Oz i

- were established. A Vinear relation between chemical shifts End'electro-

.
P

-

substituents was observed. Free energies of activation for internal

rotation-were gbtaingg\jizzgthe temperature dependéﬁt 1H spectra of

‘three compounds;. the rotational barriers are lower than in corres-

ponding thiohydantoins.

L)

T Characteristic 3¢ chemical shift ranges and substituent shifts

negativity of the ortho Ha]o aryl substituent was observed. Transmission

of substituent effeéts has been considered in terms of dihedra]_hng]es
between rings.
L J

Proton spin-lattice relaxation rates in ihésé compounds have

»

been measured in order to establish the relative rates of protons in

/.
different epvironments and the influences on the rates. Evidence for

anisotrop%c motion of the deecu]es. and inter-ring re]axation mecha- .

) N/
nisms has been considered. .

-
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' advances over the older established

.Because. of the much greater chemical shifts of

.ktypically 200 ppm versus 10 ppm), and the fact that

. PR

’ ‘ INTRODUCTION

i

uuéﬂear magnetic resonance (n m.r.) spectroscopy has become one

of the most powenful techniques availdbie to the chem1st[fnf the inves- '

tigation of the structure and stereochemistry of organic\mpjecu1es.

The technique can be applied both to conformationally rigid ang

to conformationally mobile molecules. In the latter case, dynamic.

~ nuclear magnetic resonance (DNMR) studies can provide quantitative data

on the rates of conformational exchange processes, and on the activation
parameters?. In many respects, n.m.r, methods can provide information
on molecular structure which is not available from other spectroscopic

techniques (e.g. fnfrared, Raman, etc.)z.

. 3 ‘QD’ -
The introduction of ]3C n.m.r. spectroscopy provided a number of
1H n.m.r. methods for the investi-

'gation of the étructures of complex organic or biologica? molecules. .

13C than 1H specfra

13C spectra are
normally recorded with proton decoupling, most carbon signals in’ -
camplex molecules may bé differedfiated " However, 130 n.m.r. spectros~

copy has its own 11m1tations as a result of lack of sensitivity due to

_the relatively sma]lfmegnetogyr1c rat1o and the 1ow natural abundance .

4

(1.1%)of the 3¢ nuclei. These 1nconven1ent propert1es1of the 3¢
< LY
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_ nucleus have been practically overcome by taking advantage of the
increase in éensitivity provided by the nuclear Ovefhauser effect (NOE)3
and the utilization of efficient sigﬁal eﬁhancemeﬁt techniques availa- —~~
ble through’the use of the pulse Fourier transform method 4. -

Advances 1in e]ectronics'(which have improved the sensitivity of n.m.r.
spectrometers) and the widespread use~of dedicaied mini-COmputers‘have

13

made C n.m.r. spectroscopy a routine tool ‘for structure determination.

The recent availability of high-field'(supef;;nducting magnet)
hlﬁ.r.spectrometers has provided a further etus for ]H n.m.r. studies.l The
nuch greater chem1cal shift d1spersion at he h1gher f1e1ds and fre-

quencies now available has reduced a number of the difficulties associated

with |

H n.m.F. spectra, e.g. spectra which are second-order_(and difficult
to interpret) at low fields may become essentially first-order at high

. fields, and the problems of overlapping signals may be dramatically

| reduced. A further benef1t of high field/frequency operat1on is an
increase of sens1t1v1ty, so that smal]er samp]es are requ1red The
introduction of pulse Fourier transform high-field spectrometers has

been accompanied by improvements in the instrument computers and their

assoc1ated hardware, and in computer software so that very sophisticated

exper1ments can now be carried out on a routine basis.

&
\

" The work reported in this thesis represents several aspects of
the application of n.m.r. techniques to problems in organic chemistry.

s
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“ BACKGROUND OF THIS THESIS 3

For a number of years, there has been considerable interest in conforma- "
tional interchange processes' involving restricted internal rotation Qgggx ,é
single bonds'. An aspect which has been investigated in the laboratory of ¥

Professor L.D. Colebrook has been biphenyl-1ike isomerism in compounds in
which there is steric restriction to internal rotation between two ring
systems Tinked by a C-C or a C-N bond. '

T

o

-

Ba

. i
¥
N
4
. ]
The studynwas initipted by .Jahnke5 and Ber;tzs’g who determined barriers ‘
to internal rotation in- some naturally occurring (I) and synthetic >
_biphenyls (II) and triazines (III), using complete 'H n.m.r. line @ T
shape analysis. . . . . ,;,;
- . ) - : ".i
\ o o “5"
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Investigation of restricted internal rota}:ion in 3-aryl
hydantoins (1V) was initiated by Fehlner 7. and continued by

Granata Br'using the same techniques.

—N
.N />-7NH2 ' (")“'

vt T

0 R y

.
b " i’

? ® N i

Kinetic and thermod&namic data for 3-aryl hydantoins with

3 ' »

{
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a variety of gubstituents’on the heterocyclic and aryl moieties
. were obtained; so that the effects of substituents on the :
conformational stability of thgnno]ébu1es could be established.

10

tr

s Later, Giles introeduced studies of 3-ary1-2-th%ohydantoins

1 £

. LS
’ ¢ [

-

R s

N

demonstrating that conformational stability is higher than in the ,

hydantoin series. In certain cases one diastereomeric rotational

. isomer could be:isoléted, and the rotationa] barrier evaluated by,

SR o

measuring the rate of return to equi]ibrium.'

—
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. , ,
1-aryl substituted hydantoins {VI) were investigated by *

H with special attention being given to solvent effects

- Icly
and the thermodynamic parameters associated with restricted
internal- rotation. ﬂj

‘1,,/
. l \

X 0 .
\
po

o :X&o ()

1 Ry

y(‘

Corresponding T-ary]-z-thiohydanto%ns (VII) were studied by

Khadim 12 using comp]ete 1ine shape ana]ys1s substant1a11x_higher .
barr1ers to internal rotation are observed when a 2-thio rather

y P
than a 2-oxo group is present. , -
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In related investigations, Fehlner 6 measured the rotational

barriers in a series of 3-aryl quinazolinones (VIII) using

N\

H]

complete line shape aﬁa]ysis, whi1e’Gi1es 13

L] *‘T‘ ]
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Ty

internal rotation about aryl C-N bonds in 2-benzyl-3-aryl-4 (3H)-

—

quinazolinones (IX).

Carbon-13 n.m.r. studies on compounds from these series were
14

-

initiated by Williams' " who examined the spectra of a number of

3-aryl hydantoins (IV) using the continuous wave (G.W.)*mgthod,
<11

. and by Icli’ ', who ﬁnvestigated 1-aryl hydantoins (V1). s

13

tater "°C n.m.r. studies utilized the pulse Fourier transform

12,15

teghnique ; Khadim investigated 3-ary1-2-thioﬁydantoins (v),

N-aryl isoi xlinones'(x). and 1-ary1-2-thiéhydantoins (vir),
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while Musty.-'6 measured the ]3C spectra of 3-aryl 2,3-dihydro-4(1H}-

-
¢

quinazolinones (VIII) and 3-aryl 4(3H)-quinazolinones (IX

»
.
e
-
o

These carbon-13 n.m. r. studies had two major aims:

a) to.use ]3C spectra as a source of stereochemical information,
by investfgating the.circumstances under which diastereoto-
_ pically.related carbon atoms {n enantiomeric rotational
- ) 1somers and correspond1ng cacbon atoms in diastereomenlcally

. related rotat1ona1 ]somer!, may be distinguished;
/

blﬁto proviQé information on the effects of substituents on
" heterocyclic system carbon chemical shifts, and to identify A
characteristic chemical shift regions.

14 i : B

N
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_ OBJECTIVES

< ~y
The present work was intended to provide information on a stereo-

chemically similar group of compounds, 1—éiy]—4,4-dimethy1—2— ’ g

methylthio-2-imidazolinones (XI),

C}43

O | -
Ar————Nwl/CHg,, - (XD ‘(

V)

Py

o

CH3

‘

most closely related to the 3-aryl-2-thiohydantoins (V) which had

”—-'-«m:t-)-'-’._n.‘bo‘l-' P

previously been investigated, The investigatiqn was divided into

three sections:

/ R

I e

a)’A.]H n.m.r. study was aimed at investiggting restricted i
intérnai rotation about the aryl C-N, bond, with the %
?ossibi]ify that barriers to internal rotation could beé i
measured Ey M Yine shape ana]ysis; It was hoped that . ' \ 2
this study would provide qualitative information on the S &
h‘&steric éonéribution of the -5-CH3 group relativg to thét ’ .

of the =S group .(in 3-aryl-2-thiochydantoins).




) . 11 j
~2 P .fe
g 7
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b) A carbon-13 n.m.r. study of these compaunds was undertaken -
\ oy in order to provide chemical shift and substituent effect . °
information on a class of heierocyc]ic compounds for which »

ks

- no ]3C data have appeared in the literature.
c)A proton spin-lattice relaxation study was undertaken (using
} )
- a super-conducting maghet spectrometer operating at 270 MHz)
to evaluate the potential of 1H relaxation to provide
information on the strusture, stereochemistry and (possibly)

anisotropic motion of a class of heterocyclic compounds. ‘ ' '
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CHAPTER I

]H n.m.r. spectra of

1rary1 4,4-dimethyl- 2-methy]thio—2 imidazolin-5-ones

Introduction

Studies of conformational isomerism in a nupber of types of
N-aryl substituted heterocyclic compounds, using proton nuclear
magnetic resonance spectroscopy, have previously bken reported
. In part1cu1ar, restr1cted internal rotat1on about
the aryl C-N bond in-3-aryl-5, 5 dimethyl-2- thlohydant01ns, and
the1r 5-monomethyl ana]ogue§,;has been investigated, and barriers

to rotation have been measured 2’8‘]0.

12




! : :
. The barrier_to‘internal rotation in ortho aryl-substituted compoﬁnds
is consistent with the relative sizes of these groups, i.e. the ~
barrier is largely steric in character. Further, comparisons of the
rotational barrier in the shiohydahtqins and corresponding hxdantoins ,
show that replacement of 'a 2:C=0 by a 2-C—=S group causes a large, ; ‘
\4 “inCreése (@ ~ 7 Kca1/mo‘le)7 in the barrier to interpal rotation. The

rdtational barriers are sufficiently high in some of the thiohydantoins

:that conformational isomers may be isolated at nFrma1 temperatdre57’ 10' . .

)

4

In view of the substantial’ influence of the thiocarbonyl group on

o e

the barrier to rotation, a study of the effect of conversion of the
' >C:S %g‘ a }C-S-CH:S group was undertaken, in.the expectation:
that the new series of compounds, the 2-methylthio imidézoliﬁones, wou]d

*

~also exhibit high barrier¥~to internal rotation. Correspond1ng views of -

© Refden sz 1

Space f1111ng models of a 3-aryl-5,5- d1methyl -2~ th1ohydant01n and the
)
g Qequ1va1ent 1-ary1-4,4-dimethyl-2-methyl thio-2-imidazolin-5-one are

depicted in Figure 1-1.

. -

t
;
!
!
4
2
s
4
1
%

~ ) l' o In the hydant01n and thiohydantoin series investigated pipy1ous1y,
.compounds unsubstlzuted in pos1t1on 5 (corresponding to position 4 in
the 1m1dazo11nones), or with mono or dimethyl substituents in this
o | position were prepargd. For reasons associated with the synthe¢1c
; ST pﬁocedures used, only the 4-dimethy1\compounds were prepgred jn the

jmidazolinone serijes. - i .

¥
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* 43 ¢

_High barriers to internal rotation in this series were expected

to be detectable tﬁroygh the appearance of signals arising from the

diastéreotopica11y'reIated gem-dimethyl groups, assuming that
chemical shift differences would besadequate and that infepﬂé] }Qta-

tion would be slow on the n.m.r. time scale at the temperature )

»

" employed. 4

n
L

Splitting of the gem-qimethyI signals at normal prébe temperatures

had previdusly been observed jn the Ehiohyﬂantoin spries.

.

bem

- S | - A

fl
e

L an e A e

ey




A,

. Figure 1-1

Space filling models of:

15 -

LN
3-ary1-5,5-dimethyl-2-thiohydantoin
\
' ' N v \ l/

y ' . ' . 4
H N , ) ' 1 '

. ~ o | ] |

' ‘ 1-aryl-4,4-dimethyl-2-methylthia-2-imidazolin-5-one

’ Jd ‘ \' ! \ 4 . | wiﬂ

R - ‘ v - . T et s - T b e e ey "WM
. - s - - R St e e T et PR S S 9, POk et .
. " e —

- L)
~nrar MMMQ.M%I—W&



16
RESULTS AND DISCUSSION
b r
A e
Proton n.m.r. spectra of the‘]aany1—4,4-d1methy1-2-methy1thio-

2-imidazolin-5-ones were measured at 60 MHz on DMSO-d6 solutions at
. a probe temperature of about 36°C using a Varian A-6CA spectrometer,

and also at 270 MHz' on 0.01 M solutions in CDCl, using a "home-built "///,/””

. [}

superconducting magnet spectrometg} located at the University of
British Columbia, at a probe temperature of 23°C. Peak positions
were measured directly from the A-60A charts for the 60 MHz spectra,
but from computer prlnt-outs of position and 1ntensxtu/for the

270 Mrz spectra, with respect to internal tetramethy]silane in each

3

case.
]

With the exception of compound 2, wh1ch has a symmetrically subst1—
tuted aryl group, all the 1m1dazo]1nones are potentially capab]e of

-~ exhibiting doublets for the 4-methyl groups.

At 60 MHz, using DMSO-dg solutions, only compounds 5, 6 and 7,
showed doublets (see Table 1-1). The chemical shifts and geminal
dimethyl group peak separations for the correspogding thiohydantoins,,
measured dnder sihi1ar conditions,aré'reported in'Table’l-Z. With the higher

dispersion (and lower probe temperature) available with the 270 MHz instrument, .
*

o
A

R il
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using CDC]3 solutions,~all compounds but the 2'-tolyl,‘l, exhibited

. two -gem;dimethyl signals (see Table 1-3), thus.demonstrafing‘slow

L2

internal rotation. .

The separation between the gewina1 methyl signals ranges up to
. M { v

0.076 ppm, and roughly parallels the size of thz ortho sutiituent,

suggesting that the degree 'of separation is associated wi the effect
of the magnetic aAisotropy of the ary] ring; which is a %unct{on of
the dihedral angle between the two rings, as well as with the effect
of ' the substi{Lent itself. The separgtion is greatest for the 1'-
naphthyl compound, 7, for which\a large anisotropy effect js expected.
The failure to observe separafe 4,4-dimethy1ngreup‘signgls 1“’.1' at
270 MHz, may resﬁ]t from inédeqdhte chemical shift differences rather
than from the effects of fast interqa] rotatjoq: Similar small

~

chemical shift differences hdve been observed in relatéd O—tolyﬁ-

substituted hydantoins and thiohydantoins ’*'0-

kR

~
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a " ORIGIN OF METHYL GROUP NON EQUIVALENCE
"

-
A}

Those imidazolinones with unsymmetrically substituted aryl groups
« (i.e. all \%“po'unds' except g). cam exist as two major enantiomeric

rotational Ysomers.

X ’;H3 :
e=={lcHy

. Y ‘.

1

l o CH3 N

. |
» ‘ 3

. ( ~ ‘h
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o
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CHSR, - o CH3 -
< \
0 - »
| CH3 CH
e X .
- . " ’

The two ring . systems'a}e depicted herg'as being at‘right .
angles for convenience; thé'actual angles are unlikely to be 90°

¢ - - ¢
N .

(see later).

~
1

In each of these Cytationa] isomers, the ;eminal methyl groups .
are dihsteredtépic (i.e. havé;different environﬁents) and'§hoyld have
_ different phémical shifts, so that the spectrum‘would consist of a |
doublet. fhe two enantiomeri fbrms wogld be indistinguishable in

achiral media. If rotation a out the arylkc-N bond were rapid on

. . At . .
the n.m.r. time scale, i.e. the‘rotational isomers were undergoing .
. . ) o, .
* rapid interconversion, the doublet would collapse to a sing]gt. — 4 J
- ' . ’ . A Y
. . R . ) .
( 2 : i ',




\

i

-For intermediate rates-of .interconversion, partially collapsed.
] 4 '

’ §pectra would be observed.” No such partially collapsed sepctra

-

or significantly broadened lines, wére observable at. normal " .

\ témperagqr’es at 270 MHz, in the present case.

There exist two possib]e'transition"sotates for interconversion -

of thehry'oiiamers, namely the states in.which ‘the two ﬁ;ings are *

4
co-planar. P )
.
]
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No information on the relative importance (i.e. the relative -
‘ energies) of these two states is obtainable from the present study. - ,

In boéh forms , ssevere steridﬂinteraction between the aryl ortho
sqﬂstjfuénts and the carboﬁy1 oxygen atom and the méthxlthio substi-
tuents of the hetero-ring is expected. The relative severity of
these interactYons is expected to be the major factor wifich determines f

the relative importance of the two possible interconversion pathways.
( N

v

In the conformational ground states of the molecules, two

.,

conformations of the two rings; separated by allow‘ene?gy barrier; )

can be envishged: In these, the driving forcg/towprds cop]anarit; |

of fhe rings, name1y conjugation, 1s balanced by repulsive steric
-~ liﬁteféctioﬁ which is a maximum when the rings are coplanar.

“ These two sub-conformations can be represented as:

>

. ‘ 3

-
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The existence of such conformational isomers can be presumed,

but éxperimenia] evidence for their existence is difficult to obtain,

) 4

L AAD L el il

Interconversion of these sub-conformations (i.e. rotation

PO

about the aryl C-N bond) must be fast on the n.m.r. time scale so
that only the spectrum of the time-averaged conformation can be
observed. : ‘ i

N

The averaged conformation is unlikely to involve a 90°

\
Rk gw. . 0"

dihedral angle in compounds, such as in the present: ser1es, unsym-

metr1ca11y substituted on both rings; ?ﬁk aryl ortho substftuent

v -
i ” v +

() is likely to lie toward the less hindergd transition {co-planar)

2
T e WD S il

. state. Since the degree of steric repulsion between the two ring

systems must depend on the steric bulk of the ortho subsfituent,

3

the "averaged" dihedral angle must also be dependent on the steric

o3

bulk of the substituent.

While a chemica] shxft dlfférence between the gem1na1 methy]
groups can be pred1cted as a matter of stereochemnca] principlé, its
) physvcal'orig1n'1s of 1nterest. " There must be a d1rect ;ontr1but1on

“from the ortho substituents themselves, associated with the electrons

oy
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in the C-X bond (vs the electrons on the C-H bond in the other ortho
position). Differeptia]'inffuences at the two geminal methyl sites
are expected because of the “"cisoid" and "transoid" relationships to

the X-groups. However, this influence might be expected to be small

at the relatively remote methyl group sites.

-
.

The major contribution to the chemical shift difference prpbably ‘

arises from the magnetic anisotropy associated with the aromatit ring

.currents of the aryl groups. Unless the "averaged" dihedral angle

,between the ring §5 90° (which is unlikely for reasons given above)

the two methyl groups will lie in different "shielding - desh1e1d1ng"
reg1ons of the aryl group (F1gure 1-3). Such ring current effects

prqduce”some'of the largest influences on chemical shifts observable
1, 17

AN

in .proton n.m.r. spectra and are thoroughly documented

¢
¢

Another possible contribution to the chemical shift-diffe}ences
betwéen geminal methyl group is thg differential effects of specific -
solvation of the solute mo1ecu]es. A]though the spectra of the %mi—
daéo]indnes were takeﬁ in‘two‘s§1vents,CDCI3 and DMSO-&G, no saich
solvent effects-on the chemical shift differences can be clearly
establfghed, in pqrt because of the Tower chemical shiftrdisper§ion

and the Jower measurement accuracy of the 60 MHz DMSO-dB'spectra.

¥
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The influence of the ortho substituent on the chem1ca1 shift
d1ff§(énce between the geminal methy]l groups is best seen in the
halo—ser1es. ThUS, thelfﬁvalues parallel, the increase in the

steric bulk of the ortho halo substituegt in the series chloro,

bromo, iodo - ( 3, 4 and 5 respectively, see Table 1-3), increasing /

from 0.014 to 0.061 ppm. This shift may be interpreted as being ol

L4 I

predominantly due to a change in the mean dihedral angle between

the rings as the steric bulk of the substituent increases.

-~
N

Interpretation of the chemical shift differences in the other
compounds is more difficult because of the different neture‘of the
substituents. However, the 1argest difference. 0.076 ppm. is

' associated w1th the 1'-naphthy1 compound, 7, which is expected to

show a large aromatic ring current effect. ' \
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, \CONFORMATIQONS OF THE -5-EH, GROUP

Although, in principle, specific conformational preferences
of the -S-CH3 group could Tead to differential shielding or deshiel-
ding bf the 4,4-dimethyl groups' (and ‘to influences on the ch;micﬂ
shifts of protons elsewhgreAin the mo]eculgsl, such effects are.
unlikely to be observed under tHe conditions of the present study.
Rotation about the C,-S bond should be fast at the temperatures

of the measurements. It is probable that the -S—CH3 has a preferred .

BT s AT
. .

conformation with respect to the unsymmeﬁrically substituted aryl

group, so that ‘the enantiomeric relationship between the aryl group

it

rotational isomers is not affected by the conformational preferences

~ of the -Sch3 group. -




A
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4-METHYL GROUP CHEMICAL SHIFTS

The chemical shift§ of tpe 4-methyl groups range from 1.475
to 1.626 ppm, the substituent with the greatest influence being
the 1'-naphthyl group, 7. The éﬁf#% induced by the 1'-naphthyl

group is in the deshielding direction. This shift is c6n§istent

with the Tocation of the 4-CH3 group in the deshielding.zone of“ \>
the naphthyl group; the deshielding effect should.be maximized : X ;

© for dihedra] angles near 90°. The chemical shift of the -S-CH3 !
group in the 1'—naphthy1 compound , 7, is- also cons\stent with a :
i

.a plot of the proton chemical shifts verspé the Pauling electro~

large dihedral ang1e between the r1ngs (see later), Lo
An interesting observation, for*Mhiéh no satisfactory
explanation is obvious, is illustrated in Figure 1-2, which is ;

\m-':gativities"8 of the halo substituents(compounds 3, 4 and 5). The
chemica]'shift of the high field signa) is almost fndependént of the

halo substituent, whereas the low field signal shows an apparently

]1near dependenceon the e1ectronegat1vity, the methyl s1gna1 of N

the iodo compound, 5 appearing at lowest f1e1d ance 1t is T,

)1.
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difficult to see how a through-bond électronic effect of sufficient: }
magnitude could be operative, it is probable that through-space
effects, possibly cdupled with the influence on dihedral angles,
;f changes in the steric bulk of the substituents, are largely
responsible. - ' ‘
i
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S-CHy CHEMICAL SHIFTS

The ‘chemical shifts of the -S-CHs protons range from 2.466 -
to 2.529 ppm, the.highest field signal appeéring in,the'spéctrum of
thel'-naphthyl compound,_z. Thts upfield shift is'consistent,with
the large magnetic anisotropy of the naphthyl group, provided
that the dihedral angle between the‘rings is large enough
that theK—S:CH3 groﬁﬁ iies in the shie]ding region (see Fjgure‘1-3).

Thus; the -$-CH3y shift data provide further evidénce for a large

dihedral angle.

The lowest field -S-CH3 signal is -shown by the nitro compound,

h .
6. An adéquate explanation is not obvious,

e .- - VP - 3 i s i ey “ § e e s e ettt e . R ue———
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4 ) AROMATIC PROTONS

The high dispersion at 270 MHz of the spectra of the
aromati;: ring protonsg, 3, 5and § pe‘mi,tted comp]ete analysis
of the spectra of these four spin systems for all chemical _ ’
shifts and coupling constants. The iodo-compound,.g, and the
nitro-compound, 6, produced particularly well dispersed spect}a ) , B
- ‘\ (see Figures 1-4 and 1-5,respectively). One doublet of 5 was
| masked by the signal from the residual CHC]Q‘in the 99.8% .
CDC14 solvent,'but this did not seriously interfere with analysis | ‘
of the spectrum. Although dispefsion wasvnot as high in the
cases of the éh1oro-C§) and the bromo-(i) compoﬁnd;, all tréﬁsitiowﬁl

were resolved, and analysis was }easonab1y straightforward.’

‘Line positions of the mﬁ1tip1ets were taken‘direct1y from
“the print-outs ofd15ne positions and intensities made by the
sys'ten compufe} in the "peaﬁ pfcking" rJytine.‘,]nitial values |of
the chemical shifts and couplinglconstaﬁts, required for the start ¥

of the iterative ana]ysis,procedure, were obtadned -by approximaﬁe

A Ay ‘ ' 3 .
, . \ i
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*aé Qe assigned unambiguoﬁs1y on this basis. Instead, it was |

first order analysj§; The multiplets arising from the 3' and 6'

-~ yer ,

protons were easily recognized as quartets with one large and one

]

small coupling constant (Corresponding to three-and four-bond
couplings, respectively). The chemical shifts of these protons
were assigned with reference to values reported in the literature

. )
for simiTarly. constituted compounds.
RN

” '

-

’ Attempts\hé§e then made to recognize the multiplets 1n which
the ﬁarge and the small couplings occurredby searching the remaih?ng

multiplets *for sp]ittings‘s? similar magnithdgzl Because of the‘ o

4

[ L aan
clbse similarity of the various 3- and 4-bond qpup]iﬁg constants

“in’ the series (see Table, l-4), the remaining multiplets could not

‘ﬁegéssi?y'to carry out two parallel sets of calculaf?ons to

resolve the ambiguity in the assignment of the signals arising .
.from the 4'- and 5'- protons. \ ' . fo o
A S A

. . " .
Bécause of the similarity in the magnitudes of the 3- and 4-

s borid coupling constants, the;signafs arising from the 4'- and 5°'-

[N e Y

‘protons apbeafed as tFip]etsfof doublets, j.g.~d§£triplétf further p
. R [ 3 AY - e , )

sint,Qz\: small (4-bond) coupling. C L e

. .
|
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g \ The technique of spectral analysis can be illustrated usiog the
example of the 2'-nitrophenyl compound, 6. The specttum of the
" aromatic region (Figure 1-6) consists of two doublets of doublets
v ’ at about.7.4 and 8.2‘ppm, i.e. the high and the low field limits,
~fespectively, of the region. Because of its Tow fie%d chemical shift,
. plus éhe fact that splitting due to only two coupling constants
appears, the 8.2 ppm multiplet can be assign;d nith,cdmpleté ,
cenfidence to Fhe 3'-proton, which is influenced strongly by the

adjacent nitro group. Because of its multiplicity, the 7.4 ppm

multiplet must arise from H-6'. v . -
. The rema1n1ng mu1t1p1ets at about 7.6 and 7.8 ppm, which must

T~ " be due to H-4* and H-5', cons1st of triplets of.doublets. It is not
| clear from a visual inspection of‘the spectrum which mu]tipIet
shou]d be.assigned to H-4! and which to H-5'. The multiplets ‘show

- some second- order skew1ng of 1nten51t1es suffictent to suggest that

‘the larger coupling in the 7.8 ppm mult1p1et is to H-S’, SO that th1s

multiplet ‘should be due to H-5', but the appearance of the multiplets
~does not permit a confident assignment. Since the interpretation of -

the prston spin-lattice relaxation data requires an accurate o
asgignment of these ﬁu]tip]ets, a computer analysis of the spectra

was required. The final analysis was based to some %;tent on the

PP ORI arrep v e g g i - o e - : s e

R




"goodness of fit".criteria returned by the computer, but mainly
on comparison of ‘computed intensities of Tines within the
multiplets with the experimental spectra. Fortunately, the two

modes Ef comparison agreed in all cases.

S

.

The spectra were analysed using the iterative p;ogram

19.

LAGCN3 This program requifes that an initial spéctruﬁ be

.;a]c&]ated using a first guess as to the values of the chem%cal
shifts and the coupling constants. The chéﬁiCal shifts were
es;imafed f;;ﬁ the‘ centres of the multiplets, 51lbwing fér

' 'ssme secoﬁd-ogger skewing. Initial estimates of coupling constants
were.obtainpd by determining the 1jne separations using the
spectral print-out from the Nicé]et 1180 computer on the
:spectrometer; Because of the similar haghitudes of thg varioﬁs

_ larée and the various small coupling constants, a clear-cut
idehéification of the coupiing pathways, which could have‘1ed to
assignment of the multiplets, could not be obtained, but the
differences in the ﬁagnitudes of the first-order coupling
constaﬁts obtaineJ‘from each multiplet were large enough that

different values could be used in‘ihé initial calculation. 1In

‘some.spectra, some lines were masked by the strong gignql from -

. - ! ’ ) - v

/ : ¢
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the residual CHCl in the 99.8% CDC1; solvent, but this caused
no particular difficulty. A1l coupling constdnts were assumed

20

to be-positive™ . As an initial check on the accuracy of the

spectral assignments, theoretical spectra were calculated usjpg

~a Hewlett-Packard 1000 computer, and plotted (u;inq'an X—Y'

recorder) on a scale suitable for visual comparison with the
experimental spectra., Reasonable agreement, i.e. close visual corres-

pondence in line position and intensity, was obtained in all cases.

L4
’

- The prbgram LAOCN3 was then used to }itla theoretical
spectrum to the experimental line posit%ons (using a CDC Cyber
172 computer). This requires an initial assignment of theoretical

| transition pumbers to lines in the actual spectrums these were
obtained from the print-out of the initiaf calculation. The
jterative fitting procedure converged rapidly in all cases.
Usé’of LAOCN3 requires that any obvious discrepancies_in transitidpv
assignments be rectified at this stage, and the fitt%ng process be
repeated. Some miﬁor ;djustments were made in mosf cases;

°
eventually it was clear that the transitions were correctly ™ ’

. ¥

assigned.

v
13
!




For each spectrum, two sets of computations were carried

out, corresponding to the two possible assignments of H4, and

H5.. Fairly good fits to the experﬁmentaliline positions were
obtained in all cases, though the error analyses revealed
significant differences. It [should be noted’;hat_LAOCN3 fits
oniy‘to 1in§‘positions; not fp line intensities. '_L - | e
A representgfi!g\gair of computed data sets {for cbmpoundié) is

shdwn,in Figure 1-6. X : ‘ '

The best fit spectra of each pair were resimulated (as
plots on the X-Y recorder) éhd_compéred with the experimentdl
spectra. Differences in the spectral inten;ities‘ﬁere sufficient
.to enable an ynambiguous assignﬁent of the ghemica} shifts in all
- cﬁggs. Experimental, and best-fit simuiatga spectra ﬁfvg and B
6 are shown in Figures 1-7 and 1-8, . .

r
*

Chemical shift and'spin-spin coupling constant data for

the four sets of'sqgctra analysed are shown in Tables 1-3 and ~

1-4, respectively.
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A plot of the chemicall shifts of the aromatic .proton versus
the' Pauling electronegativities of the halo subs tituents (Figure
1-2) provide§ a very satisfactory confirmdtion of the correctness
of_ the aryl proton chemical shift assignments. " These plots a_re'
highly ltinear, and clear:]y show a crossover of the relative

chemical shifts of the 4' and 5, and the 4' and 6' proton
themical shifts as the halo substituent is changed from C1 to
Br to L.
Ay

Figure 1-2 demonstrates th& sensitivity of the aryl proton
chemical shifts_\t’b ‘the nature of the aryl group sﬁbstituent. The
chemical shifts Iafe all displaced “to 1owér field when a nitro group
is introduced (Figur:e 1-2). The protons ortho to the substit%nt _

(i.e. 3') show the greatest substituent dependence; those in the

6'- position the least.

L)
-

Of the vicinal aromatic coupling constants, J3, 4 is the
. ’ .

. Jargest -at 8.0 0.1 Hz. ‘T'he remaining vicinal coupling coﬁstants. ‘

Jg g and Jg, ¢, are identical-at 7.7% 0.1 Hz. The 4-bond
coupling co.nstants, J3. 5. an\d J4. g are much smaller, 1.5 ¥ 0.2

Hz, as’ expected.
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MEASUREMENT OF HINDERED ROTATION IN SOME IMIDAZOLINONES

INTRODUCTION ’ - . - .

-~

’
The compounds under investigation are capable of undergoing

\\\\\ internal rotation about the aryl C-N bond, a process which can, in //2?’

principle, be detected in their n;m.r. spectra. Indeed, if the

T R T e

e W

rotation rate is slow, the spectfum_of the 4,4-dimethyl groups g

.
1t

will consist of two separate signals.. However, if the rate of

o

internal rotation. is fast, there will be only one signal, in an

averaged position. When two signals are seen (as in 5, §, and 7)

due to steric interference betﬁeen the aryl and the heterocyclic

moieties, the spectrum is expected to be temperature dependent.

As theltemperature~is raised, the résu1t1ng increase in the rate

of rotation should ultimately result in thecollapse of the doublet to
a singlet. ‘Thé rate ofxrotqfion may be easily determined for one
particular temperature, that temperature at which the two peaks
coalesce (the coalescence poing), The free energy of actiyation
0564’) for internal rotation of the two moieties may then be

calculated.

. + - .
d T PTTR e DT " TR
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'
- ‘ -
In compounds 3, [ and L the barrier to internal rotation
is high, and the chemical shift difference between the gem |

dimethyl protons is large enough that two signals are seen at

/

7

«* ¢ npormal grobe temperatures. 1In the fo]lowi'ng treatment, t{he two
molecular environments are referred to as sites A and B.
During rotation, there is dinterchénge of nuclei (‘ip.e. methyl
groups) between sites A and'B. In this system, spin céupl-ing ‘ -

between fhe nuclei on* the two sites is negligible. l;le suppose

'tha; the nuclei on the fw'o sites have Larmor frequ.encieswA and

(J s respectively (radian/sec. )

It will be a'ssuméd tha}t-vghﬂ'e‘ a nucleus fs in an A position,
there is a constant probability, TA"]; pér‘ unit time,”of its
making a jump to a B Position. Thris then the mean 1ifetime for
a stay on an A site. Anotfner corresponding time J B can be -

def.iﬁ.ed for the 1ifetime on the B position,

kx

[ . et e
< . o

% b et o, e h
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3

The fractional populations of A and B sites, Pp and
(F{A = 1 - PB), are related to TA and TB by:

-y

r ks g

. Ta - ’
‘ . TA+TB §

p -
n

n .
TA+TE . p/ | ;

71

e -
[[]

In a slow rotation or exchange A r

PO A

The Tifetimes,TA andTé, are sufficienﬂy large with respect
to the inverse of the separation, (W A" (.\JB) , that the spectrum w1‘l]
consist of d1st1nct signals in the vicinity of the frequencies , i

Aandw (because the nucleus entersssite A and precesses at

((,oA wo) many times before leaving site A and entering into sité B) *

1 - e«

} ’ [

In a fést rotation or exchange o

‘We have JA and TB smaﬂ, so that, when a ﬁucleus enters
site A, it begins tooprecess at (wA uo) but the ertime of A
expn'es before the precesswn is comp'lete, and 11: enters into’ ‘
site B The spectrum will consist of a d1stmct sharpdresonance
line at the frequency (wo) (average of the two Larmor frequencies

wAande). ) oo ‘ v ’: A N 0




‘Intermediate rate of rotation or exchange

This is the region of transition between the two lines to

one line when the lifetimes TA and TB are of the order of

»

(wA- CJB)']. The equation for a pair of singlets collapsing

to a singlle peakw wgs‘deri\‘ed from the Bloch equations21 by

Gutowsky and Holm?2, | . N

i

The intensity, at any point(, wheh the two transverse

relaxation times Ton and TZB are equal, ils r . i
1

I = Mo 1+ Toee | . i .
YHiMo | ( - Ql | , .

p2 4 g2

-

where

S “Te Tals
, . T AsTB

‘T‘ 1 \2 fi Wy +03p) -ca]2~+ 1740, <0241 .
Ps 'TE-. 7 B _ A B —TE

Q- T [ wyi0p -©-172 (¢, -'IPB)(CJA‘- wp |

R-= []/2 ((,;A:rc.)a -W ],(1,.;_%:{ ) +_%;( Pa -P;)(&JA-Q)Q Ll
. | 2 .

~
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R

P

L

Ly ) - s

‘

- ! This may be cons1derab1y simplified under the fo‘llowing

r

. L~condition5' v

- equal popuiations and lifetimes so that

- PA = PB = 1/2 -

Ta=To.o= 2t =, = S

T ’
- . - lakge transverse relaxation times, i.e.

-1

N )
‘ b~

., If the signal width is small compared to the separation of the

signals, and as

Y‘= W (cycles per second)
2T :

the shape funttio‘n23 is;

E _\ l\‘ %()9 ' ’r%ybA - yB)z ’
' . [1/20’A+VB) Y]’ 2425 2 (VA - V)2(VB - V)2

- €., s

- . . Kds a norma'lizing constant.

s . . L.
. -

t
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4 This means that the actual Shape of this function depends only

/

&

when
v

s

on the product T(\)A -YB). The equation predicts fhat if
‘T fs large, we have two lines, at YA and Y8, while for a

small T , there will be one line halfway between.
: .. »

‘Coalescence is obtained for: i
T. 1 . ¢ | .o/
SNZW (YA-VB) '

so tHat T can be calculated if (YA - V8) is known.

Free _energy of activation
8

1

, -For calf:ulati/ng the free energy of activation, the Eyring

equatio%24 is used: |

Al ’ # ‘ ' . !
). (#

< (78w (%)
G-

3 kS

Boltzmann’s constant (1,38 1076 erg.deg. ™)

-

= o
.

e P]Janck's'cohsﬁanlt.’(s.ﬁzs 10727 erg. deg.'])
= transmissgn coeffigient (~1)
rate cx;'n"star\t |

= absgjute temperature

T - e Sk
S

= .Qas constant '(1.987 cal deg.'l mole,”

s
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This équation can be transformed as follows;

KT +
k= in B -48
' KT
mt = 1wk
RT .
Vo ae¥ -

RT(In % T -1nk)
h

To calculate AG¢ the rate constant, k, musi be found:

Since k= _1 .
TA
and ‘at the coalescence point we have:
¢ “ T_.: ) ]"

'ﬁu(ﬁ:ve)
and TaeTes = 2T '

2

b

‘50, )
Ta- 2 =__ V7
(2T (Ya-¥s)  TU(¥A-VB) .
and’ k= T (Ja- V8)
. N




*
e s

So that the equation becomes:.

26% = kT (tn B4+ T +nTh)
T | :
86T = Rr (0 KrLnT 40 12 )
- R , VA VB

"YA -Y8B is the separation of peaks ip the absence of

exchange.
t

When the values of the constants dre included, the equation

can be written:

867 = 2.303 RT (10.319 +logyy T +logy, TA)
!

[

. , Vd
Caiculation of the mean lifetime by the toalescence point -

method gives an approximate ¥alue. More precise calculation of

‘ ’rcan be made using complete line shape analysis, without the

simplifying assumptions used in the above treatment. However.
because of the smallchemical shift~differences. observeq in the

present study, this proceduré was not practicable.

AN ¢
. SR, B
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RESULTS AND DISCUSSION

Va]ues_, for free energies of activation, AG;F for compounds

5 6 Is the only compounds wh1ch exhibited separate gem dimethyl ,

group signals at 60 MHz, were calculated for the coalescence

temperature, and are reported in Table 1-5. The high temperature

spectra used in these determ1nat1ons were- obtained by S. Lokuge.

G, Y. P

The Aﬁ:* values range from 19.2 to 24.5 Kcal mol. ], the most
highﬁy hindered c0mpound-being the 2'-iodophenyl compound,,gﬁ "'_,' .8 .

» " . * N

One aim of this study was to compare barr1ers to 1nterna1
! rotat1on in 1m1dazo]1nones with those of correspond1ng 2—
ot thiohydantoins.” The 2-thlohydant01ns are so highly hindered
‘that rotation of the gem d1methy1 compounds could not be measured - -
. by 1ine shape ana]ys1s, instead barr1ers in the monomethyl _ ." | : -

compOunds were measured by equi11bratlon. Hence, exact compa- -

¥

risons were not ‘possible, but the differences in 1nterna1 rotational .
< .
" ‘barriers in mono and dimethy] compounds are expected to be 2
negligible. .
. ggb\ oy
oo
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-

Rotational barriers for 3-“(0( —naphthy]);—S-methy'l-Z—
‘thiohydantoin, a close analogue ofl, have been reported by
Féhlner’!. For this compound, AGF = 25.55 kcal mole™1 at 25°C.
Fehlner's experimental data were u,§e'd to calculate AG* at a

temperai:ure, 100°%c, corresponding to the coalescence temperature
. -

i

of _Z, since it is n(egsary to compare AG* values at the same

+ temperature. At this temperature, the AGT va]ué of the thio- 'b 1
1

PO

hydantoin is 2\6.'81 kcal mole ', i.e. 5.5 kcal mole™! higher
| ! .

g

than that of 'Z
i % .

s

We see, therefore, that transformation of & -naphthyl-2-
thiohydantoin into the corresponding imidazolinone, by methylating
the th}'ocarbonﬂ sulfur atom, results in a substantial reduction . )
° " A

in the barrier to internal rotation. The differences in the

rotational bar'{'ier probably arise from two major factors:

aj Conversion of a C — S double bond to a C-S- s:ingle bond,

> " b) Introduction of a doubiebond into the hetero ring.
The latter factor may cause changes in the geometry of the
hetero ring sufficient to alter steric interactions betwe%n the
ring systems. However, the major cause of ‘the difference in

rotational barriers is 1ikely to result froma).

\




"which is known to have relatively small steric bulk .

in origin. oy

“

——

2. L e T D L

o o : : w7

Steric strain in tﬁé approximately pldhar transition state
for internal rotation must be relieved by bond bending processes, T'
including bending of the C =S or C-S tionds. The greater rigidity
of the double bond i§ probably responsible for a largé part of"
the hiéhqr rotafiona] Farrier in the thiohydantoin.

In the imidazolinone series, ;he largest value of AG‘F

is observed for the iodo compound, J§= i.e. a campound with a very

bulky ortho aryl substituent. The smallest barrier is observed |
for the nitro coﬁpound;,g, i.e. a compound with an ortho substituent
25 Although
electronic effects of substituents may jnf]uence rotational
barriers by.favouring conjugation between the rings, the dominant

influences on the barriers in these compbunds appear to be steric
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CONCLUSIONS

Proton n.m.r. spectroscopy has been found to be a powerful
tool for the investigation of resfricted internal rotation about
the aryl C-N bond in 3-aryl-5,5-dimethyl-2-thiohydantoins and 1-

aryl-4 4-dimethyl- 2-methy1th1o 2- imldazol1n-5 -ones. However,

~the sma)]er chemical Shlft differences between the diastereotopx«

cally related gem d1methy1 groups of the imidazolinones restrlcts

E the use of the technique for these compounds. The high dispersion

of a 270 MHz spectrameter is of help overcoming this limitation.
{ .

* The much lower barrier;-to internal rotation in the imida-
zolinones than in the thiohydantoins are an.intergigjng‘iﬁdication
of the dif%ering‘abilities of molecules tu relieve steric strain
in the rotational transition states as a result of differing arran-
gements of double and single bonds.

N

The high dispersgon of the aryl proton signals at 270 MHz has

permitted much more complete analysis of‘the‘spectra than would have
. v .
been feasible at 60 MHz, with a consequent increase in the information

‘available on substituent effects on chemical shifts.




CHAPTER 11

13C n.m.r. spectra of

1-aryl-4,4-dimethyl-2-methy) thio-2-imidazo14n-5-ones

.

Introduction

Fy"

’ Hithin.the last few years, carbon-13 n.m.r?kspgctroscopy ha;
become an increasingly important technique for the 1nvgstigafion
of arganic structure and stereochemistryﬁ Carbon-13 hag,a spin of
1/2, as does the proton, but occurs in a.natural abundancé'of'onjy
1.1%. Further, the magnetogyric rifio of 13,C is/only about 1/4
that of TH. Tﬁese two factbrs résqlt in the sensitivity of 13¢ 4n
natural abundance being véry muéh less than that of H, with the
consequen#e that development:of 13¢ ﬁ,m.r. sﬁéétroscopy ]agged
considerably behind that of ]H spectroscopy. However:uihe recent
de&e]qpmen;'of pulse and Fourier transform»technﬁques coupled with

)

the use of dedicated minicomputers, has resulted in a rapid déVelop-

13

ment of 136 n.hj}.,spectrOSCOPy; so that "“C spectra may now be

taken on a routine basis.

82
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The applications of 13¢ n.m.r. spectroscopy to organic

compounds have been extensively reviewed 26, 27

. In general,
K spectra can provide information on substituent and steric
effects, on the inductive and conjugative influences bf sub-’ p
stituents, and on relaxation processes. An aspect of the sensi-

tivity of 13¢ spectra to steric influences is the effect on

T

nonequivalent nuclei of conformational excharige processes, e.qg.

" involving restricted internal rotation f4. o

-

i

The study of the ]BC n.m.r. spectra of the ]—a.r;'l-— 4,4-dimethyl-

2-methylthio-2-imidazolin-5-ones reported in this thésis Was ‘ ' b

undertaken to obtain information on the chemical shifts of the .

PEY Y

carbon nuclei in the conformational ground states, i.e. under

conditions in which rotation about the C-N bond is s%ow., Sub-

stituent effects on the resonances of the skeletal carbon atoms,

' and chemijcal shift differences between diastereotopically related

-~

) Zi} . nuclei were -‘investigated. It was expected that the information
o@tained wduld be valuable for structure determination purposés

in futyre studies of compounds of this type, and that insight

: into‘the use of 13¢C spectroscopy for-determining stereochemistry
would result. . /
% : o +

A} ) ‘
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EXPERIMENTAL _

t

The pulse Fourier transform, ]3C n.m.r. spectra were
determined at a probe temperature of about 35°C using an ex-
LY . : .
tensively modified Varian HA-100 spectrometer operating at

25.1 MHz with a homonuclear (]3C) locé provided by the

" solvent. Broadband H decoupling was employed, The spec-

trometer was interfaced to a Hewlett-Packard ?JJQA computer,
using a 4K worq datg block and a b]ock‘averqging.tgchnique to
improve dynamic range. Spectra] width was 5000>Hz (i.e. about.
200 ppm) in all cases. Conceﬁtrations of 2 to 4% (weight/”

volume) in dimethylsulfoxide (DMSO) were employed, the proton-

X decoup]ed solvent providing the lock signal.

Chemical shifts (ppm) are reported relative to tetramethyl~
silane (TMS) and were measured with respect to the DMSO signal
(40.40 ppm). They are estimated to be accurate to 2.0 Hz,

equivalent to abouf 0.05 ppm, unless otherwise indicatgd.

t
-
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RESULTS AND DISCUSSION

Steneochemical Considerations -

The M n.m.r. spectre of these compounds clearly indicdte
that internal rotation about the aryl C-N bond is slow. at nonna1';
prube'temperatunes (about 359C). In consequence, it was expected ,

_ that the “spectra would be ‘associated w1th the conformationa] '
ground states' of the molecules. With one except1on (compound 2)
all of the compounds can exist as enant10mer1c rotational isomers

A and B, w1th1dent1ca1 spectra. However ~w1th1n each confonmer, .

the 4,4- dwmethy] carbons are diastereotopically re1ated and are‘ K s

"4:“- A

expected to give rise to separate 3¢ SIgnals, prov1ded thaf the
chemical shift difference is adequate and that the rate of- 1nterna1

- rotation is sufficiently slow. N1th one except1on ( ompound 6)

two such sdgnals were observed. _ . ™~ - . ,'a

T’u" - . ?

N .
L)

! The, 2‘, 6'-dimethy1pheny1 compound ‘2, contains a symetri-
' ' cally substituted aryl group, so that the notatxonal isomers are -
didentical ;;d\qg‘farbon atoms are diastereotop1ca11y re1ated

no additionaﬂisignaIs were expected or ‘observed.

3¢
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CHEMICAL SHIFT ASSIGNMENTS h ‘

.8 . .
The chemica'l shifts of the carbon atoms in the series of oy
compounds (Tab]e 2-1), were assigned using the values reported

28, 29, 30,31 414 data obtdined in this

1, 14, 15

in the literature |
13borat|oty for related compounds Chemical shifts’ IR
of some related compounds are reported in Tables (5-2,' 2-3, 2-4, |

2-5, 2-6, 2-7). In order to facilitate investigatfon of influences : : . '

on chenica) shifts throughout the series, the data aryf’b\lated | ’

? and discussed according to the carbon position (Table 2-1): o

r : » : -t
Strong ]30 signals in these compounds can be assaned 1‘ " -

unamb1guous1 y by comparison of the chemca] shifts with data in

the hterature. The remaimng ambiguit‘l/gs can general]y be B ¢

“resolved with reference to the spectra of suitable model compounds.

.8
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St H VTt 0.5 . B0k 15938 682 12,00 20628495 16.82 l

{ LA, AU 4 , o b
N - . 3;4 6' -Dimethy} heny‘l(o 7) 182.3% 158.47 67.40 11.73 [23.66; - ~ 16.90
L ) : i . . db R j o © . ’ R . . 'n
- - 3_2'-cm°ropheny1 (0.9) . 175.96 153.38 " 5845 12.05 25.25;24.14 -
W 4 2'-Bronophenyl (0.6)  © 18217 158.19 68.04 11.69 24.25;23.62 © - X
S . |'. J T -t . .
A - .. 8 2'-Todopheny? (0.5) . - 182.14 158.50 68.33 12.11 23.94;23.23 - - -

/. _.& ﬂi. . .~ N ° . \‘ ""' " . ) R —1 , .p Lo

3 A gﬁ'-Nitrophen{'l (0.7) 182,33 157.27 68,12 12.09 23.58; - . <
i 3 7 1'-Naphthyl (0.7) " 183.40 150.66 . 68.20 11.69 24.37;23.78 - 3




-

’

compounds with different subst1‘cuents, carbon ‘chemical shifts

;. and 3- bond separations’] has been .rationalized. The -

—ratme e
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Y. " INFLUENCES ON CHEMICAL SHIFTS
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The sh%e]ding effects of i}érious substituents hav'e been

4
reported 32, in general, it is found that. within a series of
rd

\

.. tend to follow well es.tabhlshed trends. For example, the ip-

fluence of methyl grodps in alkanes on carbon atoms located N

o -» - and Y- to the substituent (i.e. involving a 1-, 2- o .

effect (deshie)ding) is an inductive effect with some steric

contributiﬂn} the ({-e’ffect/ (deshielding) is not well defined,

" but the ¥ : effect (shielding) results from a steric per-

/

turbation. .It has been found that, in’general, steric effects

influence carbon chemical shifts. 1In the present work, stefic

effects\were-noted for various substituents ‘le.q. naphthy'l A

‘iodo, etc..), and 1nductwe effects were ldentlfied when &ub-

stﬁ:uents with d1fferent electronegativities (eiq. iodo, chloro,
bromo) were present (§ee Figure 2-1). Such }nfluences are

.

discussed in the section on each carbon site in these molecules.
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!
Plot of electronegativities (Pauling number,m)
versus chemical shifts-values found-in ppm from
TMS . for two carbon positions in the 1-aryl-

- 4,4-d1'methy1- -methyl thio#-imidazo]i n-5-ones
substituted with_a halogen group.

v

‘eléc’r ronegativity “
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ASSIGNMENT OF CARBON SIGNALS FROM 4~‘;
THE HETEROCYCLIC MOIETY

Chemical shift: values of the carbonyl group (C5)' are

listed in Table 2-1(. Assigmments are based on. data f'eported

15 14 ond 113V

29

by Khadim ~, Williams from hydantoins and thio; «

*

hydantoins and Breitmaier " et al. for thioketones 3nd . -

. carbonyl groups in esters and amides (see Table 2-2). No
suivtable' reference data for the thioether carbon (C2 ) were
available, but the assignments could be made by coniparison

with the data reported for the hydantoins and thiohydantoins.

'

[

Khaﬁim]?nas rlported a carbonyl. cﬁrbon/';ange of 173.;0 -
378.19 ppm in thiohydantoins and 173.70 - 175.41 ppm in hydan--. . .
_toins (Tables 2-3 and 2-4) corresponding to the 160 - 175'pph N e
range reported by Bre'ifmaierzgt al, In the present ﬁnidazo-' ’
linone series, the carbonyl (C5 ) sié}ral's were identified as the
lowest ‘field resonances, at 175.96 - 183:40 ppm, in close |
agreement with t'he'values reported for the related hydantoins

arid thiohydantoins. -« \

N e . . . .
. - 3 ' . .
- . .
Y 1 - : S .
- . B . . . .
. I ) s LA « . . -
v . . v o~ .
. : . .
. . - . . R . . i
LR - . - P N
” o ~ . . .
gt st e e s e
R A b2 et ny.",'"
H X Y et J T

o MY STTICTINEY . P
AR SRS L
st Srad 4

e ot
Evy v - >t 324 PS

®.
TS T R TIE T e
- Rsadeh, e RS L MR
B TN N SRR AT, S

e I 3 e
S BN WS ey . PO PR IR




-
PR ST

P
At
7/
P
.
~ «.{
-~
-
.
v
-
12

PRV

. ' . - -
. - -
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clco) 172.0 -

ClMe) 22.2 CHS“ﬁ"‘NHZ .
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- ’ TABLE 2-2
]3C chemical shift va]ues for dffferent,carbon atoms
in Spm from, TMS for various compounds
3-aryl hydantoin 1-aryl hydantoin (5}
- o tpl ‘..
0 R -
A A /}X\ :
2 ~Np&
: N
) Ry |
152.8 ' .
C2  1s8.6 C2
174.0 : ' :
: €4  y75.3 v S‘Lf )
[ Y . N ' , -
(a) in morpho]iAEX\\ b S . o '
- 0 :
Hydantoin \ )
. L 158.6 - )%NH
. G4 1740 ' 'H-NVI e e
Cg  47.6 - \
Thiohydantoin , )2KNH | o “
C2 1836 ° . HN . .
¢q 1743 C N C
0 ‘ .
Urea ' oL \ \\//
cz/ 160.4 _ ,NH.Z\C =0 - <
‘ b NH2” } -
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No data on closely analogous compounds were available to
aid in the assignment of the thioether carbon (Cé ). ﬁowever,

the indicated carbop in

N/_———_ \S

NS

“ has bgen reported3] as absorbing near 158 ppm. Thiocarbonyl carbon.

- . atoms in thiohydantoins and thioketones have been reported as
absorbing at 179-184 ppm; a greater degree of shielding is . -~
expected for the thiovinylether system. According]y, the s1gnals - ‘

at 153.38 - 159.66 ppm have been assigned for C2, no other signaw‘b

. are expected in this region. - .
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Substi fuent name
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TABLE 2-3

- 13¢ chemical shift values for different carbo;yatom' position

in the 3-aryl-5.5-di:ﬁethyl thiohydantoin series: in ppm from TMS‘]5

Carborf Atom Po;uions

2 ¢4 Cs CRy TRy
}'-Naphthy1- 180.38  176.60 60.98  23.44  24.10
{enantiomer) o - :

2'-Tolyl- 178.79  175.60 - 59.49  24.12  25.32

g (enantiomer)

: ’ - ’

Ha oo v o

2'-Chlorophenyl-  180.14 176,56 61.24 . 23.10 24.10

> {enantiomer) - - ' ,
2'-Bromophenyl- 181,77 176.80 60060  23.50  24.57

{enantiomer}
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TABLE 2-4

wr”

13C chemical shift values for d1fferent carbon atoms in
‘thiohydantoin series in ppm from TMS

H
2'-Tolyl

2'-Fluorophe

. 1'-Naphthy

2',3'-Dimethylphenyl

n .d) doublet

183.60
182.77
181.56

182.52

+ 182.78

Cq Cs

- 47.60. -.

174.41 55.01

174.4] d)55.'|0
174.01

175.41 d)55.5'(
175.21

174.41 d)54.9]
174.73

CH3
16.84;17.04
15.94;16.34

16.30;16.80

16.04;16.44

-

CH3 Gry1) .

15.94;1644

13.66313.26
20.02;19.02

- . i
[
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In the‘thiohydantoin series, the carbon atom corresponding

to C, absorbs at 54.91 - 61.58 ppm and in thiohydantoin itself

" at 47.60 ppm]5 (Tables 2-3 and 2-4). The C4 chemical shift in

the imidazolinones ranges from 58.45 to 68.33 ppm (Table 2;1),
i.e. there is a downfield displacement on methylation of the

sulfur atom and introduction of a 2,3 double bond. :
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ASSIGNMENT OF METHYL SIGNALS'

" ¥ '
‘ £

! In this series, all compounds have -S- methyl, and geminal
L3 - methyl groups at Cy- Additional methyl groups may be present -
J : on the aryl substituent, e.g. 2':t01y1 or 2', 6'-dimethylphenyl.

’ Assignmen‘ts ~of methyl signals are straightforward using Tables
‘, 2-#7 2-5 and 2-6. ¢ Previous theses. from this. laboratory, and “
pu‘blicétions on related compounds have established the range l
16.98 - 19.0 ppm in dimethylanilines, and 16.9 - 17.9 ppm in
..i‘:i-ary]-hydantm'ns for ortho methyl groups. Aryl methyl cgrbon
' chemical shifts tend to be on the high field side of the geminal

1]

dimethyl groups.

In the imidazolinone serj’es, two compounds, ) and 2, have .
a :ingle ary]l methyl substituent, so assignment is straightforward
(16.82 ppm for the 2'-tolyl compound, 1, and 16,90 ppm for fhe

two eguiva]enf aryl methyl groups in the 2', ‘6'-dim‘ethy1pﬁe_nyl
compound, 2) (Table 2-1). ) u . . o
'\ )

Two signals are expected for the diastereotopic Ca

A ens 4 e e v

‘methyl gi“oups in «compounds l, z-z.gnd‘a sir}g'le signal Yor- the
! " ‘ .o . A
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TAéLE 2-5 i )
130 chemical shift values for methyl carbon atoms in various
__ .substituted _aniline _compounds—in—ppm- From——TMS—2E" —
. B ' e
2'Methylaniltne o » ,
L H ,
17.3 o3 _
NH» *
y
B \"b .
2',6'-Dimethylaniline
. { Position - : CHy ’
s (2) o |
17.6 .'(6) - Ha

2',3'-Dimethylaniline

' Position
12.6 (2)

o - 2.3 (3)
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TABLE 2-6

[y

‘ |
C chemical shift values for methyl carbon atoms in
various 3-ary) -hydantoins series in ppm from. TMS

13

T T o B OV St e, it treger
. u

: N ,, ,
’ '
4 ‘)'\{ i‘ . B
F ’ ~
R Aryl Methyl Methyl (a)  Methyl!.(b)  Ref. .
LN ’. ’ . s " .
L ' ‘Y' ~
. R, H 17.9 18.10 - 0o "
‘ ’ S 861 ‘ .
o~ - \ P ’ /
H . 16.9 17.10 - - (14)
j ] 17.61 | C '
‘ . CHy Ve e 632 ()
CH3 16,9 ©  24.12 25,12. - .(1e) I
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Figure 2-2 Synthesis route for methylation of thiocarbonyl . ) .,
- ' sulfur atom in the thiohydantoins to form the
_ imidazolinones. '
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" RESONANCE INFLUENCES ON CHEMICAL SHIFTS

The following resonance forms are likely to make significant

contributions to the electronic structures of the hetero rings of

the thiohydantoins and the imidazolihones,

L P
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Thus, there are fewer amide or thioamide-type resonance
contributions in the imidazolinonesthan in the thiohydantoins.
Howe&er. since in both series this type of resonance sﬁou]d
result in the development of aﬁpartial positive change on the
nitrogen atom attached to the aryl group, the elecéronic in-

fluences of the aryl droup substituents should be similar in

_ both series. In general, electron donation from aryl group

subtituents should stabilize those resonaAce contributors, with
a positive charge on nitrogen; electron withdrawal should
destabilize them. Such electronic influences might be expected .

to affect the chemical shifts of hetero group cquons,

‘The electronic influences of aryl group substituents are
likely to be predominantly inductive, but some resonance effects

should be considered.

3 , R ]
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For example, an O-nitro, group\could, in principle, be’ C -

involved in conjugated structures with the, hetero ring: °
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HOWEV,Q’ steri‘c factors must §evere1y Izim)‘t the contri.but‘ion
of..such stru;ture§ and; in fact, they. deter‘ﬂﬁne the energy maxima
in the path:vaays for internal rotation ab,oht the C-N bond. To
the extent that they (,jf contribute, these structures represent a

driving Force towards coplanarity and could possibly be, in fact,
1nd1r‘ect1y responsib’le for the lack of a chemical sh1ft dlfference

‘between the diastereotomc methyl groups in the 13C (but not in v

the ]H) spectrum of 6. ; ‘ -
¢ X .
Mesomeric electron donation by 0-halo suybstituents could
stabilijze the a‘m‘de‘ type resonance contributions througb structures

such as:

.
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A careful examination of the experimental data has failed "
to reveal any clear-cut correlations between the possible con--
(k : tributigps of these resonance forms and the chemical shifts of ‘

the hetero-ring carbon atoms.
NN

"

A compHcat%ng factor;which cannot be evaluated is that - o

electronic contributions of aryl group substituenfs’ may influence

' thé solvation patterns between\the solute mo‘l'eeules and the his=
ghly.polar solvent (DMSO} wh1ch had to be used. (for reasons of

so]ublhtx). Solvent effects on. re'la%ed compounds have be‘en

noted earljer 34. Such solvent effegts could easily obscure
L] . EY . - °
the ‘direct eléctronic. influénce of the substituents. T
- »
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CARBONYL AND THIQETHER CARBON ATOMS

The chemical shift ranges of the carbonyl and thioether
carbon atoms of the imidazolinones and the ca_nrbbnyl, and thio-

carbonyl carbons atoms of the reference compounds, are as follows: ,
S }

Carl;ony'l range: . , B
Aryl sub‘st“ituted-s-methyl—thiohydar_ltoin§ . k 173.70--175.40]5
Aryl substitutel$,5-dinethy) -thicbydantoins  173.80-178-20"
Aryl substituted~4,4-dimethy1§:r:;',dazoli}(wef 'l~75'.'962;183.40

Thiocdrbony1 and thioether range: '
15

. -

15

Aryl substituted-S-methy'l-thiohydantoins‘ . 180.13-182.77
Aryl substituted-5,5-dinethy] -thiohydantoins  176.80-181.50
Aryl substituted-4,4-dinethy}-2-imidazolinones  153:38-159. 68
- It should be nqted that, since the rotational isomers of
-« the aryl imidazolinones ar§ enantio;ngric (or identical), rather
than diastereomeric, 6n'ly a'sdr‘pg.‘le car%ony] or thioether carbon

“ signal is seen.
. <+
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In the imidazolinone series, the carbonyl carbon ’atoins absorb,
in most cases, at lower field than.the carbonyl carbon atoms of
the corresponding thichydantoins (Table 2-9). The 2'- chloropheny] ‘e
compound (g) is an exception, at prese;t unexplained, the carbony.l
ca'rbon atom absorbing 2.8 pom to higher\fiew than in the thioh_v- X
dantoin. This difference may‘ be. associated wit‘hG the elec‘tronega-

tivity and relatively small size of the chloro substituent.

The C, carbon atoms in the im1dazohrfones which are essen-
tially in a v1ny1 th1oether moiety, are about 20 ppm shielded with
respect to the thiocarbonyl carbons atoms of the corresponding
th'iqhydantc:ins (Table 2-9).° The (2‘2 carbon of the 2'- ch10ro§henyf’-
imidazo11inone (3) absorbs at highest field in the series,. and also
shows the greateftgdisplacement (26.6 ppm) from the thiocérbon}]

group of the cor?esponding thiohydantoin (Table 2-9).

The chemical shifgs of Cz and C . are somewhat dependent on .
the nature of the aryl group substituents. Within the group of
" three ortho halo-compﬂinds (3, 4, 5), for example, the chemical '
shifts of both C, and C. vary in the sequéfce of 1 3 Br > Cl.

-
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Plots of chemical shift versus the Pauling e]ectroneggtivity

greate}'thg shield&rg of C»-.and Cg .
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(Figure 2-1) suggest a correlation but, ?ather surprisingly, .

4

the greater the electronegativity of the substituent, the

( ‘
However, the effect of the nitro group does not appear to

correlate with that of the halo substituent so it is 1ik

re

influencesadditional to inductive effects are observed.

i
4
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TABLE 2-9 ]
Comparative ]3(: chemical shifts for 3-aryl-5,5-dimethyl thiohydantoins
(A)'® and 1-ary1-8,4-dimethy1-2-methylthio-2-imidazolin-5-ones (B) in ‘.
ppm from /TMS -
e~ . ) L
NH N
A T Ar—N
18 A
/ : .
0 - CHa 0 CHz
: C ] M -
Substituents C:S °  C-S- c:-o0 [l Mg
\ — e
v Ar W ® w6 () (8 ;
) . ' r
1 '-Naphth)(]) 180.38 159.66 176.60 183.40 60.98 68.20 '
2'-Toly1 178.79 159.38 176.60 183.01 59.49 68.22 b
2'_Chlorophenyl  180.19 153.38 176.56 175.9 61.29 58.45 i
7o 12 ﬁ
Yo ) 3
2'-Bromophenyl ~ 181.77 158,19 176.80 182.17 60.60 68.04 j
. -
4
N ’r’/ 4
¢ l,\ i
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" THE C4 CARBON CHEMICAL SHIFTS

In the imidazolinone Series,,thé Cq canboq\abssrbs in the
range 58.45 - 68.33 ppm,the 0-chlorolcanpound (3), Having.the
higﬁest field, and the 0-iodo compound (§), having the lowest
field signal. Excluding the 0-chloro compound, the range is’ &\
reduced to 67.40 - 68.33 ppm. fhe corresponding carbon atom
absorbs at 59.49 - 61.29 ppm (see Table 2-9) and 59.0 - 59.4 ppm]]
in structurally related thiohyﬁantbins and hydantoins repsective]}.

Thevlarge desh1e1d1ng sh1ft in the 1m1dazol1nones compared
to the th1ohydanto1ns is d1rect1y attr1butab1e to the presence of

-

the adjacenf double bond. -

The carbon-4 in the heterocyclic moiety has an § relationship

-

té the ortho aryl supstituent, so the direct substituent effect is
;xpected to Be sma11: Although the electronic influences of the

aryl group substituents may be transmitted to carbon-% via diffe-,
rént resonance’ contrlbutlons a satisfactomy correlation cannot

be established, partlcularly in the presence of unknown contr1but1ons

“from so]vat1on effects.

b
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THIOMETHYL CARBON ATOMS

, The thiomethyl. carbon atoms absorb at 11.69 to 12.11 ppm,
ite. a range of only 0.42 ppm. Since the -S-CH3 group is freely
rotating, only a single peak is observed, No correlation between
the -,S~CH3 chemical shift and thel aryl group substituents can'be
detected, indicating that these chemiéal shifts are insensitive
to induct_fve, resonance, or .steric bulk influences from the aryl

31

group. Thiomethyl chemical shifts in other types of compounds
have been reported in the ra.ng\e 10 to 30 ppm =, (

95

T ey gy

IR PR SS

MECIE R e e ]

~
Lo ey




F
b v

L - SR,

¥

96

R

1 f

ARYL METHYL CHEMICAL SHIFTS

. ) ,
The chemical shifts of the O-méthyl groups of coﬁpounds J;
aqd 2 are 16.82 pnd~l§.90, respectively. The arylfmethv1 group
chemical shifts of thiohydantoins with only ortho methyl substi-
tuents are 15.94 - 16.44 ppm, whi]erfor similarly constituted
hydantoins they are 16.9°- 17.90 ppm. Thus the aryl methyl
'group appear to be re1ati;ely insensitive to chqnges in the

-

structure of the heterocyclic moiety. Gﬁ




el

-

: the s,eparation: shows no obvious correlation with the nature of

) tempérjature, it is clear thét the rate of internal rotation in

97

4-METHYL CARBON CHEMICAL SHIFTS

- {f‘?
If internal rotation ut the aryl C-N bond is slow on the
carbon n.m.r. tiﬁe scale, two peaks might be detected from the -\
diastefeotOpicaIIy related geminal methy]u‘groupswin all cases
except 2. In 2, the symmetrical ;suSst'itut.ion pattern of the
aryl group causes the environments off'lthe geminal methyl groups
to the enantiomeric, S0 that the chemical shifts.mu‘st be

identical. With one exception, the O-nitro compound, §, two

\4-r,nethy1 Wroup signals were obsyerved,' i:he separation ranging up

to 1.11 ppm (for the 2'-chloro compound, 3). The mabrjitude of

the aryl group substituents. Since the 2'-nitro compou4nd,‘§,

exhibits two,pe'aks arising from the geminal meth_y'l groups in.its

proton.n.m.r. spectrum (see Chapter 1), taken at a similar sample

-7

-

this compound ‘is ‘slow under the conditions of the experiment.
The absence of a second m€thyl group signal in- the,13C nm.r. -

spectrumn must, therefore, be.-attributed to a fortuitous coincidence -

; ‘\ 

of the chemical shifts.

\
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‘. The range -of 4-methyl group chemical sﬁiftsmin the series is
' 23 23 - 25.25 ppm (see Table 2-1). In corresponding 5- d1methy1
in'thwhydantc.nns, the chemical sh1fts range has been reported‘5
% 23.10 - 25.32 ppm (see Table 2-3), i.e. the differences in the
he;erocyc]ic ring eystems of the imidazolinones and the ctorres-
ponding thiohydantoins have eo detectable effects on the gemjna1~
ndimethyf chemica& shifts. . o
S ) ) ' /.
. Some correlations between ‘the nature of the aryl group sub-
stituent and the mean value of the geminal dimethyl chemicaI
E - shifts‘are suggested by the data. For example, withip tﬁe'groﬁp
of ortho halo compounds (3 £0.§) there is a progressive shift ;o
‘greateq; shielding in the sequence I >Br 2 C1,
However, it is difficult to accommodate other substituents in '
\ahy‘ratione1izatibn of ‘these effects. Chemice) shi%t'influences ) '
méy’arise from inductive, mesomeric and steric bulk effects of

" aryl group substituents, accompan1ed by differences -in the so]vation -

‘patterns of the highly polar solvent used (DMSO). Since the gem1nal

dlmethyI-groups are, rather remote from the aryl group subst1tuents,‘

»and s1gn1ficant so]vent effects on the stereochemlst¥y of close]y

, o

‘
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related thiohydantoirs have been identified34, solvent effects may,
in fact, be the dominant source of variations in the 4-methyl

carbon chemical shifts.
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CONCLUSIONS

The 1-ary1—2-methy1thio-4,4-d1methy1—2—im{dazolin-5-ones
give rise to well resolved 13¢ nuclear magnetic resonance
spectra. In many casesnpeak assignments can be made easily
with the aid of the literature and previous studies on related
compounds carried out in this laboratory. However; the aryl
carbon signais are difficult to assign, so that only the-]';

and 2'- carbon signals can be assigned with confidence.

Methylation of the Qﬁlfur atom in thiohydantoins.to form
the imidazolinoneé creates changes in bond lengths (e.g; the
Co-N double bond), bond angles and hybridization, all of which
| 7 may influeﬁce the chemicalkshifts of carbons in positions 2,4 .
and 5 of the hetefo-ring. Such chemical shift changes have been
_identified in comparisons of the 13C spectra of thiohydantoins
) - and corresponding imidazolinones.

‘Thé influences of substituents on the aryl moiety on the
chemicé] shifts of hetero-ring carbons in the imidazolinonesAa}e
re]ative1j small. No significant correlation betweeﬁ the steric o i
effects of aryl substituents bould‘be é;tqblished, but a corre- -
1ation‘between chemical shifts and eﬁecf}onegatiVQty of the qryl ‘ ) 0

substituent (evidently associated with inductive effects)has

.+ - . v
3 4 . .
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v been observed.

In comparison with the thiohydantoins, the imidazolinones have 1i-
mited possibilities for resonance contributions with the hetero-ring
which m}ght,be influenced by the 1nductivg or mesometic‘effects of
aryl group sdbititu;nts. However, electron donation via resongnée of
a substituent such as chlorine may tend. to stabilize polar forms of
the two ring systems, with consequent influences on chemical shifts.

s , : )

The hetero-rihg chemica1'shiftsaof fhe O-chloro tompound are
somewhat anomalous; this maylpossibly be associated w;th the relative-
1y-small steric bulk and the 1ange electronic influence of the chloro o ~

Y

substituent. .
1 - . . L3

Aryl substituent influences on the methyl carbon chemrical sh4;e§

3
?
¥
1
¢
.

are small, and correlations with the nature of the substituent cannot

be established.

The effects of varying patterns of solvation in the very polar
solvent used for this’study:cann t be evaluated; such solvation ef-

fects may have a signifj fifluence on chemical shifts.

* In general, the ]3C magnetic resonance spectra of the imidazd]i-
nones are well resolved, and show chemical shifts which are characte-
ristic for this group of cumpounds. Thus, the data obtained in this

study will be useful for characterization purposes.
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CHAPTER 111
Proton spin-lattice relaxation rates of ,
]—aryl-4,4«dimethy]éZ-methylthio-2-imidazolin-5~6nes .
\ . ‘ ) L
(N ’ . , ! . 7 . /
\1\ ‘ | /.

INTRODUCTION

Routinely, high resolution nuclear magnetic resonance spectros-

&

.copy has been utilized for studying the structure and the ste}eo-

chemistry of organic compounds. To the usual parameters measured

from these spectra, namely the chemical shifts, the coupling ,
constants and thé integrated afeas, further magnetic resonance
information can be added. This includes the 'spin-lattice relaxation

times (Tl values) and the spin-spin relaxation times (T values).

e wfyhnihe development of new instrqmenta1’technigues

.féspeciéliy fourier transform (FT) spectroscopy), it ﬁas become

“possible to measure on a routine qujs,'the L} Qalbe; of any resonance
that can be clearly r§§o]ved in a nuclear magnetic resonance spec-

trum, even: in systems which are chemically complex. Spin-latﬁice

2 oy
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relaxation times can be measured for proton or '°C nuclear magnetic

resonance spectroscopy.

« o

o o

;ng the literature, we can find reports of various investi-'

gations on the potehfialtof prdton spin—lattice,reiaxatibn rates -

7(R] va]ues) for providing diagnbsfic inférmation on the molecular

35

structures of a variety of compounds such as carbohydrate”” and

nucleoside P derivatives, the alkaloid vindolines’

N

and recently,

" complex natural products such as terpenoids, ‘steroids and

, ’ :
alkaloids8.

In this ;art of the.tﬁesis, we afe reportina the proton relaxation
rate measurements (Ry values) for a series of 1-ary1-4,4;diméthy1~2
-methy) thio -2-imidazolin-5-ones. In these compounds, which exhibit
very high barriers to internal rotation about the aryl C-N bond, =
effects of internal rotdtion are undetéctable in the proton nuclear

4

mégnetic resonance spectra at normal proﬂ% temperatures.

&

The relaxation rates (Ry values) jn ‘this series of compounds ,

were determined with a view to ascerfaining their sensitivity t

structural and stereochemical features,.with a particular interest
. - .

in detecting possible inter-ring relaxation pathways and evidence for

anisotropic motion.

L e
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In studying spin-lattice relaxation phenomena, we &re interested
in the way in‘wh?ch, an&“the rate at which the magnetic energy is
transferred between the magnetic nuclei under study zlhe spins) and
their surrounding environment. {(the lattice). The rate at which this
transfer oceurs is the relaxation rate (R value , sec.']) and the

reciproca],of that rate is the spin-lattice relaxation time (T

" value, sec.). >

&
‘Consider a sample containing nuclei with spin } placed in the
magnetic field Ho. The nuclei will precess around the direction of
. , L
the field with a frequency known as the Larmor frequency (wo).

re is a slight Boltzman

The nuclei are either a]igqed with or pposed to the direction
of Ho as shown.in Figure 3-1. Since t:;

excass of nuc]ei'a1igned with the magnetic field, these will give

rise to a resultant magnetizétion vector Mo, which also Ties in the

same direction as Ho.

ap e S0 b 2% 23 B 00 Lo LB G R
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Figure 3-1 Motion of nuclei vectors in magnetic field.

If the frame rotates at the Larmor freauency, it can be represented

as described in the Figure 3-2.

)

i

Figure 3-2 Orientation of bulk magnetization in a frame rotating
at .the Larmor freguency. . -
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.‘ t'Ha .now apply a pulse of radio:‘frequency/r:adiation for a tiﬁe{
t als\é)“ at the resonant frenquénCywo, a‘long the -x-axis to the frame
(which is rot‘ati‘ng at the .same frequency,wo). This is .equiva1ent
to applying a static fje1d Hy along the —’x‘:a'xi‘s of the r‘dtaiing
frame. Consequently;”as Mo is stationary in the fdtating frame,
the effect ~c:n‘ app_lying‘ a constant field wdqlci be to cause Mo to

rotate as shown in Figure 3-3:‘.“\? angle @ is known as ‘the

o

L
pulse or tip angle.

xl

at -
’

N
Figure 3-3 The behaviour of the bu'lk"rl‘lagnétiza‘tiorg ;lecto‘r.M
after a pulse tipping it through ar angle © has
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Once the radiofraquency pulse has been removed, the perturbed
spin system will begin to relax back toward its equi]ﬂ&rium condi -
tion by méans of two'separate processés.

In the first of these, the component of the magnetization

remaining along the-z-axis relaxes back along the-z-axis to its

original value'Mo by an exponential decéy process characterized by

a relaxation time Tyj. This process is kqgwn as spin-lattice rela-

xation, since relaxation occurs by the loss of energy from the

excited nuclear spiﬁs to the surrounding molecular lattice.

. In the second process, the nuclear spfns interchange with one

-

another so that some now -precess faster fhahcao while other go -

This process is known' as the spin-spin relaxation process.
y

]

In the spin-lattice relaxation process, if the initial magne-

ti;atfbn aloﬁb the -z-axis is Mo and the component at a time t (sec,)

after a pulse has been applied is‘Mz, the‘Mz returns to Mo as

o

shown in the Figure 3-4,

R P A P P
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- sTower, with the result that the spins begin to lose phase coherence.

T




Mathematicaﬂy, ‘we can express this process as:

.

0

Mo -M, = Mo (1 - cos® ) exn('t/‘ﬁ)

decays, so that :

[ we have M, .= Mo

My: f:‘éﬁl 0

If after a pulse My.(o) is-the component of M
Mo sin®

M'y (o) exp('t/ﬁ)

My. (0)

tfry. (t)

"

and

o % .
Figure 3-4 Relaxation mechanisms.
[ :
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Component of M in x!
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My:

M

When MZ returns to Mo along the-y'-axis, the component

Z

M

-
-

1

0
Mo sin®
Mo cos©
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There are a number of mechanisms which can contribute to spin-

lattice relaxation in a molecule. The most common of these along v 2
with their associated relaxation times are: . g
‘ i
dipole-dipole Ty DD j
7
spin-rotation ' T SR ; N
quadrupolar "N Q K CBV\\\* :
» X '
scalar ‘ Ty SC ;
chemical shift anisotropy. T3y CSA )
“Fach of these combines to produce an overall spin-lattice relaxation . 5

i

time Ty given by: , . ;

T = 1+ 1 + 1-+ 1 + 1
N Mo TSR TQ TS T CSA ~

*

‘For convenignce,” we consider the relaxation rates (Ry'in sec'])),

/ . o
I . Lo N\ :
T

with the relation.

R]:

_Hence "

CRI= RI DD+ Ry SR+ Ry Q+ Ry SC + Ry CSA
' ' ) :

“

]
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For a!] thése mechanisﬁs, the contributions to the spin-lattice

relaxation rétes\afe inciuded in the experimental’ﬁaiﬁe,Aand it is

very oftén diffi;u]t to derive from‘the experimental value the

individual cottribution;from a‘;pecific‘relaxafion mechanism. _

Fortunately,. we can conduct experiments in which of one of these ‘ s

mechanisms, the intra—mq]ecu]ar‘dipofe-dipo]e mechanism, dominates

the relaxation, and under optimum conditions is the only operative ‘

mechanism . In practice, the molecrﬂe studied mugt move more or , ot
«® less isotropically in solution. "These molecules should be studied

in dilute magneticaily inert solvents which m%nimize the contributions ‘ -

from intermolecular effects. For this requirement deuterated solvents

without fluorine have been used. o : "
| |
In a sysimm where éhe dipo]e-dipple mechanism js predomfnant3?, f
‘the contribution can be expressed as:ﬂ p %
MR- 7 o 802 ¥R2 Te R ¥
TIR (r D,R)D® ' +

This equation is valid providéd that the molecule is tumbling rapidfy

enough that the extreme narrowing condition (o ‘! 2 1) ds met.
» T
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.bétw}vee‘p_,'th‘e two miciej. This means that contributions to'the
‘relaxatj,?’l/af a nuc]veus are attenuated very rapidly when the distance S

largely dependent on the’ number and the proximity of its immediate . _/

~ ‘ B

-5

a

) . .
In this equation, D refers-to the donor nucleus and R to the
réceptor nucleus. ffc is the motional correlation time for the

D,R vector, the Y‘s are the magnetogyric ratios and r is the '

"~ ingkernucleay distance.

_The ef?ﬁ%iency with which any ‘receptor nucleus, R, is relaxed
by.a donor nucteus, D, is proportional to the square of the n{agne-

togpric ratio () of each nucleus and to the correlation.time of

" the motion of the vector D—R with respect to the field. oLt

@
falls off as the inverse sixth power of thHe d#tance (r D—»R)

’

between fhe two nuclei increases, i.e, the Ry value of a proton is

neighbours.

L —

.. Since only protons have a high value of Y , intramplecular .
relaxation will be dominated by inferproton ninteractions, with. the
2
nearest protons making the largest contributions. Hence one can

N

anticipate the possibility that tﬁe"prbton spin-lattice relaxation

\ 0
. T L

times will show pronaunced configurational dependencies. In most

.
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organic molecules, each iric_h'vidua] prt;ton‘wi'l] be relaxed by inter-
actions with several other protons. (D1, D7...) ‘in the same molecule
and hence its total velaxation rate will have the form given by the
equation: - .

R D1

Ry = Ry b2

+oR] + R.‘D3+-q-q--..-q

and the magnitude of each of these contributions will depend on the

relative magnj}udes of the individual internuclear distances.

In summary; under suitable conditions, proton spiﬁ-lattice
relaxation involves thrbugh-spacg'interactions between individﬁa]
pfﬁtggé in the same mbfecg]ei :Since the effici;ncy of these inter-
actions decreases with the distance, each proton receives most of

its relaxation from its nearef.neighbour protons. . This property

A T——

/w

can be used as a possible’ way to determine the conformation of the
mo1ecu1e.‘JIf can frequently be assqmed that the ﬁ@]ecuTe rotates
or tumbles isotropically in solution (with equal facility in all
directions)40. ‘However, many=mo]ecu1e§-are not spherical and S0
havg‘particular axes ‘of rotation preferred, in general, coincident

with the axes 0% inertia of the molecule (Figure 3-5). v )

3

e Gt

e e




- For example, the molecule shown is likely to tumble anisotropi-

L4
3

cally in solution about the long molecular axis.

r

s/c.

/——--——-Ar—3~\~):£(; - ~. - . :

CH3

~ Figure 3-5 1-aryl-4,4-dimethyl-2-methylthio-2-imidazolin-5-one

AN

Since.the relaxation rate is dependent on the angle between
the relaxation vector (D,R) and the preferred axis of rotation, R1
measurements may provide information on the anisotropic motion of -

. ) - 3
the molecule as a whole or on segmental motion within the molecule

(e.q. biﬁhenyl“). In view of the shapes of the molecules studied-

E ]
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in this thesis, it was considered that anisotropic motion was-
likely to be a factor influencing the re]akation rates. .
3 ’ A -

The dominance of the intramolecular dipoTe-dipole relaxation
mechanism may be assured if dilute'solutions in solvents which do
not themée}yes provide rela;aﬁion pathwa§;§?ré'employed. It is
sufficient to use perdeuterated solvents.for proton rélaxation

" measurements, since the small magnetogyric ratio of deuterium

- ~.makes this nucleus very inefficient for relaxation (6.3%

. . that of an equivalent proton). * Dissolved qugen in the solution
is qsuaTl§\the most important source of paramagnetic.(dipOIe—
.dipole) re1axatjon. If required, oxygen may be removed by
standard techniques, but ithas been shown fhat this is unneces-
sary for most.qua1itative studies, such as the present one38.

The rate constant for relaxation to oxygen is very similar %drv
all protons in a molecule, so that all of the Ry values determined

for protons in a molecule wii1 be increased by an ésseqtia11y

constant amount. )

e

Since relaxation rates are dependent on-rates of molecular
tumbling, a change in the mass or geometry of a'substituent in a

molecule may affect the Ry values of all the nuclei, not only those

-~

L actl SN ] .
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in t;me immediate vicinity of the subs{:itution site. Thus, if the
Ry values of mq]ecules with fii{ferenf substituerits or geometries
are to be compar;ed, it is advisaﬂe lto‘ normalize phe relaxation
rates with- respect to the rate of the nucleus r‘emote from the
site of subs.ti.tution.‘ on the ssumption, that changes in t‘he Ry

B
values of this nucleus Will reflect changes in the tumbling

rates rather than the direct effect of the substf.tuenf. -

“p
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MEASUREMENTS OF PROTON SPIN-LATTICE RELAXATION TIMES

-
4

+

In recent years, several semi-automated systems have become
avai]ab]ec#or roufine]y determining spinh\zttice relaxation times. '
As we have' seen before, the magnetization Wector normally lies
along the z direction at equilibrium while the spectrometer ";
detects signals in the x'y' plané (Figurgs 3-1 and 3-2)..

When this vector lies along the-z-axis, no signal is'detected
by the spectrometer which is designed to respond only to that
compernt of ‘the ;agnetization which lies in the x'y' plane,
Thus, to ésséy the amount of magnetization, it js_necessary to
tip the magnetization vector through 90° into tﬁe x'y' plane.
This is accomplished by applying a ;uitaﬁle amount of radiofre-
quency in thé form of Short pulse of 90%. In general, a pulse

‘ which is able to tip the mggnetization through 90°.from the z to
the-y- axis is known as a ¥90° or (T /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

. f“ . - .
rate of change of magnetization along the-z-axis.
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If twice that amount of power is applied by doub]ing‘ the

length of the pufse. then the original magnetiz{ation vector will" .

be tipped through 180% and will 1ie along the -z-axis (Figures

3s6 and 3-7). This pulse is known as a 180° or (T ) pulse.

. ~ ,

s The r&Laxation rates of the 1-aryl —2-meth_y1thio—4‘,4$dime?yy

2-imidazolin-5-ones were determined by the conventional "inversion

recovery” two pulse sequence. In this method, a 180° pufse is

applied to jnvert the magnetization to the -z-axis (Figure 3-6).

. , . Hence, immediately after the pulse, the magnetization vector Mz

H
1
1.
v
H
4

equals -Mo, and will now begin to relax back along the-z-axis

towards its equilibrium’value, Moz,lvia the spin-lattice

P relaxation process.
4
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Figure 3-6 Diagram illustrating the principle of inversion
1 ‘ recovery experiment,
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This can be expressed mathematically as:

*
R e T T o

? R 0 N :::
. . .
o -t \
M. = Moz[ 1 -2 exp ( /71)] -
po | .
Where Mz is the component of M along the-z-axis, t (sec) aftel the ' i

Hence, at one point an will actually pass through

-—

zero and we have:

-

40 = Mo, [l -2 exp ("tOIT])]

wherg to is the'time at which My = 0.

i
We ﬁave now: ‘ s;
.2 exp.(’tbﬂa = 1 :
LA T ) ;
‘ 2.303 log2. o ' -

T] = tO - ' . . -,
' . 0.693 ' , _—
or., ° ‘

. i
R = * 0.693 . i
to W !
b

e o Bl




Providing that spectrometers can detect signals a]oeé the ~z-axis,
‘this is a method to deterinine the T{ (or R1) values. But in

\ ‘pract1ce, most spectrometers detect s1gnais in the x'y' p]ane.
Therefore, after a deTay time of t (sec) a 90? pulse is aDp11ed

* which tips the magnet1zat1on onto the -y'-axis where 1§ can be
‘detecfed. The fﬁll sequenc: is’ shown in ;he iBGO pulse - delax;

. 4 t - 90° pulse (Figure 3-7). The signal which has been inverted

along -the ;z>ax{s g%adua11} recovers its normal upright intensi}y;

-

| passing through the zero (also'called "the null point"). -’////ﬂ\\

B
, " . 8 )
. , L . N o

‘ J’ The spectra obtained as a ?unction of t may be displayed in -
the form of a stack p]ot (F1gures 3-9, 3-10). However, at the end
of the cycle, the magnetization 11es along the-y L axis and s0 -befQre .

a second 180 pulse.can be app11ed, it is negessary to wa1t a

—~—

period of 5.T7 to allow the magnet1zat10n vector to re]ax back

» . i,

. » '
to Mo,.

. After 5 Ty, we have:

L "_’,‘”'Mz.= 0.993 Moy ‘ s

. ~Hence, the pulse delay (PD) (equa] to 5 T]) must be inserted between

cyc]es a&g the seauence becomes s N

[P

[180 pu]se £t delay- - 90° pulse —"PD] _  #

Sy

. “ i - 7
L " . a o :
. -

X’( -
g
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v thur"e 3-7 The rotating reference frame model for the
’ measurement of spin-ldttice relaxation time,
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The timing of the pulses and the delays a;e normally pe;forméd
automatically by the computer. The re1axat1on rates of individual
nuc1e1 may be obtained by fitting the theoretica] expression for
the exponential recovery of. magnetization to the measuzgd signal

)

intensities as a function of the time delay:

- W

M, - Mo, = -2 Mo, exp (-t/T1) }
1 ‘ ) 5
Taking logarithms: ‘ . \ :
\ K 3
Ln®, -Mo,) = anz Mo, - t/Ty i

- BN |

h . Hence a plot of Ln(M,-Mo, ) against t will give a straight Tine
t ,\\

. with a gradient of -1/T], In practice, at the end of the exoeriment, i
the accumu]ated free 1nduct1on decay (FID) is Fourier transformed “ i

and the 1ntens1ty of the s1gna1 is determ1ned " Then these inten-
sities (Figure 3-8 and Tab]e 3-1) or the 1n of the intensities.of
the signal are p10tted as a function of t and the Ty value is .
':determ1ned. .The fitting process may be carrled out using l1near
(semi-log) regression or graphically, or by non-11near‘regressjon,

as in the present study. However, it is possible with a considerable

saving of time, to estimate the TY value using the "null point” »

method on the stack plots, considering that at the "null point" we have
- ) B] = __]_ = _0.693
0, T t,
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FIT AFTER 4 ITERATIONS

2-NITROPHENYL COMPOUND:? 8.2 PPM ARYL MULTIPLET

PﬁRAHEfERSS B(1) = 3978.65 (EQUILIBRIUM INTENSITY)
: ‘B(2) = 265 (RELAXATION RATEr R1,» /SEC.)
TL = 3.776 (RELAXATION TIHEs T1, SEC.)

/

PARAMETER CORRELATION MATRIX /

1 1,000  .629 - |
2 «429 1,000
- 5TD OME-PARAMETER SUPPORT PLANE
ERROR . LOWER UPPER LOVER UPPER
1 +2534E402 +3928E+04 «4029E4+04 ' ,3907E404 +4050E+04

2 +1632E-02 +2614E400 +2681E+00 +2602E400 ! +2695E100

NONLiNEAR CONFIDENCE LIMITS

'PHI CRITICAL = .45701000E+0S

PARA LOWER B LOVER PHI | UPPER B UPPER 'PHI
1 «392310E+04 «A57167E405 +403407E4+04.  .457009E+05
2 +261308E+400 <AS7044E405 - .268394E400 +457187E405
$+  TIME INTENSITY REGRESSION DATA
SEC . FIT DIFF \
1 .200 ~-3500.78  -3562.77 62.00
2 .500 |, -2928.89  -2979.36 50.47
3 L4600 -2874,68  ~2795.09 ~79.57
4 700"  --2671.80 ~2615.71  -56.09
5 .800 -2431.84 ~2441.07 = 9.23
& .900 -2306.66  -2271.06 ~35.60
7 1.000 ~2122.32  -2105.56 ~16.76
8 1.100 ~1934,60  -1944.43 9.83
‘9 1,200 - -1829.26  -1787.57 - --41.69
10 1.300 ~1676.20  ~1634.87 ~41,33
11 1,400  ° -1525.35  -1484.21 -39.14 ‘ .
12 1.500 -1378.68  -1341.49 -37.19
13 1,600 ~1269.26 ~1200,60 ~68.66
14 1,700 -1091.80  -1063.44 -28.36
15 1.800 ~-943.50 =929.91 -33.5%
16 1,900 ~-885.58 ~799,92 -85.66
17 2.000 ~-699.38 ~673.37 ~26.01
18 2,100 -614.80 -550.18 -64.62
19 2,200 -439.70 -430.24 -9.46
20 3,400 837.00 783,76 53.24 BRI

.

Table 3-1. Proton spin-lattice relaxation regression data obtained
using the non-linear regression program NLNT1V7

R L) S N
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Figure 3-8  Plot of spin-lattice relaxation data {Intensity vs time) for 8.2 opm
aryl multiplet of 6, following the inversion - recovery pulse
sequence. The best fit non-linear regression curve {is shown. .
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. In comparisons of Ry values determined by the "null point" method

" additional ;internal degrees of motional freedom for pendant ® A ' 1

‘ shape, creates problems whenever it is necessary to compare R}

" the above experimental variations'by using the Ry value of a

38

and the regression methods, it has been demonstrated that the

null point method provides sufficient accuracy for qualitative
studies such as the present one. The R} values reported in this
thesis were measured by the "null point" method but a numbér of
values were also determ1ned by the non-linear regress1on

computational method (Tab1e 3- 1).

~
Y ¢

R values can provide direct information concerning molecular

e

motion (3-6), both the overall tumbling of the molecule and any

substituents.
However, the fact that TYE values also depend On’the solvent,

the solute concentration, temperature and on molecular weight and

va]ues for-d1fferent molecules, It is possible to e]1m1nate .

selected proton to normalize‘the Ry values of the remaining protons

(see later).
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EXRERIMENTAL:

N

AR - =
Spectra were determined at 270 Mz and 23°c,using a "home built"

spectrometer, based on a Bruker WH-90 console, an Oxford Instruments
superconducting magnet, and either a Nicolet-1080 or -1180 compdteﬁ'
with.a 16 K word data b]ock: Relaxation rates were ﬁeasured using
the ]800, t, 90°, delay (inversion - recovery) pu]ge sequence 42, .
with a@eraging of four free‘indﬁction decays. The delay between
sequences was at least five times theestimated value of the 1onggst .
T1. -Before each run, the 180° pulse length was optimized by finding
the length which produced a null in ﬂhe amplitude of the free induction
decay. Typically, data for about th{rty va&ues oflg,‘the ﬁaximum )
which could be acgommodated, wére gveraged, filtered, Fourier

transformed, phase corrected, and stored automatically on disc for

later processing, the appropriate range of t values having been

- selected in a preliminary experiment, The longest value of t Qas '

chosen so that all peaks had re]axed‘througﬁ their mull points.
R] values were determined by the null point method38, using extrapo-

lation between data set§ §traddling the null point, and also in a

"’

number of cases by computer fitting the peak intensities by the
exponéntia] recovery curve using an iterative non linear

.regression program run‘on a Hewlett-Packard 1000 computer. This

.
.

~
- e e a e dete e »w‘,ﬁ..,‘mmmﬁ
)
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program can sum the intensities of the components of a multiplet.

Intensities were obtained either from computer print-outs or from
. measurements from the cﬁarts, and in every instance attempts were

made to ensure that only the data from tﬂe initial s]epe region

were used.

,

The spectra arising from the four aryl ring protomsof 3, 4, 5
_ 19 ’
and 6 were analysed by the iterative prograq(fAOCNS using a

CDC Cyber 172 computer.: Chemical shifts were obtained directly

. from line positions measured by the system computer and spectral

analysis of aryl multiplets. Computer simulated spectra and . /

correspoﬁding experimental spectra are shown in Tables 3-1 and
" Figures 3-8, 3-9, 3-10, 3-11 and 3-12,
Spectra and computerized data were obtained by Dr. L.D,

Colebrook at the, University of British Columbia.




Figure 3-9 Stack plot dfsp!aying a selected series of partially relaxed

128

\ spectra of 2 taken for various detay times, t, in the 180°—t—900
pulse sequence. The delay times are marked on the riqht hand

side of the figure. The normal (fully recovered) spectrum is
disnlayed at the top of the stack. -
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Stack plot displaying a se]gcted‘se;ies of parti
spectra of 2 taken at various delay times, t, in the

1809-¢-900 pulse seawence.-
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Figure 3-11 Stack plot displaying a selected series of nartiaﬂy.relaxed
spectra of §, taken for various delay times, t, in the 180°-t-9n° ,

pulse séquence. The delay times are marked on. the right hand

side of the figure. The normal {fully r;ecov'ered) spectrum is |

‘displayed at the top of the stack,
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Stack o1ot disnlaying a selected series of partially re]d&ed
specf?a of 6, taken for various delaxotimes, t, in the 180°-t- 900

pulse sequence.
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RESULT & DISCUSSION

T

!

, l

, K

The proton chemical shifts for derivatives 1-7 are summarized
in Table (1-3). \ N
| N

A1l but one, l,'of the compounds with enant{omeric rotational

isomers showed twa sharp signa]s' arising from tih'e 4,4-q1methy1
groups (Table 1-3), indicating that these groups are diastereotopic

and anisochrono®s under thexonditions of the expe‘r"iménts. N

v J

Since the barriers to internal rotation of these compounds

»

are known to be high, it is assuried that the faMure to observe

separate 4,45dimefhy1 group si,qﬁﬂ% l results from inadequate

chemical shift differences rather than from the effects of fast

b

internal rotation. .
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3
¢

The aromatic proton signals are sufficiently dispersed at 270
MHz that R} values could ge determined for all .of ‘these protons
in 5 and 6. The multiplet qrisiné.from the aryl-3 proton was
chemically shifted from the other aromatic profon sigpals in the
remaining cohpoungs. so that measurement of the Ry value was
p;ssiblg in all cases except 7. Interferencg from the residual
CHC13 signals from the 99.8% CDC]j solvent caused some problems,
since this is one-of the more intense signals when 0.01 M |
solutions dre used. However, th rélaxation rate (Rys O.IBZin])

' pf this prbfon is very much slower than thoée-of the aromati

‘protons so that its signal was always readily identifiable,

&

A comparison of the Ry values obtained by the "null point" -

A

]

and by the regression (initjal slope) methods was cgrried out

for selected'signals in most of the compounds in'order to check
the reliability 6f the %;}mer method in this series of compounds
(Table 3-2). In general, excellent agreement was obtaiped, the
rangé'ly{ng.within the regression error limits (tyﬁical]y +0,01
for'a1l but the 4,4-diﬁethy] signals). EXperimenta]'tbnditions

were nofdideal for regression measyrements on the fast relaxing

4,4-dimethyl signals, since a'restricted range of t values was ° N

available, In. consequence, these regression values are less
reliable and have a larger error range than the other regression

Ry values.
f

N e

Aamaca o
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It will be noted (Table 3-2) that the Ry values of ’protons
: s
remote from the direct influence of changes in aryl group sub-

stituents, e.g. those of the 4,4*dimethy] groups, are not
constant throughout the series. In particular, the R] values

- ?
are largest for the compound,wz. with the largest aryl substi-

. “tuent. wThese data demonstrate the sensitivity of relaxation

rates to change in rates (and possibly, preferred axes) of .
n‘}g]e;ular tumbling. Fortunate]y, 1:t pfovgd'posg.ib]e to effec-
t?ve'lﬂy elimipate these effects by using the, R] values of the
4,2-31'methy1 to normalize the relaxation rates -6f the other.

protons. The 4,4-dimethyl protons are chosen becausé their

. rates could nc;t? be directly affected/by chemical changes ‘in the

L .
aryl-substituents, and the normaliagd rates are-shown in Table °

-

3-3. - .
’ - A

The fastest relaxing protons of,these&'compounds are thosé of

' the geminal dimethyl group, which relax notably faster *(2-’2.4 \
times) than the '-SCH3 and aryl-CH“orot::ns. 'Thema,bsolute rela- =

xation ratés of the '-SCH3 protons range from'0.61 to 0,72 sec.'].
. , A

ihe fastest-fate occurring in the 1'1naphthy’| ‘compound, 7, whereas
“the range of valdes in ‘the remdining compounds is small. ‘Afte'r{

v . oL P
normalization, the relative relaxatiop rates;ﬁre seen to be,

¢ . i 98
. . » B . '
. . . .
Al .
.
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Table 3-3 Relaxation rates relative to those of ihe~44methy1 a

protons . ' . ’
9
'Aryl Protons —SCH3 4-CH3
Ar 3 4 ‘ 5 6 CH,
. % . .
1 ! 0.4 0.47 1.00
.2 0.26 0.27 0.26 0.43 0.48 1.00 }
3 021 030 . oz .- 048 1,00 L
4 0.21 0.30? 0.24 0,48 . 1.00 3
. . ’I '. | \\,{‘ o]
5 p.21 0.29 0.3 0.23 ‘0,48 1,00\, e
~ , g : o : : a
6 oz 020 . 032 oz . 048  Poo
7 AN ’ . 1.05, 0,95
a)Comp'c:site'va'lue for H4.,an§ H5¢ : .%
, ' 2
a*

WP - ool s hisy 5, W hea,




essentially identical. The faster uncorrected rate in ] is evidently.

due to the reduced tumbling rate of the larger naphthvl compound.
The small range of normalized rates in 1-7 indicates that the
relaxation rates of -SCH3 protons are insensitive to changes in
the ortho substituents of the aryl group,even though the ortho
’ -~ methyl substituents of l_and‘% might be capable of providing
" additional relaxation pathways,
, ¢
The aryl methyl protons in l'andlg relax with almost {identical
rates (absolute and normalized) which are somewhat slower than
th&ge of the -5CH3 groups in the, same mo]gcu]es, and much

\ :
slower than those of the 4,4-dimethyl groups.

. The aryl ring protons of 2 show well di§persed signals, so
that their relaxation.rates‘cguld be determined; these are almost
identical. If the 3'-, 4'- aﬁd 5'- brotons'were an isolated
system, tumbling isotropically, calculations based on distances
measured from'Dreid1ng models show that the h'-proton should
relax 1.95 times faster than 3'- and.5'- protons, It is clear,
therefore, that the 3'1‘229 the 5'- protons get some relaxation

from the aryl'methy1 groups., Confirmation that this is so is

seen in a comparison with the relaxation rates of the 3'- protons °

Pl
[ APPSR

Y |




]

of'g-gg,which have identical normalized re]axatidn rates about

20% slower than that of H-3' (or H-5') in 2. The 4'- pratons

of‘g-g:have very similar normalized relaxation rate, indicating;
" as expected, that their significant relaxation pathways are to

H-3' and H-5'.

-~

Excellent dispersion of the aromatic proton signals of'g and
t o ' 6 at 270 MHz permitted the measurement of the relaxation rates of
I ’ ' all four aromatic protons. The relaxation rate;{(Tab]es 3-2 ééd '
3-3) of corresponding protqps in these two cOmpounds are ajmost '
identical. If this four-proton system formed a completely isolated
érOUp which was tumbling isotropically,.the 4'~ and the 5'- protoﬁs
would have identical relaxation rates, 1,94 times faster than the
(identical) re1éxation rates of the 3'- and 6'- protons. In fact,
while ;hé 4'- and the 5'- protons have very similar rélaxation [
rates, an examination of the s;ack plots, and also regression..
analysis of the aryl proton intensities of § show that they are not ,
}identi‘cal, differing by 7-10%. Similarly, the relaxation ;'ates of
3'- and 6'~ protons differ by 10-14%.” The greatest rate ratio
(R5:/R3+) is only 1.5, further demonstrating t:gt this group is ‘

subject to outside influences.

" 4
b
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Two external factors which may produce di%férential relaxa~
tion rates within this group of protons may be iqentified, namely -
anisotropic molecular motipn ‘and inter-ring relaxation. The most
Tikely axis for preferred molecular rotation would be approxima-
tely parallel to fthe bond'Iinking the aryl and the heterocyclic
moieties, Thus, the relaxation vector between H-5' and H-6'
would be approximatety parallel to this axis, whereas the rela-
Qatfﬁr\vector between H-3' and H-4', and H-4' and H-5", would
make a large angle to this axis, The theory of dipole-dipole

43 that

relaxation in anisotropically tumbling mo]ecu1e§fpredidts
relaxation vectors which 1ie on, or péra]]eI to, the principal
axis of rotat%on are more efficieqf than vectors at an angle to
the axis. It follows that the Hg' ¢' pathway igﬁexpected ta be
more efficient than the Hiy'_ ,' and the (simi]ar) He' &' pathwav§;
in accord with observation. Similar effects of anisotropic
molecular motion on proton Ry values in chlorophyl] deyiv;tives44

and in numerous carbon-13 studies45 have been demonstrated,

The geometry of these molecules is such that a significant
relaxation pathway may exist between the -5CHy group and H-6' of

the aryl group.. It is unlikely that this pathway would noticeably
‘ .

~
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affect the relaxation rate of the —SCH3 protons, since methyl
- )
. protonfre‘lax each other quite efficiently, but it should |

measurably increase ‘the relaxation rate of H-6'. ' In all cases

where measurements were possible, 3-6, the H-6' protons relax

faster (10-14%) than the H-3' protons, which s in accord with
this expectation. However, in view of the possibility that
anisotropic motion could also make a contribution, it does not

seem possible to pursue this point further.

g
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CONCLYUSIONS
N
S .38
The data reported here clearly support an earlier contention

that under carefully controlled conditions, the "null Soint"
method can provide a reliable source of proton spin-lattice N

relaxation data for natural products, It is also apparent

that a substantial differential, jn this case a five-fold one,

2

can exist between the R values of the protoné of a single P
. \ v

~ compound. Interpretation of these data in term of molecular- . /

geometry and moleCular-motion is feasib1e,'bu§ it can be difficult -

tohdistinguish etwéen the effect of anisotropic motion and inter- .

ring re]axationl For some systems, this is a serious limitation,
Although in principle, it is possible to eliminate some of these
ambiguities by measuring the ]30 R};va1ues; either lack of

material or limited solubility (as in this case) will make such

meakuréments impractical, The alternative procedure of specific .

% has some attractive possibilitiés which have to be

(

a
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CHAPTER IV

& .
F OO * 0
SYNTHETIC PROCEDURES

a

¥ .

N ) ¢
The 1-aryl-4,4-dimethyl-2-methylthio-2-imidazolin-5-ones
required for this study ‘were prepared by methylation of the .
corresponding 3-aryl-5,5-dimethyl-2-thiohydantoins, using

47 , and were characterized by elemental

]

established procedures
analysis, infrared,nc and 'Hn.m.r, spectra. Me'ltihg points

3K ~
and analytical data are 1isted in Table 4-1. The tgjohydantoins

were prepared from the app'robriate aryl isoth'iocyanate and -

C b
methylalanine using the procedure of Pujari and Rout48.
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The overall synthetic scheme was as follows:

49

Preparation of isothiocyanates - o S v
-X X
| - NH, +s_cc12 —_— @ N=C=$
h -
o o + 2 HCL
Preﬁarationlof 3-aryl--5,5-d1methy1-Z-thic;hydantoins48 , N
(—a‘ N ' N ' '
X . |
_ CHs
| N Ic CH3 %0'9
f COOH \
\ X .
H 1l
—N—C,
o MH
F s ;& Ho—c——/
’ /NH - f “en
CHy 3
——CH3
. i/
— 0 CHy
; ‘ : 1‘7’
/ ° ] ) e

X
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Preparation of 1-aryl-4, 4—d1methy‘| Z—methylthio—z- 1m1daonn-
s.ones 50, 5] 52 53 |

;
H

¥
H
¥
,
1
4

&k

i st . RN

M b e g'r‘i.»-'\

I A ,’ B s %, [ i W, R
i O . ‘ g‘ e oo PR S T T e
e R L e LIPS zﬁ pﬁ‘gé‘ i SRR S A SRR raa AR




GENERAL PROCEDURE FOR THE PREPARATION )

OF ARYL-ISOTHIOCYANATES

o

The method described by Coghill and Johnson ,__/was foHowed

A typical example fo]]ows

0-chlorophenyl-isothiocyanate:

"~ 0-chloroaniline (10 g, 0.08 mol) was dissolved in 200 mi of

ethyl acetate in a round bottom flask and 14 g (0.12 mo1) of .

thiophosgene was s'ldw'ly addedmto the magnetically stirred solution,

‘using a Pasteur pipet. A1l reactions and manipulations were

carried out in a well ventilated fume hood. The mixture was

stm‘ed and heated under reflux for two hotirs to penmt the

A

removal of the hydrogen chloride evolved in the reaction. At

‘

the end of this period, the reaction mixture was cooled and the

3 | 4

solvent evapprated under reduced pressure (rotary evaporator).

4 ’ - e

" An additional portion of so] ven"t was added and then ev\saporated-

this process was repeated uptﬂ the excess of the thiophosgene

.-

had been comptete'ly removed. ) The deep brown oﬂ which rgmained

was characteri‘zTeTn?the broad CNS band at 2075 cm"] in its in-
frared spectrum (Figure 4-1). The‘ 0-ch'loropheqy1-1soth1ocyanate K

" was used without further purifi cation.

v{ ¢ ) ¢
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L GENERAL *PROCEDURE FOP. THE PREPARATION
OF 3-ARYL-THIOHYDANTOINS
§ »

The method used. for the preparation of these compounds has_w
been described by Pu:jari and Rout 48. A typical preporation
was as follows: -

3-(1'-naphthyl)-5,5-dimethyl-2-thiohydantoin:

A mixture of methylalamne (2.06 g, 0.02 mol), 15 m1 of water,

_ and 1.0 g: (0.025 mo'l) of\sodwm hydroxide was magnet1ca11y stirred

in a round bottom flask until solution was compiete. A slight
“excess of - of- naphthy'l 'isothiocyanate (4.6 g, 0 025 mo'l) in
so'lutmn in 10 ml of ethano] was then added dropwise using a /

Pasteur pipet. The resultmg mixture was heated under veflux

. for one hour, aoidified vn th 6N hydrochloride actd and ‘heated: .

under reflux again for a half hour, After ‘the reaction mixture

waﬁ cooled,. the precip'itate which formed was removed by ~filtration,

dr1ed and recrysta‘l'lized from abso1utmthan01 to yield 4,1 g ( / »

(84%) of 3- O‘-naphthy'l) -5,5-dimethyl-2- thiohydantoin, as vmte
. prisms {mp 259-269 ¢ wi th decomposition) ' .

. ] i . N ] . . .
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In cert:ain cases, tﬁe thiohydant(;in appeared a§ an oil /whén
the solution was hot., qQr as a gum on cooling. In general, the
precipitate was removed by filtration from'the ;oo]eddsolutiont
‘rinsed with acidified water, dried, then recrystallized several

times from hot absolute ethanol. The thiohydantoins were

obtained as colourless or off-whitemisni_s, readily characterized

by .infrared (Figure 4-2) (see Table 4-2) and prot’on n.m.r.

.spectroscopy (Figure 4-3). .
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-Table 4-2 TInfrared characteristic bands and melting points of the
&  3-aryl-5,5-dimethyl- 2 ~thiohydantoins

Ar—N o
CHs .
/ .
. o' CH3
Y - .
t \
-
. ' Infrared Bands . Melting Point
’ Ar . Position in cm-1 for: . in %
. N N n |
N-H. C=0 C=S" with decompositfon
i‘—. l 4 “ . ’ | , l’
1, 2'-Tolyl 3150 ; 1760 ; 1285 185
2 2',6'-Dimethylphenyl 3280 ; 1725 ; 1270 . 288 - 230
' 3 2'-Chlorophenyl ~ * 3150 ; 1770 ; 1285 ° 210 - 212
- 4 2'-Bromophenyl 375 3 1770 ; 1285 191 - 193
' 5 2*-Todopheny] 3240 3 1725 ; 1275 gas - 238
§ 6 2'-Nitrophenyl 3276 3 1735 ; 1275 250 -~ 202
| | 7 1°*-Naphthyl - 345 5 1785 ; 1285 259 - 269
| v \
i . AY
s .
’( v
® \
+ 3
N p

x
sa pE. A v
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GENERAL PROCEDURE FOR THE :‘g:lPARA ION
OF 1-ARYL-4,4-DIMETHYL-2-METHYLTHIO-
2- IMIDAZOL IN-5-ONES

‘The method used for the preparation of these compounds has

been described by Marckwalt, Newnark and Stelzner>C Carrington

and Wariﬁg 5], Komatsu 52 and Cattelin and Chabrier 53.'

This procedure takes advantage of tpe acidity of the NH
group, which loses a proton when the thiohydantoin is trgatéd

with a strong_base47. The resulting anion may undergp a nucleo-

.pbi11C'subsﬁi£ution reaction on analkyl halide, in this case,

" methyl jodide, to yield the S-CH3'3§#‘vative.
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This rgaction cannot be successfully carried out if there is a

‘ 1/, . ‘ '
hydrogen atom on c5 s in this case, Cs and O-methylation may

a7

* also occur'’. For this- reason, only C5 dimethy?*compounds

could be prepared for this study.

Y

A typical preparation is described as follows: ' !

A

1-(1'-naphthyl)-4,4-dimethy1-2-methylthio~2-imidazolin-5-one:
g

3-(1*-naphthyl)-5,5-dimethy1-2-thiohydantoin (1.65 g, 0.005

. o mol) was dissolved in 25 m1 of ethanol contéining 0.3 g of potassium

hydroxide, the mixture being stirred in a rfound bottom flask until : \
§01ution was completed. An excess of methyl iodide (1 m1, 0.009 Y

mol) was added and the mixture was gently'heatéd under reflux for

one hour. The solvent and the excess of methyl iodide were then . . b
removed (rotary evaporator) under reduced pressure. On addition of

water to the residue, a precipitate formed; this was removed by

et e
-
\

© ey




filtration, rinsed with water, dried and recrlystallized.seVeral
times from absolute ethanol to yield 1.2 g (84%) of pale yellow
prisms (mp 143-144°¢C),

4 i
+

‘The product was identified thr'o'ugh the absence of an N-H
band, and the presence of a C = 0 (1740 cm']) and a C-S (790 cm"1)
band in the infrared spectrum (séé Table 4-3) (Figure 4-4) and
proton n.m.r. spectroscbp_y (Figure 4-5).

-

In some cases, an oily residue separated on the addition of
water, after trituration. This gummy material was recrystallized —
from absoldte ethanol as m‘any timeg as necessary to obtain pulfe
material. The preparation of the 1-(2'-tolyl)-compound, 1, requ?ﬁeq
a different procedure at this point. When water was added, a
pre“c‘%itate ,faﬂed to form. The m'ixture' was extracted with chloro~
form, the organic phase washed with water and dried over ar}hydrous
sodium sulfate. The gummy.residue ob;cained on removal of the sofﬁ!vant '
was left in a refrigerator_' (at about 4°C) for one week,}and the;~
triturated with petraleum ether to yield a precipitate (about ,
3.3 g, 70%). Recrystallization of this material several.times
from methanol yielded colourless prisms (about 3.0 ;, 64%, mp.,

-84 - 85°). 7 "
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Table 4-3 Infrared‘characteristic bands of 3-aryl-4,4-dimethyl- 1
H
2-methy1thio-2-imidazolin-5-ones ’
- CH
S/ 3
r—N
’ g \//ILCH.’, - ‘
/ y
0 CH3 i
| : ; !
. Y
|
b
Infrared bandg, position in en”!
Ar ] P
c=0 c-S- N0,
? 1 2'-Toty 1740 ;750 3 -
: 2 2',6'-Dimethylphenyl 1740 s M5 5 -
! . ‘ 3
; g 2' -Chlorophenyl 1740 3 760 ; -
f 4  2'-Bromophenyl 1735 3 760 3 -
i
2 2' -lodophenyl 1730 H 760 3 -
6 2'-Nitropheny! 1725 vy 79 ;1530 :
1 1'-Naphthyl 1780 790 ;- - R
. b ]
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a stream 6f warm air. - ) N

‘:\

Melting Points:

)

Melting points were measured using & Gallenkamp melting point v

apparatus, and are uncorrected.

jE1ementa1 Analysis:

C, H and N'analyses were carried out .by Dr, C, Daess1&, 5757

Decelles street, Montreal. The previously recrystallized

o

samples were dried at 60°C under\réauced pressure (0,1 mm Hg)

7

for two hours before being sent for analysis..

Thin layer chromatography : ‘ ’ .

At various stages during the syntheses, progress of the reac;ion
was checked using thin layer chromatography onready-mde silica
gel G or GF (fluorescent) bTatés gAna1techl of 250 micron '
thickness. The samples were dissolved in chloroform (if solid),
or,li% liquid, were-used as such, and were spotted on a 0.5 cm
banﬂ, The eluting system used was‘acetone—ch]oroform (1:9}.

Plates were deve]obed in an unsaturated chamber, then dried in




o

The spots were identified using a short wave-lengt?h u.v. lamp

(254 nm) or by developing inan iodine saturated chamber.

Infrared Spectra: ‘

Infrared spectra were taken using a Perkin-Elmer model 237 B
grating spectrophotometer, Solid semp]es were prepared as

nujol mulls, while liquids were prepared as films between

: < i ' L
sodium chloride discs (Figures 4-1, 4-2 and 4-4), R

.

Nuclear Magnetic. Resonance Spectra:

60 MHz protph n.m;r. spectra were measured using a Varian A-60A

soectiomefer' S;amples were prepared by di ssolving approximately
50 mg of material in 0.5 ml of solvent (DMSO-dG), and n'lacmg |
the solution in "a cléan n.m.r, tube. Prepared samples were
.sto;'ed in a refnigerator to prevent decomposition, and TMS was

’ added to the so]ution <a¢ an internal standard before each

" spectrum was’ taken (F'igures 4-3 and 4-5),

' :




o»

25.1 MHz carbon-13 n.m.r, spectra were measured as DMSO solutions,

using an extensively modified Varian HA-100 spectrometer, opera-
ting‘in the pulse Fourier. transform mode, with a homonuclear Tock
a2
providdd by the solvent signal, and interfaced to a Hewlett-
Packard 2114A computer. The cofputer was used to time~average

. the free induction décays. and for. Fourier transformation, phase

correction, plotting, and other data pr¥cessing. - Two carbon«13
spectra were run at the,'University of Bri tish Columbia on a

Varian CFT-20 spectrometer (20 MHz) as Dnsg;dg\iqlutions
(Figures 4-6 and 4-7).. .

N
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270 MHz proton n.m.r. spectra were run at the University Q$4y

s ' British Columbia using a “home-built" spectrometer based on

2 Brucker WH-90 coﬁsole, an Oxford Instruments superconducting

o magnet, and a Nicolet dgta system, CDC13 solutions were
’ L 4
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270 MHz proton n.m.r. spectrum of 1-(2

2-imidazolin-5-one

Figure 4-8
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flgure 4-12 2
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70 MHz proton h.m.r. spectrum of 1- (1‘-naphthy1)-4 4-

1methy1-2-methy1thio 2-1m1dazoﬁn-5-one (21,
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SUMMARY U

A series of 1-aryl-4,4-dimethyl-2-methylthio~-2-imidazolin- -

1H and -

-

S5-ones has*been prgpared for the fipst timé and their

3% n.nr. spectra investigated. The§§‘tsqeounds are potentially

'capable h‘ﬁ undergoing biphenyl-like isomerism through restricted

¢

* internal rotationBbout the aryl C-N bond. When the aryl group

is unsymmetrically su'bstiltuted, the rotat'ionaf {somers are
enanti'pmers, and the gehina1 dimethy]hg.;roups aré "diaster‘eoto-;
pically related and should have distinct 'H and 13¢ chemical’
shifts under conditions of s]oW"internal rotati‘on. Slow
rotation has been detected in the ]H spectrgmf of thrie compounds,

and in the ]3(: spectrum of aﬁ but one compound.

[ERN
.

‘Free energies of activation, Ap*; were detemined\qﬁicie |

coalescence temperatures of the three compounds which showed .
" LS

‘separate Qem dimethyl signals at 60 ‘MHz. Rotation'a_l barriers

are substantially Tower in the imidazolinones than in similarly .
constituted -thiohydantoins. These differenées are interpreted

in terms of differences in molecular geometries ¢<n¢ the greater
\
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g e



ability of single than double bonds to relieve steric strain
" ‘ v -
in the rotational tnpnsition state by bond bending,

e
thgfcal shift differences between the gem dimethyl groups
are a function of thq anisotropic effects of supstitqgnts and
. .of the aryl system; the latter is dependent on the dihedral
angles between the ring systems. Dihedral angles are dependent
‘on the steric bulk of the aryl group substi%uents, and also on

their ability to affect conjugation between the ring systems,

The high dispersion of the 270 MHz 1H spectra permitted
comp{été‘computer-aided analysis of the ary]hprotOn spectra of
four compounds, so that the effects of substituents on aryl .,
proton chemical éhjfts could be estab]i?hed,

13

The "~C spectra of these compéhnds have well dispersed signals,

and the heterocyclic grodﬁ signals can be assigned readily,
Assignment of the aryl group signals i; more difficult, with
the exception of the 1'- and 2'~ carbons; 'éubstigtent éffecfs
on heteroéyc]ic carbon chemical shifts have been identified.
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With one exception, 13(2 chemical shift differences between diastereo-

topically related gem dimethyl groups have been observed. The'

effects. of Aryligroup‘ substituents on thg*‘éhemica] shifts of the

hetero':c_yc'lic group' carbon étoms 'have“been interpreted in terms of
the steric influence of the substituents on dihedral angles, Qi'th
.conksequent influences on conjﬁugation between the rings, and on the

electronic influences of the substituents.

)
A survey of the 1y spin-lattice relaxation rates (at 270 r#z)

-

L4

of the imidazc;linones has been carried out in order to ascertain
- the senéitiv%tng the rates to the mo'lef:u1afenvil'0ﬂlﬂents of
par’;i,%ular protons. A substantial dynamic ran‘ge’of relaxation
rates was observéd, indicating that these rates have considerable
diagnostic potential. Individual re'l.axétion rates have been
interpre::'ed in terms of the number and pr;oximi ty of closely

j -
neighbouring protons. Some evidence was found for anisotropic

mqtion of the molecules, and possibly fo‘r" inter-ring relaxation.
1
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Over all, this i nvestigation has provided information on
N-aryl im:idazoﬁndnes which complements ;hat already available o
on N-aryl thiohydahtqins; it has provided '°C data aldo
related to restricted internal rotation, "plus data. ct\\aracte-‘ « ) I
ristfc of these coppounds; finally, it has provided the fir&s\t
) . , dataon W spin-lattice relaxation rates of ﬁeterocyclic
compounds of this type, and has indicated the Hpotential of S ’ { -

Cod
the technique for supplying information on molecular structure.
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