to/ 1n?
1‘1 = to/ 0.693
or .
: R1 = 0.693 /to

-

This provides one method of determining Tl or R1 values, providing
that spectrometers could detect signals along the -z—-axis. However,
most spectrometers ;:'annot detect Isignals along ‘the z axis, but are

designed to detect signals in the x'y' plane. ‘Therefore, after a delay

‘time of t sec, a 90° pulse is applled w‘uch tips the magnetization on to

the y' axls, where it can be detected. The fu11 pulse sequence of 180°
pulse-delay t- 90° pulse is shom in the Flgure 2 6 ’l‘he signal which
has been inverted along the 2 axis gradually recovers its normal upright
intensity, passing through the zero (also called the "null poiﬁt") .

i a -
‘Howaver, at the end of the cycle, the magnetization lies akong the

y' axis, #hd so Lbe'fo'r%.ei a second)‘lBOl" pulse can pe applied, it is
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necessary to wait a period of about 5*T, to allow the magnetization
vector to relax back to MOZ.
After 5’1‘1,

Mz =0.993 MOZ.

Hence, a pu}se delay (PD) equal to S'I‘1 must be inserted between cyclles,
giving the overall structure: ‘
[180° pulse - t sec delay - 90° pulse - PD |n

»

where n is the number of times the cycle is repeated. The timing of then
pulse a;nd t.he; Qelay is no'rmally’berfomed automatically by the computer.
In practice, a series of cycles with‘different values Qf t are carried
out. The spectra obtained as a function of't may be displayed in the
form of a stack' plot (Figure 2. 7).

‘The relaxation rates of individual nuclei may also be obtained by
" fitting the theoretifadl expression for ‘the exponential recovery of
magnetization to the measured signal intensities fas a function of the
time delay: « K
Mz—‘MOZ= Mz exp (t/ T))
Hence, taking lojs,

In (Mz—Mﬁz)f In M0, (£_/T,)

'3 ‘ .o ‘
Hence, a plot of 1n (MZ—MOZ) against t will give a straight line with a
gradient 9f‘—l/'lfl. ’In gractice,, at the end of the experiment, the
accumulated free. induction decay is Fourier transformed and the
intensity of the signal is determined. Then the intensities or ln of
_ the intensities' of the signal are plotted as a function of tl, 'and the

T1 values are de‘terminedv. The fitting process can be carried out using )

-




. f
Figure 2.6 The rotating reference frame model for the

measurement of spin-lattice relaxation

linear (semi log) reqression, or graphically,‘ or by non-linear
regression, as in this study. However, it is'possible with considerable
saving of time; to calculata the ‘I‘i (Rl) 'IJalue using the " Null point "
method on the stack plots, conéidérinq the relationship between the "
Null point " and the reléxétion time.

Ry, =1/T, =0.693/t
- By comi:aring the R, values determined by the " Null point " and the

regression method, it has been demonstrated‘.17 that the null point method

‘provides sufficient accuracy for qualitative studies. The Rl values

1
P

B



,reported in this thesis were measured by the two parameter non-linear

- 59 -
N /

regjression computational method, but some values were also determined by

the "™ Null point * methnd.

The relative values of R1 for the protons reported here were
calculated using a program which assumes isotropic motion and compéres
the relative inter proton distances (see bgelow\ as measured in D;eiding
molecular models, ’
| , As explained before, 'in dilute solution in a non viscous deuterated
solvent, the spin-lattice relaxation is dominated i)y dipole~-dipole
interactions \;Jith the other protons in the same molecule. The rate
equation for d.ipolar relaxation of a proton j is given by’:

- 5
R, . = K*I (1/rg5)° * Te

13 (2.17) i=/3"" .

ij
¢

where r.. is the distance between protons i and j, and Tc is the .

1]
correlation time for motion of the i,j vector. Since the 1}1
spin—-lattice relaxation ratés are goverﬁed’ by the inverse sixth power of
inter-nuclear distance, only relaxation due to near neighbours will be
significant.

For a rigid isotropically tumbling molecule, all of the Tcij values

will be equivalent, and the rate equation (equation 2.17) can written

as:

'_ 6 oy
Ry = K% I (1/1;3) (2.18) i/=j

’

The ratio of R; vdlues of any two br.otons in the same molecule will,

therefore, de oh inter proton distances

\ 6
R,. = K'.X (l/r..)
i _-1__f_f_£2 . , (2.19)

Relaxation rates can be calculated semi 'quantitatively using



-
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inter—nucleaz: distances measured from Dreiding molecular m9dels.

The meaéuréd Rl values in difﬁerent experiments may be different
because of changes in motional correlation time. Motional correlation
times (Tc) depend on thé solvent, the soiut:e concentration, temperature
molecular weight and shape. It is possible to eliminate the above
experimental variatio.ns by using the Rl value of a selected proton to

normalize the Rl values of the remaining protons (see page /5).

g ~ EXPERIMENTAL
‘ \Spectrah were acquired using the Bruker WH-400 spectrometer at the

Montreal Regional High Field NMR Centre. Measurements were made on 0.1M
‘ ¢

“soluti o ns in deuterated dimethyl sulféxide with only occasional-———  — —

degassing to check the constancy of the relaxation from dissolved
oxygen, apd for selective pulse experiments. All relaxation rates were
determined using the standard ,inversion-recovery pulse seqﬁenqess
(1800— £-90% , at ambient temperature and with the averaging of l‘8 free
induction decays into a data.block of 16 ‘or 3K,

The delay between sequences was at leastih@iye times the estimated
valﬁe of the longest Tl' Before~ each run,-;\the i30° pulse length was
optimized by E{\inding the length which producedia null in the amplitude
of the free induction decay. Typically, data for about fifteen values
of t, the maximum which could be accommodated, were averaged, Fourier
transformed, phase corrected, and stored automatically on the disk for
later proéessing, the appropriate range of t values hax}ing been selected
in a preliminary experiment. The longest value of t was chosen so that

all peaks had relaxed throuwgh their null points. ‘ -
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Fijure 2.7 35tack plot ;iisplnying. a selécted‘series af parfially
relaxed spectra of 1-(2'-chloropnenyl)-4-5-diamino
2,2-dimethyl-s-triazine. .
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Figure 2.9 ~lot of spin-lattice relaxation data (Intensity vs time
‘ for 8.2 ppn 6-H doublet of 1-ethyl-2-pyrimidone following
the inversion recovery pulse sequ.once. The best fit non-
linz2ar rejression curve is shown. o
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Rl values were determined by the null pofint met:hod47 using

’

interpolation between data s2ts straddliné the null point,\ and also Ina

»,

number of cases by computzr fitting the peak intensities by the

exponential recovery curve using an iterative nonlinear regression.

v

projram run on a Hawlett-Packard 1000 computer. . )

This Rrdo3ran can sum the intensities of the components of a

multiplet. Intensities were obtained from the coniputer print-outs. In

! . )
‘every instarice, at'tempts were made to ensure that only the data from thé

Iy
.

initial slope region were used. .

e e e st 4

~ , ~ Selective relaxation rates were determined by using a highly

select’ive 180° pdlse for the particular proton o'f interest, and gp'e:n .
| ' monitoring the recSvery rate of that -proton bS/ using the usual non-
salective 30° ml§e. For the selective pulse experiment,’ the decoupler
offset f;equency (32) was )set"at the mid point of the’singlgt by using

the cursor. For a multiplet, the frequency at the middle was chosen to

be the correct offset frequency. The frequency band \;Iidth in Hz of such

weak selactivé pulses is approximately jiven by 1/(Y180) where Y180 is

the duration of the selective 180° pulse in seconds. It was found that,
for a satisfactory inversion of a complete proton multiplet, an

[

effective band width of 1/(2¥180) sz is generally required. Note that
\ '

the band width at half height, AVL/2 is given by, :

t i . ¢ , ) o

. Bip = YH/ZT = 1/2¢180° (2.20)

/ v

! T ¥
’

.~ Eguation (2.20) was used as the basis for the choize of values Wf
3 “ 4. o

T180 in the selective pulse experiments. Thus, the duration of 14 msec

for the perturbation pulse of 35tz bandwith, was chosen.as being a good

1.
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vmodels (see page 60). ‘ “ ' "
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3 o f
compromse for tne bandwidth required to 1nveft a multlplet resonance,

w1thout qer}e;atl excessive off resonance fields at- nelghbourlnq
Moy
resonances. The” selechive pulse must be strong enowugh t:o invert all _the

¢ ¢
transition lings within the multiplet with equal 1nten51ty.

By dsing a estimated value for the pulse length i.e. D2, the
optimun power (DP) which was needed to ihvert a~particular signal wae/’ ’

]
determined.’ The required experimental conditions for the selectwe

pulse expe 'ment can be optlmlzed by changlng the decoupler offset

frequency, d 'coupler power, and the pulse length alternately.‘ The
plotted Spectta under different conditions were used to :find out the

optimum conditlons.. . . = :
..

.

(fq\val S were obtained using an HP-1000 ‘computer by a two
. ~n

?aéam on-linear regressional analysis of the peak intensities. The

‘relative values of R‘l Eor'che p;:otgns in all molecules were also

calculated, using a program which assumes isotropic motion and c¢ompares
Q - .

0 ’ . . b . N .
the relative inter-proton distances as measured- in< Dreiding molecular
L .

¥ e

v

o . . Normalization :
roof . '

When R1 values of cotrespondmg protons measured in dlfferent

experlments are £o be compared, changes in operating cond1t1ons and
dlffer;nces in molecular size and shape will affect the- motlonal
correlation time, and therefore, the measured Rl value. A’Ihls problem is
overcome by normal izing the observed rate 1nterna11y, to that qf a
proton that is\renote from the site of structural 'varie{tlon. E‘ori ‘the.
molecules studied in t:his~ the.sie', normalization is quite straight

iforward, because all the molecules have a rigid °plana;; structur'e, and ",




. requires an accurate assignment of.the multiplets in quinoline and .

»
'
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inter-proton distances*will not vary by much. 1In geéneral, a proton-that
ris adjacent to two other protons will get about 95% of its
. intra-molecular relaxation from these adjacent protons and 8o this

particular proton is the obvious choice for nommalizing:

Since the interpretation of the protoh spin-lattice relaxation data

isoquinoline, computer analysis of the spectra was required. The

. '
final analysis was based to‘'some'extent on the "best fit" criteria

o

returned by the computer, but mainly on comparison of computed

intensities of linea within the~3u1tiplets with the experiméntal

1

- N 5
spectra. b

The spectra were analysed 'using the iterative program LAOCN 356.

This projram requires that an initial spectrum be calculated using‘a

3

first quess as to the values of the chemizal shifts and the com{pling

@

constants.y The chemical Bhifts were estiméted from the centers of the
3 ’ . '
" were confirmed: by NOE and praton decoupling experiments. Imitial
s . ¥ -
‘estimates of coupling constants-were obtained by measg‘?ing the line
separations frbm the expanded spectra.

X3 . .

All coupling constants were assumed t‘:o‘ be positive

3

57

L

initial check on the accuracy of the spectral as?ignments, theoretical ’

spectra were calculated usinggh Hewlett-Packard 1000 computer, and

. .
-

plotted (using an X-Y recorder). on a scale sujtable for visual

comparison with the experimental spectra. Reasonable agreement i.e.
A ¢ : . i

close visual correspondence in line position and intensity was obtained

~ /

in both cases.

multiplets, allowing for 7some second order skéwing. These as§ignmer;ts .
- . 4

. "AS an -

Moy
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fhe program LAOCN 3 was then used to fit a theorétical spectrum to
“the e;cper;lment‘:al line positions (usin‘g a CDC Cyber 1;72 computer). This ~'
requires an iniﬁial assigﬁme‘nt o'f theoretical transition numbers tb
¢ lines in the actual spectrum; these were obtained ‘from the print-out of
the initial; dalculation. The iterative fitting 'procedure colnverged
rapidly in both cases. Use of LAOéN 3 requires that"ény obvious

/__ -

- discrepancies in transition assigmments be rectified at this stage, and

4

the fitting process be repeated. ‘Some minor adjustments were made in
1

both cases, eventually it was clear that the transitions were correctly

- assigned.

Fairly good fits to the experimental line positions ‘were obtained

in both cases, though the error analysis revealed significant

¢

L

\ differences. It should be noted that L?OCN 3 fits only to line

positions, not/ to line intensities.

- :
R , The best fit spectra of each pair were resimulated (as plots on the

o : ) -
/ A X+Y recorder) and compared with the experimental spectra. Differences
& in the spectrai intensities were sufficient to enable an unambiguous

Jassigrmem: of the chemical shifts in both cases. Experimental and. best -

¥

fit simulatéd spectra of Quinoline and Iéoquinoline are shown in Figure

o

2.9 and 2.10.

<t

-
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CHAPTER IIT

\
INTRODUCTION ,

o

The stereocbemlstry of l-aryl 4, 6—d1amino—-s trlazmes, (1), has
\\ | :
N ' HN 3
A¥— N Hy
R ,

been of interest because of an apparent relatiponship between molecular
configurétion and biological ‘ac‘tiyity.‘ For example, the ability of
these compounds to interfere with bacterial and mammalian cell, growth

depends markedly upon the location of substituents in the aryl molety58

In antlbacterlal and mamnal ian cell cul ture assays, compounds contammg

an ortho-substltuted phenyl ring exhibit much lower activity than the
’ %
meta~ or para-substituted isomers, regardlgss of the nature of the aryl

group substituent. This finding has led to the hypothe51s that

'non-bonded mteractlons between bulky ortho substituents and groups at

~

position 2 and 6 of the triazine ring hinder the attainment of a planar
configuration when the inhibitor molecule is bound to the enzyme

dihydrofolate reductase, apparently a L"equisite for maximum activity in
bacteria and mammalian systerns59 60
from a lﬂ NMR study of these "ompounds that, when R—H or CH3, and the

It has been previously reported

'aryl grcﬁp is ortho substituted, the barrier to internal rotation about

‘ T

‘the aryl C-N bond is hlgh. In fact, in-most of the 2,2 dimethyl

compounds, the rotationél barriers were found to be too high to be

measured by the 'H NMR line shape method. 'When the blocking groups on

o

//‘

)
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the aryl moéeities are 15rge, it has proved feasible to isolate one of'

the diastereoméric rotational isomers of:some 2-methyl compounds by
éfystallization, and to measure the barriers to rotation by measuring
the rate of equilibra\'tion‘. When the blocking groups of the 2-methyl.
compounds were’ s,ufficientl'y small, rate."constants for rotation could be
me;asureci by y NMR line shape analysis. Mean conformational lifetimes
at normal temperatures rﬁay be estimaéed from these data.

];H spin-lattice relaxation measurements (IH—Rl values), and

selected Nuclear Overhauser Effect Difference (NOED). experiments were

~carried out for a number of triazine compounds. The Rl values for the

presant series of compounds\were determined with the aim of. establishing
the infltxe;mce of structural and stereochemical features nn the lH—Rl
values. Of particular i;xterest was the possibility of using R, values
a;nd Nuclear Overhauser Effect Difference experiments to correlate

chemical shifts, and to identify diastereomeric rotational isomers in a

direct manher . ' : t

Positive identification of rotational isomers is normally

1

difficult, although reasonable inferences may be based on "H NMR

chemical shifté in association with estimates of probable
confomatib’né‘sa: i However, there is reason to believe that preferential
solvation effects:rﬁay have a dominating influence on conformational
preferences in certain casesm‘. In one instance, the identity of an
i;olated‘dhiastereomeric rotational isomer has been establ ished by X-ray
crystéllographySI, buﬁ this method is of l‘i:.mited applicability. " A

method which permitted the direct identification of diastereomeric

Jrotational isomers in solution, without separation, would be desirable.

The potential useXulness of 1T-l-R1 values for the determination of:

.

4



‘relaxation contribution from the spin rotation mechanism.,
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“ i

.

molecular structure and stéreochemistry follows from the observation
that, under normal experimental conditions, i.e. dilute solution (<=

0.1l M) in a delterated sblvent, the dominant' relaxation pathway i{s via

62.

the intra;mo/lugcular dipole-dipole mechanism™~, which has a very strong

'dependenég on inter-proton distance. Provided that the molecule is

tunbling sufficiently rapidly that the extreme narrowing condition

2,2

(wo P."<<1) is met (normally the case for small or medium sized

molecules), the relaxation rate shows the following dependence on

molacular parameters:

6

R T

13 =L/ = K (/1497 Tegy

where j refers to the donor molecule and i to the receptor nucleus,
Tcij is the motional correlation time for the i,j vector, and ri; is

]
the inter- nuclear distince. MNuclear Overhauser effect enbancements may

-l

be formulated by evaluating the contribytion of each (l/r6 ) term to the

overall sum. The dependence of the relaxation rate on the inverse sixth

power of the internuclear distance ensures that contributions to the

¢

relaxation 'of 2 nucleus attenuate very rapidly with increasing distance,
- ' AN

So that the R) value i:’f a proton is largely dependent on the number and
proximity of its immediate neighbours.{ .

'I;he Tc term may contain contributions’ from local motion of groups
which have some freedom of movement within the molecule, as well as from
t?mbling o‘E the molecule as a whole. 1In the tfiazines, rotation c;f

methyl groups about their three fold axes is expected to reduce their

dipolar’ relaxation rates. These groups may also experience a minor

o 60, A3, 64

Previous studies of these compounds have indicated that

N

steric interference between the ortho ’sﬁbstituents of the-l-aryl gqroup

L
' f .

N~

Ly
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and the groﬁps in the 2- and the 6-positions of the hétero—ring prevents
.co—planarity of the two rings in the conformational ground state. Those
compound_s with unsymnetrically substituted aryl groups may, \therefore, .
be classified into two stereochemical groupings, depending» on the nature

of the 2-substituent of the hetero-ring (Table 3.1).

II (R%H:}) I1r. (R=CH3)
. IV (R=H) .V (RH)

When ghe aryl group in the triazines is unsymmetrically substituted

and R=CH; (compounds 1-3), the stereoisomers, II and III, resullting from

restricted internal rotation about the C-N pivot bond between the aryl

and the heterocyclic moeities are enantiom‘er; which have
indistinguishable NMR spectra in achiral media. However, the geminal
2,2-dimethyl groups are diastereotopic and are expected to give ;ise to -
two ,LH‘ singlets provided. that totationlabout the CN bond is slow on t':he.
NMR timevgcale and that the chemical shift difference bet;reen the methyl
groups is a‘dequate. LE rotation about the C-N bond were fast on the NMR
scale the two signals would collapse to' a one signal.’ If the mean life
times of the rotamers were Sufficiently long, the diastereomeric methyl

groups should, in principle, have different Rl values,

"
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When R=H (4 and 5) the rotational isgmers, IV and V, are
diastereomers, and should have distinguishable spectra, of unequal
intensity, at conformational equilibrium, provided i:ha,t the conditions
for slaow rotation and chemical shift differences are met. Each
diastereomeric rotational isomer can exist as an enantiomeric pair

A

(corresponding to inversion of configuration at C-2), the members of

which are indistinguishable by NMR using achiral media. If the mean

rotational lifetimes were sufficiently 1ohg . all protons in one rotamer
should have R; values different from those in the other rotamer. Each
diastereomeric rotamer should give rise to a 2-methyl doublet and a
2-methine quartet resulting from proton spin coupling. Under conditions
of fast rotation the time averaged spectrum should be obtained, so that
the pair of 2-methyl doublets and the pair of é—methine quartets should

collapse to a éir@gle doublet and a singlé quarteé, respectively.

RESULTS AND DISCUSSION

Steady-state NOE difference spectra were obtained by the method of

Hall and Sar‘mders65 using irradiation times of 5*"1‘1, followed by,

subtraction of a reference free induction decay from the decay
containing the NOE information. Both data sets were subjected - to

exponential multiplication corresponding to line broadening of 0.8-1.5

Hz, before Fourier transformation. Substantial line broadening -

optimized the quality of the difference spectra, particula}ly for tall
narrow lines: The resultant nulling of enhanced signals was wvery
satisfactory, as had been reported previously by Hall and SanderéGS. By
correlating the enhanced peaks to irradiated peak specific relaxationl

pathways could be determined, and hence different rotamers could be



-~ 75 -

identified.
‘ At 400‘MHz_f all of the compounds with enantioﬁ\eric rotational
isomers (1-3), showed two sharp signals (Table 3.1) arising from the
2, 2-d1methyl groups, mdlcatmg that these groups are diastereotopic and
that mternal rotation is slow under the conditions of the experlments.
The methyl group R, values are greater for the 1'— and 2 '—naphthyl
compounds, 2 and 3, than for the 2'-chlorophenyl compound, 1, reflecting
the slower tunbiing rgtes of the larger molecules. With the éxception
of the é'—naphthyl compound, 3, the 2,2-dimethyl gqroups have different
lH-Rl values. Since it lacks a bulky ortho substituent, this compound
almost certainly has the lowest rotational barrier (AG*= 23.1 kcal/mol
at 141°C in perfluorobutyric acid solution )©C of the series.

The remaining compounds, 1l and 2, which have mean conformational
lifetimes at normal temperatures of many hours (in perfluwro carboxylic

acid solvent) 60

,'\ have different relaxation rates for their 2, 2-dimethyl
grouwps (3 and 14%, respectively). In each case it is the lower field
methyl g;oup which has thg faster relaxation rate.

Direct positive identification of the chemical shifts of the
2,2-dinethyl groups in 1 has been obtained using nuclear Overhauser
effect difference66' 67 experiments. Irradiation.of the low field (1.128
ppm) methyl transiti;ns produced an enhahcemeht of an aromatic proton

o

multiplet at about 7:54 ppm, attri_‘blited to the 6'-protons. However,
irradiation of the high field (0.91 ppm) methyl signal under the same
conditions falled to produce a significant °nhancement in the aromatic
pr:oton region (Table 3.2). This experiment establishes the existence of
an 1nter nng\relaxation pathway between tlre 6! aromatic proton and a

2-methyl group, and definitively correlates’ the low field (1.28 ppm)



[ —————"}

PR

-6 -

2-methyl signal with'the methyl group transofd to the 2'-chloro
substituent in 1.

In each NOED experiment, irradiation of a 2-methyl group was
accompanied py an enhancement of the other 2-methyl signal, ind icat;ng
the presence of a dipolar ;elaxation'pfathway between the methyl groups
of the geminal system. Small enhancements of the -NH2 signals were also
observed.

[

Since protons within methyl groups relax each other efficiently

-because of their close proximity, relaxation contributions from protons

external to the 2,2-dimethyl group are of minor importance, so that:the
wmajor factor wt'mich influences methyl group relaxation is the rate of
int:err'xal rotation about the three fold axis (i.e. a Tc effect) . The
difference between mei:hyl jroup R, values within ;ach geminal pair is,
therefore, attributed to steric influences on the barriers tp internal
rotation of the methyl groups.

On the assumption that the conformational preferences of these
molecules ara influenced by internal steric interactions, and that
poss;ible effects of prefarentia} solvation a're uninportant, a model

relating 2, 2-dimethyl qroup relaxation rates and the preferred

conformatlon may be proposed The most probable conformation, VI, of a

dimethyl compound which minimizes steric interaction between the orthee— ‘?

substituent, X, and the groups in the 2- and G—positions of the hetero
ring may be estunated with the aid of models.

In the most probable conformation, VI, the orf.ho substituent is
displaced tm‘vards the -NH, group in the 6-position in order to minimize

steric interactions with the nearby 2-methyl group. Consideration of

the effects of aromatic ring currents leads to the tonclusion that the

1

v
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2-methy'l group cisoid to the ortho substituent should be more shielded’
than the transoid 2-methyl group, in accord with i:he assignments
established by the NOED axperiments.

Since the methyl group Ry value is reduced by steric interference »

from the ortho sSubstituent, its rate of rotation must have increased, .
: N
through raising of the energy of its conformation(g\round states with a \\\\

consequent net reduction in the barrier to rotation. Examples of this

13

type of influence on lH nd C x;elaxat:ion- rates’ of methyl groups have

- been reportedsa. This prediction is consistent with the experimental

! . .

data. . "
At 400 MHz, the monomethyl compounds, 4 and 5, exhibit well
separated 2-methyl doublets and 2—methine quartets (Table 3,..1) for the

two diastereoméric rotational isomers. The aryl proton signals arz only

partially resolved. At equilibrium, the conformers of 4 and 5 are

v

present in condentration ratios of 1:1.4 and 1:1.2, respectively.

The spectra of the two rotational ‘isomers of 4'3nd 5 have been

>

directly correlated with the structures using NOED experiments,

resulting in verification of the previously préposed stereochemistryso.
¢ . |

Since the 2'-methyl signals of the two diastereomeric rotamers of the

[}

* 2'-tolyl compound, 5,/ are not resolvedt, irradiation of the 2'-methyl

!

/

S
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transj.\t.ions (2.23"ppm) permjts simultaneous observation 'of\‘uclear

_ Querhauser effects on both rotamers. In addition to the expected:-

enhancement of the signals of the nearby aromatic protons, enhancement
of the high field (4.91 ppm, major isomer) 2—meth1ne signal. and the low
field (5.24 ppm minor isomer) 2—methyl SLgnal is observed. This
experiment definitively establishes that the 2'-methyl group and the
2-methine .protons are in clese proximity in the major isomer, so that it
has the transoid structure, V, X=CH,.

Irradiation %‘f the low field (1.28 ppm, majoni isomer) vz—methyl
. t;ansitions, of the 2'-

I

enhancement of the high/fidld (4.98 ppm) Z—Qmethine signal of the- same

loro compound, 4, produced the expected

(méjor\) isomer. In addition, a significant enhancement of an-aromatic
protoh multiplet negr 7.56 ppm was observed, indicating that the
2-methyl group was in close proximity (i..e,. cisoid) to an aromatic
proton. This experifment establishes the structure of the major isomer

3

Gf 4 as V, x4 Cl. fihen the high field (1.07 ppm, minor isomer) 2-methyl

transitions were itradiated under the same conditions, the expected'

enhancenientﬂ: of th¢ low field (5.25 ppm) 2—met’7hine signal of the same
isomer was obserfred, accompanied by only a ve\\ry small eAhancement of
signals in the Aromatic region. 1‘

ﬁince the 2-methyl and 2-methine signais of the two rotamers are
dlstmct, R values may be measured for cach isomer. The Ry valuyes of

the rot:amers show sxgmflcant differences. The methyl group protons of

the major rotamers of 4 and 5 relax 9% and 15\. respé&tively, more'

slowly thaq( the corresponqu p:‘otons of the mmor 1somer.

Although the . aromatic proton signals of 4 and 5 partly overlapped,’

i .
so that it is not possible to measure relaxation rates for the

, ' , : ¢

" -
— - -~
ary A i .

'/' ., ) o . '
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— -Z’individual rotamers, It is clear that the fastest relaxing aromatic.

—_

~

protons in 5 are the 6" 'If the four al:omatic protons in 4 formed an

" isolated system, t:umbling lsotroplcally, calculations based on mter

ptot:on dlstanc§ show that the 3! and 6' protans should relax at 52% of

the rate of the 4°' and 5' protons.« The observed enhanced reldxation

-rate of the 6' prot:on is ev1dence for an additional relaxatlon pathway,

]

- /
namely’ to prot:orson substltuents on~the 2- and 6~ posxtlons of the

~. / ,.I
het:erocycllc moiety. 'The existence of an 1nter-r1ng relaxation pat”{aby

between ‘the 2-methyl group and an aromatlc proton has been established -

by NOED experiments.

) . ‘ v

'[n°comparing the relaxation rates of protons in different compound s
(or dxfferent 1‘somers) , it is de51cable to minimize the possible effects

of different tumblmg ratas resulting Erom dlffermg mass or qeometry,/

by normallzmq the ratas to t:he rate oE a remote proton. common t5 both

5
spe,cies”g. This approach is.not feasible here, since there is no

suitable resolved signal of a.\proton which is not affected by the

‘conformational r*hange. However, it is <lear that ‘the tumbling rates of

the rotamers of 4 and 5 cannot be very d1Eferent. [f one isomer was

[

tumbling appreciably ‘faster than the other, all of its Ry values would

be smaller, but this i's not the case. 1In both 4 and 5, one type of

-

N




proton relaxes faster, and one slower, in one isomer than in the, other.,

i N LN

The diffe;enqe‘ in the Rl' values of the 2-methyl -and the 2—m'ethin_e

protons must, therefore, result from differences in the interactions

f)

with the aryl group. ' o : .

= Assuming, the:efore: that the rotamers have similar tuubling ra‘Ees

‘\ L}

~

) (i e. similar Tc values) p the differences in the R, values of the
" 2-methyl and the 2-methine protons must result from di Eferences in the’
interactidns with the aryl group. Interpretation of the .Rl data 'is
simpler for 4 than for 5, since the ortho eupstituent, X= C1, in 4
‘cannot contrib\.ite to the relaxatio’n' of the 2—methin'e and Z-methyi
protnns.' In VII, tk:e 2-meth1ne proton has an’ effective rédlaxation
pathway to the ortho proton in the 6'-—p051t10n. This pathway is absent
for\V[II.. Hence the 2—meth1ne proton would be expected to relax faster
in VII than in VIIL. Agplication of the model used to predict relative
rselaxatmn rates of the 2, 2—d1methy1 protons (see above) results in
' predlct\gon of a higher relaxation rate for the 2-methyl group in VIT.I
than in VII. Thus .the models correctly predict the relative relaxation
rates oi;"the 2-methyl and\\z—methine protons in the rotamers, VII and
 VIIL, of 4. ° C

Interprétation of tne R, values of 5 islx\no_re complicated since the
drtno methyl substituent is a source of re‘léxat'ion of the 2-r‘ne‘thine and

2-methyl protons. However, the Rl values follow thé .game pattern in S

as in 4, indicating that the telaxation pattiv'vay from the z—nethine

proton to the 6'—proton in VII is more 1mportant than' the pathway to the .

< »

2'-methyl group m VIII ' i \




TASLE 3.1 ‘ g

PROTON CHEMICAL SHIFTS AND SPIN-LATTICE RELAXATION RATES

(RL,s-1)2 of 4, 6-DIAMING-1-ARYL-1 ,2-DIHYDRO-2-METHYL-

_AND' 2, 2-DIMETHYL-S-TRIAZ INES , &

bl R

inversion recovery pulse sequence.

s

£ 3 b, Py
I'4
' [}

) ’ Chemical shifts | R, values'

Ar "R Isonfer|  2-CH, R 2-CH; R
-1 2'-Chlorophenyl  CHy 0.91 . 1.28° 3.14  3.40
2 1'-Naphthyl CH, 1.07 1.65 3.40 4.7%
- 3 2'-Naphthyl CH, ‘ 1.37  1.40 3.9¢ 3.9
.'4 2'-Chlorophenyl 8  Major . 1.28 4.9 3.4 0.%
- o Minor = 1.04° 5.25 ,2.94 1.0l
5 2'-Tolyl H Major 1.29  4.91 3.14  1.08
' ' Minor \i;m '5.24 3.00 . 1.28.

. @ . 7
a) Ppm from TMS, determined at:400 MHz, 0:1 M solutions in DﬂSO—dG.,

1 values, wete degérm{ned by‘ the' null péint method, ‘\%’sing ) ﬁhe




s | : © TABIE 3.2 C
! SUMMARY OF NUCLEAR OVERHAUSER EFFECT ENHANCEMENT OBSERVATIONS
Compound Isomer Group | irradiated Observed, enha;'xcement o
' -  Aryl 2-inethii'1e .2-methyl NHZ ‘
-t | A | ‘ ) High Low ",flig\h. Low
1 - -0.91 ppm 2-methyl ' a. ‘ b e
1.28 ppm :2:mgthy1 ®p " b a
4 . Major 2-methyl (1,28 pgd) b  a | Lo
| - ' Minor 2-methyl (1.'04 - ) a | “a |
‘ ' 5. Major\ 2'-methyl b a oy
Minor 2'-me€hyi ' 'b - _a
. ‘ ,
r, o ‘ roe

a) Small enhantement .

! . .
~ b) -Large enhancement

: CONCLUSIONS !
i ¥

. This study has demonstrated that NOED measurements may be used in a.

straightforward an unambiguous manner to:identify the diastereomeric

~ \

rotational isomers of éuitably substituted COmbouﬁd‘s which undergo

)
biphen'yl—like isomerism. The technique is also u'se&ul in correlating

\

chemical shifts with structure and stereochemisfry.’ Diastereotopically

related protons, and the corresponding protons on diastereomeric

-

rotational isomers may have different spin-lattice relaxation rates
which may be used to obtain.stergoghemical information. Under
favourable circumstances, lH—R1 values may be used to identify

t .
diastereomeric rotational isomers. ) ' :
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rlgure 3.2 NOE diffarence spactra of compound 4, after
irradiation »f low field .:nd high field methyl Jroup.
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' 4-6-diaminp-2, 2—dimethyl-S-triazine, 1, after
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. . . INTRODUCTION . N
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~ -
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'

Studies of conformational isomerism ina number of. types of N-aryl

substituted heterocyclic compounds using prot;'or{: WR ha\ie‘p'feviously been

edf’g'—’o'71 In parncular restnct;ed rotation about the aryl &-N

- v

bond in 3-aryl-5 5—-d1methy1 2- thlohydantoins (3—ary1 -5 Sr-dlmethyl 2—

th10-4 1m1dazohd1nones), and theit 5-monomethy1 analogues has been

ed_69'70 , 71 .

1nvest1gated, and barriers to rotation “have been-measur The

-~

barrier to_ internal rotation in ortho aryl substituted compounds is °

v .

consistent with the relative sizes of. the.s‘e substituted groyps, i.e.

N : ,
the barrier is largely steric. in character. It has been shown that the

°

rotational barrier to internal rotatlon 1n the thmhydantoins is muth

higher than the corresponding hyqanto‘inssg.

| 3I‘hose thiohyda;xtdins with unsyrmetfically substituted aryl groups
p)

-can exlst as two major enantiomeric rotational isomers, II and IIT, when

&

. R1=  R2= CH "

.
3" L .

. ) ‘ ‘R2=H,CH3

II . IR 44

. . )

. Che two riné systems are depicted here as being-at right angles, for

convenience . * The actual angles are not likely to be 90 degrees. In

, each of these rotational isomers, (R1=R2;CH3) , the geminal methyl groups

0
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. are diasteredtop;c "(i';e. 'they have diﬁf‘érént}envi ronments) and should

. - . X ) .
*havd different chemical shifts, so that the mgthyl spectrum would

L » 7

¢ ‘; consist of a doublet. The two enantiomeric forms would be,
1 , E&diit—bnguishable tn achiral media. If rotation about the aryl C-N bond

»
&

] s

1 & © v . ) .
§inglet:. For intermediate rates of interconversion, partially collapsed

"Spectra would be observed. No such partially colll'apsed spéctra) or

signiﬁi-éantl,y broa'dehed_ lines, were observable at normal temperature at

;| - "400 MHz in the present case. . " A )

e "

I"f R17=R2, the rotational isomers, II and III, are diastereomers

|
i - t
'

- : ,conformational equilibrium provided that the ¢onditions for slow

. N !

>

rotamer should give rise to a S:—methyl doublet resulti’ng from spim
i a -

coupling to the proton at C-5., Similarly, the 5-H should give two

quart':ets for these two diastereomers. Under conditions of fast rotation

»

the time averaged spectfum should be obta’ined so that the pair of
S—ﬁmethyl doubletg and the pair of 5-H guartets should\collapse to &
single doublet and a single quartet. )

! .. ) . ..
There exist two possible transition states for interconversion of

the rotamers, namely the states ip which the two rings are coplanar.
W . .

wgre' rapid'én the NMR time scale, i:e. ‘the rotational isomers werﬁ‘.'

'undergoing rapid inter'conversion,«'the doublet would collapse to a,

and are expected to have distingufshable spectra of unequal intensiﬁy at

‘rotation and chemical shift differences are met. Each digstereomeric
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In both forms, severe steric interaction between the aryl ortho

substituents and the carbonyl oxygen atom-and the thio group is

expected. The relative severity of these interactions is expected to be
the major factor which determines the relative importance of the two

possible - intercpnversion pathways.

. In the c;n\formational ground states of the molecules, two
conformations of thé two rings separated by a low ‘energy barrier can be

[ ]

envisa'clged. In these, the dfiving force towardspoplanarity of the

rings, namely conjugation, is balanced by a repulsive steric interaction

o

' N which is a maximum when the rings are coplanar. These two

- sub-conformations can be reprasented as shown below.

| / ‘/c""’a | o | | /cﬂs
'/ | \\R N , \ \R
X

Interconversion of these sub-conformations (i.e. libration about

the';ryl C-N bond) must\-be fast on ’the NMR time scale, so that only the
vt spectrum of Ehe time averaged conformation can be observed. The
averaged conformation is unlikely to involve a 90° dihedral angle in
compo\unds such as inr the present series, .unsymnetr.ically substitutea 1n
boéth rings. quaaryl ortlo 'subst‘ituent (X) is likely to,lie towards the
1e;s hinderedp transitioﬁ (co-planar) state. Since the degree of.s'tgric
repulsion between the two ring systems must depend on the steric bulk of

the ortho substituent, the averaged dihedral angle must be dependent on

the steric bulk of the substituent.

=4

PR
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While a chemical shift difference bet.we‘en tl';e qeminéi methyl groi:i:s
can be predicted as.a'matter of stereochemical pri‘nciple, its plzxysical
origin isi of interest. There must be a direct contr ibut;ion from the
ortho substituents themselves associated \;ith txhe electrons in the C—?(
bond (vs the electrons on the C-H bond in the other ortho position).
Diff‘erénltiall influences at ‘the two géhinal methyl sites are expected to
be different because ojf' the "cisoid': and "tran'soid" relationships to the
X-groups. However, this influence might be expec{ced to be small at the
relatively remote methyl group sités. ' '

'I'h'e major contribution to the chemical sBiEt difference probably
arises from the magnetic anisotropy associat‘:'ed with the aromatic ring
currents of the aryl groups. Unless the "averaged " dihedral éngle
between the ring is ‘900, the two methyl groups will lie in different
"shielding—deshielding” regions of tr:xe aryl group. Such ripg current
effects produce some of the largést influences on chemical shifté
obsegilabl'e in pfoton NMR spectr‘a, and are thoroughlyhdocunented-zz'??'.

Another possible contribution to the chemigal shift difference

'bétween geminal methyl groups is the differential effects of specific

.solvation of the heteroatoms of the hetero ring. From X-ray

crysltallographic studies of the’”thermodynamically' less stable (in
solution) , diastereomeric rot;ational isomer of 3—(24bromophenyl)
S-methyl-2—thiohydantoin, it has been shown that the heterocyclic ring
is planar with a dihedral angle between the heterocyclic and the aryl

ring of 82°, and the bromine is transoid to the 5-CHy éroupn. In the

_preferred rotational isomer, which should be more highly solvated, the .

brominé would be transoid to the'solvent shell and hence cisoid to the

S-CH3 group. The solution geometry of a n_;é:lecule may very well be

3

Z
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-different from that in the solid state, and unfortunately, not much is

known about this particular aspect of these.molecules. Further, the:

shows that the C=§ bond lergth is considerably greater than the C=0O bond

X-ray crystal structu;é of 3-(2-bromophenyl) 5-methyl-2-thiohydanto inn‘

length (1.67 vs 1.23°A). In addition, §"is larger than 0 (1.85 vs

1.40°92). In consequence, there occurs a stronger repulsive interaction

between the S atom and the groupé in the ortho position on the aryl

ring, when the thio compound is in its rotational transition state.
éirice a C=S group is more polarizable than a C=0 grow (especially in a

highly polar solvené,' (e.g. DMSO0), solvation around a thio carbonyl

13

group is expected to occur to a considerable extent. ‘The ~7C NMR study

of 3—-aryl—2—thiohjrdantoins74 shows that this is, indeed,»the case. In

PN
]
e

thiohydantoins the bulky ortho substi tuent must pass over the C-5

<

substituent while the ortho hydrogen atom passes over the thiocarbonyl

group in the preferred transition state for rotation. Therefore, it may
\

be concluded "that the differences in rotational stabilities of these

.thiohydantoins principally result from differences in repulsive

.interactions between the ortho substituent and the thiocarbényl group,

and the ortr;o substituent and the carbon'yl group, respectively. Thus,
the larger highly polarizable and hence the solvated thiocarbonyl group
firmly ;‘loqks" the N-a;'yl moiety out of plane giving extra stability to
the ground state of these comp;ounds. |

-

.-
i T R | e di o e s s e ol - e mear < e



" of normalized rates fotr the 5-H protons indicates that the relaxation .- g

v ~

S NN .
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< -« ' __RESULTS AND DISCUSSION

3-ARYL-5—-METHYL-2 -THIOHYDANTOINS - -

,VAll tge monomethyl compounds with diastereomeric rotat:ionél 1sotﬁe,rs
show_ two doublets for the 5-methyl group, two quartets for the 5-H \ .
-protc;\;;\s, and also separate peaks for 'the 3'-H, 4'-H. 5'-H, 6'-H and
2'-CH‘3 i);otons, indicating that the 5-methyl groups and 5-H's are
anisochronous under the conditions. of the experiments. Had internal *
’_rotation F)een fast on 7the PMR time scale single, time averaged signals’ .-
would have been sl:bwn in all cases. \
The aromatic proton signals in both diastereomeric rotamers.are
sufficiently dispersed at 400 MHz that R1 values could be determined for
all of the E;rotons. It should be'noted (Table 4.1) thét the absolute
R) values of protons remote from the direct influence of changes in
aryl group substituents, i.e., 5—-C!~l3 and 5-H, are not constant through-
out't}ue series, In particular, the R, values are larg:e for compounds 4., . ~
5, ad 6, with large aryl ortho substi’tuents, whereas the range of

values in the remaining compounds is small. .The faster uncorrected

"rates in 4, 5, and 6 are evidently due to the reduced molecular tumbling

rate caused byhthe relatively large substituent group. The small range

/.,
rates of 5-H protons are insensitive to change in the ortho substituents W
of the aryl group. | '
| l'I‘he fastest relaxing protons in-these compounds are those of the *
S-methyl groups, which relax much‘f‘aster than the aryl methyl protons. ‘ . [

The gbéolute relaxation rates-of the 5-methyl protons rang'e frldm 1.98~.

1

2.57'sec ~. The fastest rate occurs in the 2'-tolyl compouﬁd, i.e. 4,

whereas the range of values in the remaining compounds is small.

-
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- " IABLE 4.1 .

——

- PROTON SPIN LATTICE RELAXATION RATES (Rl sec ) OF

R . - " [ S
-3 °ARYL-5-METHYL~2 -THIOHYDANIOINS (determined

.

by the noll point méthod, absolute values)

¢ diastereomeric rotational isomers. The relaxation rates (absolute) for

. s .
. oy M~ —H - .
: achi - :
° ’ ) : 4 R .3 ‘f e j
‘Ar Aryl yprotons - - |
“No 2¢ *3' 4 5" 6 s<cH, 2-cd 5-H N i‘.
1°  pPhenyl . 44" .45 .45 .45 .59 2.17 - .59  1.26 A
2 2'-Fluorophenyl - 53 .635 .47 .45 - 198 - 59 1.16
S T LYY B 4 18 - 6 - ‘
3 2'-Culorophenyl - 34 64 .65 .45 _° %,’fJV— , .60 1.5
- .4 .65 .65 .15 R 64 -
4 2u'~Methy1pnenqu J79 .87 .87 .59 . 2.57 1.47 .69 1.6l
: © - 9 7 .87 .59 2.57 1.47 .71 -
"5 2'-methyl 4 5 - .69 - .50 .75 231 1.31 .67 -1.39
nethoxyphenyl - .69 - .50 .75 2.3l 1.3 .66 -
6 2'Methyl 4- - .39 - .6 51 A28 1.39 75 1:54
pitrophenyl '. S 39" - .46 .Sle. 2.48 1.39 .73 - ,

¢ [ (3

[ 38

”

In p‘rinc,i’ple,‘due "to differences in their environments dne should

expect different R, values for the 5-methyl groups_in two different_

Rl - - -~ ) b ) -
5-methyl jroups in both rotamers are the same in all the compounds,
. , - ©®

showing the i“nsensi‘tivity te’ the ortho substituent on the a}:anét:ic ring.

A v

-

’

Al
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TASLE 4.2

PROTON SPIN -LATTICE RELAXATION: RATES (R1) OF 3-ARYL-

-5-METHYL ? THIOHYDANTOINS ( normalized valug).

*Ar Aryl pfotons ,

oo 2' 3 4' 5" 6" ' S5-CHy 2'~CHy'S-H . N-H
1 Phenyl 20 .29 .29 .29 .1 1.00 - - .27 .58
2 » 2 -Fluorophenyl - 27 .12 7.24 .m0 100 - .30<7.58
- 27 .32 .24 24 1.00 - .0, - —

3 2'-c{mlorophe_enyi - 16 .31 .31 a2l .00 - /.30 .73

. SUole =3 .31 .2 1.0 - 29 -

4 -2 -Methylphenyl - .31 .34 .34 .23 1.00 .57 .27 ‘.63‘

- .3l 4 .34 .23 1.00 .57 .28 -

5" 2tmethyl-4'= ° - .30 - .21 .33 1.00 .57 .29 .60

methbxyphenyl - .30 - .21 .3 1.0 .57 .29 -

6 2 '~methyl-4 - 16 - .19 .20 1.00 .56 T30 .6

nitrophenyl -« - .16 < .19 20 1.00 .55 .30 -

; —

'respectwe Tc values.

-In most cases, methyl protons will relax each other very

effl::l,ently because of their close proxxmlty, hence relaxatlon
Yt

cantrlbutlons from protons @xternal to the methyl group are of minor

importance. Therefore,”the major factor which influences methyl jroup

relaxation is the rotational

dlfferences in Rl values. oF met:hyl. q,roups reflect differences in thelr

correlation time (i.2. TcY. Thus:

For different methyl groups in a single molecﬁle,
e

"the differences in Rl values, hence }Tc values, are a réflect}on of the

respecti/e steric environments. , Assuming that the. heterogyclic ring is

¥
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1

. not chapging its conformation, in both isomers II and III, the 5-CH

v

. ‘ ’ . . ‘
-9 - N

- [
[

3

group has the same steric environment.. Therefore, the methyl group

rotates freely in both isomers, and thus fhey have the same relaxation

-

rates.

.
»

\
The aryl methyl (2'-CH3) proton have almost identical rates

(normalized) in all three compounds, i.\e\ 4, 5, ind 5 indicating the°®

ﬁree rotation of the methyl group. The c}ﬁ\‘fference between compounds 4,
5, and 6 is the substituent at the 4 posit:.i:on) which does not have much
effi\gt on free rotat;on'of the 2' methyi,grpup. Therefore, it\ is
rea\'soﬁable 'to expect the same relaxation rate- for the 2" methyl group in
all three compounds. -

In all compomdé, the absolute relaxation ratelivalues for the 5-d
of both rotational isomers are very sligh&ly different. [n both -isomers

4

5-H is relaxed primarily by the 5-methyl protons and the proton at the

1-N position, because the other protons are far away. Therefore, 5-H.

Rl"“s are expeé¢ted to be approximately equivalent for both isomers as

N

well as for all the’compounds.

- N-H Protons in all compounds felax faster than the gﬁ_rotons in the

aryl ring. 14

N is a quadrupolar nucleus, with spin I>L/2. Since the
guadrupclar interaction is usually the dominant one for guadrupolar
nuclei (unless, due to molecular syr;metrf, ezq('?/h =0)‘, the protons which
are attached t;) nitrogen atom mi:jht get some re2laxation via the
| quadrupolar" relaxation mechanism. This is the. most probable explanation
for the elevated Ry value‘s‘of the N-H protons. ¢ '

'Excéllent dispersion of t_heugaromatic. proton ‘signals of 3, 4 and s,
at 400 MHz permitted‘ the measulremer'mt of .the relaxation rates of all four

<

aromati~c protons. If this four proton system formed a completely

'

oo

A bt

5 1 a2

e n B e

i o Dnm sy s d
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* rather than from the effécts of fast internal fotation.

- 95 - o

isolated groudp which was tumbling isotropically, calculations based on

distances measured from Dreiding models, show that the 4'- and the

-

5'~protons would have identical relaxation rates, 1.94 times faster than

* the relaxation rate§ of the 3'- and the 6'- protons. In fact, the 4'-

~and 5'-protons have similar relaxation rates while the 3'- and the

. o F
6'-protons have smaller trelaxation rates.. H-4' and H-5' have two

neighbours each to relax, ~ompared to H-A'- and H-3' which have only one

n

\ —

néighbour. ‘
Althou;;h both the 3’ and 6 protons in 3 have one ;'xéighbour, the 6! ‘
proton relaxés somewhat éaster than the 3! proto(g, possibly due'to the
anisotropic-motion 'of the molecule (see later), E{l contrast, the 3'
proton in 4 relaxes faster than the 6" proton, confirming 'that 3'-H can-.
get some relaxation from the \2'-'CH3 grbup in addition to that from its
neighbour (i.e. 4'-H). Similarly, the 3'=H of 2 relaxes faster t:h‘an
the é'—H because of the inyfluence of the 2'-fluorine (I=1/2) atom, \

3—ARYL/~)5 » S-DIMETHYL -2 -THIOHYDANTOLNS -

The proton chemical shifts-for derivatives 7-12 have Been report

a2

by Khadim’'> and the proton R).values for them are summarised in Table'

,4.3' and 4.4, With the exception of 9, all the compounds (with an ortho

1 :
substituted aromatic ring) with enantiomeric rotational isomers showed

*

.two sharp signals arising from the 5,5-dimethyl groups, indicating that

ot
these groups are diastereotopic under the conditions of the experiments.
Since the barriers to internal rotation.of these. compounds ara known t»n
l/)e high, it is assumed that the failure to observe separate 5,5-dimethyl

group sigrals in 9 results from inadecjuate chemical shift differences

+

>

9
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PROI‘ON SPIN~LA’ITI"B RELAXATION RATES (RI, sec_

)OE‘

3 -ARYL-5, 5-DIMETHYL-2 ~THIOHYDANTOINS (determined

1. by the null point method, absolute value)

7 Phenyl

. 8 2'-Chloro

phenyl

9 2'-Bromo

" phenyl
10  2'-Methyl
‘ phenyi
11 2;4Methy1~4'
nitrophenyl

12 1'-Naphthyl

The aromatic proton signals are sufficiently dispersed at 400 MHz,

~

atl compounds.

shlfted from the other aromat1c proton sanals in the remaining

except 12. !

E)

-5

0.

|
e

CH;3

Aryl protons

3! 4
.61 .6l
36 .68
27 .75

- .67

51
.61
.68
.75
.56

.51

".89

6!

.44

.50

.40

.53

.67

'5-CHy  2'-CH; N-H
2.39 - 1.26
2.48,2.62 - 1.26
267 7 - - 1.39
2.57,2.62  1.15 1.26
2.89,2.77 1.41 1.39
3.15,3.01 - .1:73

that R, values could be determined for all of these brotons in almost

‘The multlplet arising from the aryl H-3' was chemlcally

lcompounds, so that measurement of-its R1 ‘value' was possible in all cases -




. ——
-97 -
. .4 N
> TABLE 4.4 _ )
PROTON SPIN-LATTICE RELAXATION RATES (R1) OF .

3-ARYL-5 , 5-DIMETHYL -2-THIOHYDANTOINS {determined o

by the null point method, normalized value)
A

Ar ' ' Aryl protons

‘No 2 3" 4 %' 6 5-CHy, 2'-CH; N-H
7 Phenyl A9 .26 .26 .26 .19 1.00 - .51

8 2'-Chloro - 14 .26 .26 .24  .97,1.03 - .48

phenyl
9  2'-Bromo - .10 .28 .28 .19 .00 - .52
phehyl ' l |
10 2'-Methyl - .25 .27 .27 . .16  .99,1.00 .43 .49
| phenyl ? ; |

i

11 2'-Methyl-4'- 4 - .18 .18 .98,1.02 .49 .48

nitrophenyl .
1 ]

12 1'-Naphthyl

21 .28 .21 .98,1.03 - .55,

g

[t will be noted ([ab¥e 4.3) that the Rl values of protons remote
, . N ” ,
from the direct.influence of changes in aryl group -substituents, e.q.,

those of 5,5-dimethyl groups, are not constant throughout the series.

In particular, the R, values are largest for the na hthyl compound 12,

i

with the largest aryl substituent. These data demonstrate the

sensitivity of t}alaxation rates to changes in rjates (and possibly

preferred axis) of molecular tumbling. Fortunatel

be eliminated effective1y7‘6 by using the .Rl values/ of the 5,5-dimethyl

group to normalize the relaxation rates of other protons. The

, these effects can”

]
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5,5-dimethyl prot’:ons are chosen becguse their ra't':es could ndt be

directly affected by chemical changes in the ary—l substituents.
' Normalized rates are shown in Table 4.4. .
The fastest relaxing protons of these c}ampounds are those of the
'geminai dirqethyl groups, which relaxs notablylfaster (2-2.5 timef) than
the aryl’ CH3 protons. The ébsolute relaxation rates for the
5,5-dimethyl l‘arotons range from 2.48 to 3.15 sec-1, .the fastest rate
occurring in the l-naphthyl compound, 12, whereas the range of values in
the remaining compounds is small. The f/é”ster rate in 12 is evidently

due to the reduced tumbling rate caused by the larger naphthyl group.
The higher Rl v§1ua; .(absolute) hfor the gepinal 5,5-dimethyl groups

b R

could be due to the Tc values. S,S—Ger‘ninalt methyl Jroups may not rotate

freely because of steric interference from .each other, resulting in,

large Tc values. Therefore, higher Rl values for the geminal

5,5~-dimethyl droups are expected, compared to the methyl groups in the

arom?tic. ring. 5,5-Dimethyl groups can also get some relaxation Eroqx
each other wvia dipole-dipole interaction. This could be another réason
for having higher Rl values for them compared to the ar'gmatic methyl
group. , : . . . -
After normalization (Table 4;4) . the rélative relaxation r'a'teﬁ
between the geminal 5-methyl groups in.a compound are seen to ‘exhibit
very ‘small differences. Even though these diﬁferences are very smal‘f in
all the compounds they could be signiﬁfic‘ant‘beca;\use both methyl groups
experience the same experimental conditions during the Rlﬂ measurements,
and the differences are clearly visible on the stack plots. The small

]
differences in Rl values between 5,.S—methy1 groups’ in these compounds

‘may be exp’lained' by considering preferred confomati'ons.

st AT e

¥ F Bk s e 7 e
o -
'

g s




T et »

B LT TP L T

s b e

C e g e o

£ R e e e

s

- 99 -
(o N ' . ’

75

Previous studies of equilibrium constants' = of, 'the monomethyl

3
analogues of these compounds suggest thdt there should be a preferred

conformatlon which is determined by the solvat1on effects of the ‘hetero

atons in the’ heterocychc ring. The difference.of Ry values of geminal
' LIS

S—CH3 groups of rotational isomers could be due to the difference in

free rotation of methyl groupé. As explained before, in a highly polar

solvent, e.g DVISO—ds, preferential solvation around the thiocarbonyl

group would be likely on the si&j\e of the molecule transoid to the bulky:

ortho substituent. Hence oné'of the methyl groups may axperience

greater steric hindrance than thejother, which would affect its rate of

rotation. thus the Tc value. Différen‘ceS in R, values of méethyl groups
réflect differences in the respective Tc values. Therefore, one could
expect to have different R, valuzi f&r the geminal S—n'\ethﬁl groups. '

I'Ifne aryl methyl pr;t’ons in“10 aﬁ\d 11 relax x::ith different rates

(absolute and normalized) ‘which are\ mu'ch slower than those of the

L4

. 5,5-dimethyl groups. The 2'—Cl-l3 ‘group evidently does not have a

\
px;eferred conformation, i.e. a low rotaéq’.onal barrier facilitates free

rotatlon which, in turn, leads to a ma ked decrease in Rl walues,
compared to t:he deminal 5,5-dimethyl groups. iy

\ —_——
The aryl ring protons of ll show well daspersed 51gnals, so that

‘their relaxation rates could be determmea If the 3'-, 5'- and

6'-protons of the 2'-methyl-4-nitro compound,x\ll, ‘t'ormed an isolated

. . N
spin system, tumbling isotropically, calculatid\ns based on distances

: . : | .
measured from Dreiding models ‘show that the 5'- and 6'-protons should

relax almost at the same rate, as oBservéd. Sim}l'arjly, 3'=H relaxes

glower than the other two, as expectad, althougn it must get some

. relaxation "E}:om the 2'-methyl group.

o~
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The 4"~ proto‘ns of 7, 8, 9 'and 10 have very similar normalized
relaxation rates, indicating, as expect’ed, that the‘ir"signif\icant
relaxation pathways are to the neighbo;iring 3:'- and 5'- protons.

In compound 10, the ;1' and 5' protons relax at almost the same
ratgl and h;ve higher R, values compared to the 3' and 6' protons.. In
addition,  the 3' prc;ton relaxes a little faster than the 5° proton; even
though each has one neighbo/f to relax, confi‘rming that 3'-H gets some
additi;)nal re{laxation from its neig):;bouring 2,'—CI-I3 group.

Good-disperslion of the a'romatic 1;roton signals of .7 at 400 Ml-lz

+ permitted the measurement of the relaxation rates of all five aromatic

¢ .

protons: The relaxation rates of the 3'-~, 4'~ and 5'~ protons are
almost identical (Table 4.3 and 4‘.4’), while the R, values of the 2'- and
6"—prot;ms are ider;tical and smaller Dthan the others This indicates,
as e)&pe;:tea, that the significant relaxatiép pathways of thle 3t-, 4:-,
and 5'~protons are due to, the neighbouring prot;ons.

As seen before, the N-H in almost al‘l ‘compounds relaxes somewhat
Easter; than the aryl‘ protons, probably d/ue to the effect of quadr“upolar
nitrogen, but only half as fast as the .5f,5-dimethy1 protons.

‘ Two external factors which may pr&;duce differential relaxation

rates within the protons of the aryl groups mai/ be identified, namely, . ’

anisotropic n}oiecular motion and inter-ring relaxation. The most likely
.axis for‘ g;refefred molecular rotation would be approximately parallel to
the bond linking the ary}l and the heterocyclic moieties. Thu., the
relaxation vector between 5'-H and 6'-ﬁ would be abproximafely parallel
to this axis whereas the relaxat;i‘on vectors ‘between 3'-4 and 4';3, and

4'-4 and 5'-H would'make a large angle to this axis. The theory of

dipole-dipole relaxation in anisotropically tumbling molecules pred{cts

o S

. - *
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that relaxation vectors which lie on or parallel to the briné;pal axis
of rotation are more efficient; than vectogs at an angle to the axis. It
follows that the 5'-H, 6'~H pathway is expected "to be'more- efficient
than the 3'-#, 4'-#, and the (similar) 4'-H, 5'-H pathways.

The relaxation ra{:es_of the 4' and 5' p;'otons of 9 are gimilar ;nd
higher compared. to the Rl values of the 3'- and,6'-g'>rotons, as’ expecgi;ed,
»Since ’their sig&ficant rélaxations are due to neighbouring protons.
But 5'~H relaxesm\ch faste:: than thé 3'-proton, indicating the
anisotro’p'ic motion of the moW the saméa reasons, in 8 the 4°'-
and 5'-protons also hav:\hﬁ;her R, values than the 6'-" and 3'-prvoytons',

-

but 3'-H relaxes mug:h slower than 6'-H.

| Conclusion
) It is apparent that siénificant differences between methyllRl

values of diffefent rotamers exist only in one group of compounds (i.e.
3-aryl-5,5~dimethyl-2-thiohydantoins) . No inter ring relaxation has

been observed for these compounds.

+
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. Figure 4.3 Stack plot Hispléi;irxg a selectéd series of
partially relaxed spectra of 1~-(2'~methyl phenyl)
=5,5-dimethyl-2~thiohydantoin ,
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" diuretic agents, some of which are used in the treatment of diuresis, .,
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CHAPTER V

° ) INTRODUCTION

~

—- -

Derivatives of 3—ary1—2,3—dihydro—4(lH)—quinazoLino?\es, 1 are

-

natriuresis and kaluresis. The diuretic activity is dependent-on the
various subétituents on the quinazolinone nucleus and the substituents

on the N-aryl ring. The high‘l‘y active compounds have at least one

s -

hydrogen in the 2-position, a“primary E‘;O2NH2 in°the 6-positjon and an

ortho or para alkyl substituent on the' aromatic ring in the 3-position

3

. . I~
of tne quinazolinone nucleus77. N

4

Proton magnetic "resonénce studies of 3—arylf.2,3—dihydro-4 (LH)-

78 in 1956. The

quinazolinones were initiated by Colebrook and‘Fehlner
thermodynamic activation parameters for restricted internal rotation i

about the C-§ boéond for a number of 3-aryl 2,3—dihydro,-4(1é)

quinazolinones have been detetmined78 by complete 1ir;es?hape analysis of

the temperature dependent proton NYR spectra.

1 9

\ ) .
1 and 1‘3C NMR studies of these compounds7 , show that these

©

compounds exist as mixtures of enantiomeric or diastereomeric rotational -.

isomers at normal temperatures. The stetic interactions between the
4

3

~

€.
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¢ ortho substltuent on the 3—ary1 group’ and the substltuent on the 2- and

[3

. tnerafor’e, they will be expected to ndve different chem1ca1 shi fts 1f

‘drawmgs represent a view of the molecule along the aryl-C-N bond from 3 o

4- posxt1on:. of the hetero ring in the 3-aryl-2, 3 dlhydro 4 (1H)

oqulna‘zoloinone, 1L, force the aryl group out of -the plane of the rest of

the molecule in the conformational ground state.

- /

CAUSh.S OF NON EQUIVALENCE I\ND SPECTRA OBSERVED

If the aryl ring is not coplanar with the hetero ring in the

qu1nazolmone, then "the molecule may have 4 possxble isomers. These

2 I3

isomers carf be represented in a 511np11f1ed form by A, B, C and D. These

the para— position of the aryl ring., -

[E Ré and R3 are identical then-A will be identical to D; B will be

identical to C, and/ A will. be enantiomeric to B. IAS enantiomers, A and -

)

.B will have indistinguishable“spect'ra. However, an examination of A

IS

sho(rs that R2 and R3 should be in different magnetlc envu‘onments and,

poth R2 and R3 are protons, the chemical shi E't between them would not be ’

expected to be very large, and of course, they would be coupled to each . .

. other. [n such a case one would expect mixing of the energy levels, to

: e {
give-the familiar AB quartet under conditions of slow rottion! When

the rotation around the ‘the aryl C-N bond is fast, the spectra will

r

L3
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- ‘ P

Mok - lns £ M qdsre Wi Pl A Mk e bha St S

A s Rt mr e ety




R

PO,

[

\ 3 /g - 107 - -7

' collapse to a time averaged singlet. ' .

L8 8 *
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When R2= R3= ‘CH3' the toupling betw2en the protons of the two methyl

groups is expected to be very small and, the spectrum will consist of a
pair of singlets of_ 2qual intensity. In the time averaged spectrum

there will be a single peak centered on the ‘original positions of the
‘ 78

two collapsed peaks: This behaviour has been obéeryed by Fehlner °.
g . ' - .
This situation becomes more complicated when R2# R3- /Now A

becomes diastereomeric to B, and QSecomes diastereomeric to D while A

and C, B and D are(enantjomeric pairs. Each of the two sets of
enantiomers will have its own individual spectrum. “ These two spectra

are superimposed to give the observed spectrum. The two pairs of
D ; ! A
enantiomers do not-have to be present in equal concentratiom since they

should have different free energies. Lf R2 is a proton and R3 is a

methyl gfoup then these will couple with eaéh other. Th'e" spectrum of
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the methihe protons will be a  pair of quartets, while inethyl .protons

. wi}.l produce a pair of doublets. At hi‘éh temperatures these spectra—

o will collapse to a single quartet and ,a//s'ingle\doublet. -
' In princi'pl.e,‘ not only the substituents on the C-2 carbon, but all ’/.\
s ’§rotons should have differ:ent_ absorptioné for each diastereomer. E;len

* the phenyl protohs in the 5 and 8—posi\tions of the quinazolinone ring’

are occasmnally resolved’ into 1nd1v1dua1 peaks with a chemical shift

~

difference of 1 to 12 Hz (400 MHz) . The ratio of the dlaste,reomers is

- not.generally®50:50. . .

I. ) +
~

Two major motions of the 3-aryl quinazolinone molecule are involved

in tl;xeérotétion of the N-aryl ring.. The actual rotation of the ring is )

belleVed to occut when the bulk1er ortho substdtuent passés the C—2 .

carbon. The otljer motmn that is mvolved in the rotation pg;ocess is

—the Iflip{)ing of thehnon:-planar hetero-rinq. Thisr probably has a very

e low energy barrler and is Ellppmg very qulékly at room temperature. o0
As can be seen in the dlagrams below, each conformer of the | / (

hetero-ring has one of the C-2 substltuents pseudo axial and one pseudo.

- . »

equatorial .

A

1
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‘hetero~ring is in, since the tolyl methyl will always be passing a

- ) ‘ P .
. hydrogen atom during the rotation. But when R2= H, and.R3= CH3 the

positioning of the hetero-ring is of interest. .When the C-2 methyl is
in the pseudo equatorial position it is pointed towards the aryl ring

and interfereés directly with the rotation. However, when the C-2 methyl

‘is.on the pseudo axial position it is turned away from the aryl ring and

N

‘has little effect on rotation: Since the barrier to.conformational

»

o

change in the he‘tero‘—ring is low, the conformation adopted should be

‘such as to minimize steric interference with the 3-aryl group.

In a compound where R2= R3= CH,, similar to the case where R2= R3 =
4, it will not mattar which "form the hetero-ring is, si/nce‘the tolyl
methyl will always be passing a methyl group during the rotation.

In principle, diastereotopically related protons, or groupé of

. protons within a molecule, or corresponding protons on diastereomeric

150mers should have- dlfferent Rl values. I‘he maqnitu’desmf the
differences must depend on the net dlfferences in the relaxatmn

pathways in the two environments and may, in practice; be too small to
- ' ‘

. be observable. When differences in Rl values are observalb,le,lhowever,

’

they are a /potential souxlce of steric and structural info\rmation.

A complicating factor in the case of molecules ‘which undérgo a
conformational exchange pr'ocess is that there ié an effect on the
measured Ry values assocmted thh the molecular motlon. . IE the
confonnatmnal leetlmes are short w1th respect to the relaxatlon tlmes

of thed,‘i:rotpns under study, a gwen proton must change its env1ronment

before its relaxatmn is complete. Under these r~1r~umstancos, % ‘

differential between the relaxation rates of protons exchangmg between
{

digferent enviromments should be r'educed. In the extreme situation of

i

Gt
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~(compounds 1 and 2) fall within the range 1.07—2.04 sec

_identical guinazolinone moieties, no information on the contribution of

A
J/ o
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very slow exchange the relaxatlon ‘rates should accurately reflect

dxfferences in env1ronments. : /

.

RESULTS AND DISCUSSION

The lH Rl valeos'(seﬂ ) (absolute and normallzed) for the series

of 3—ary1 _,3 dinydro-4 (1H) - qumazolmones are given in Table 5 1 and
Table 5.2, respect:welye.

~ The relaxation rates (Rl\values) in ‘this series of co}npounds ranqe
from 0,730 to'4.08 sec”l. The fastﬁest‘reiaxing are the pfotoes of

SOZNH2 groups, the slowest are the more isolated aryl protons, in

particular the 5-proton of the 4(H)-guinazolinone ring.

.

.« < . b

2-Metnylene and 2-Methine Prdtons

"The relaxation rates (Rl values) of the 2~methy1ene protons

"l (rable 5.1).

‘These rates increase aroug)‘:ly-in parall‘el'with increesing molecular
weight, mdlcatmq t:helr sen51t1v1ty to changes in rates of molecular
tu;nbllng. Aftar normalization with respect to the 5~-H rate, the
x:’,elative 2 methylene rates fa-}l w~1th1n the range 5.85-6.71 (Table 5.2) .

Because of their short 1nternuclear distance and their locatlon in a

relatxvely rlgld portlon of the molecule, the 2-methylene protons relax

each other efficiently. Less effxclent relaxation paths’ways' which may

also contribute to the relaxation rates are to the protsns at the N-1

\

) positiord, and the protons .att'.a"ched directly or ind‘irectly to the ortho ~

positions of the 3-N-aryl g'roup. Since both of the compounds have .

the former 'relagation pathway can be obtained. Thus, external '

[
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influznces on the 2-methylene proton relaxation rates must be due to
relaxation to N-aryl substituents, modulated by the effect of changes in

substituents on the overall tumbling rates of the molecules in solution,

¢ .
)

and chames in rates of éegmental motiion, i.e. rotation or libration
about the aryl CN bond. ' ! t
‘
Comparison of relaxation rates between compounds is best done uéinq

the normalized rates in Table 5.2, so as to reduce correlation time

effects as much as possible. The most striking feature of the relative

rates of the 2-methylene protons is the higher Values for the 5' AN
» y .

& inethyl phényl‘ ‘compound', 2, compared to the 5'-tolyl campound, l.-
Since the ortho substituents are identical in 1 and.zl, the origin of
this difference is not clear. |

‘The relaxation ratee‘; (Rl ;/alues) .of ~2—methi‘ne protons (c,om.pounds
3-9 8-10 and 12) fall w1thm the range 1.07-1.93 sec 1. _ These ratesy
increase roughly in parallel w1th increasing molecular welqht,
indijating their sen51t1v1ty to changes in rates of molecular tumblmg,.
After normaliz;\tion' with respect to the 5-H relaxat'ion rate,&the
relative 2-methine proton rates fall within the range 3.23-6.33. The
2-methine proton should get; most of its relaxation i‘fr'on\ the substituent

at the same carbon atom. Less efficient relaxation pathways which may

also contributz to the relaxation are to the protons at the N-1

‘position, and the protons attached directly or lndlrectly to the ortho

positions of the 3-N-aryl group
Tixe 2-methine protons in compound 5, which has a benzyl substituent
at the N-1 poéition, have the hfghest R1 values compared to other

compounds without a substituent at the N-1 position, confirming that

-~ /
these protons.jet some of their relaxation from the substituents at the’

.

N-1 position.

~
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RELAXATION RATES (sec ) OF 3-ARYL-2,3 DIHYDRO-4- (LH)=

" TQUINAZOLINONES (determined by the null point method)

2-4

1.78
}.82
2.04
1.98
1.15

r.o7

1.31

1.61.

N-aryl protons

2-CH3 5-4 8-H 5', &', 7' 8’ 9' S'CH3 NH2 NH 6'CH3 7'CH3

- .30 .54 I 1.22 3.46 1.87 - -

- .30 .55 .63 JL 1,26 4.08 2,10 1.47 1.47

3.15 .31 .54 .43 .71 48 1.20 3.65 2.31 - -

365 .31 .54 - 1.31 21

4.08 .31 .A3 n .69 _ 157 3.85 2.16 ~ 1.44

433 .35 .82 3L 2.10 3.85 - - -

3.85 .31 .82 2,10 \

5.33 .30 1.16 .80 1.58 33.01 .

4.08 . .80 147 ﬂ

4.62 .29 .58 ¥ 97 147 3.47 239 - -

4.33 - Y

IO S 1.47 3.01 2.3 - -

1.44 2,31

3.96 .33 .59 .90 1.47 3.85 2.39

- .50 .40 .89 1.6l 3.85 2.39 - -
.80 © . l.sl 1.39

3.85 .32 .53 .79 1.44 3.85 2.3l

5.33 .32 .93 . 144 3.85 2.31°

- 231 .59 .06 .99 .86 1.57 3.8 2.77 - -

1.47 3.85 2.77

D . et o 4
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Table 5.2 .

NORMALIZED RELAXATION RATES OF 3-ARYL-2, 3-DIHYDRO

4 (1H)-QUINAZOLINONES

- N-Aryl protons

2CH} 5-H 8-H 5',6',7',8,9" S'CH3 NH2 NH 6'CH3 7'CH3

2100 177 2.35 © 4.00 11.40 5.16 - .

7 1.00 182 2.07 . 2,33 4.15.13.41 6.% 4.9; 4.9
10.23 1.00 1.7  1.57 2.32 L.57 3.88 11.84 7.0 - -
11.84 1.00 1.74 ° .° 4.2 7.50
13.24 1.00 2.04 2.25 ° 5.33 12.50 7.03 - 4.68
13.90 1.12 2,62 - 2.62 '  6.76 12.38 - - =
12.34 1.00° 2.62 67 .
17.54 1.00 3.80 2.62 5.1 9.91 - - -
3.4 - - a8 .
16.00 1,00 2.00 3.20 5.11 12.00 8.28 ~ ' -
15.00

1.00.1.88 2.8l °  4.69 9.78 .7.50 -
' ' 4.79 7.50 '

¥2.00 100 179 2.73 4.46 11.67 7.4 < -

- 100 1.2 1.82 3.29 7.8 - - - . R

1.2 . . 3.29 °

12322 1.00 1.69 2.50 4.5 12.22 7.3 - - ’
16.92 1.00 1.0 4.8 12.23 .45

-~ 1,00 1.86  2.75 3.14 2.75 4.68 12.22 8.80 -~ -

5.00 . g.80, ..
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LIST OF COMPOUNDS

No . R R2 R3
et .

1 5'=Tolyl - H H H

'2A 5! ,7/,&-.I‘rim/ethy1phenyl - H H H

1 ’/4" - ' \ .

3 5'-Methyl-6'-chlorophenyl H, H CH3

4 5,71 ,9' Trimethylphenyl : H - H CH,

5 5'-rolyl S cHy;  H bH,

6 " 5' Tolyl ~ . CH.eh . H CH,

7 5'-Tolyl H CH, CH,

8 5'-Tolyl ' . H H CHCL,,

9 5',9'~Dimethylphenyl . H H CH,

- 10 5'-Tolyl » - H H CHC1

l.L‘ §'-Tolyl , N H CH;  COCH,CH,
BT 5'-Tolyl H H  CH,OCH,

Apart from a direct inéer-ring dipole dipole contri'bution,‘an ortho
aryl substituent may influence the relaxation ratés 6f the 2-methy1xe,ne
: apd 2-methine pro;:ons by changing thé average dihedral angle between the
aéyl and the heterocyclic moieties through a steric bulk effect, thereby
changing inter-nuclear distances between 2—methy1en; or 2—meth1’né
protons and tﬁe substituent at N-1 or the ortho substituents of the
3-aryl group. An increase in the steric bulk of the orthe substituent,
X, is expected to increase the dihedral angle between the rings, II‘I and

IV. An-associated influence on freedom for segmental motion within the

o e e
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molecule may affect relaxation rates through Tc effacts.

LI ' . S %

C-5 Protons > .

Py

1

5-H has almost the same relaxation rate (absolute) in-most of the

‘cofnpounds in this series. It does not ':P;;nge much with t‘he substituent
at C-‘2 or the ortho substituent of the N-aryl ring. This lack of |
sensitivity‘ is due to the isolation .c'n’: this p;‘oton Er&m the rest of the
aromatic ring and the quinazol'mone ring.
Protons at C3  ~ | S .
The protonsu at the 1 position (on the N atom) are the only snes
which can contribute significantly to the relaxation of the protons at
C-3, since the C-2 substituents and tha\ ortho sg\bstituents ‘on the
aromatic ring are not c];o;e enough to contribute.
For most of the diasterczomeric compounds H-8 shows two s:icjnals, one
from each diastercomer. However, both signals have the s;he relaxation
rate. Relaation rates of H-8 of those’ compounds w{ th a proton at the

N-l position (R1=H) range from0.54— 63 sec™t

. Por the compounds with a
substituent at the N-1 position (e.g.compound 5 anéi 6), H-8 has higher

relaxation ratess (0.82;1.16 ’sec_l)’ i.e. an increase of about more than
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L00%. The highest relaxation rate .has been seen for the N-benzyl
substituted compound. It is obvious, therefore, that H-8 can pick up

some relaxation from the protons of thé N-1 substituent. The relaxation

e

rate of H-B 1is also elevated in the N-pethyl compound, 5, but to a

lesser extent than in the N-benzyl compound. This éugqests that the

» -

N-bepzyl' group may have a pref?erred con,fo'rmation which favours H-8

relaxation.

2-Methyl protons . ' ‘ . /

fhe relaxation rates (R, values) of 'these protons of the

l, whereas in‘

the dimethyl compound,.7, they fall within the range 4.33-4.6 sec L.

mono-methyl compounds fall within the range 3-15-5.33 secd”

Most of the diastereomeric 2—me§:hyl groups have different rates, higher
.than those of methyl groups on the N-aryl ring. Thi’e most striking
feature of the nommalized and the absolute rate is the relatively fast
relaxation rate of on\e of tﬁe isomers in 6 and l}. This metl‘iyl qroup
relaxes 30% faster than the same group ‘in the other isomer of the same
- compourd. These data suggesf that steric interference between the#N—-l
_substitugnt and a 2—-methyl gro&p has the 'effec"t of slowing -the rate of
methyl group rotation, thereby increasing the relaxation effici'enCy Ey a
Tc effict. The 2-methyl grou§ may also @xperier;ce a.ldirect dipolar
relaxation contributioﬁ from the N-1 substituent, pr‘:obab]:y of'minc}r
importance due ta the gfficiency -witﬁ w;xich methyl pr'dton_s relax each

- other,

In the 2,2-dimethyl compound, 7, the methyltqroups have relativély

large Rl values comparsd to ‘the 'Rl values of the methyl groups in the-

mono-methyl compounds without any substituent at the N-1 position. In

\ -

)
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Py
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. most gsases methyl protons relax eagch other very efficiently, thus

differences in Rl values' of methyl groups are largely a reflectiog:\ of

Ithevir respective Tc values. In the case of the 2.2-dimethyl compo(md,

the geminal methyl groups may not rotate freely because of steric

"

inter ference from each other, resulting in large I¢ values, which, in

\ 1 .
turn, lead to a marked increase in the R, values, as observed. In

addition, 2,2—dimethyl groups get some relaxation from each other via =

dipole-dipole interaction..

In principle, it should be possxble to dlfferentlate R, values le’
dlfferent rot:amers, and to correlate chemical shi Ets with respect to the
transoid,or cisoid conformatlons of the molecules, as in the case of the
triazines., But in the quinazol inone case theré are difficulties‘in

differentiating Rl values for diastereotopic rotamers, because of the

.
»

effects of the rotational process.

3

As mentioned earlier, most of the 2-—CH3 groups and the 2-methine

protons in the two d'iastereotopic rotamers \ha've diff‘érent relaxation
rates (see Table 5.1). If one considers the two diastereotopic rotamers
for monomethyl compo“mdé, in one 'rotan'\ér the 5'-methyl group is ciseid
to the é—methyl group whereas in the other it is transoid. Duel to

steric interactions, one could expect that the transoid conformation

1

would: be in higher concentration at conformational eguilibrium, i.e. it-

should be more stable compared to the other. As one can see from °

molecular models, in the transoid conformation the 2-4 proton is =1lose

enough to the N-aryl ring protons to get some relaxation, while in the

‘cisoid conformation (less stable) the 2-H proton can.get some relaxation

from the 5'-methyl group. It is not clear from a study of models which

of these processas should be more’ effxcxent. However, experimental data

.

L

-

R
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show that the relaxation pathway to an ottho proton is more efficient
than to an ortho methyltgroup (assuming that the éonformationél .
assignments are correct) . | )
Further, 1if one considers the effect of solvent, t,hére is.a
possibility that the C—4 carbonyl qroup is solvated by DMSO—ds. This
solvent shell could affectively increase the bulkines$s of the carbonyl
group. Therefore, the cisoid confomation might very well be the mo;é
stable one, so that it would be present in higher concentration at
eqpil ibrium. If this 1is so, the above inferences'o;q the relative
effi‘ciencies of relaxation pathways would need to be reversed.
| The few studies of solvent effects that havé been done for one of

. Q »
78 show that there are significant changes .in

these compounds
themodynamic parameters in different solvents. Investigation of some
other aryl-sﬁbstituted heterocyclic compounds which aré subject to
restri.cted internal rotation has shown“that conformational prefe;rences
may be dominated by the effect of solvation rather than by steric
interactions wittf'lin the solute moletule’>. It might be worthwhile,
therefore, to study 501\;ent effects ot the thermodynamic parameters for
more of these compounds. Such studies might lead to a better
u}mderstanding of the solvation process, which could help to answer the

quest:ion of the preferred conformation of these compounds.

:
'

Thie difficulties in interpreting these R1 values due to 'uncertain‘ty
in the a,ssi'cjll'ment’ of the conformation are compounded by the knowledge
that the relaxation rates are of the same c’>rder. of magnitude as the
rétes of’,internal rotation about the aryl C-N bond78/ i.e. ' the .m‘d'[ecdl‘e

3 . .
may change its conformation before relaxation is complete. .




g

e v o

>

Toor-a9 -

1

Aryl mzthyl (5') protons " L

Tae spin-lattice relaxation rates fo?thé methyl substituent at the

C-5" position of the aryl moi/_fty fall in the range 1.20 to 2.10 sec_]‘.
These protons relax much’ slower than the 2-methyl brofons. This

. < . ‘
difference is 1 conscquence of the freedom of segmental motion available

Lo the mecnyl group, which influences the observed R1 values through the

| 2
T oterm. . b

. As mentioned before, methyl protons relax each other very

efficiently. once, differences in Ry values of thé metHyl groops are -

_relgted to tneir resgpactive Tc values. The E':'-CH3 group does not have

as much sturic interference as the l2,2-dimethy1 grogps, and hence

rotates more<freely, resulting in a small Tc value and small, R, walues.
InLuLp2

tatioh of the variations in the nomalized relaxation rates

& . Wt

B ‘ A 4 .
of the aryl methyl groups within the series (Table 5.2) in terms of

substi'Lu:nt eff;:::ts' is compl icateé by the possib'illit'y of cox;xcomitant

chanjes in the rates of internal motion within the molecules. ”I‘he mosts
strikiny E:ature of the normalized rates is the relatively fast
reldcation of tha metnyl group in compound 5 which has a methyl group at
the N—l»positfon. fhe preferred conformation for the heterocyclic ring

) ' .

of this compound would be th= one where the 2-methyl group is in the
psewlo uxlial posmiofx tominimize the steric interaction between the-
N=Cd ard the 2-Cdy group. In’ this conformation, the 5.'-CH3 group would
expericnce soin regtriction o rgtation, leading to a higher Tc and a
higher RL vilue. In addition, if the molecule is in the above
confornation, the "-CH3 group can get some relaxation from the 2--C2H3

o

group so that it has a higher R1 value than the 5'-CH3 groups in the

other compounds.

{4
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..higher R‘l value has been observed for the 7'and 8 protons in corﬁpound ’ .
bk . . .

Tyt .Y 4
12. Normally the compounds with large substituents at C-—2 have higher

* steric 1nterference Erorﬁ the bulky substltuent at ‘the C-2 posxtm(r‘

- 120 - ‘ -

Y

N-Aryl protons ' : : .

i -
2 . . - -
©

In most cases the protons on the N-aryl group'give rise to complex

;multiolets, s0 that. Rl values could notsbe mléasu"red for individual -

" protons, and only the approximate range of valués cbuld determined ‘ oo

‘

{(Tables 5.1 and 5.2). Oniy in the case of the trisubstituted aryl

3
i
systems, 4 and 2, could all of the aro‘fqati.c proton Rl‘values be j .
‘ . .

AN

a ; ' o
measured. . “ e ’ ' ; i

The relaxation rates of the N- -aryl protons \Eell in the range 0. 48 - \ o

-1

0.99 sec © (Table 5.1), and the ndrmal i zed ratei 1n the range 1. 57- 3.20

'

(Table 5.2). The highest R, value (i.e. 3.20|sec”") for the N-aryl '

: . . . '
. o
<

protons has been szen for, the 2,“2-dimethy1‘ compound, since an N-aryl :

ok Sl 5RO
.

.

proton may 2ick up some relaxation from the met{\yl/groups at the C-2 -

position. Further, -because of the bulky substituent at- the C-2° S 3

. .
v i
position, .the rate of rotation of the 3-N—ary1~ rlnq will be reduced to a ;

certam extent. This factor leads to a large Tc yalue and a high R

o

value. .o . {‘ :
p " .

In compound 3 (i.2. 5'-methyl-5'~chlorophenyl-2, 3—d‘ih;d\r“b—°4-(lﬂ)‘ - )

.
I
¢

qmnazolmom) 8'-H_ relaxes fastemthan the 7' and 9'«)‘protons. 8'-d

LIS -,

has £wo ne1ghbours to relax to c’ompared to the 7' and 9' protons which

have only one neighbour+each. For the same (reason, a comparatively

e

13

Rl values for. somé N*aryl protons, 1mp1y1ng that N—aryl protdns can get s
14
some relaxation Erom the groups. at the C-2 positlon.‘ Further, in , 3

compound 12, free rotation of the Nraryl r1ng may be reduced because of

v
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" “knewn toﬁrelatively sma1178. Therefore,. it might be useful to study

2 . - 121 _l' .. . ’ ) - ) . N 4;‘;’:‘

leading 'to a Higher Tc value, and hence higher R, value for N-aryl-

!

protons. " o .
- - {

» - r L : s

Conclusion 7 ‘ N

) B . N
The proton relaxatiop data repotted het;e clearly evidence the”

transfer of relaxation contributions between i;he protons of, the aryl
ring ‘and the C-2 methyl and me;:hylene protons of"/the_ quinazolinoﬁe rinq.g

4

Although this cannot be interpreted in terms of unique conformational

v

model, it.is clear that such inter-ring re¥axation offers:a new source .

of structural data which helps further stud'y in other heterocyslic

’ 1 + t

molecules. It is ‘also cle‘af that al s‘usttar;tial differential exists
between the R-l values of 2-CH3 protons and 2-H protons in the two
different diastegeomei‘:s. Interpretation of these data in terms of
'preferred conformationis should bé feasible, t;ut it is difficult to,
identify the more stable conforrpétion because of difficult;ies associat;d

with rel;-ztivély fast rotation and pggsible solvent effects.

1

P4
Future work ¢
= . 4

As far as future work on this series of compounds is concerned,

’

. &,
some experiments could be doné which would be of value in determining
' - ”_7% . ~
which isomer is thermodynamically more stable, i.e. the major isomel}. o

One of these experiments would be involve studies of solvent effects on =

/\' ,. . )
. thermodynamic parameters of these compounds. :; . .

At room temperature, the rotational barriers of these compounds are

- +

R1 values at sufficiently low temperatures that internal rotation is

inhibited. Since there are difficulties associated with identifying’

-
\

at
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- .
different rotamers from Rl values, another-way to solve this problem -

-

‘could be by NOED °xper1ments. But since i is knoWn that these

compounds rotate relatwely fast around the C -N bond ‘at room

'

'temperature, NOED experlments at normal temperatures would not be a

useful source of 1nformat10n. 'Iherefore, it would be worthwhlle to do

NOED experiments at relat1ve1y low temperatures.

\

‘In principle,’NOE experiments give a measure of how much relaxation

a particular proton or a me?:hyl group can get by thez}jaipole-dipole ‘

£ 13

relaxation mechanism. Hence, studies o C NOE’'s of the C-2 methyl

Y ‘

groups of these compounds might also be useful in helping to 1dent1 fy

" the steric interactions on C-2 substituents Erom_ the N-aryl ring and the

N-1 substituents. e

A study of the l,BC spin—la{ttice relaxation rates of these compounds

“ should y'ielld deta dn segmental motion, particularly of methyl groups,

-and hence provide a source of information on steric interactions within

. 0 - < . 9 ‘~
the molecules. . . . : v
- ] ! ‘ \

\
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Figure' 5.3 Stack plot displaying a selected series of
partially relaxed spectra of compound 3, taken ‘for

various delay times, t, in the inversion recc?y

pulse sequence.
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5.4 Stack plot displaying a selected series of
partially relaxed spectra of compourd -6, taken for
various delay times, t, in the inversion recovery

., pulse sequence. '
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. CHAPTER VL ,

INTRODUCTION

Heterocyclic compounds form some of the largest, and most
important, subclasses of orgaﬁic compounds. These include naturally

ocg:urinq compounds, pharmacologically active compsunds, and compounds of

\ I

intrinsic theoretical interest. Heterocycllc compounds also blay an .

importar;t role in mediating many biolog ical processes.

{I;he genetic material DNA is heterocyclic, as‘ are many useful
alkaloids such as the anaesthetic cocaines the insecticide nicotine, the
antimalarial quinine, and "the amqebicide eme£hine. ~The antibiotics

penicillin and cephalosporin and a variety of vitamins, such as

riboflavin and biotin, are heterocﬂ/clic.

A knowledge of heterocyclic chemistry, therefore, is important in

areas of natural product chemistry, biosynthesisl, and in studies of drug
metabolism. A large nmumber of coenzymes, vitamins, and4 drugs rely on
hetarocyclic reactivity for their actions. Tﬁérefore, thé mderstahding
of structures ;and reactivities of simple lieterocyclic compounds, which
are structur;al units of ‘more important compounds like nﬁcleic acids(, ~an
help to achieve an understaqding of the mode ,of action of such

‘compounds. i .

Lo

Purines and pyrimidines are heterocyclic systems which are

2
important in the most hasic biological processes of heredity and

evolution. Pyrimidine is the parent heterocycle of a very important,

R}

group of compounds such as nucleic acids and certain coenzymes, which

have been studied for many.y=ars. Pyrimidine derivatives occur in
[ - .

living systems and some derivatives are found to have biologizal

e
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activity. There are 1in addition to the above mentioned naturally

occurring pyrimidine derivatives, many pyrimidines of synthetic oriqin

_that are widely used as therapefitic drugs, e.g. sulfonamide drugs and

sulﬁadiézine drugs. Further, certain byrimidines,’ purihes, a‘nd related
compourds are used as antibacterial and anticancer agenés; and have
various other physiolaogical activities. .T'herefore, nyrimidines,
pfrimidones and purines afe important compounds in“their own right as

well as because of thé&ir role in nucleic acid chemistry.

Because small ring aliphatic compounds are reactive and there is a

large number of drugs which are seen to owe their activity to the '

reactivity of small heterocyclic rings, a considerable amount of

research has ’been done to deduce some relationship between the structure
of a compound and its activity. |

The study of‘ Ly spin-lattice relaxation rate studie'f? of simple ring
N-heterocyclic compounds repo;ted in this thesis was undertaken fn order
to obtain information on theicr stryftures. It was expected tl:lat the

information obtained would be valuable for structure determination

‘purposes in future studies of compounds of simildr type. -

The direct N-alkylation of basic moieties of nucleic acids has been

the subject of considerable chemical and biological interest in recent
years. Such reactions may pe not only useful from a synthetic point of
view, but also relevant to the study of mutagenic and carcinogenic
effects which occur in. living systems, caused by alkylating a‘qents.
Hence, the correct assigmments of N-alkyl groups ofqbasic moieties of
nucleic acids are 'vgry important. ~

Assignment of the structures of the mono-N methyl and di-N-methyl

derivatives of uracil and pyrimidones was originally a non-trivial

e e e b T et e
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problem whose solution required some time by chemical means. We we;:ef
interested in finding out how readily this problen{ could be solved using
1y spin-lattice ,relaiation rate meésurérnénts (Rl va;q:;g . o

The unusually high rela /tion rates obsérved for- protons o~to an
592' hybridized nitrogen atom in 2- and d- pyri{midones ‘prompted us to
continue these studies on similat types of compounds.. .

Ir; the course of the research described in this thesis, proton
spin-lattice rela;cation measurement experiments were carried out for a
Vseries of uracil compounds, 2-pyrimidones, -4-pyrimidones, ind some
pyrimidine type bicyclic compounds. Mo}r‘: of these compounds were
. , - . .

obtained from Dr O. S. Tee +of this University, but some methyl

substituted pyrimidones were synthesised accor‘ding to the methods

Uncier suitable c’onditibns., proton spin-lattice relaxation involves -
through spacé interactions between individual ‘p'rotons in the same
molecule. Since the efficiencf of these interaétic;ns decreases with
distance, each proton receives most 6f its relaxation ‘from'its near

[ . N
neighbour protons. This property can be used as a possible way to

, determine 'the structure and conformation of the molecule.

The importance of nucleic acids rests in t'_heii'j role in storage and
transmiss@ of bioiogical information., Expressioﬁ of this information
involves changes in structure at all levels, secondary, tertiary and
quaternary. Consedquently, any technique cépable of’fproviding detailed

structural -information, especially changes in structure, will play a

_significant role in our understanding of the biological function of.

these macromolecules. L .

In general, Rl measurement data can provide information on

.
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substituents, especially methyl groups , and steric effects on the

motional ‘correlation times of those substituents. In certain cases,
! thig information 1i.2. R; values of methyl(groups, can be useq %o
“correlate chenical shifts in a stréight forward and unar;lbiguous manner
, e.g. for 1,3-dimethyl uracil and 1, 4-dimethyl-2-pyrimidone.
X Further, Ry meaﬂsure'ment;sofjhese simple nitrogen heterocyclic
compounds have been found to r;eflect the electronic sfructure and
geometfy of the ring nitrogen.atoms to which protons are :adja"cent or
attached. Therefore, these stuciie;', might be particularly useful as

© . probes for the study of complax molecules such as proteins, DNA, an

@ RNA.

RESULTS AND DISCUSSION

A) Uracils
TABLE 6.1
10 6.1

PROTON SPIN-LATIICE RELAXATION RATES (Rl sec’l) OF URACIL

. COMPOUNDS  {determined by non-linear regression method) '

| ‘No R R 1-4 3-4 4 6-4 . 1<CH;  3-CH,
la H. H 1.03  0.87 0.54 0.81 - -
, lb- -D D - - 0.33 0.44 - -
- 2a CH H - 0.49 0.26 . 0.40 0.61 -
2b lon D - - o‘.33 0.50 0.74 -
32 H CHy 0.7 - 0.37 0.56 - 0.65
3b D CHy - - 0.39 0.48 - 0.66
4 cd, CH - - 0.20 . 0.30 © ~0.47  0.42
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TABLE 6.2

PROTON SPIN-LATTICE RELAXATION RATES (normalized) OF \

URACTL COMPOUNDS

’No

R R' 1 34, 54 '6-H  1-CH; 3-CH,
la 4 H O L9l L6 1.00 1.5 - -
b D D - - 100 1.3 - -
da, a1, # - 0.80 0.43 0.666 1.00 -
2> @y D - - 0.45 0.68  1.00 -

32 H CH;  1.15 L 0.57 0.86 - . 1.00
3b D CHy - - 0.59 0.73 1.00
4 oy ciy - - 0.43 " 0.64  1.00 0.89

Structural information on.uracil gompoﬂmés, I,'R= R'= H, can be
thaiped from the relaxation \rates of the 'rinq pro‘tons, in particular
that of H-6. This éroﬁon must be relaxed most efficiently (because of
the l/r6 distance. deperdence for dii:oie-d.:ipole relaxation) by H-5 and
protoris located at N-1 (H or CHj). H-6 relaxes about 50% faster than
H-5 in non deuterated compounds (uracil,.50%, l-methyl uracil, (2a),

53%, 3-methyl uracil, (3a), 51%, 1,3-dimethyl ufacil, (4), 50%) (Table
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6.2)-. There appears to_be a small énhancément of the relaxation.rate of

H-6 when N (l)-H is replaced by a methyl group.

A clear cut distinction between the monomethyl compounds, 2a and .

" 3a, can be made when the remaining N-H is replaced by deuterium i2a Vs

2b) . When the relaxation rates are norpalized with respect to the
methyl group rates (1.00), the R; value o I'-lf-s1 and H~6 in the 1—rr;ethyl
comp;unds (2? and 2b) are essentially una fectc%d bly repiacement of the
relatively remote 3-H by deuterium (2a vs 2b). | In contrast, while the
Rl value of H-6 is decr:eased by 15% when the nej.ghbouring 1 position is

deuterated (3a vs —3b) the Rl value of H-S remairgs unchanged (see Table
5.1"and 6.2). i

As in the case of structufal info atipz,' the chemical shift
assignments of the methyl groups in dimeth}zl uracil can be obtained from

the relaxation rates of the methyl groups.\ Since protons within methyl.

. \ o
- groups relax each other efficiently because of their close proximity,

relaxation from other ring prot\ons to the lfCH3 and 3—CH3 groups is of

minor importance, so that the major factor v‘:hi,ch influences methyl qrbup

N , \ v
relaxation is the rate of .internal rotation ‘about the three-fold axis

(i.e. a Tc effect) . The differences between 1~ and 3-methyl group R,
values are, therefore, attributed to steric iﬁifiuences on the barriers
“to ianternal rotation of the methyl groups. R

In 1, 3~dinethyl uracil, 4, the R1 values ~\ﬁor the two methyl groups
differ by 11%. On the basis of st;_eric‘ int%eractions with a{djacent

- .
preferred conformation compared to the 3—CH3 group. Hence, the 3—CH3

|

group may rotate freely compared to the' 1-CH, group and so have a lower

substituents,.it/can be predicted that the-l:l--CH3 group will have a

° Tc value, which in turns leads to a smaller 1 value. Therefore, the

%

-
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s

slower relaxing.methyl group can be acsigned to 3--CH3 and _tlxe faster to

the 1-CH, ' .
4 %
~ For all uracil compounds, the calculated relaxation rates agree
with experimental values qualitatively. Because bf‘the relative
agreement of the experimental and the calculated Rl values , it is clear

that all protons in uracil campounds relax mainly by the intramolecular

3
i

dipole-nipole mechanism.

B). 2-PYRIMIDONES

1. N-SUBSTITUTED PYRIMIDONES

o

. In the study of proton spin-lattice relaxation rates of

24~pyrimidones, significantly elevated relaxation rates for the protons

. which are ad]acent to sp hybrldized N, or sp hybridized N which are.

influenced by chem1cal exchange, “were observed Experimental and
. calculated er values (using a program w,hich aslumes’ isotropic motion and

' compares therelative inter-proton distances as measured in Dreiding
models) of 2-pyrimidones do not agree qualitatively, indicating a
contribution of a gelaxation_mechan‘isln for: the ring protcns of
2-pyrimidones, ln addition to tne dipole-dipole relaxation mechariism.
In the Eoflowinq discussion, t.he. possib'ility' of significant

- contributions from other 1ntramolecular mechanisms has been explored.

\ 'I'neoretmally, in 2-(pyr1m1dones, H~5 should be relaxéd efficiently
by H~6 and H-4. H-6 should be relaxed by H-5 and by protons located at
N-1, whereas H—4 should be relaxed almost excluswely by ‘H-5. In t:he
flr:st three compounds, 5—-6, (Table 6.3) hydrogen exchange takes place
between N;l/ and N-3, making H4 and H-6 symnetncally equivalent (Figure

~

II and III).  Heénce both H~4 and H-6 have the same chemical shift and

0

3 B . Y

oo




. the same relaxatien rate va~1ues.l
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If all the x:mg drotons relax only by the dxpole—dipole relaxatmn

‘mechamsm, H—S should have the highest relaxation rate among all the

‘rlng protons. But experlmentally 5-H has a smallet Rl value than H+4

and H-6. This higher R} value for H~4 and H-6 (29%, 2-pyrimidone) could
be due to scalar relaxation of the flrst kind which arises when chem1caL
exchange occurs., Whén the remaining N-H is replaced by deut:enum, f.e.

compound Sb, the Rl of H-5 remamsmunchanged (Table 6. 3), confiming, as

: expected that its significant relaxatl,on pathways are due to H-4 and

'H—6 ‘In contraSt, the R; value of H—4 and H-6 has decreased by 22%,

~

i

conflrmmg that both H—4 and H-6 get some relaxatlon from the ptotons at .

the‘N—l or N-3 position. '

In l—methyl-z—pyrlmldone, 7a, and 1- ethyl -2-pyrimidone, 8a, no

. exthange can take place between N-1 and N-3. As in the above compounds, *

H-6 can get some relaxation from H—S as well as from protons located at
N-1 (CHj or CZH;-J) .R*‘Similarly, H-5 has two neighbour protons to provide
relaxation, hence, ,one‘i‘can‘expect,to have the highest Rl value for H-5

as compared to other ring protons. But in both cases H-4, although it
\ - N

" has only one nefghbour proton, relaxes much faster thap the other ring

3

protons. Some re\laxation rate enhancement could be due to scalar,

ﬁ ) _ \
i) >

.o®




. atom through the scalar relaxation mechanism. . The q‘uadrupolar N

/ .
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relaxation of the second kind to the My nucleus.
. As explained before, the quadrupolar 3N ri’.tgcleus,underg.oes. fast

relaxation, providing a reﬁlaxation mechanism for the protons o to the N
14-

. nucleus is itself relaxed primarily by the quadrupolar interaction.” The

qhadrupolar relaxation time depends on Tec (rotational correlational

time) and upon the quadrupolér coupling constant. Since, in mobile
llqulds the molecular correlational tlmes are very small (10 -1l 0"]‘2
sec ), the relaxatlon rate is governed prxmarily by the magmtude of
the quadrupolar coupling constant. The quadrupolar coupling constant,

if turn, depends on the molecular symmetry. N-1 and N-3 have different

‘geometries, and hence have :di‘gferen,t symmetries. Therefore, one can

expect different Rl valhes for H-¥ and H-6 since th y are adjacent to
two different nit’rohgen atoms with different ge&netries. H-4 is adjacent
to an sp2 nitrogen atom (N-3) and has a higher R1 value than H-6 -which

is adjacent to an sp3

nitrogen (N-1).
When the methyl protons are, replaced by deuteriun (1-deuteromethyl

2—pyrimidone) , the Ry valle of -H-6 decreases By 28.5%, confirming that

H-6 gets some reiaxation from the N-methyl group at the l-position. But

surprisingly, the Ry of H-4 is 1ncreased by 10%. Similarly, in

l—deuteroethyl 2-pyr1m1done, the Ry value of, H-6 has ‘dec\reased by 22%

I

. ‘compared to the R, value of H-6 of the nondeuterated compound, Ba. In

contrast, the Rl of H—4' has increased by 14 5%. 'I‘heoretically, théré
should ot be any change in R1 values of H- 4 in eicher deuterated

—alkylhz-pyrxmxdone. The sxgnificant 1ncrement of expenmental R

wvalues of H-4 in both deuterated l~alkyl-2 —pyrlmidones is very unusual.

"
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) _TABLE 6.3’ (

.

- PROTON SPIN -LATTICE RELAXATION RATES (Rl sec™i) OF 2-PYRIMIDONES

(determined by non-linear reqression method) .

~

No R . R'  1-H 44 SH  6d  CH

3 O
5a ' H H | 1.14‘ , 0.40  0.31  0.40 - -
5b b .4 - 0.33  0.31 0.33. - =
6 i D 0.53  1.15 - 1.15 - -
7a. G, d - 0.32 0.2 0,25 0.8 -
76, 4&— '0.50  0.28  0.24 - .
Asa/, B Tagl - 2,33 G.48  0.58 0.71  0.80,
8b " DEt W - 12,29 0."4'6 0.44 - -

TABLE 6.4 Lo

- PROTON SPIN LATTICE RELAXATION RATES (normalized)

'OF 2-PYRIMIDONES

- 7a

'

5-H

No .. R R' 14 4-H 6-H  CH, ' c,
5a . H 4 3.68 1.29 1.00 1.29 - -
5b D H - &l.0l 100 101 - -
CHy, - 1.52  1.00 1.19  1.80 -
7b o, - 1.78  1.00  0.85 - -
8a £t H - 4.95 1.00 1.23 " 1.51 2.66
8b DEt H - 5.67 - 1.00 0.96 - -
- ~
L _
3
"\
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2. _4-SUBSTITUTED 2-PYRIMIDONES

In the study of the proton spin-lattice relaxation r:a\tes' of
4-substitut;ed 2-—pyfimidones, substantial differential r'ates in methyl
group Rl values were observed. These differences are attributed tg
"différencgs‘ in Tc valﬁes of the méthyl groups. Further, the Rl
measurementé of these compounds lead to an unambiguous assignment of 1-
and 4 -methyl groups in 1,4/-dimethy1—2‘—pyrimidorie.‘ ‘

A in n'mst casés, met_hyl prc‘;tons will r,elaX« each other very
efficiently, thus differences in Ry values of methyl groups reflect v
‘differences in their respective Tc vdlues rather than relaxation
.contributions from neighbouring protons. .Rotational correlation timesb
"(Tc values) of methyl grou;is are a reflection of the steric environments
’o‘E these gro‘ups. Thé:efore, for different methyl groups &n a single
.n;olecule, ’t‘he différences in~RL values, hence, Tc valuds, are a

reflection of their steric environments. This is clearly evident in the

R, values of 1,4~ and '3,4—dimethyl—2—pyrimidoneé' (IV and V).

H3'79

28¢7 AHaaa

21l

I

In 3, —dimethyl—z—pyrimidone, V, even though H-6 is édjacent to anu Y
sp2 hybridiged N atom (C=N), 6-H relax.s 5iower (25%) than H-5 becaﬁse ‘
5-H can get some relaxation from the 4j-(fH3 group. Further, th;e 4-CH,

group would have a preferred conformation to minimize igeri'c
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interference from the adjacent 3-methyl group. Hence the 4-methyl

protons can be oriented more towards the 5-H as shown in the diagram

belox_d, vI. ‘
- iH ,
~gH

!

Therefor:'e 5-4 can pickup'some relaxation from the 4-methyl protons iﬁ
addition to H-6. .
Here the 4—methyl‘ group rel’axes r;\uch faslter than the 3-methyl B |
- group. The 3-:;\ethyl group does not have any‘ preferred conformat;ion
becau,s/e it experiences steric interference from.both sides. E-ience i't'
". will rotate more freely‘(i.e. have ‘a ].ow Tc value) ,- and have a ‘1ower !
R, wvalue. As mentioned before, the 4-methyl group might have a
preferred confonﬂétion compared to the 3-methyl group because of éter’ic
interference from the 3-methyl group, thereby hindering its rotation and
leading to a smaller.T,, and higher R, value. ;
4Simi;arly‘, in 1,4—dimethyi—2—pyriﬁidone’,lv, the 4-CH; group relgxes
slower than the 1-CH; group for steric reasons. The pres‘ence of -a
2-carbonyl gr_oup results in a preferred conformation for the l—CH3 group
compared to the 4‘-CH3 grodp,\ thus increasing th;a barrier for free

-rotation, wr{_i.ch leads to a marked decrease in the T, or .a marked

increase in the R, value for the 1-CHy group.

It is interesting to note that, ¥n l;4—dimethyll«-2-pyrimidone, the )

6-H proton relaxes 17% “faster than the 5-H proton. Both 5-H and 6-H
: o ‘ '

1
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to 5-H.

- 139 -

» v

P

have one ne/ighbou‘i' proton and a methyl.g-roup to pro{ride reléxatfon.
i—CH3 group might have a ﬁreferre(d conformation compared to the 4-methyl
group to minimize steric interference from the 2-carbonyl group.
';'ﬁe’;efore, in the‘ pfeferred' conformati-on,, l—CH3 protods can be locked in
such a way that t\ﬁey are closer to -the 6-H ring proton than the carbonyl

group as shown in the diagram below, VII. Hence, 6-H can get much of

its relaxation from the f—methyl protons as well as from t.he,neighbour .

5-H. 'Ihusv, one can expect higher relaxation rate for the 6-H compared\

»

In contrast, the 4-CH3 group would not have a preferred
/ Q
conformation because it does not experience steric interference fraom
either side. Therefore 5-H will not get much relaxation from the

4-methyl protons as will 6-H from the l-methyl group. Therefore, it is

clear that a distinction between the l-methyl and 3=-metl'iy1 groups of

substituted ,2-pyrimidones can be made from their R, values.

C) 4-PYRIMIDONES

As in the case of the 2-pyrimidones, the 4-pyrimidones, which also

2

have some protons which are o-to sp“ hybridized nitrbgen or attached to

an sp>-hybridized N atom which is affected by chemical exchange, showed

unusually high relaxation rates. As in the 2--p'yrimidones, these high

[

A}

»

4

4



it
)

i

, " - 140 - , ' - o

\ -

l values can be attnbuted to scalar coupimg relaxation of the 171 rst

kmd or the second kind w1th the 14

4

N quadrupolar nucleus.

~

., VII . . VIII .

_ jn the first two éases (9a ar;d 9b) , hydrogen exchange tak;es plac'e
between N1 and N3 to give two tautomeric structures, VII and VIII.
' These two tautomeric structures are not identical, hence all-the ring
protons have different c,hemical‘ shifts and different Ry values. Und~err
| the experimental ‘conciitions_, only the spectrum due %0 one t'autamgric
structure or a time avgfaged spectrum, has been observed. ‘
In the 4-pyrimidones, 2-H which is adjacent to an sp2 hybriciized
\nitrogen atom (i.e. N1 or N3) can get dipolar relaxation only from the
pro'tons at N-1 or N-3 (H or CH3) . 06-H has a 5-H nelghbour as well as
protons at N -1 (because of the exchange process) to provide relaxatlon.
‘In contrast, S5-H has only its neighbour -H to provide relaxation.
Results sbow (Table 6.5) that, in all cases, 2-H has the highest
_relaxa'tion rate compared to the R1 values of other ring profqns, though

it has only neighbouring protons at N-1 or N-3. These higher relaxation

rates may be duve, at least in part, to scalar relaxation of the second

* kind, which arises from the sp2 hybtidized nitrogen atom.

Durmg the exchange process a proton can be at- the N-1 position

for a short period of txme or at the N-3 posxtxon {(VII and VIII).

1
~

'
,4——\ .
'

Ity
'

e




_protons. In addition to scalar coupli
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Therefore 6-H can get relaxation from the proton at the N-1 position in
addition to its neighbour, 5~H. Hence it is reasonable to expect a

higher relaxation rate for the 6-H comparéd to 5-H. Experimental Ry

values for 4-pyrimidone show that this is indeed the case.

After replacing N-H by deuterium, 9b, the relaxation rates of both

'2-H and 6-H have decreased (2-H, 48%, %-H, 40%), confirming that both of

them get some relaxation from the protons' at N-1 or N-3.

The other importan,t; thing. to note with the Ry values of
D—A-pyrimidone,‘ is the sligh'tly higher Ry value for 6~H compared to 5-H.
If the only soufces of relaxation for 6-H in 4-pyrimidone ‘wer‘e from the
neighbouring 5-H and the pt;otpr; at the N-1 or N-3 position, when N-H is
replaced by deuterium one could expect almost the same R, value for both
5- and 6-H. -E.ipefimehtal R, values show that this is\ ‘hot the case;

— Theoretically, 6-H fnight: be a very likely candidate to experience
s.c%lar relaxation 63% the first kind which arises due to the exchange
process. As explained before‘,‘l—ﬁ‘,"wh*f’éf} is attached to an sp3
hybridized nitrogen atom (N-1) can undergo .a hﬂ(drogen exchange process
with N-3, making 6—H susceptible to scalar coupling relaxation of the
first-kind. This ‘could be another reason for .seeing é higher R, value
for G—H.‘ |

- : : N " o

5-H has only one neighbouring p\’%‘%o,n (i.e 6-H) all‘\ the time and
does not experience any direct e’ff:{gt' from the exchangg process.
Therefore, it is expected tfo have smalil\lRl values compared to’other ring

protons. S i

[ ot - :
In 3-methyl-4-pyrimidone, 2-H rela\%es faster than the other ring

| relaxation oft the second kind,

2-H can also get some relaxation 'frcm Hb 3—GH3 proto:ﬁs. Therefore, 2-H
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should have a higher relaxation rate compared to other ring protons.
" Both 5-i-and 6-H have one neighbouring proton each to provide relaxation
pathways. The faster relaxation rate of 6-H than 5-H may be due to a
{

contribution to 6-H from the quadrupolar nitrogen nucleus.

In 1-CH-4-pyrimidone (bromide salt), 11, as with the other

4-pyrimidones, 2-H relaxes much faster than the other r-l‘n@s,
probably due to the proton at N-3 as well as the methyl protons the

N-1 position. 6-H relaxes faster than 5-H because of the l-()ﬂ3 group. -

5-H has the .smallest Rl; as expected. '

TABLE 6.5

' ! T ‘ -
PROTON SPIN -LATTICE. RELAXATION RATES (BJ; sec 1

) oF

4-PYRIMIDONES (determined by non-1inear régression method) .

No R R 2-4 N-H 5 H 6-H .  N-CH,
9a - H © .61 .78 0.25 0.51. -
h (2.44)  (3.12) (1.00)  (2.04) , =N\
9 - b 0.% - 0.20 0.23 . -
‘ 1) - ) (1.00) *  1.15) -
0 - CHy - T 0.2 - : 0.16 0.23 0.41
.63 - (1.00)  (1.44) (2.56)
e S - 0.4 0.88  1.52
. (2.93) - - (1.00)  (1.68) (2.81)

( ) normmalized R1 values.

SOLVENT EFFECT

The quadrupolar relaxation time of the 14

v

r
N )

¢

N nucleus can be expressed

R ——"




expect, in NSO-dG solvent , scalar coupling relaxation due to a
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by,
IP ;-1 - f 32‘39 th . - (2.5
R G A .
e/ h = quadrupolar coupling constant
tq = molecular correlation time.

In the simplified case of the rotation of a sphere of radius a 4n a

‘mediun of viscosity n one has:

° ' 4'}7” a
tq e . (2.6)
IKT ' !
K = Boltzmann's constant - .
T = absolute temperature

According to equation 2.5 and 2. 6,'the quadrupolar relaxation time

14

of the ~°N nucleus (Tgl depends on the v1scosxty of the solvent. For

example, in a highly viscous 501vent, rotatlonal correlation time
increases, while Tg (quadrupol‘ar relaxation time)( decreases, so that
qﬁadrupolar relaxation becomes more effective. Therefore, one could
14y

nucleus to be more effective than in acetone—de (a 1ess viscous

- solvent) .’ :

. Pyrimidine has two identical resonance structures , IX and X, which

make 4- and 6-H chemically equivalent. Therefore, 4-: and 6-H have same

chemical shifts and same Rl values.

In both resonance structures, 2-H is ad\jacent to a C=N bond of bond

order 2 compared. to 4- and 6-H.

As _has been seen with the R1 values of 2- pyrimidones and

—pynmdones, enhanced relaxation rates possibly attrlbutable to scalar .

.t Lo
v ' ey [N
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IX , o X

rélaxation of the second ki'nd were observed for the R1 values of
K —protons to sp2 h'yb;idized nitrogen atoms in pyrimidine. .
’ According to the scalar coupling relaxation mechanism, it is
réasgh%ble to expect higher R, valués for three protons in pyrimidine
(i.e{. 2-, 4-, and 6-H) than for 5-H which has only two neighbouring
protl.'ons to provide relaxation. But 2—-H in pyrimid.ine has much higher
relal(‘xation rate compared to 4- and 6-H. This is expected,.sincvée all the
ti_mer‘2--H is adjacent to an sp2 hybridized nitrogen through a C=N bond.

\As i.n the cases of 2~, 4-,+and 6—H'in ‘pyrimidine, ‘a higher
rela,xaf:i-o‘n rate for the 2-H in' 3—methyl—‘4-pyrimidone can be due t:<'>‘
scalar relaxtation of the second kind. In addition, 2-H can also get .
some of its relaxation from th‘e 3-methyl protons in the pyrimidone.

Results in Table 6.6 show th;t in both -pyrimidine and 3-—CH3-4—
pyrimidone, r‘ing protons have conéideraf)ly higher R1 values in DMSO-d;3
than in' acetone-dc. Furthermore,‘the diffe‘rence“ of R, values between
2-H and 6-H's in l;oth cases is much m;)*re striking in the

‘ ‘dimethylsulfoxide—ds data (Table 6.6) than in the acetone—dé data.
According to equations' 2.5 and 2.6, scalar relaxation due to the

4

quadrupolar 14y hucleus can be more effective in highly viscous solvents

‘

than in less viscous solvgnts. The experimental results support the

'y

. ‘ ' ! -
N . = . '
. ) . : I P sy



- 145 -

existence of é,calar coupiing relaxation of the second ki from the

‘quadrupolar 14N nucleus for pyrimidine and pyrimidone type compounds.

o,

4

TABLE 6.6

PROTON SPIN-LATTICE RELAXATION RATES OF PYRIMIDINE AND

3-METHYL 4-PYRIMIDONE IN DIFFERENT SOLVENTS (determined

by non-linear regression method).

SOLVENT 244 4K 5-4 6-H 3-CH

T

DMSO-d,. - 0.54 0.34 0.13 " 0.34 -
(4.15) (2.62) (1.00) (2.62) -
ACETONE-d;  0.13 0.12 0.12 0.12 -
(1.02) (0.98) (1.00) (0.98) . )
DMSO~d. -0.26 - . 0.16 0.23 0.4l
(1.63) ‘ . (1.00) (1.44) . * (2.56)
ACB'I‘ONE:Q& 0:16 - 0.15 «  0.16 0.22
(1.06) 5 ‘ (1.00) - ‘(1.06) (1.49) °
) \ : s

() normalized Rl value

’
\

_ concLusION

* The study of Iy ‘R1 measurements of pyrimidones has demonstrated .two'.

important factors. One is that scalar relaxation of the first kind
becomes dominant over the dipole—dipole relalxat:ion. in compounds where
‘ex'(change takes place, as in 2-pyrimidone, D-2-pyrimidone, 4-pyrimidone
and D—4-pyri}nidone. Secondly, eve;q in .non exchanging systems, scalar

relaxation of the second kind may play a par‘t ‘in the relaxation

N »
1y

R e N e e
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of protoné which are aajacent to sp2 hybridized nitrog\en atoms.
Further, in certain cases 1y Rl values may be used to correlate chem ical 1‘,
shifts in a straight forward and unambiguous manner e. g¢g. for
1,3-dimethyl-uracil and 1, 3-dimethyl-2-pyr imidone.

The study of lH Rl measurements in c}ifferent solvents supports thé
existence of scalar codplihg relaxatidn due to the quadr\:lpolar ldy
) nucleus for simple pyrimidone and pyrim\idine type nitrogen heterocyclic ‘ 3

1

compounds.

1

- .
MISCELLANEOUS COMPOUNDS - .

As in the case of the pyrimidones, the effect of an a@ditional
14

'

relaxation mechanism associated with the N quadrupolar nucleus has

been seen on the proton spin-lattice relaxation rates of pyridine and
1]

some related bicyclic héterocyclic compound s,
¢

, In pyridine, XI, the three protons 3-, 4-, and 5-H have two

neighbouring protons each, whereas 2 and®6—H have only one neighbouring

proton as a source of relaxation. If all the protons rel'axed only by

bkt

the intramolecular dipole‘—dipole relaxatiénvmechanism, one. would expect
3~ 4-, and 5-H to have the same R, valﬁe, highef than that of 2- and {
6-H. However this is fourd not to be the case. 2-H and 6-H relax much
fgéter than the other ring protor.'xs. 'I‘hesg high relaxation rateﬁfor 2-,
and 6—H: which are dito sp? hybridized nitrogen, may be :ttribqtable to -

scalar coupling relaxation of the second kind with the 14y quadrupolar

nucleus .
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XI

P

Quinoxaline |

¥

In quinoxa'line, XII, both 2-, and 3-H are ¥-hydrogens to sp2
hybridized nitrogen atoms ar)c}?}}ave one. neilghbour each as a source of

relaxation. Hence they can relax gaclh oi:he'r efficiently by the

dipole-dipole relaxation mechanism and may also be influenced by scalar
coupling relaxation of the second kind with the 14y nugléus. Therefore,
one can expect them to have higher relaxation rates c?mpared to other
ring protons. But experimentally 2-—; and 3-H relax slower than all
other ring. protons. | ” o '

Al 5

According to experimental results, 5- and 8-H, which have one close

' n81gl’bour and a meta proton each as a source of relaxation, relax fast:er ‘

than 2- and_ 3-. The small R1 values for 2- and 3-H suggest that the )

less significant scalar coupling relaxation of the second kind may be

-~ ' .
dué to small quadrupolar coupling constants re;ulting from different

-geometries of the quadrupolar nitrogen nuclei. Since both 6~ and 7-H’

have two neighbours each as source of relaxation, théy have higher R1

values compared to other ring protons in quinoxaline, as expected.

t
a

Quinoline .

. 2-{ in quinoline, XIII, is the d-proton to‘the ;p; hybridized

mtrogen atom, and has one nelghbouring proton as a source of

vay




ul,

'D

. . - .
: effect; of a small quadrupolar coupling constant to the

* are not d-hydrogens to sp

XII

r:elaxe;tion. 3-H has two neigl’bouring protons whereas 4-H'has one close
nelghbour and a proton from ‘the carboxylic r1ng as source c;f relaxation.
If the relaxatlon of 2-H mvolves a sigmficant contribution from ‘scalar
coupling relaxation of the ‘secc’md kind invaddition to dipole-dipole

relaxation from its neighbour', one can expect the highest RL value for,

2-H compared to other protons on the heterocyclic rihg. But
. I B

ex‘perimeptally it hds the smallest Ry v;alue._ This could be due to the
14t~l quadrupolar
nucleus. Scalar coupling relaxation of the second kind is very
dependent on ;:he quadrupolar coupiing c.onstantb. : o~ \

Both 4~.and 3-H in quinoline have the same number of. neigi\bouring
protons as sources of relaxation. If the . two rings of qu1noline
molecule are planar, the distance lbetween peri hydrogens and the
adjacent hydrogens should be almost the same. Therefore, it might be
expectéd that 3-H and 4-H would relax at almost, the same rate. But
experimentally 4-H relaxes someﬂuat’éaster than 3-H. Both 3- and 4-H
2
theser protons should relax exclusively via dlpole- dlpole relaxation

mechanism. Because the effxcxency of dipole—dlpole relaxation depends

on the dlst-ance, h1gher R1 value for 4-H- may be due to the short.

distance between peri hydrogen atoms compared to the distance betwee}\

the adjacent hydrogen atons. i o

or ,sp3 hybtidized nitrogen at:om. Therefore

PRSI
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'®  Further, 5H relaxes some what faster than 6-H even though both
" have same nmn"be; of neighbourihg protons as source of relaxation,

¢

: cdnfirmigmg that 5-H get more relaxation from its neighbour peri hydrogen

‘(4—H). This also suggests the idea of smallqd.istance between peri

hydrogens comparéd to distances between adjacent ring hydrogens.

- 1-12 ! 1'% ' ° ”
194

164

XIII

|
6- and 7-H have two neighbours each to provide relaxation.
Therefore, they should have the same relaxation rates. Experimental'

» results show that this is, indeed, the case,

i

Isoquinol ine ,

In isoquinoline, .XI1V, 4-H has one neighbouring proton from the

. aarbéxylic ring in addition to its immediate neighbour, 3-H, to provide

relaxation. l— and 3-H are c-protons to sp hybridized nitrogen, and
both of them have one neighbour each to get relaxation.

In a planar b1cyc11c compound the distances between peri hydrogens |
are almost the same as the distance between adjaceént protons on the
ring. Thereforé, if the isoquinoline ring system ia planar~it is,

reasonabla to expect similar relaxation rates for 3- and 1-H. But

~_ expenmentally l—H relaxes sonewhab faster than 3-H. There are - two

possible reasons fox; having higher relaxation rate for 1-H compared to .

3-H.

ot



-

. S o150 - ’

_ 'Ohe‘ reason could be the scalar coupling relaxjtion of the secdnd

kind of the sp? hybridized 1% quadrupolar nucleys. As we noticed in ..

‘the case of pyrimidones and pyrimidine, protons &-to sp2 hybridized
nitrogen atoms relax much faster than the protons which relax

exclusively via the dipole- dipole relaxation mechanism. If the scalar

relaxation of the second kind is the reason for the higher Ry value of

l;H, the same /effect could have been Yobservec.i for 3-H elso. Since this
is not the case, soalar relaxation of- the second kind would not be the
reason for the hig”r')e”r ‘R'l value of 1-H. |

The relati;/e insignificanee’of‘scalar cou{)ling relaxation of\ the
second kind for 1- and 3-H' 'in ‘iiso‘_quinoline suggests that the quadrupolar

o /
coupling constants are small.

| o
If all the heterocyclic rlng protons m isoqmnoline relaxed only'

by the d1pole-—d1pole relaxatxon mechanism, one . should expect 3- and l-H

n

to have the same Rl values. However this was foundrnot to ‘be the case.

‘I‘hls suggests that relaxation between. peri related protons is more .

efficient than between vicinal protons.

. | , . I'q ¢ " "\ ' ) .
5-H. and .8~H, in the aromatic ring have the same number. of

nelghbourmg protons to prov1de relaxation. Therefore one could expect

the same R1 value for both. But expenmentally B-H relaxes slightly

faster, confirming that 8-H gets much of its relaxation from the peri

9
, B

e

PR, S
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hydrogerg(1-H) . .

Quinazoline . -
Both 2-, and 4-H in quinazoline, XV, are &-protons to sp2

hybridizéd nitrogen atoms. In additi‘on, 2-H is located between two épz g
hybridized nitrogen atoms. If these protons relax with a significant

contribution fram scalar coupling' relaxation of the second kind, one ‘
\ sl'\\ould expect 2-H to relax much faster than 4-H..

'Furth'er‘,_d-ﬂ can .also get some extra relaxation from it-;s
neighbourihg peri proton (5-H). Thc‘erefore'\one could also expect a
slightly higher dipolar R, value for 4-H than 2-H. However 8 yhigherl

relaxation rate for 2-H is observed.

t

.90 150

. A | , .

Both 5~ and 8-H have the same nuﬁber of neigtbouring. pfotons on the
homé;cylic ring to -provide relaxation. ' In addition, 5-H has one more
. proton fram the homocylic ring -as a source of _relavaation; _'I'riérefore,i
5-H should Erelax fa:-.;ter than 8-H. ,Surprisingly', 8-H 're'la'xes faster than
5-H, possibly Que to some cont;ibutidn' to 8-H from the quadrupolaf 14 -
nuclle'us—.' Both 7-H anci 5-H have two close neighbours, and botim have thg
, ‘.samelRl -value.' As in,isdqqinoline, these two protons are tightly .-

coupled, thus the measured Ry values are only averages.




- 152 =
1

Conclusion

In£erpretation of tﬁé Rl values of the pyridine ;nd
pyrimidine-type bicyclic-hetérocyclic compounds has been based on the
assumption that re&laxation proceeds only via intramolecular ﬁechanisms.
In order to Iaccount for the enhanced relaxation rates of i:rotons d-to
nitrogen atom;} it has been necessary to invoke significant
contributions from scalar coupling of the second kind. A difficulty
w%th this interpretation is .that contributions from this mechapigm are
expected to be small because of the lérge’difgerence Sétween the Larmor
frequencies of Ly and 14 N. The possibility, therefore, that an as yet
unaccohnteé for mechanism contributes must be considered.

The most likely candidate{woula appear. to be contribution from’
paramagnetic ions specifically coordinated to nitrogen. -Although the
. qompounds used in this study were subjected to normal purification
procedureé and the glaésware was cleaned under normal conditions, some
contamination may have, been present;

it is strongly‘fecommended, therefore, that some of these’
© experiments be repeated following riéorpué purification and, cleaning

procedures.

\
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ssnscué/ PULSE EXPERIMENTS
/ B

Protbns in pynmdones, pyr1m1dme and similar types of biCYCllC

compounds which are «- to sp hybrldlzed n1trogen atoms or adjacent to

593 hybridized nltrogen atoms which are influenced by chemlcal

., exchange, ‘jhave- unusually high R, values. These high R, values have been
attr‘ibuted\ to scalar coupling of the second kind or first kind with the

' quadrupolar 1 4N nucleu.;:.”.

- The Qelectwe relaxation rate of a-particular proton can be
determmed\ simply by using a highly selective 180° pulse for the proton
of mteresp and then monltormg the _recovery rate of that proton using
the usual non - selective 90° pulse. This relaxation rate is dlfferent

from the non-selective value because cross relaxation to the

 {unperturbed) spins in the system has been e‘ffectively shut off. TIf it

is correctnto assume that the only relaxatiofx interactions are 100%
dipolar the following ratio for a pseudo first order spin system would

be observed:

=1.5 . (2.16)

where Rl(ns) is the relaxation :;.ate follewing nen-seleetive exbitation,‘
"and Rl(s) is ,tﬁe co‘rrespohé,ing\ rate fel'lowinq {single) selective
' excitation. | ‘ ’\ . |

" Equation 2.‘16 theu embodies lth'e cri'terion used(f:o definebthe extent
to which a particular proton relaxes via the dlpole-dlpole mechanlsm.
It is this quahty control experiment whlch confers a major advantage to
the relaxation xpethod qover the }NIQE method.‘ The equlvalent quality

| . S
control experiment’ for the latter would require all but g‘;\e receptor

&
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resonance to be saturated,
It has been assumed that molecules tunble in the extreme narrowiné

2 2<<l) in.which case the measurement of spin-lattice

region (w
relaxation parameters is independent of the observing frequency of the
sg;ectrometer. Under this conditipn it has been shown that foi‘
completely‘dipolar interactions in homonuclear spin systems Rl(ns) /};l(s)
=15 (equation 2.16). This: 15 no longer true if the extreme narrowing
eo}?dition i3 not satisfied. It is further assumed ;hat' the relaxation
mechaniam is entirely intra- molecular aipola;. Thus for a proton spin
system the ratio of R, \;alues(for non-selective and selective pulsoe
experiments is ‘also a measure of the effectiveness of ineernroton
' dipolar interaction. Therefore, theory states that:. if a' particular
proton relaxes exclusively via the intramolecular dipole-dipole
relaxation mechanism, the Irat:io given in 2.16 should be 1.548'54. If
none of the relaxation eomes from this mechanism then the ratio would be
unity. [

The contribution of non-dipolar mechemisms such as scalar co‘upling
relaxation of the fi'rst and second kind due to the 14y nucleus for some
of the ring protons in simple nitrogen heterocyclic conpouﬁd;s can be
identified from selective pulse experiments.

In parallel to the non- selectwe relaxation measurement
experiments, selective Ry values of all the ring protons of pyrimidine,
2-pyrimidone 3-methyl-4-pyrimidone and 4-pyrimidone were detemined
us1ng the standard two pulse®® (180°-t-90° pd) sequence. |

The set of spectra shown in Figure 6.2 illustrate a typical non-

selective relaxatlon experlment using a two pulse sequence. The motion

SEghe nuclear magnetizatlon of each proton can be pnog resswely

-

—
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followed as one proceeds from spectrum &A~--—>S The spectra given in

Flgure 6.3 are typical of a smgle sélectwe 1nversion recovery
i
xpenment. As the motlon of the selecti,vely perturbed spm is followed

through the partially relaxed spectra, iﬁ is seen that t:he‘selectiv'ely
. \ .

inverted magnetization relaxes very slowl&v compared to the non-selective
. \ :

experiment.

L}

One of the other experiments one could perform to confirm that some

of the ring protons in simple nitrogen hetérocysclic compounds relax by

mechanism in addition to the intramolecular:\dipolar-dipolar mechanism,

is the Nuclear Overhauser experiment. The N"uclea.r Overhauser effect is
intimately related to ‘relaxation processes. Thé NQE specilf‘ies a
variation in the slignal intensity of spins I produced when the
resonances of other spins, S, which interact with I through relaxation{
are saturated by means ‘of a complementary rf field. Since the
Overhauser faétors are controlled by dipolar mechanisms tlley also vary

with the inverse sixth power of internuclear distances.

RESULTS AND DISCUSSION

It' was shown in chapter 2, equatio‘n'z,.’lG, that the ratio of
nonselective and selective R, values for proto::u i should be 1.5 if all
of the relaxation of spin i arises via dipole—dipole interaction with
the: other spins which are influenced by the non-selective pulse.

The ratios of R (ns) /Rl(s) for H-5 in all the compounds (Table 6.7)
‘range from 1,48-1. 51, showing t:hat this resonance relaxes exclusiVely
v1a~d1pole.—d1pole interaction. This is expected because H-5 is not

adjacent to’'an sp2 hybridized or sp3 hybridized nitrogen atom in any of




- 156 -

€

these compounds. Therefore, it can relax oniy via the d‘ipole—dipole
.relaxation mechanism from its neighbour proton.s. . ‘

Although this ratio‘ strictly includes both inter and intran‘qlecular
contributions, it seems reasonable to assume ‘that, -under the cpndit_ion
which pertain here, intermolecular interactions are r{egligible.

The ratios of Rl(ns)/Rl(s) for H-2 in all three compounds excepi:
2-pyrimidone, range 'frcm’ll.OO—l.ls. This indicate that this proton does
not relax exclusively by the intramolecular dipole-dipole relaxation
mechanism, but also by some extra relaxa‘tipn mechanism. As suggested
before, this extra relaxation mechanism could t;e scalar coupling
relaxation of the first or second kind due to the 14y quadrupolar

' nucleus. | o

The 2-H protons in both pyrimidine and 3-methyl-4-pyrimidone are ol
‘to’ spz—hybridized nitrogen atoms. ' In gddition, 2-H in 4-pyrimidone is
o~-to an sp3—‘hybridized nitrc?geln atom 'wh‘ich is influenced by proton
exéﬁange. Therefore, it is expeéted that' 2-H in all three compounds may‘
relax with contributions from 'a non-dipolar relaxation mechanism e.q.
scalar coupling Ljelaxatio;'i.

In pyrimidine and Z—ioyrimidone', 4-, and 6-H are chemically
equivalent and have the same R‘l values, and hence the same ratio of

. R (ns) /R (s). 4~ and 6-H in pyrimidine have a ratio of 1.36, indicating

that these protons get some relaxation from some other mechanism in -

addition to 1ntramolecular dlpole-dlpole relaxation mechanigm. This is

cons1stent with thelr location ol—to an sp —hybridized nitfogen atom.
Slm‘llarly, in 2—pyr1mido?e, -4 and H-6, which experience the

efl_fgct of chemical exchange t:.\aking ‘place between protons on the‘ twc;

nitrogenatoms have a Rl(ns) /Rl(s) ratio of 1,00, confi'rming that these
) . '

L ey

i
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protons relax mostly by scalar coupling relaxation of first kind, as
expected. . T .

2—hybridized nitrogen atom. In

H-6 in 4-pyrimidone is &~to an sp
addition, it experiences. the effect of chemical exchange process of 1-H
between Nl” and N3. 'Ihe‘lrefor‘e, H-6 can also be a potential candidate to

‘ exper‘ience scalar coupling relaxation of the first kind. The ratio of
Rl(ns) /Rl(s), for H-6 is 1.10, again confirming that it relaxes moétiy by’
a non—dibole—dipole,relaxation mechanism. In contrast to H-6 in -
4—pyrimid6ne, 'H-6 in 3-methyl-4-pyrimidone has a ratio of 1.45, showin;;
that it relaxes mainly by the dipole-dipole relaxation mechanism.

NOE difference experiments for pyrimidine showed that irradiation

"~ of 2-H, which ‘i’s’“&lwﬁ"*éﬁz:ﬁﬁmﬁgdhﬁ itrogen, caused no obsegvable T

enhancement of the other proton signéls, indicating that 2-H relaxes

14

exclusively by scalar coupling relaxation of the second kind to the N

quadrupolar nucleus. Bu;: an irradiation of 5-H, significant -
enhancements of the 4-, and 6-H proton signals weré observed; confiming

that 5-H relaxes primarily or exclusively by the dipole-dipole

relaxation mechanism., Irradiation of the 4-, and 6-H. transitions »

produced the expected small enhancement of the 5-~H signal, confirming

that these protons get some relaxation from 5-H via the dipole-dipole L L

mechanism in ;gddition to other mechanisms.
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- TABLE 6.7

@

¢

' NON SELECTIVE AND SELECTIVE SBIN-LA'I"I‘ICE RELAXATION RATES OF

SOME COMPOUNDS IN DMSO-d6 SOt..UTI(N (degassed)

1

Coznpomd‘ Experiment - Relaxation rate (sec =) values
| | 2 4w 5-H 6-H
' -

é-—Pyri'rtiidone Non-selective .263 .184 .203
| Selecéivey . .184 124 .184
" Ratio’'1/2 1.10 1.48 1.10.

Pyrimidine  Non-selective .60l .385 .136 .385
Selective 572 .283 .091 .283

Ratio 1/2 1.05 1.3 1.50  1.36

4-Pyrimidone Non-selective .380 | .125 .350
Selective 377 .083 .318

Ratio 1/2 1.00° 1.51 1.10

3-Methyl-4-  Non-selective  .126 - .071 .074
pyrimidone Seléctive » .109 .048 .QSl
Ratio 1/2 1.15 1.48 1.45

Conclusion

Selective pulse experiments provide evidence for the contribution

© of mechanisms in addition to the intramolecular dipole-dipole mechanism.’

>
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Figure 6.1 Stack plot displaying & selected series of
partially relaxed spectra of 1,3-dimethyl‘uracil,
. taken for various delay times, t, in the inversion
* recovery method
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