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SECTION 1.. - B ’

»

Proton spin-lattice relaxation rates (R1 values}! have
been reasured, at 270 Mdz and ?30. for a series of XN-aryl-i-

<

1s0indolinones. A normalization procedure has been used to . o '

ninimizing the effects on relaxation rates of changes in
motional correlation ti-#a acconpanymg changes in substitution

patterns. A substantial ( 3 fold) dynamic range of R, values

4

.mas been abaserved, and mdividual valuee have been correlated

with t;he mplepular' enviro%nenta of the nuclei. There is evidence =
for an inter-ring reluat%on prioceu. ‘ o %
o - _ ‘
SECTION 2. ‘ ' |
A series of, 1,3~ ’i sryl substituted 2-thio-d-imidazolidi-
nones and N-aryl-1-isoindolinones vere synthesiséd. The barr{ers
tc; internal rotation of thg N-aryl moieties and their dependence |

on the nature of the N-aryl substituents have been examined, The




e

vicinal coupling constants betweén the 1- and 5-protons in the -

Z~thio-4-imidazolidinones appear to-be fairly insensitive to the «
dihedral angle betveen the C-H and N-H bdnds. It 1s concluded that

the\Fonrornation of the hetero ring 1s insensitive to aryl group '

. ’

0

substituents. . U

v 5

SECTION 3.
‘ From carbon-13 kMR data fdr a series orv1,3-diaryl-?-thio-
d-imidazolidinonea various effects of aryl‘nubag{tuents on the
netero ring carbon atoms have been éiamined. In these compounds,

. 1
steric and polarity effects of aryl subatituents appear to be
. “/ e . .
.
negligible as compared to electronic effects. However, the reverse

seems to be true for the 3-aryl analogues.

SECTION 4.

| Consistently deshielding caiu't:on—}} Siahi!'ta resulting
from the presence of o;tho ar;l substituents have be;n measured ' e /
for the 3~methylene carbon atona.of some N-aryl-1-i1soindolinones .
(0.12 - 3.25 ppm) and for the carbonyl carbon atoms of these ¢ :
»co;pou;da and the corresponding N-aryl isoindole-1,3-diones,
(0.04 - 1.47 pqap. Low temperature (-75° and -150%) proton N
studies indicate that steric barriers to internal rotation. about
the ary] O-N b;ndn in the N-aryl 1-isoindolinones are low. The
compounds with the bulkiest ortho aryl substituents tend to sjow,

the largest § -shifts (particularly for the 3-methylene carbons).

?
SECTION 5. EXPERIMENTAL.
N .
. - N A '
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In our laboratories, considerable attention bas been

‘ paid to the stidy of hindered internal rotation about the

aryl C-N bond 5 N-aryl cyclic amides. As part of our

“Gontinued interest in the sthdy of barriers to internal

L

N ’ ‘
rotation in heterocytlic compounds, we have synthesised a = \

~meries of ,1,}-Jhryl-&thio-d-m’dﬁzolidinonu and 2-aryl- ’

1-isoindolinones. We have investigated, in this study, proton

P,

and carbon-13 nuclear megnetic resonance apeou-n of these

-~

' cowpounds m order to obm-n infomuon or bo.rricx‘: to \

muml rotation of ° thc N-ml groups and their dependence

n.rfm interactions operative, in these molecules in

-rchuon to their ground utntb mmch‘iﬂry *

.

Préton lm line shape analyais h the most. ooqonly-

: uplcyod technique "to ' the solution of pmhl- of

stryotural ;oo-orln involving restricted rotation. When

- applied to the 1,}-diaryl-2-thio-4-imidazolidinones, only

» o
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three compounda with bulky N-aryl mojeties and methyl Coe
substituents at the C-5 capbon showed rgstricte'd internal
rotation about the l-aryl ni.troger‘x bond. All other compounds
in this seriea failed to exdubit individual asignals
- corresponding to the diastereomeric rotamers at telrperature}
" as low am -160°. In’vigv of there being a subatn;\tially‘ '
bulky and polar ihioc;arbonyl group in the vicinity 4'of the
N-aryl moiety, this observation is aomevfmt unexpected. \le‘
_ undertock a carbon-1. 3. R study of ‘these compounds and
interpreted the spectra in terms of grdund atate rohmers.
(Our 2im was to look into the effects of subsatituents on the
*  aryl moiety and establish 1f there were ateric or electronic
mteractiona between varicus segments of these molecules
by examining their carbon-13 ahielding ddta. These results have ¥
showa lack of detectable steric interaction between the
aryl ortho auba{tituento and theic-s groups in the‘ _ground
LJtate. So it vas decided to undertake a detailed investigation
concernirig the behaviour of these systems.

In view of the reports by &olebrook et. al, thnt.l .
the S-methyl- and 5,5-dimethyl- 1—&ry1~'-i-1d.azolidine-2.4-
diones shov mbotaﬁtiai barriers to rotation abou; the *
N-aryl bond, 11.0 - 12,6 (26 ), and 18,0 - 21.2 (28 )
Xoal/mol, respectively, it wap desirable to look for a systes

. which should*tave molecular freme-work similar, at least .

partially, to these compounds. The N-aryl-1-isoindolinones

)
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.
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provided a good example.- Parﬂcﬁla.;-ly, ve vere encouraged to

note that Levin et, al, { 71 } and Seymourcand Jones (735 )’
have observed non-equitvnlence of the N-benzyl protons in
N-benzyl-1-isoinds linone% .and N—ben.zyl-No(%—chlorophenyl)
acetanide, respectively. It was of jtnt\ereat to us to

inveatigat\e if alow rotation about the aryl C-N bond in

" Nearyl-1-isoindolinonea at lower tespentixria could render

the methylene or bulky ortho substituehts non-equivalent.

“ It was observed, unforturfhtely, that in a’ll of the
N-.ryl-ﬁisoindoligonea studied, the uethyiene or a.rylfo'rtho
;ubatltuent"‘iimtona exhibited rather sharp singlets with
no indication of ajppearanceof aiérnlg due to‘ non-equivalency
atA temperatures as lowv -as -160°. '!"hua; ba:rr}ex‘s to internal
rotation in these compounds were found to bt very lpw,

Under theae circumstances, we were 1ntex;eatéd"to
further ;mraue the natter: In order to explain our ﬁ.-uulta
of ‘very low barriers to internal mtatién. we decided to
look into the solution geometry of these molecules in detail.
"I'ha phenomenon of proton spin-lattice relaxation ia related

toa migt& of molecular properties, in particular, molecular

motions. We decided to exploit the geometric dependencies

. to inter-proton relaxation contributions by measuring their

B,- rates. The proton relaxation stidies, in conjunction with
their carbon-13 shielding data 'enabled ua to establish the

nature of intramolecular steric or electronic interactions
J

in these aystems.
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The division of the thesis under study into various

2

[

sections is merely a matier of convenience to clearly preaent

the results of our atngliis. This theais consists of five (5)

il sections as listed bel'ov i
?ection 1 . Proton’Spin-Lattice Relaxation gtudietf on
- - . N-Aryl-1-Isoindolinones. ' o ¥
,
R Section 2 : ~ Proton NMR Line Shape Analyaia of , .

o (\ ‘ 1,3-Diaryl-2-Thio-4-Imidazolidinones.
% ’ . ]

.y

. Section 3: - Carbon-13 NMR Studies on 1,3-Di gy 1-2-Thio-

s
4-Imidazolidinones. b .
Section 4 : @ Carbon-13 NMR Studies orj-Aryﬂl-h_
1 Isoindplinones, ' -
. g \ i
Yection 5 : ° - BEyperimental work, /
. ‘ » . ’
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SECTION 1
A T

-~ PROTON SPIN-LATTICE -

RELAXATION  STUDY - .

. 1-ISOINDOLINONES ¢
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INTRODUCTION

- . T
The study of spin-lattice relaxation is important for

two reasons. Pirstly, it provides information about the dynamics

.E:t the spin-bearing molecules and also the apin-dependent

interactiona which coupI; the nuclear apina ;.a the environment,

the latt{ce. Secondly, it provides t; knowledge of spin-relaxation

'timea vhich is necessary for the operation of NMR spectrometers :
and in the interpretation ;I many spectroacopic om;crvauona.

The conventional procedu;e using high-resolution NMR
spectroscopy as a tool for studying the structure and stereo-
chemistry’of organic n;aleculea in eolutifm is well-known : three
sets of XMR parameters, the chemical shifts, coupling constants,

and integrated areas, are derived I'niu the measured spectrum and

these parameters are then used, either singly, or in some

m:tuble conbination, as the basis fo*- the atructural assignment.

Poverful as it is, this approach neglects the fact that each |

spectrua contains, implicitly at least, two further aets of .
sagnetic resonance parameters;,these are the apin-lattice

‘rchnuon times (T, - values) and the spin-spin relaxation times

(1, - values). These parameters may also be expressed as

. 3
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relaxation rates, R; and R, , where R, = 1[‘1‘1 and R, = 1/1‘2 .
Recent inatm-eqtal develfhpments have made possible the routine
measurement of apin-lattice relaxation times.

The theory of muclear upin—rel.nation is vell-developed:
and is described in the texts by Pople, Schneider and Bernstein
(82), Abragam ( 1), Slichter (97 ), Goldman ( 45 ), Parrar and . ’
Becker ( 37 ), and more recently by Mullen and Pregosin ( 78 ).' ‘

The phenomenon of spin-lattice relaxation has long

- . attracted the attention of physicists and some chemical physicists.

largely as a r;sult of their effort, there is an extensive
1iterat’ure both on methods for measuring '1‘1 - vaiuea ard on the
theory that enables theae par;meters to be related to a wide
variety of molecular properties and, {mportantly, wolecularvmotiona.a
Until recently, most prac‘tiaing chemists, even those with an active
interest in NMR spectroscopy, have largely neglected the

phenomenon of spin-lattice relaxation, with sone'exceptione.

There have bea;x many reasons }or this neglect and of these the most )
cogent is that until very recently, the met!;oda developed by °
physicists for neasuring’"l" ~ values have been irfcompati‘oie with
studies of the complex molecular species which are of chemical
interest. However, with the developwent of Pourier tranaform (PT)

techniques, it has become possible to measure,” on a routine besis,

the 'r1 - value of any resonance that can be clearly resolved in

an WM spectrm, and hence to study systems which are chemically

quu,. complex. '

R Sl



N . T Several labont'b:?ea, notably that of Allerhand 2«4 )
and Levy ( 70 )\bave measured the longitudinal relaxation, times
of carbon-13 in mtml abhundance using F T methods, It is

interesting to note that the majority of the 1nborator1ea"

el

equipped with P T NMR spectrontgra appear to have somewhat
negloct;d relaxation studies of other magnetic nuclei, partlc\ilarly
of protons., However, recently a number of .reports have been published
on the experimental aspects of proton relaxation studies; most
notable gf these 18 a series of proton-reh.m‘tion studies on-mono-,
di- and polysacchride molecules by Hall |( 502 showing the stereo-
specific dependencies of relaxation times.

It is not appropriate to attempt to give here a full
account of the phenomenon of apin-lattice relaxation; hovevex:,' a

brief description is important.

-LATTICE TION :
, ;
The phenomenon of spin-lattice relagation is amsociated
with-the transfer of mggnetic energy betwden the magnetic nuclei
‘ under study (the 'spins’) and their environment (thq 'lattice').
' There are a mumber of distinct mechaniems, 1listed below, whereby
thie energy tt‘nnfer oan be sffected : |
-\ 1- Dipole-dipole relaxation
. a- intramolecular
b~ intermolecular | ‘o
c- paramagnetic
\



2- Spin-rotation relaxation
3~ Quadrupolar .rel‘ant‘i.o:’;
4~ Scalar coupling

5= Chemical ahittv anisotropy
) R

: y \
1-_Dipolar Relaxation' : / . . ‘ -
. . ¢ . *

When the nmuocleus - undergoing relaxation is gliret;tly
bonded to a second nucleus poaseseix;g a magnetic spin, then we
have the possibility of an efficient relaxation mechanism. e.g.
when a pr?t'on is directly bonded to a carbon-13 nucleus, the two
spins can each be considered as mmall dipoles oriented along the
'mH - 13C bond,” The praton will experience a small field due to the
C-13 nucleus. The magnitude of this field depends on the magnitude
of the two dipoles and the anéle'e of their line of interaction
vith respect to the spplied field. The magnitude of the field, H,
created at the proton is given by

v H o ()Cosf&'-‘)/:‘s - - -E. 1.
As the molecule tumbles in solution, variation in & will cause
fluctuations in the rmd H. Relaxation can be induced by any
oacil]:atln;gtlcctric or magnetic field which has a component at,
or close to: the Larmor frequency of the nucleus concerned.

The oontributions made by the dipol}r mechanism are

normally found to decrease vith increasing temperature,



Z- Spin-Rotation Relaxation :

a

. 'l’hi’sA arises due to fluctuaungﬁagnetic fields generated

' by the povement of atoms within the molecule and is normally only
important for small highly syrmetrical groups such as short
aliphatic side chains or methyl groups.

Although such segnental motion results in an increase 1n

spin-rotafion relaxation, it i{s normally accompanied ’gy a decrease
"in the effectiveness of the dipolar ;Ql’ﬁtlon nech:aniaa and.‘
since this 18 normally the dominant mechanism, by an over-all
increase in the relaxation time (i1.e. lov rate of relaxation). In
addition to this, spin-rotation relaxation does not give rise to ‘
NOE (nuclear Overhauser effeact) enhancement (in the case of carbon

' . signals) and, consequently, the signals arising from carbon-13 nuclei

which undergo appreciable relaxation via this mechanism often possess

characteristically lovw signal intensities.

i

2= Quadrupolar Relaxation :

This mechanism is iuportant. for nuclei with spins greater
than 1/2 (such as "4, 28, 3%c1, 37c1, "9Rr and ®'Br). Such nuclet
possess a quadrupolar moment which gives rise to’an éloctric field
gradient at the nncleu;. ];roviding a highly efficient relaxation
mechaniam. It i3 the effectiveneas of this mechanisa \;hich is
responsible for the lack of any observable 'H or '°C couplings to
chlorine u;d bronine despite the fact. that they both possess

nuclear spin.

. AT L - s« o oL
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The presence of dissolved or,ygcn or any other paramagnetic
impurities in a sample can have a marked effect on the relaxation
times. This is because the magnetogyric ratio of an elgctron is

~s 657 times greater than that of a proton. Consequently, the

presence of even trace amounts of such impurities can provide

very efficient gelaxation by’a dipolar mechanism. This effect is
sometimes utilized bv deliderately adding paramagnetic -.ierial
(usually cr (acac)a ) to a sample posseasing long relaxation

times.

. .

2=_Scalax Compling :

Scalar coupling of one n@c‘tic rmcﬁlcua to another may
give rise to a fluctuating field at the ai'te of the nucleua of
interest, provided the interacting spin undergoes rapid change
of its spin state, or, in other words, if it relaxes rapidly. On

condition that 1/'1‘1” {sc for scalar eonplixfs) > 2% J,' i.e. if

~ the relaxation rate of the second nuc}ena of spin S is fast

compared to 2KJ, where J stands for the scalar spin-spin
coupling constant, no spin coupling will be observed. However, the
micleus of interest (protoﬁ) to which spin S is spin-coupled
upitimou a local field that fluctuates at a {requency 1/‘!"ac .
T™his oonlition u ottm satisfied fcr such qmdrnpohr nuclei as
4, Ba1, T, Prr, O ote: sulqn- relasation 8 frequently
foupd to bo a dominant llchnj.- tdx/-/ transverse relaxation, to tbo
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extent where it manifests itself in appreciable line broadening.

~

6~ Anisotropic Shielding :

.If the chemical shielding is not isotropic, the aeco;adnry

i magnetic field due to electronic currents will not generally be -~
.parallel to the applied field, and there will, the%‘efore. be a
couponcnt; in the perpendicular direction. As the molecule rotates or
' ' tumbles, this component vill oscillate or fluctuate and may cause
| tr’anaitiom!‘ between the nuclear spin states. This mechanimm of
relaxation requirea the presence of an extérm;l field Ho and will ’
lead to a spin-lattice relaxation time dependent on thevnautude

of H  even when the correlation time, Tc, {see later) is small, *

A rapldly‘ fluctuating magnetic field, genernted and - .
located in the lattice, interscts with the rapidly précessing J\\!
nuclei of interest snd thereby mediates in the ;qcrgy transfer . N
process, In principle, nnd often in practice, several of these ) | 2
different nlantionwucmx-;‘opmtc simul taneously; and in
' these circumetances, the spin-lattice relaxation time mespured - .

- experimentally is a composite value and contains contributions

-

. , from each of the several mechanisme. If this wvere always the case,

E then it is quite probabdle that this entire phenomenon would have ' . .
1ittle, or no, relevance to organic chemists since it \IKI -
a1£f1cult. task to Jerive from the experimental valus of T\ the
individual contributions from seversl differsnt mechanisms. \

| . N

' « e

o



.- 12 s

Portunately, it is often posaible to conduct experiments:
in which one of these mechanisms, the intramolecular dipole-dipole ’
(DD) mechanism, dominates the relaxation; and under optimum
conditions is the only operative one, IIn pnctice; this rquirea
the isotropic motion of the molecules to be studied as a dilufe
solution (~ 0.1 M) in a magnetically inert solvent; both of these
requirements minimize contributions from intermolecular ef.fecta.
“;fha requirement of a hanetlcallyﬁinort oolveﬁt means that the
solvent .should contain neither fluorine nor proton substituents,
and in practice, it suffices by using a dg\iunted substance,

which has the added convenience of providing & heteronuclear-lock

s#gml‘ for the spectrometer. Experimental measurements under':
these conditions aré: - convenient. Th; factors influencing
aipole-dipolé relaxation become apparent when one ;tudies the
~ mathematical form of the intramolecular DD Qéchgniu., Equation 2,
"™N\._' for the contribution that one donor nuclens, D, makes to the spin-
isttice relaxation of a second receptor nucleus, R, ( 8 }-
YD ¥a.

Ry = W71 o Te (D2R) . . B2,

(rp,m)” :

vhere x]) and ¥R are the magnetogyric ratios o't the tvo‘bucle{

involved, r is the internuclear distance betwveen D and R,

T o is & motional correlation time (see later) for the D->R vegtor,

and B, is the relamation rete (sec ). The first important potnt
h" that for the relaxation of s proton, R, the most im:hbh. .
scurce of relaxation is another proton, D; this follows from the \

4 ; - - . e ——
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fact that 6;1)' protons hi;i'ai ficantly high valuse of ¥, (The
" other micleus of high magnets fc ratio is fTuorine-19). Second,
" the efficiency of this inter-proton relaxation is critfeaily

* i 'dgyuﬁmt on the inter-nucléear distance; hence, itfiy be afAticipated
?.' "")ttm. there will be geometric dependencies to inter-proton B p
relaxation contributions, and conaeq‘ucnély, to the cougo.itc T, (R’) : .

values, THird, the relaxation is dejendent on the correlation time
T c (see later) vhich is nlate'd to the rate ;r rotation of the ,

nol;cnlo in solution. ( - .

)
- . 59

- Even 1if it is justifiable to assime that the intrsmolecular ) E*

DD mechanisn is the exclusive mechanism for proton relaxation, it

1
)
-
-
’
.
)
-b'E-: <

e
B

is 8till not clear that a unique R, - value for an individual

4

proton-transition can be defined : this is because the pr;ch of

.ciou-relmuor?e'gg'nun cause (a) significant differences betveen

NI
N

the R, -values measured on the individual componeiits of & spin- - 'ﬁ
"coupled multiplet, and (b) deviations from a pure, exponential:. . ’ J
rate of recovery of etiiulibrit- magnetization (51, 108) - . .»‘:é"j

. - . ’ . - ) . : |

v

. L. "o ‘
PR . The. corrslation time serves as a msasure of the average ‘ E:

time that two muclei remain:in x given relative orientation. For

molecular rotation the correlation time -&'m thought of cLe "_’

approximately as the length of time that the molecule requires on
¢ thqt!;crmtonuﬁ; thxov;hmmic of é redian while for.tho
trénslational moticn, the. oorrelation time is roughly the time it

takes the moleculg to move oiie molecular diameter. The rotationsl
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. s :Juz,a"u intramolecular relaxation and the _
. trenslatiocoal pmo-u is nhm to intcuahmhr relaxation. #
. ?hooomhumtmununbodcnmd uumafﬁnﬂn
taken ror the local nnctmun‘ fhld 40 'lose mry' of a
v Mm value,
° huepmhuonuuiodtpcndmt onthouq;mtun
, and the mommtion of the --plo. und the vi-ouug of the
, pﬁakm cen be further complicated by anisotropio motion of
the molecule as a vhole, nnd by thc freer motion of’ uv side
chnnn and methyl groups. Co-pnmnonn associated vnh mmhucn
u-.. u-c not gemerslly 1-portant for mny small or u.-plc
. : -nlmlu.
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Pulse methods provide the most versatile technique for

i

¢ measuring '1'1 -values over a wide range. The simplest conceptual
model upon which & discussion can Ye based is the 'rotating

referense frame' model. The most commonly employed precedure,

: 180 -~ t - 90 (1i;vmion-rpeovery) sequence is {llustrated in

m. m‘1| [I, C T

l“ /

Conaide/r/an ensemble of magnetically equivalent nucles
(spina), ‘subject to the influence of the laboratory ngnet{c o
field, Ho « At thermal equilibrium between the spins and the

- lattice, this ensemble will have a net macroscopic n@ettc

N

i~ moment vhich will, in the rotating seference frame, be directed

along the 2-axis, vhich is also the direct;.on of Ho' In Pig. IN-1
this magnetic moment is represented by a vector 'arrow’, vhose
length is intended to indicate the total amount of magnetizstion
present. When this vector lies aloni the z-.a.xiﬂu, no signal is
detscted by the spectrometer, which is designed to respond to th‘t
component of the magnetization which lies in the’ x.y-p.lu.nc; Thus,
to assay the amount of.-matiut;ion alm the s;ixiu at any ,
Mxm time, it 1; necessary to tip the magnetization nétor,

th;o\uh 9D° into the x,y-plane. This is eaaily done by applying
14 :
saitable radiofrequency power at the appropriate frequenay, in the

form of & short pulse (s 90°-pulse), and providing this ia done

sufficiently rapidly compared with the rate of ‘change of .

’
o
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" magnetization along the z-uia,,}thia introduces no systematic error.
It is 1%)0:‘&&'!11. to note that if twice the amount of pover is

* applied, say, by doubling the length of pulsé, then, the original
magnetization vector will be tipped through 1e:3° and vill lie along
the -z~axis, : ’

In the rotating reference frame, spin-lattice relaxation

i refers .to the rate at wvhich ngnet;'c energy-is tmha!ferxied from
spins vhich are directed along the i-axis. Initially, as in Pig. INi-1,
the spin system is at thermal equilibrium with ite lattice, and
vith its mcmooopi:: magnetic moment directed along the z-axis.

The equilibrium {s then destroyed by applying a 180°-pulse vhich
tips the magnetization rapidly into the -z-direcsion. Spin-lattice
relaxation thg restores the system to thermal equilibrium; this
is accompanied inftially by a decay in the magnetization inte:/’mity
along the -a-direction, and subsequently by & r:covery in the
n&irection. The amount of magnetization present any given
instant can be assayed by am:;lying a 90%-pulse ( ing pulse)

and ?o tipping the residual w;ponent up, or down, . o the

" Xyy-plane, where it induces a signal ihto the receiver of the
apectrometer. n ’ .

Quanfitatively, the decay of M, ia given by the Bloch

Equations 17,18 vu.hn!;.n’.o : ’ ’

dH’ / dt = -(H: - Ho ) /T1 “» ve " oo mr 3'

integration of By, 3} with H’ - -Ha at t = 0 gives

" » 50(1—20 .) oo"o ve m.‘.



In practice, Bq. 4 is often re-cast into the form

%ln(ﬂo-nz)-ln2ﬂo-t/tl'1'.. -om'S.

vhere nz‘u the initial amplitude of the signal following the 90°-

pulse at time t, and )'lo is the limiting value of Hz for a very long

L
interval between the 180°- and 900- pulses.

]

It can be seen from Eg., 5 that

Hz = 0 for t = T,1n2 \i.e

7

T, = t/o.69ﬁ. i ee ee ee eeEm. 6.

( or R = 1/T = o.ég/t )

'I‘1 is determined from one of the equations Bq. 4, BEg. 5 or Eq. 6. ' .

In practice, then, a 1&‘)0-;7015:?3 used to destroy the
thermal equilidrium, a known amount of time, t, is allowed to
elapse, and the reaidual magnetization after that period is assayed
by a 90°-p'a.lae. This gives the first point on the ‘decay-recovery'
curve, Pig.IN-2 and 3, using Eq, 4. The system is left for more than
S X7, sec (At 5xT, , M = 0.993 M ) to recover its equilibrium
level of -ﬁctij’ation. and then a second 180°- t - 90° pulse
sequence is applied, this time vith a somevhat longer ¥alue for t.
This gives the second point on the ‘decay-recovery' curve, and so
on. In noxmal preoctioce, s minimum of ten such points must be
determined. If necessary, spectrs may be time aversged for each
value of t. '

Usning Eq. 5.?1-abodotm1nodnutho-1qp¢ofa

‘ N




\%s! BY AR TS Mg g 9 oy o

19

- L]

- %
P e ey

095 )

A,

o

_ (sf3un Axwayyqae ug)

W~ anyep IPI}TUl €37 moxd ‘aerng
)

081 ¥ AQ UOTRISAUI #3T FUTAOTTOL «
S¥xXY-Z ou3 Fuoly ‘L-N] ‘euous

={oputoe]~{-( [AuaydLxoxpiy-2)~N Jo

. - (odd [16°D) suoyoxd SUSTAUIGN SY3 . o

Jo uoryezijauley Jo AxeAoosy a3
Jo uorywviuesasadey OT3wmrexSwiy t 2-NI 874

e

ar 3
L AR Rl

°
Moy e e e

-

. 4 e——

¥
H

8 T e )




20

hrcid

93TUN AIeI}FATV UT) 4o ‘enwa [RITUL 93§ wo
‘o8Tnd- 091 ¥ Ag UOTEISAUT 83T JULAOTIOL ‘STXV-Z Y3 FUOTY *Op=KI
*0UOUT [OPUTOBT ~| ~( TAUIYARXOUI OK-D=TAUI =2 )=H JO BUCLOIL TAUISK W3 Jo

&
~

4

_UOTIERTIeulwy JO A3pAc0dY Y3 JO UOTIvVIUsEsadey OFywmreIPRIq ¢ (-NI ‘¥4

.

J9S )
3 4 o ,
y L 4 t — g g T T ~ T L4 1§ T — * T T

<

My PP




) : ' o 21
‘ plotofln(no-)'l’)vn t, Pig.IN-5 -7-U'uuc'xq. 6,7T1canbe | / 4
found from the best estimate of pulase spacing, t, that results in
no PID signal following the 90°-pulse. This procedure is
- unsuitable for the most accurat’e determinations of T1; but‘ my be
‘ adcl;mté for routine Mu. . Y SN . ‘ )
‘ Pig. IN-4 illustrates u' series of partially relaxed
_proton NMR spectra of N-(2,3-dimethylphenyl)-1-isoindolinone in
chloroforn—d1 recorded f?lloving 50900-1,&1“ at various delay \
times, t sec. ' . |
- One particular advantage ‘of the pulse FT NMR method
(inversion-recovery sequence) is that all resonant nuclei of a
‘givim magnetic type (;.g. proton or carbon-13) can be sampled
v . simultaneously and repetitlivc;ly. The Pourier transformmtion of the
PID yields the time-dependent intensity of each line in the :
— spectrum, The intensity may be negative, sero or positive, .\

dcpcnding on the reh\ive value of t And the 'r governing thh

ro.omnce line. .
One particmlar expdriltnhl concern in this technique !
: A
is the invmion of each line in the spectrum, A very short 180°%- v

pulee is non-oelccuvo and simultaneously inverts all the nuclei
vith different chemiqal shifts, provided that the condition ( 72 )
Ye, > (v - v )holda.vhcrc(v -v‘) 18 the difference
mtx‘qucnuymiubotm;ummu line (v ) and the
pnlumruorfroqmcy(u) m‘ln,» (v -V, )oondiuon

t ' aseures that vhile the actual resonsnos condition (»i -V, ) does

[ ]
not hold for any line in the speotrum, deviations are so slight

AVDONTBOTMR Y -~ e Byt wat v . eme e me . e « o 4 v on s S e o
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71‘. -4 : Partially Relaxed 270 Mz Proton MMR Spectrm of
u—(z 3-Dimethylphenyl}-1-1soindolinone, I¥-8, 1n CIC14,
!ooordod Polloving o 90 -Pulse at Yarious Delay Times,
t sec.
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as to be negligible and the effective field for esch mucleus in the
rotating frame is approximately H,. If ¥ H, » (v, - v ) 18 not met
for various lines, the measured 'r1 may deviate from tha true T1.
Particularly large deviations will be observed for T.'s calculated ~
by the mill-point method; it is recommended that oomplete |
in (Ho - H') -vs-t plots be used vhen Y H, is no-t much larger
than '(wi - vo). Breakdown of this condltion, of course, becomes
of ;rcnt concern at superconducting field amngt‘hl, where the
frequency vidth of & proton (and particularly of carbon-13)
spectrum may be quite large. A thorough treatment of the problem
is given by Jones (59 ). Pig. IN-5,6 & 7 represent plots of
in '(Ho - H’)-Ya-t, and assure that the experimental condition v

Y B > (v1 - vo") has been adequately met, . ”
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* Pig. -5 1 Decay Plot of In(M = M ) versus t (sec) for.
the Methyl Resonance (2.226 ppm) of N-(2-Methyl-

Solution in CDCly at 270 Mis and 23°,

‘4=Methoxyphenyl)-1-1s0indolinone, IN-10, 0.05 M °
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rig. D—6:Mp1;tof1n(ﬂ - M) versus t (sec) for the Ortho
)latlvl Ro-nmnce (2 122 m) of ¥={(2,  3=Dime thylphenyl )~
0 * 1-Iu1nda11nono, I#-8, 0.05 M Soxnuon in CDC1, at. _
270 Mis and 23°, ‘
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. Pig. IN=7 3 Mmot of 1n (no - ll’) ve t (@ec) for the Meta )httal,"
Resomance (2.336 ppm) of ¥-(2,3-Dimethylphecyl)=1-
Isotndclinone, DN-8, 0,05 N Solution in CDCly at 270 Mis. -
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. The 1-isoindolinones were pynthesised for the

é': poaral -'

. measurement of their spin-lattice-relaxation rates which were POy
N . <
expected to provide us with some insight into their solution

geometry and various steric, inter- and intramolecular forces in’

operation. Althongfx Pm!tntoi;u and their thio analogues have dean

extenaively studied in o;xr laborstories, it was oonsidered that.

their study employing the proton spin-lattice relsxation technique

[, VP Mﬁﬁfa‘i ok, At d L
‘. N
o

) my de oo-mz ooﬁliaiodfor several reasous. Pirstly, -the:

‘ B=aryl substituted hydantoins and ntmohychhtotu my not present -
‘ conforsationally rigid systess, and it may be difficalt ¥ analyse
the ocontributions to their“spin-lattios relaxation rates from s o -
variety of saurces, such as steric, changes in motional’ porrelation
times and conforsational and configurstional oftects upon the
oomht:lon thu eto. Seocondly, the -Hccto of solvation uhont
tumlm/ormnmrhmlminmaww
sclvents 1ike shlofofarn ar dimethyleul foxide have been known to

to be quite signifiocant and to affeoct the rotation of the N-aryl

B [
' »
s - » -
)

0
’
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o T U W M NIy e Py - o on oo WA . PN, |
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mojety about the C-N bond as well as the relative oriéntations of

. the aryl ortho substituents. Thege effects may further ’oo-puesto

the analysis 6f the spin-lattice relaxation data. Pinally, the
.!mhntoi'u and their thio amlogues show rchuyyﬁy lov solubility

< in the lede pohr solvent Eﬁloiutom as compared to highly polar

u

solvent IMS0. A 99.8 atomic .pmmt'néo-ds solution of a compound
1s expected ta enhance ihe intramolecular relaxation contributions
through ingressed viscosity (with ‘consequent long motional
correlation tises) and tras vill exhidit a range of T, -values
much smsller than that'in cjlorofors. ' |

' The midmum agntioned above led us to investigate
a mtu\vhicht Mlg:d be fairly rigid, to avoid conformational and
configuirstional ~éonz;?buuom' to ‘the relaxation of protops, be

sasily soluble in a less palur solvent and the molvation about any

‘Moml group present should not be signifioant. ibrconr. a

system similar to hydantoins or their thio snalogues would be
desirable in viev of our expsrience vith these oo-pomdl

.7 . These requirements are best fulfilled by N-aryl
‘eubstituted 1-isoindolinones, The isoindolinone moiety is fairly

: . i .
. ¥igid, sod configurstional or conformational vagiations sre not
wuuwn«mmumm in

" thair spin-latifce relamation data (mv&muw +
mhunum).Mmewm

el axted mﬂ.Mthtm ﬂﬂwmﬂ; tharefeare,
mm.““fncma Mnﬁud’; °
bmnomm.mm. /

Y
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' nne.rbon-uchdo‘lmnaumW

the oarbonyl carbons in 1-isoindolinones absord over a mz(-mw
rangs, 167.0 » 0.8 pp, ror a variety of Nearyl suhoutnted

>

mojeties, Table CN-3 , This suggeeted that variations to

form could be undertaken with confidence that intermolecular
viscoaity effects are minimal. Moreover, by varying the nature
and number of substituents on the N-aryl ring, the effact of
conformationsl varistions thus introduced in one part of"the
molecule (by 'k'nping_‘mnu seoond part as a rigid system) upon the
over-all anisotropic uoloc:.xlu- ‘t\-hlm and the inter-ring
relaxation betvesn the aryl ortho anbct{*:gonu ,Ad th} -ethyleno‘

protons oould be investigited.

oomplications.
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1= BEffect of Concentration apd m& on R, =Values :

The intermolecular relaxmtion mechanism decomen " L
’ e

'L-pomnt at increasing oconcentrations of the sample solution. The

-" effect of concentration of solution on R1 was not investigated in

':he present study., However, it is desiradle t> refer to a study of
this effect in the case of sugar molecules (85 ). Pig. IN-8
represents the variation, with change in oconcentration, of 'the
value or_ T.‘. for the anomeric protons of D-glucose in degassed 020
sdlution at- 42°~. This indicates that, over the renge of 0,06 to
1.2 M, the T, -values change by a 5 %./The decrease in T, -
values vith increase in concentration has been considered to be
proh‘bly.;m. to thes changes in correlation time with increase in
the viscosity of the solution. It is clear that st a concentrstion
of about 0,06 M, the contridution to the T, -nln;o due’ to
intermolescular relaxation is minimal.

The T, -values of the minaonnonn j.n the present
study werse all nunnd at 0,05 M solutions i.n t:IJCJ.3 and, thnnrorc,
the intu-oloonhr rohnuou effects are considered to be
nnx-n. ;

A-Myof‘! -values o!tho-m?‘ﬂcmtomof
D-glucoee (10 %, v/vm320) as a function of tempersture (85 )
Pevealed that a teperatuse increase o! about 30° csused a greater

. . - .
bty Sy Bap o M - w0 ""‘JL" e g s s & ) ¥ O ‘M;________d
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than two fold increase in the '1‘1 -values, c:mnqucntly,' if data
for different compounds u’e to be oo-i)nred. it is necessary to
keep the temperature oonstant, The ﬁ.' -values of isoindolinones
in the present study were mmf’ed at a constant temperature of

23°,

x

2- Bffect of Choice of Solvent on R, -Valuep :

: S
, The polarity, solvation patterna, and viscosity

‘characteristics of a golvent have marked influences on the

magnitude of the R, -values. The offect of varying solvent has
bem/égudied by Colebrook (25 ) l.nd is rqgc\ud in Pig. IN-9
which shows the variation in the proton relsxation rates of a
0.1 M aolutiron of vindoline (see Pigure) in CDC15, benzene-d ,
and acetone-'—dG. It is clear that the relaxation rates are
m.ronglj affected in neotone-d6 :. vhereas in bcnsm-dé + the
relaxation rates are comparable to those in Cl!!l’ » Yariations
in viscosity are con;idered to be important upon change of one
solvent to another, thereby affecting the correlation times and
hence R1 -values. A polar solvent may )_nvo an additional effect,
namely, {t can cause conformational wariations by solvating -
around a polarisable group, e.g. such, an effect conld tnvo-bcen'
very significant in the case of N-aryl subetituted -2-thio-
hydantoins ( 61 Fwhers a polar solvest, IMI0, strongly solvates
thopthhqblothiourbowlmp.w.tnﬂ;cmofm
1-isoindolinoties, the solvation effects ariaing from the less

polar solvent, CICl, , or thg strongly polar sclvent, IMSO, do not

2 ;
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r, (sec.”h)

v n, (sec.h), ever,

—

\

rig. IF-9 : Proton 81 -vﬂueo Iorl vindoline obtained by the mall
podnt method with the drdinate showing the data measured in

. msnhuu (0.1 molar). The abscisss shows the data for 0.1

molar solutioms in bensens-dg (+) and in acetone-d; (a),

measured at the same temperature. (25 )
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seen to be important, as has been indicated by their C-13 chemical

uhift data (msee Section 4 ). Therefors, CICl, seems to be a

3
remmblc aolvmt for uhadymc thase oo-ponndl

Beegsrement of B, -Valusp.:

In this study, the proton }i,' values were measured by the
conventional 'i;woraion-reoovery' two pulse sequence, i.@. the
n@etiuuoﬁ wvas inverted by a ,1800 pulse, themn, following a
“‘vu'inbl‘e delay, t, a 90° ltlplil;l‘& pulse vas apyliaed to monitor the
( re;idngl magnetization. poilgging time averaging, exponential ‘
filtering, Ponr;or tranaformation, and phase correction, the
partially relaxed spectrs were plotted in the form of a ‘stack plot’,
Pig. IN-4, more relaxed spectrs, corresponding to longer delay L
times betvween pulses, were ploted higher on the figure. As the
d'hy‘ time, t, increases, the initially inverted mél- decay from
their negative maxima through zero intensity (a1l point) and
. eventually recover their normal, upright, intenaityfor nfncimtly
lengdohyunea (ofthoordcr of 5x T, ).

The- 31 value for the each resolved aignal may be determined
‘by fitting the theoretical exponential recovery funetion (25) to
the measured time dependence of the signal intensity. This may be
d&ne graphicelly, in the form of a semi-log plot, or by linear
(semi-log) or non-linear regression using a computer. If this

procedure is followed, only the firet porticn of the recovery curve

®.

]
y
'\3‘
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H
M
b
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(the "inftial slope’ ) is employed, in order to avoid the possible

38:99, 7,5 vhich lead to non-exponential

effects or cross-relaxation
decay. In the present stuly, the 'initial slope' is defined as the
range from. complete anerniog to about 1.2 x T1. T™his ‘pmoccdxm
is reascnably cgunimt when the sigmals are singlets, especially
if the system computer can s;&rch the data set for the aignal of
interest,and print cut the intensities or, better still, m the
intensities directly to calculate R1 - by means of a regression
routine. Hovever, current commercial software is not satisfactory
for the multiplets which are commonly encountered in proton gx.»ctu.
since the summed intensities of the multiplets are required.
Although the computer may print out the intensities of the

components of a lultiplotftheu must be summed by the operator or

by a computer in a separate program, then fitted in a regression

progras. This procedure can be very tedious and time consuming for
& oomplex protcn spectm . ’ ‘

Col ebrook (25 ) has mvntiptod the use of the
mll point to evaluate R‘1 » since at this point R, = 0.69°/. ¢,
vhere t is the delay between the inversion and the sampling pulses,
‘ﬂu &1 valuss may be dctorllned very quek:‘t’y from the Katack plot,
usually by

mull point, Provided that the valuss of ¢ chosen for the upu'htnt

-ﬁtnpohting between values of t vhich streddle the -
§

are upnmi~ tly close, the mull point oan be determined to within
0.1 sea. pm‘rg the mull point method, an estimate of n1: oan often
be made rorj\ hwhqumm.
vhere the 1§Wty method would fail. The oontrol experiments

e

o 2

!
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" reported by Colebrook (25 ), using both procedures, indicate that
Sgrpement, between thé mull point and the initial slope methods can
be exullont; Pig. IR0, and that, in general, use of the mll

» point method is unlikely to compromise the: ¥ignificance of any , /

a R, values determined for a qualitative study, such as the preo;nt k—‘_)

ox;e. A further comparison of the two methods was made for a
mmber of signals in the present series (oee later).

If the intensity method is used, six to elght ‘difterent
partially relaxed Bjectrs must be obtained within the
'initial slope’ range so thn‘r: sufficimt points are available for
the rcéruaion calculation, This can be a source of difficulty in
the case of {ast relaxing protons in a molecule with a large
dynamic range «;f R1 values, since data storage limitations, which
govern the nu-b;r of partially relaxed spectra which can de
processed, may raqniro that data be acquired in more than one )
sxperiment. , —’-\
thcnﬂilpointuthodiatobe‘nlod, it is {mportant
thnythn amuon of the 180° pulse must de set ul.ecmuly as
posaidble, to uuura complete inversion of ths mtinuon, aince
~m'orointhcpu1ulqthm-oromiumthmnshamevhm

_the intenaity method is used. For some signals, the aull point
method may violate the initial slope spproximation, in vhich
uudtln intenaity method ahould be employed. This was not the
clno‘a in the present study. '

nw“&mtotunluplctmiumk1
value, the dynamic -range of values within a nlupht is likely

1 | : bhﬂl,nﬁtt&mh“ﬂﬁumm&ﬂu
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INITIAL SLOPE

3

T, (s2c.)

1,' (seC.)
ML POINT

Pig. 110 ¢ Plot of the R, values for vindoline (0.1 ¥ in
" . sostone-dg), vithout degassing. The data on the ordinate
wvere odtained by the null point method and those on the
abscisea from the initial alope method using a least squares
£t (25) S '




by the null point method, well within the range of experimental

:~wormmm-9iqd-yy.aummm
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for the multiplet will usually be inaignificant in a qmllut'in

study. Both methods for the estimation of }i1 may present problems

‘in the limit of very closs ooupling between multiplets.

As pointed out earlier, the nmull point method is

insdequate for accurate determination of “’l‘1 values. Pailure to

" meet some instrumental requirements such as non~-uniformity or

4 -
1nhonogenloty of R over the sampls solution may give rise to .

’ \\———\i
cmrtinmnubythcmnpomtuthod A-oreoo-onbut :
lcaainporuntoourcdofmmtobedueto‘}mcc\mu
Judge'aent of the dpoay of n@o'tiuuon to sero value in between
the spacing of two pulses. Pig.IR-11 ec-inrga 1’1 values obtained

by the mull point and the initial slope method uaing & linear

' regression progrsm. It is clear that in the case of the 4-methoxy-

2-methyl derivative, the mll point furnighes T, values which are a
S - 14 £ lower than those obtained by the initial slope method. In
the case of 2,3-dimethylphenyl derivative, this difference is even
larger i.s. about 16 ~ 25 %. ‘
Hovever, employing & non-linear ncnuion pmcru for
the ¢alculation of r and R valuss by the in.ttul slope method
furnishes values (Table TH-1 ) 2 - 10 % higher than those obtained

[

This anglysis indicates that errors associated vith the

introduoed by the mull poimt method. The linear regresaion method.
is sudject to substantial errors resuliing from an imsocurate
muormqwm-mu-muu.mmwum
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m.n-ﬁ'sxmoxr,uhpobmmawmimw
e point method and the initial alope method, uaing °
s Lineer Regreesion program. (O) B-(2-Kethyl-d~ - - -

S nethoxyphenyl)-1-Isoindolinose, . IN-10. , -
. (8) ﬁz.}mlml)-i-mlm. »-8.
. | 4 (=) Sxoellent agreement. .
. 5 MW__:.“.M_W., B ) . —
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ZANLR IN-1

k3

3

, i . 7+ A Comparison of Spin-lattice Ro(h.ntion Rates (Scc.-1)
o ‘Obtained By Rull-Point and.Initial Slops” Methods
‘ : Using Non-Linear Regression Algorithm.
P oA .
‘ e ' ortho ¢ 15 N
N _amn %% cow T __pis ° B1
' IN-1°  Phenyl . 0.78 .
N (0.%) . ' - - )
T " - INed.  O-P-Ph 0.74 "
. ) (0.81)
. .. =5 0-C1-Ph” 0.78 T - . o4
- (oles) . - :
- ., INeT ° 0-0BPh. 0.90° Q¥ 0.25 .
S o (ro0) T (0.29) -
IN-8  '2,3-Mey-Ph 0.9 He 0.64 . 5 7.965 0,31
. RO 7.9% 0.3 ’
, . T = (0.34) .
IB10  2-Me-4- Me- 1.11° Me 0.71  7.145  0.44> 7.960 0.32 °
L. (1.17) (0.78) ppm  (0.48) ppm (0.35)
7177 0.44 7.932 0.32

- pm  (0.48) ppm  (0.35)

IN-13  1-Nephthyl  1.04

. § (1.1) ,
- , DN 2-Fephthyl . 111 ‘ ‘ .
SR PR (101) | B
A ‘ " Mete Methyl Group 1 0.75 (0779) | ' ' |
e . “mn Methoxy Gromp + 0,75 (0.79)

T T P T



. . 4
Fegresaion mathod daes not Tequire an estimate of M, it should
'1n principle, be more sccurate than linear regression. -

m'r mngnnmndmththm
those obdtained by the mall pofixt method, Moat of these values
have been compared vith those obtained by-the.initial slope method

using & non-linear regression progras for calculation. : .

d=_Bilect of Diesolved Oxygen on R, Yalvge :

¢

Moleocular oxygen is a fairly ortoctin’muc
relaxing agent and its presence in the dissolved state in the
sample solution 1s expected to affeot the R, values of varicus
protons, Plg. 12 represents & study by Colebrook ( 25) which
determines the effect of non-degassing a 0.7 M solution of
‘vindoline. It clearly shows that the rate of relaxation of all -
the p:otoulin vindoline is w. it notably, spproximately
t0 the same extent i.e the Tate constants for relazation te
m;ummmrudl protons. The spectra of the
1-19%11:’»,. in CIC1, ware obtained vithout degaseing, but
under identieal conditions. The relazation effects due 1o the

dissolved axygen in these sample solutions are considered to de
dﬂlmmmthm.aﬁynlmofthuw
is Dbelieved to.be valid.
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Pig. .11'13. to IN-26 .mt a series of partially-

relaxed inveraion-recovery spectra of the 1-isoindolincnes recordeéd '

vith a non-selective 1eo°-x.9o° pulse sequence. These prozém R
spectra were run by mey L.;'l. Colebrook, while on sabbatiosl ™
leave, at the mt of Mnry, University of British
Ool‘bh. Vm; B.C., Canada. 3pectrs were dtw lt
270- MAs, using & ‘homeduilt' spectrometer, _huod on & Bruker \m-yo
oo;.éli.' ‘an Oxford Instruments superoonducting —mt.«a;u .

‘Nicolet 1080 or 1180 m vith & 16X word data block.

mmuuumm—mammwo t-90 delxy

(hnrﬁna-m) pulse m...\dﬂ: averaging of four free
mmmmmmmnlm five

:ummmunh.ormm!,. hfm.chm.
m’mmumwmmlmmw -

m.mnuw&ummmm
—ny.‘hhfua-tm‘h-dt.thm—ﬂd

’mumummmm.m

MM"M“M“WQ“
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ror later px-oocdunc, the apmwutc range of t values h-vin‘
b«n selected in a preliminary upmt. The lmnt value
ottmchomoothntdlp*kshﬁnhxpdw'm v
unll.l points. R, va'lnnmd‘otdnlmd;fyth-mn point method, - ‘
uu.n; extrapolation botvocx data uu straddling the mll point,
lﬁiﬁo innm-btroroun (Table IN-1 ) by computér fitting
the peak iitensities by the exponential recovery curve { 25 )
using an iterstive nov-linear regresaion progrea rum on & b

_nuxou-w 1ooo«:-pnm This progran can sum the intensities
or the . oo-pomnu of » -ulupht. Intensities vere obtu.nod m-
-~ computer print-outs. Non-degassed 0.05 M solutions in 98.8 ﬁ le’

wre used throughout, th- solvent baving b«n -torcd over molecular
\t .

2

m" s , ‘*’

The N-aryl substituted. 1-isoindolinones that are studied
mtnumtmmuuu.m-z._
L ru N-13 and TN-14 represent stack plots displaying | .
. partially viu:n& spactra of two of the repruenuuve
Hearyl-1-tebindolinones, Di-1 and IN-2. In all casea studied
0. 05 -oh.r aolnu.oml in chlorofom—d vere nuu.rn{l at 270 Mis
'u:: 23 tox' various delay times, t, in thn 180°-t- 90 ;:ulae
uqmco. The dchy times (sec.) are -u-kod ‘on’the left hand
ot sach figure. . - )
' ‘hrwm'mummmc’cﬁ. »
. .

. »
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1—&:_71_1—1.011:@911&0.. Used for Spin-lattice
: )
) . Relaxation Studies. '

2 2-Tolyl s

-3 2-Methoxyphenyl

1!-4 2-Fluorophenyl

-5  2-Chlorophenyl L "
™6 2-Bromophenyl | | o
-7 2-Rydroxypheny) ‘

-8 2, 3-Dimethylphenyl :
-9 2,6-Dimethylphenyl . .
110, 4-Methaxy-2-Methylphenyl

IN-11  3-Chloro-2-Methylphenyl _ ,
m-12 mo:o-z-nnmpun;x . - &
3 il-u ) 1-W

14 - 2-Nephthyl .
"‘.D .
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The identification of the 3I-methylene, methyl or methoxy )

groups in 1-i-oind'o11ms isfa trivul matter, The 3-chloro-2-

methylphenyl, 4-chloro-2-methylphenyl, and 4-methoxy-2-methylphenyl

derin‘t:lvu vere analysed as an ABC spin system, and oigiah‘wm

wmum,mm;umotmn-im ring. ‘In all
other cases, no attempt vas made to assign peaks to the aryl
protons becayse of the oo.plq nature of the multiplets, except
that the lovest field multiplet is readily identifiable as
arising from the .H~-7 proton.

In the case of the 2,3-dimethylphenyl compound, two
signals are observed, at 2.132 and 2.346 ‘ppm, n;'isirrc from ‘the

ortho and meta methyl groups. In' ths rslated compound, 2,3-xylidine

hﬂh'ochloridc, ( 87 ) the ortho and the meta methyl protons
absord at 2,31 and 2, 36 ppm, respectively. In 4.6-dnn~o-o-
2,3-xylidine ( 37) thcorthoanduuuthylmmappurn
2.11 and 2.29 ppm, respectively. Ths carbon-13 chemical mru
6f the ortho and meta oarbon stoms in 2,3-xylidine (548 are
12.7 and 20.6 ppm, ricpoctt:nl'y, indlcating that the meta carbon
. 1s highly deshielded as compared‘to the ortho carbon atom.
Thexrefore, the signals at 2.132 and 2.54691:- in the spectrum of
2,3-dimethylpheny]l oompound, IN-8, have been attributed to the
" ortho and the meta methyl protons, respectively.
The spin-lattioe ‘rtlmtug Tates, B, , and times, T

o o
are shown in Pig. IN-5 and TN- 16, respectively. These

/

1
for the assignable’ protons of the 1-isoindolinones, IN-1 to DN-14,

P

o

(G e ww "

.




m IR 15: Spin-Lattiocs hhntion Rates (sec™ 1) for the
) Mﬂ_“ S ”r:m of 1-Isoindolinones, IN-1 to
o in CDQY Reasured
270 Mis aod at za'“"' 3 *
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meamrements were ismds on 0.05 M solutions of samples in (!l'lcl3 4
in 6rder to minimise intermolecular and viscoeity contributions

to relaxation rates.
. Meleculal Moticge :

Becauss the five-sembered ring {s fused to the bemseme
ring in 1-1soindolinone derivatives, the frame-work of the
{aoindolinone system is expscted to be fairly rigid and strained.
D !nph')s this fact in view, the folloving major nolocﬁh.r motions

—ybo;)onudcr-daportfmﬁnmnmmt:
L-_-Wu . vh"nh about the longest axis
is ukuly to ds preferred than about the axis perpendiocular to
the longest axis i.e. Totation about aris s is preferable than
" that about b. Since mm» such circumstances, the correlation
times of different mmuu be different for rotation of tht
woleculs about two different axes, the molecnle would exhibit

the effects of anisotropid motion in . solution.

5
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3 .
B-_The internsl rotstion of the N-aryl moiety about the C-N bond,

and

*

S=_The internal Xotation of a substituent e.g. & methyl jgroup,
onfbouryl ring about the C - C dond.

e 2 M

Of the three types of molecular motions mentioned adove,

-

thcwumdomibcdmdorAmldhupooudtob.meh!m
then that described under B or C, The -ouoa of I-u'yl moiety
. about mc—umuu.ofucmmnmnuuw
' N-aTyl moiety faidpd to show any Muwic splitting of ! ]

'oithcr the dimstereotopic methylene protons or the protons of a
mboumnt on the aryl ring at temperatures as lov as -161 ¢°. @
The uttomt types of molecular motions as dcocribod under A. B

3

“or C will have adscciated with them correlation times ot different . “

megnitudes, and their individual contributions to the overvall
spin-lattioe relazation rates can not be determined. These

molecular motions will intexact vith the static local magnetic
field, which at’'a nucleus.i due tpmth-ruelnrm,j is
given by (13) - i “

Q

. M/ . Boema " %
| B

. : 'm:ju\ymwa'amwmmxﬂ;{"
. vhile Oiju}hmlqMNgnMnd‘ﬁomlé.

Yor ﬁn rohu;n of the moleoule s a,di.lo about the longest

ulouhrm(uu'l'h ‘ )cfntb"w ,- tion
orms-mmmmmc-lu.mm \

- . g o o B ——- 3 v S e T T . it
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f

3'4-—; ﬁ" -k.nw.o-ﬂ (pnn.ltothpuhot
rohtton)mdﬂooO-‘l o0 . v
Elod s % ——5— . ..“ © o ee ‘o-«“o .

{

.

3 . ) ’ - - , .
* .
. . y .
) ] g! I - _-..rs .e *e ) «e .' 9" .v

vhen & 90° ( o.g; foxr l!” -ilu approximately), Cos 90:-'0

A comparison of Me. 8 and 9 shows that the protons l“-nll,,
vill relsx each other fuster as compared with H,, md N, -.

Rcmlimtion of Mein-iattics Relazation Inies *
oilrthl,uhu%tmﬁcmotm\
‘are to e compared, it s important that un.ttmo: changes.
of wedetitwents on the molecular tusbling’ratée be conatdered.
M“ﬁwummma-ﬁuﬂ-}m
mmuuuuorammr’m“mmot
md &luhuhl,mmmnm( t.0.
M T, )‘Mnmm-—ugm
l‘lm.uuhdaﬂothtmum.t
‘m.wmmmh'm'wmm
m&.hummtml,ﬂuc{.”m
frem \he dite of suhotitutisn will met be affested by the
ssbstitamnt, ut will be affested \y & chemge fn the meleeulsr
Mnu. u-.aw«mu'l’. my b uintaised

¥oa
.

b

~
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'ummdum“mmdnmwvd

mmuwmuqq—ummm
afe 40 Yo empered. These reqviremsits have bew falftiled fa the
. Tates of the assigmlle pretens in i-iseiadalimass, D1 to D14, /\

ua”': ‘nuwm.am.,mn,m«mmm

‘ "7 wuumwbhmmﬂl—uaudw-‘ .
SN mmumxmmmnmm‘nm-su"‘ |
e - otely (0,26 - o.n-‘e )nﬁwl-ru-twpm
PRI MM&&/OMMdﬂdM&Wm i o
» Feotens er the aryl erthe swbetitaemt. : S i .
i Mmmmmumwm : AN
'at,.tnu-mhum-xmru.m,n vadsh
-:vtv-hthml‘nhys.hrnh.‘thl,nhud
'tumxmmu-mwmo.v-nm aju-
ﬁnmml,nhnmé. -)-1.#‘\-; .
. mhguifiestion of abeut taree tises, - l,(ﬂ,)ll,(l-‘n -_n%_ -3
o lmme K ‘ ° :
| 'Qmammn,mmnnu.
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T to I-14) 0.05 K Solutions in CIL, ,
Nessured at 270 Wis andt at' 25°. . -
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The'relaxation rates ( R, values ) in this sertes of
‘ -

mmmfmnO?Gﬂ 11m .ldymncnnpOIA.B.
Tastest. nhxing are the J-methylene protons, almt are the more
isolated aryl p:roton-. in particular the 7-protons of the
h&i%ounonomp. Tables IN-3 and IN-4.

vt R ulmad.tmimdbyhothﬂumﬂlpomttndﬂu
mnimuthod-nhwmblypodmtumthﬂn
oase of the fast relaxing };{-ﬂvlm'mt&m. The chosen
experimental conditions did not pemmit _-ntﬂchnt Mﬁ "
’mmmmwhmuwm'mm-h”'mw
.pcnltumunén?.lonm.

! &
=liethyiene Frotons : _ o
_ “The relaxation rates (R, ulm.)ofthn.mton:flu .
vithin the range 0.74 - 1.11 sec™'. These rates incresse roughly
10 perallel 'vith incieasing moleculsr veisht, inddoating their
semairivity to changes in rates of molecular tambling. After
. mewmalisetion uthmm to the 7-proton rate, the 'normmlised’
m-mumwmz.u-y.m.muwm
anumwu.mmot
Mwmlmmmnmmmmm
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0.78

. %0.85

0.88
0.74
0.78
0.82
0.90
0.99

- 0.99
111
0.96

0.96
1.04
1.11

M‘
B
“.(
N

ot.-rv‘d Proton 891:—!.&040. lnllxlsion Blttl
(sec ) of ¥-Aryl-1-Isoindelinones, Measured

at 270 Miis and23° 1n CDCly (0,05 1 Sohtiou).

. .
5 ‘
6 -

8 15 14

"

1 12

B4 %o H-6 _B=7 H=12 E=13 B=14 B-15

0.38-0.34
0.41-0,38
0.46-0.41
0.38-0.34
0.41-0.34
10,38-0.29
0.46-0.43
0.46-0.42
0.48-0.44
0.46~0.41
9‘46f°°4‘

0.26
0.28

0.28'

0.?8
0.28
0.29
0.28
0.31
0.5
0.32

"0.31

0.31
0.31

0.30

AY

m,_

0.24
0,38

T

Q.41 - 1

0.46 9,4{ to 2’9;11 =

0,41 to 0,31

0,41 e . 0

9,38 %o 0,29 |

0.43 0,34 %o o.3
043 o 0,38

0.39 0.43 0.39

0.45

0.2 0.46 0,31

0.30 © 041 '9;39

0,49 O.44

0.56
0.78

0,25
0.64
0,62
0.7
0.56
0.4

0.75

0.75

“am,
»




IN-10

-1
IN-12
13
=14

1015 2.11‘2.46 3‘0‘8 2-15 2'2 E 2'“ 1.28
135 2.61-2.91  3.54 - 2,46 %0 ' %,19

. ‘Proton Spin-lattice Relazation Times (sec) of
N-Aryl-1-Isoindelinones, Messured at 270 Miz and
23°, in Chléroform-&, , 0.05 X Solutions.

4 3 112
5 10 _
— 13 h .
78 -
1 o D 14 ortho

. ‘M(m\or

e — S

1.28 2,61-2.91. 3,79 3

117 2.46-2,61 5,55 ' - 2,46 %0 2,61 1.78

1.26' 2.46-2.90 5% - Za6 o 2,75

122 2.61-3.48 3.48 - 2,61 %0 3,48

i = - 3.62 2.3 2,90 ¢ 3,19 - 3.91

101 2.17-2.32  3.26 - © 2.3 to 2,61  1.55 133
1.04 29725 325 2.5 2R 254 - e _'
0.90 2.10-2.25 - 3,07 2.22 =~ 2,03 2.25 1.41 1,33
1,04 2,18:2.46 3.2 - 2:36 2,07 3.19 1.78
104 2,17-2.46 3.2 3.55 -  2.46 2.54 1.57
0,96 - 7 39 ' "
0.90 - . 3.3

B ok i i ot
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Leas ofncient rchquon ptb\-ga v!uch may also ocontribute to
@mhnuon rates are to the 4~-protons of the isoindol inone
moiety, and to protm attached directly or Lnd.tnotly to the
orthopouuomorthol-arylmp Slnudlofthcmﬂ-
in this series have idmuoa.l isoindolinone moieties, no
information on t!u ooutribmion of the relaxation p.tlnny to tha
4-proton oan be obtunod Tins, extermal hﬂ'lmm on the

3-proton relaxation rates must be due to relaxation to N-aryl

-umsmin, mofulated by the effect of changes in substituents °

on the onr-au tumbling ntu of the molecules in solution, .
~dn.q¢u' in anisotropic contributions to the tmbu.nc processes,
and c&ncn in ratens of uptnt&l -otion. i.e. rotntion about tho
aryl C-N bond. .

Co-ptt:llon of nlsi;uon rutu bot\na: compounds in the
series is best done uming the ‘normalized’ rates in' Pig, IN-17
‘-outorcdnocoomhuontmﬂfnuumhnpomu-.

In the olrtho fluorophenyl derivative, IN-4, the )—uﬂvlm
protons shov the nlovm nhnﬁon_ rate, indicative of
incapability of the ortho halogen substituent u‘;nm; these
protons. It is evident from ¥, 2 {hat moclel other than

protons 4o not make ‘nlantiunt Lcontributions for 'rchlncuon to

<mmmwmwohuum—n

wuumedmm.m.m-mmm

. obpexrved by Eall Gm) for 5.4.6-tr1-0-mt71-1-0-bm1-2— |

halegeno-2-desxysD-glucopyrancess, & to D, Pig.. In- 13, e
relaxation rates of protons are indicated in this Pigure.
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The close similarity between the .'md.lvidmi relaxation t}nea of
the conr;gu'rauomlly identical mro of compounds A, B and C, D,
shovs that the G-Zih;locan substituents do not contribute
appreciably 1o the relmtion’ of the neighbouring proton.

" It 1is interesting to{. note that ‘the R, value of the
2-fluorophenyl compound, IN-4, is alightly lover as compared to
that of the N-phenyl compound, IN-1, Table IN-3.

The most striking feature o‘t the 'normmlized’ rates
of u;efs-..grm&m protons is the lov values fof the three ortho-
halo co-pomxia. IE-4 to IN-6. In these compounds, ‘the 3-protons
relax at a rate 88 - 94 % of th.ﬂoognpompmotom'orw
phenyl compound, IN-1. In contrast, the 3-protons of all the other
compounds, vhich have proton containing substituents in the ortho
pouitiono, relax faster than those of the refexrence oo-povnd -1,
It {a evidmt thet a significant mur-rm; rchntion pl.tm . /
mm bctmn the j-nethylene protons and w.otan ocontaining /
ortho mbctimntaontbearylm ‘!hoprcmotozthohﬂo i
/

substituents, which are less effective umraa of rchnuan

than yrotons. roduoas the oontribution of the aryl vy

" t0 the relaxation ofth}uthl;czo;m(m;ﬁ‘y in
the 'm:;nund' ‘relazation rates 6f the tons with increased

‘.tpn‘cnmtormmom;nmhnqun-su .

attributed to a decrease in the rates of htgrp;l' t:gtntion, or _

of ubn‘uon, nltzntf'thlc‘aryl C-N hcnl as the steric bulk of the : B .g
tuent increases. Thus, the molecules becowe more rigid as . '

the aise of the oribo substituent increases, énd the effect of ‘ 2

S




-

%6
, mm-ouon. m&mlth-nlmumnhofimlm '
. moles, becomes. less important. This effect is also noticeable
in other .compounds \dth inc!'uaincly subetituted u'yl moietien.
For example, in the 2-naphihy) derivative, IN-14, the 3-methylene
_protons relax about 50 % tutor than in the 2-nnomplmv1
degivative, Il-4.

A comparison of IN-11and IN-12 shows that the sterically
compressed methy) growp in DIi-11 is wable to relax the J-methylene
= | protons umuh the intremolecunlay 1D n:;nuog -Qm-, since
| the relaxation rates of ntlvlcn; protons in Mcnhr. and the

r-uning pmwn- 1n cml in DN-11. and IN-12 m unnuany

©

N
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In most ceses, the. protons oa the N-aryl ring show

complex multiplets and thmforc, only protons on the . L
. trisubstituted 'bensens ring vere assigrable. Hovever, the |
rchnuon rates of the mfncicntly resolved wud\al lines =~ ¢ N
mumn-plupletmmmldnportduth’nmof -
| R, values in that maltiplet (g.b}'. IN-3 and Pig. TN- 15, 16 &.17 ).
. : The relaxation retes rwported are averagé values, since. the
| | individual lines in a maltiplet may have different relaxation
‘rates. The nm of values within s multiplet h likoly o be
emall, 80 that the error involved in an over-all value is likely
.to be insignificant iﬁ a qunntauv’c atudy mch as the present ’:
one. n |

L mnhuuonnmormu-mxmmnnm R
the range 0.29 - o.;s secy! (Table IX-3), and the normalised g [

ummth.nnpo.s'l-n“(m ni-m It vas not
wutiubh 1 7] dotcnim any rates for tho two ntplmvl oo-wmd-,
,n-ljlnﬂll-".motthc complexity of.their aryl lpoctn.
‘_MWmunanhnumanum Mthnf
um-ottbmmummummm&- u-orunm-np"
umwm-mumonmmlmmmdun
‘lttntwtbwe-m-olmmummehlmrmnhm
o !hmm.m..n-hrottum A vhifoh 8
'.odﬁo mm d.tpoh—dtpoh rohntiu: of l-u-.xl rxnc
. m mb‘ chu'ly mumm. Yor- mlo. in the . '
a ‘_ N z—-w mzmmx-m n-smn-'l.

—
4
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P
-respectively, the H=-12 rmc ptotou are relaxed hzy the mtoun{ou

tho nboumu ‘in the ortho poduon. as M bclov s

The relaxation contribupicn made by the dethaxyl protons to
_ . peardy protons "is nov.vell-established. Por ,g-i;lo.' Preston
T and B (85 ) obeerved that 24@@»?%»@
and ;WI-ﬂ-hmwmuidn have promounced differentisls in the

s Rnluno!thdramicmm.mwwg

mmlmw.2un&1-tbmmlttucdtntnth '
‘.rehntiounuafl. ht\hlnwuuofmumh S

4

utbnmdmmnw(dtwﬁoi) in the /

R nlnoetthow!omtoa ;
' Inanotha- example, m‘&rm(Mmm s,
thtmghu-totthdhloum. mtuul-ﬁmll-ﬂ

7 (re. ™19 r.m-uuy vuﬂnmmotthontuxyl
mplouuastpodﬁmm. n—11unhorohxdwu-m “ | T B
v T m.tyodﬁoah ]
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In view of the !‘ore-goihg obsemtiona made by Hall R 2

L P
*

and Preston, it is reasonable to co sider that the 2-methoxy1 ‘ ', A
or 2—hydroxy1 protons make 'a simificﬁnt’contribution to the |
intramolecular dipole-dipole relaxatioxi of the H-12 aryl protona :

in IN-3 and IN-'(. In_this reqpect, the contribution made by the L ¥
_hydroxyl group ia expected to b-e' less (1.53 sec-1, normalized) (

than that of. tﬁe methoxyl group (1.64 ae:-1, pomalized). One o .

can reasonahly assume that the contribution to relaxation made - i C

v
-
®
-

ety e

by the 2~ hydrpxyl group will bé approximately equal to.that

. W

P

made by a 2-methyl group. ‘ ‘o)
Sinilarly, the E=12 and H-14 & protons in IN-10
have a relaxation rate much higher ( SOXI\xa‘r;d 17‘ %, reépectively)
than the corresponding: protons ir; IN-12, Again, this is easily
interpreted in te:;'ma of intrgmoieéula.r DD ‘relaxation provided ﬁy

@

the para methoxyl protons to the ﬁ112 and H-14 ring hydrogens, as

<

shown Qseloﬁ :

. aw D
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It should be mentioned that the halogen atom at C-13 is

—_——

in.capa'ble of relaxing neighboring protons because of its low gyro-

magnetic ratio. The higher relaxation- con{:ribution to. ‘H (50 %) as

compared to that of H, 4 (17 %) suggests that in CDCI} aolution, the -

a2

preferred conformation of the ' para methoxy group in IN-10 is the

-

one in which it is closer to H-12 than to H-14. -

The relaxation rates of the H~15 ring prott;na in the
. . 3
1'-isoindolinones, 'IN-‘i.\to IN-:14, do not show any correspondence

, With the increase in the molecular mass and dimension. These".
rates vary over the range 0,37 + 0.07 sec-1, and are indicative
of their insensitivity to the nature of one to three substituents

L ad

on the aryl ring.

Similarly, the protons H-4 to H-6,on the 1-1soindolinone
moiety lack sensibility of the variations in the emrironment of

the other part of the molecule: ’l'heir variations cover the range

0.43 + 0.05 aec 1 %o %.37 4+ 0.07 sec” . The spin-lattice relaxation

rates of H-T on the isoindolinone moiety are 0.29 + 0.‘03 ‘aecd'-

’

and ére indicative of the negligible variations in the motion of

-

1-isoindplinones in chloroform solution. .
If the 12-, 13-, and 14-protons of the Z,Mmthji;hmyl
co,:pound,IN-9, formed an isolated épin system tumbling ist;tropica-‘
1lly, it can be calculated from i;mtemuclear distdnces (obtained
from Dreiding !;nodels) that the H-13 sht;uld relax 1.93 times
faster than the oi:ﬁer-twé protons., In fact, this proton relaxes
only 10 % faster . Since these pr;tons are approximately
symetrically disposed with reapect to the most probable axis of

anisotropic motion, it is ,unlikely that there will exist any

z

.
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differential effects of tumbling motion. The relatively fast

relaxatifm of the 12- and the 14-protons must, therefore,  be
attributed to the relaxation effects of the two dimethyl groups

on the k-aryi moiety.

N'-_g_xx‘ ]l Subatituents :

a. Methyl Grox_z_pl‘..
- i

-2

‘ The spin-lattice relaxation rates Iozj the 'iuethyi o
su’bafcltu’ents in the isoindolinones fall in thé range 0.56 - 0.71
sec™ (norma.lized : 1.81 - 2.42 ). T;xey (and the meﬂ;oxy protons)
A " relax more slovlﬁ than the 3~-methylene protons, despite the

‘yeater ﬁumber of near h;ighboura of an individual proton within
the group. This differential is‘ a consequence 0f the freedom of
‘aegmen;.al motion hvg.ilable to the methyl and ﬁefhoxy gx;oups.
. ‘ Interpi‘etation of the variations ir/x the normalized
re’hxa.tiqn rates of the afyl methyl pgroupa. within the series
| (Fig. IN17) in terms of substituent effects is Qomﬁlicated by
the possibility of concomitant changes in the rates of internt;l
| - motion withih the molecules. However, ‘a mnnberb of. '.intereatinng
- | ’ comparisons can be made. Por example, the R, value of the ;rtho
‘methyl groups in IN-2 and IN-11 is 0.56 aec': ( normalized: 2,00
'+ and 1.81, respectively) lm to the following conclusions:

- ”’ R
sses the meta chloro group doss not relax the ortho methyl protons

| as expected. | N

‘ N . 4
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. of the m-methyl group upon the o-methyl group in IN-B resulting

‘in“cloa; proximity of protona, does not enhance the relaxation of

. 73
TTTTT———
ssse the buttressing effect of the chlorine substituent apparently

1

does not change the correlation tiﬁe for the internal
. rotation of the methyl group, although steric inteéaction

bétweeg these two substituents in IN-11 is greater than that :
between the ortho methyl group and the meta hydrogen in IN-2, '

.;.. the buttrehaing effect of the meta chloro group upon the

| ortho methyl group in IN-11 is Aot sterically tfanamitted to
to the 3-methylene protons, since these (3—632) protons have
R, values of 0. 96 sec 1n both IN=11 and IN-12, vhere the ~
steric influence on the o-methyl group in IN-12 is relieved.
Therefore, the differential in the R1 values of the (
3-methylene groups in IN-2 and IN-11\(O.65 vs 0.96 aec-1;
normalized: 3.03 ve 3.10, respectively) ddes not result f;om
the inter-ring relaxatiori. Rather, this differentidl is
considered to arise from changes in the rotational correlation

times upon increasing the mass of tHe molecule.

It is'interesting %o note that the buttressing effect

theae protons to any considerable extent. The o-methxl groups in :

IN-8 and IN-9 have R, values of 0.64 and 0,62 sec (normalizedz ‘ é .
.06 and 2,00) respectively, whereas the o-tolyl methyl group in ) “

IN-2 has a.alightly lower apparent rate of relaxation, 0.56 sec 1; Y

(normalized: 2.00). In IN-9, where the.buttreasing effect is C%

absent, the 3-methylene protons in particular, apd all other

protons in general, relax at rates similar to those of the

S
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corresponding protons in IN-8, This clearly’ fnonstrates that| in
. AN

IN-8.and IN-9 the inter-ring relaxation is operative fox the |

3-methylene protons to a similar extent and that it is nhot

Ai},nfluenced by the bettressing effect of the meta methyl group.

Moreover, changes in their correlation times also arise;

from variations in molecular tuﬁbling. These correlation —

td.mes, as described earlier, are the resulta:nt of individual
cOn-elation times for the internal free rotation of methyl

group about C-C bond, of the N-aryl moiety about the C-N bond .

and the anisotropic rotation of the whole molecule about the C -'5'

PO

prei‘erreé axis of mtation.\Presently, it is not'possible to
estimate these individual correlation times. "

The nost striking fea.ture of the normalized relaxation

. rates is the relatively fast relaxation of the meta methyl group

in IN-8. This group relaxes 17 % faster than the ortho itethyl . y
group in the same compound, whose normalized R1 value is
consistent with other ortho tolyl values within the series, In

particular, since thq relmtién rate of the ortho methojl protons

in IN-8 is similar to that in IN-9,(2.06 vs 2.00), these protons

may not. be considered as a source fm:- relaxation of the meta methyl - ) *
grou-p Provided tha.t the chemical ahift assignment is corxrect, the g " |
origin of this relaxation rate enhancement is not clear, “The LT \ /A
asaignment is haaed/ on x"eported assignments foxf related compouigds,‘ ’
but in view of the relaxation data, it must be considered

questionable. 7./ - . ' ‘. . s
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b. The Methoxyl ar 1 Protons : L g

As discussed earl}er u‘ndq the sub-title 'N-aryl
embstituénts', the methoxyl dnd hydroxyl hydrogens relax the . S \ -
9 neighbouring aryl ring protons, Since the ma,jor source of '
relaxation of methoxy protons is.within this’ group, the external ' \
. influénce of the aryl ring protons on the methoxy group may not .
, .\ be easily evident. Similarly, for the hydroxyl, which usually .
re‘la.x very slowly, the effect of relaiation from nearby protons
is not readily apparent. : ‘ . . .
It is possi‘ble that the inter-ring relaxation prbceaa
may be operative between the ‘B-methylene protons and the ortho
methoxyl or hyd.roxyl hydrogens, IN-3 and IN—"I',‘beca\iae of the

prolated substituents as shown below :

o @5%@ @
IN-3 OH

Por the same reasons mentioned-above, an inter-ring re}aution

3
H

of amall naqnitude may not easily be evident.
The methoxyl groups in IN-3 and IN-10 relax faster -
than any. of the nethﬂ' groups, despite their, apparent}y greater
/ ‘ freedom for segmental motion. In partiocular, the normalized

relaxation rate of the ortho methoxyl group in IN-3 is 39 %

.
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o3 ¢
t o . .

N . faster than ‘that of the ortho methyl group in IN-2, the most

cloaely analoguus compound. The origin of thia rate enhancement

»

. ia not clear at present. ' v
) ‘ . . £ . -
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* for'the following compo'und : : s

+
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" INTRODUCTION

B'a;rx'iers to ’J’:'otation' have been investigated .}:y,seve;‘al
methods (36,‘75) and their determination by DNMR has been the
subject of':e} nunber of reviewé (49,81,83), Amides in particular
‘are réﬁeyed by Siddﬂall (102). ' ’ ‘

' The first report on the study of hindered internal
, r;:tation about the aryl C-N bond in N-aryl cyclic amides appears
to be the one reported by Shvo and co-workers (96" ). They

determined a free energy of activation of 17.3 kcal/mole, at 73°

I8

- In our laboratories, considerable attention has been
paid to the study of hindered internal rotation about the aryl

C=N bond in N-aryl cyclic amides. A b;:ief description is in

order. ' ' : o ) ’
Pehlner ( 38 ') mn’:lned‘a series of 3-aryl substituted

quinazolinones in orer‘to_ study the barrier heights to rotation

about the .aryl C-N bond. However, m‘r:erp;'etation of the results

*
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were “complicated by the flipping of the non—plénar heterocyclic
ring, In an attempt to overcome this problem, he examined the

. ' \__ following compound, C.

" Unfortunately, ther; was no observable chemicaly shift difference
bet;een the diastereotopic methylene protons at the lowest
temper’ature attainablé in mso-as . .
: Fehlner (26,38) alao obsérved high rotational darriers
in 3-aryl-2,4-inidazolidinediones, D . and 5Ja;y1;2-tn%o-4-' SO

hidnzolidinonea, E. . -

. X : . ¢
- . g\\\ [:) X=0
\ , H
N—
. v Aryl__._!( 5| & , . ‘
4 ! EZ X =8 )
. | R, _ | )

O

. A slight conformational preference (when R ke R.L,) bet;reen the -

s diastereomeric rotational isomers in both series of compounds was

N
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noted, It was alaso observed that in these compounds, an ortho

chloro subatituent on.the aryl ring is more effective thgn an ortho

methyl group in restricting the rotation in imidazolidinediones

(X=0, S ) although a methyl group is expected to exert a

steric effect greater than that of a chlorine atom. This has been

attributed to repulsion between the chlorine atom and a carbonyl
oxygen atom in the torsional transition state of the 3-aryl
compounds. It was also shown that the observed influence of an

ortho chloro substituent is primarily a throuéh-space, rather than

-

a through-bond, effect.
Bentz (14 ) has examined hindéred rotation about the

phenyl—phenyl bond of several pairs of 2’2'-disubst1tuted

biphenyls. P, by means of complete line shape analysis of their

'
\

'temperature-dependent NMR spectra. He alsd examined (14,15,27)

hindered rotation about the aryl C=-N bond in two s-triazines, G.

P



It was found, in agreement with common observation, that’'a methyl

group exerts a steric effect greater than that of a chlorine
atom in restricting internal rotation about the aryl C-N bond. .
Hund (52 ) has examined a series of N-benzyl-N-aryl
oftho subatituted amides, ®, in order to 1nvestiga§e the effect of
structural changes on kinetic parameyera.;ﬂe concluded that the
process which interchanges the ﬁaénetic environment of the
methylene protons is not only rotation about.the aryl C-N bond
but alsb involves rotation about the C-N bond of the amide’ function.
The extent of involvement of.the latter process depends on the
identity of the ortho and amide substituents and Snjsolvent
polarity.

“ Bund (52,28) also attempted to observe magnetic non-
equivalence of enantiomeric solute pairs y{th varjous optically
acti;e solvents. This effect was observed with 3-{o0-tolyl)-5,5- .
diethyl-2, 4-imidazolidinedione, D, uaing (-)-2,2,2-trifluoro-
1-pheny1etﬁanol as the solvent, .

f Williams (109 ) made a preliminary.;nvestigation of
the 3-aryl-2,4-imidazolidinediones, D, using the CW carbon-13
NMR fechniquep He studied the effect of ;arioua substituents
on the chemical shifts of cdibon‘atome in the hetero and the
aryl ripga.,

Giies ( 44 ) and Toli ( 53 ) have éontribx}ted
aignif}oantlj toward deeper understanding of hindered internal
;otational processes aﬁout.the aryl C~N bonds in vnriou; hetero-

cyelic aystemi. Giles (29 ) observed high barriers to rotation

! ’
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‘about the aryl CXN.bond ih the compounds I - K even though they
lack bulky;ortho substituents. : o

n , . ’ ) ‘-

[N g *

s b

2-Naph_ >/___N’H2 @i'(\‘/ -Nap;u,——xkk N ) |
, 3);{ N . w ;-

3 " ' CH

0 3 .

’ Soivent : Perfluorobuty- Nitrobenzene ‘o IMSO+d
ric acid 6

; 1 - JT K

—— . —_—
. w 1 ) . .

\ w )

The free energies of rotaiidn about. the C-N:bonds in these s&qtqma
were found'to be 18.9 to 23.1 kcal/mole in the golvents indicated.
In the case' of ortho suﬁstit;ted }-9gy1-2—benzy1-3(3ﬂ)-
quinazolinones, J, attempis o measure the gate of ;otatiéq'of‘
the aryl groups by line shape analysis of‘£hg AB quartets at
elevated teﬁperatures fAiled (3 ). No 1ndicatipna of coliapae of
the AB quarteta through tlme-averaging vere detectadble at the
highest temperatures employed (150 - 1870), even for compounda
with small blocking substituentis, such as fluoro, in, the ortho
position. The barriers to internal Iotation about the ‘

aryl C-N bond of some 3-aryl-5-methyl-2- thio’4-1midazolid1nones,

. E , were also examined.
“

-«

An X-ray cryStallographic study ( 16 ) of-éne'of.the
diaa@ereéheric rotational isomers of 3—(2-ﬁromoph§£y1)-S-mgthyl-’
‘2-thio~4-imidazolidinone,E, revealed that fhe dihedral angle
between the heterocyclic and aryl rings 1s 82°, Th&té’ro\cxguc

ring wvas found to be planar. It was also noted that in the

Il

L » '
.
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” ’ . . .
prefoerred rotational isomer, which should dbe the more highly
aolvated. the bromine atom would. be transoid to the solvent
shell and hednce cisoid to the 5-methyl group. <o

v : “Icli ( 5‘5 ) has mVestigated the stereochemistry and
{:inetics of confomational changea in 1-ary1 substituted-? 4~

1m1dazohdinediones. ‘L, following the reatricted intemal

. Totation abiout the aryl C-N bond: Solvent effects on’ the

ther‘médynmﬂic pam(neter;s were @lso examined. He found (26 )
thet in 1-aryl derivatives, an ortho methyl group is effectively
‘lazlger than ari ortho ::hlom\‘aubstiltuent in realtrioting roiation
about the aryf C-N bond, whereas in 3-aryl derivdiives, the
e . .

r;verue order of; sizes 1la. observed. He also determined 1H and )
"c-13-1m s;gec'trrg of a number of 1- and 3-aryl-2,4-imidazolidine-
é.iones (28 ) in achiral and chiral salvents. Chemical ‘ahifts

between correspondfng protons on the pairs of rota,mers, induvd

153 dia.atereomeric eolute-solvent interactions iq the chiral = .
' solvent, are stxjongly“ dependent on the location ’of t{xg protpns

in ~’the solute nca\lecul;es. In conjunction with protoq'and carbon-13

. 2 .

chemical phitta, the geo;netry of the solvated species has been

\

“ ' i : N < [ A

discussed. . o

. Khadim ( 61 ) has studied the ground state stereochemistry

of 3-aryl substitufed-2-thio-4-imidazolidinones, E, employing the:

. .
- 2o
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Ty

.\chemical sfxifts of various carbon atoms'in these compounds were ‘
‘rotation about the aryl C-N bonds in 1, 3-diaryl-2-thio-4- ~ '

. the subject of ‘this study.

-

data obtained by Pulse Fast Fourier Tranaform da.rbon-‘l} NMR./"

.spectroscopy. The upfie'ld Y-methyl subatituent effect on the

PR Foot Te e e i s b R T e
T T T _:—.*azn‘..ggéﬂ?}‘%ﬂ P

‘-2 thiocatrbony} carbon has been observed to be related ‘o the N\
steric bulk oij the orth; substituent as well as thé substituents o
in the paré. Position of the aryl ring. The di;:eotion and

magnitude of the solvent-induced variations in the chemical

shifts of C-2'and C-4 carbons h:ave been estimsted. The chemical
shifts of the ¢-2 and C-4 carb;)ns have been found. “lto show a

.linear relation;hip with the electronegativity of tﬁe ortho halogen
atom, The 8-,5 -y solveﬁt, .inductive, and steric effects ‘or.x the

chemical shifts of various carbons have been discussed.

Recently, Musty (79 ) has concluded a C-13 NMR study of
a* sex;'ies pf 3—ary1-2,3-d1mr&ro-4(1H)-auinazolinones a.nd’ the results
were interpreted in terms of the éround sta;.e isomers fpesulting . RN
from the restrictéd internal rotation abou.t the aryl C-N bond, ‘
The influence of steric, conjugation, and inductive effe"cta due

-

to the C-2 substituents and the N-3 aryl substitiuents on the
A :

L * 4

considered. ' . l

- ‘. q.
. +The investigation of barriers to hindered ‘intermal '

imidazolidinones, M, and N-aryl substituged-1-isoindolinones, N,

. The 1,3-diaryl-2-thio-4-imidazolidinones. and N-aryl-i-

c S e <

A
S

B

1soindolinones. whiclylere‘ayn'fheaieed for t\f\ia TNMR étudy, are

~

listed in Tables IZ-1. and IZ-2 , respectively. : -

o
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12-10 |
12-11
12-12
12-13
12-14

1Z-15

'12-16

Phenyl \
2-Tolyl
| 2-Methoxyphenyl
2-Fluorophenyl
.2-Chlorophenyl
2-Bromophenyl

%, 3-Dimethylphenyl

1 -}‘laphthyl

L

Phenyl

2-Tolyl
z-Melthoxyphenyl
2-Fluorophenyl
2,3-Dime t..hylphenyl
1-Naphthyl - N

~ .

=S

<a <
2w )
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IN-10 .

IN-11

IN-12

=13
V=14

. TABLE  I2-2

Y

N-Aryl-t-Isoindolinones

N-Aryl

Phenyl

2-Tolyl ¢
2-Methoxyphenyl
2-Fluorophenyl °
2«Chlorophenyl
2-Brom9pheny1
2-&{droxyphen3;1
2,3=-Dimethylphenyl .
2,6-Dimethylphenyl
4-Methoxy~2-Methylphenyl
2=-Chloro=-2-Methylphenyl

4~Chloro~2-Methylphenyl

'1-Naphthyl

2-Naphthyl :

o7
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Cauges of Non-Equivalence in the NMR Spectra : .
' The internal bond rotation about the C-N bond joining

¢ ¥

\ o the aryl,and hetero rings results in-formation of diastereomeric

.

CTPRPPTIL S-S 708 IS L

and enantiomeric rotational isomers in 1-aryl-thiéimidazoiidinones.

« | ’ ;o S | R . * i
‘ }\" ) :
o snC S
‘ . ‘ 0 ,R2 ) . i
Asymmetry is intraduced by the ortho subatituted aryl and . g'
," the C-5 substituents. The aryl and the hetero rings of the rotamers é
. are shown at right angles to each-other in the figures below, the ;
¥
) molecule being viewed along the C-N bond rotational axis., Due to B
steric and electronic effects the planes are expected to deviate f
v i . ) i _;*
from 90° angles. In order to simplify the schematic drawings, these '
N ; - . :
o effects are not conaidered here, but they are discuseed later in . g ‘
the fhesia. . :
~ R Ry 180° Ry Ry
I R H | —> H R, II
. 3 pamm— 3

¢ - ~
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¥
A 180° rotation of the ortho substituted. aryl ring j//

¥

v

around the C-N rotational axis forms isomer II from I, aﬁd isomer

) .. \ N
IV from III. When the R, and Rzlgroups are identical, I and IV, /\

and II and II% will be idemtical. T will be enantiomeric to IT,
Enantiomers have aimilgr physical properties, so.one may\sxpect‘
indistinguishable spectra for the i and IT enantiomers, However,
R, and Rg?hfi ngp-equivalent (diastereotopic) due to the presence

afﬁgéymmeiéy caused by the ortho aryl substituent H3' Hence they

S

«

reside in different magnetic enviromments and they are expeotéd to
show chemical shift differencesa in the NMR spectra. 'If R1.and RQ
are protons, an AB spin system‘will be present. The protons will

couple to each other so that an AB quartet is expected to be

‘ observed at slow rates of rotation. In this work an AB quartet was

not exhibited'by't£; thioimidazolidinones studied even at the
lowest possible temperatures ( o -150°); presumably because of
lo;'barriers l; hindered rotation,

.Diasteréoméric species may be preseng only when R1 and R2
are not identical. Under these circuﬁatances, I will £e diastereo-
meric £o 11, and III will be diastereomeric to IV. I and III, and
IT and IV, wiil be enantioﬁeric, with 1ndistinguishabie.agectra.

R1 and R2 were chosen to be a protoﬂ and a methyl group;
respectively, in the thioimidazolidinone diastereomeric series,

The lifetimes of the diastereomers were found to be unequal, due to

‘certﬁin steric interactions in these molecules, resulting in -

unequal intensities of thé signals arising from coxrreasponding

. . . . .
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protons on the diastereomeric rotamera. The spectrum is further

complicated by coupling of the methine proton to the methyl

' protons. The methine proton shows a pair of quartets, while

A
the methyl protons show a ﬁhir of doublets ﬁnder corfditions of
slow rotation. '
\ ~ ,
.f%fory of Line Shape Analysis : ‘

' The line shape theory based on the Bloch equations (17,19
to derive the line shapejéquations for an exchange process between
two sr}es has been dealt in detail by Jackman'and Cotton ( 955).

7 3
Compargsbn‘of Spectra :
. " .

\ / \ .
Theoretical spectra can, be calculated for any given set

of iifetimea, chgmic&l shift, and coupling constant parameters for
the exbhangin; aites, using the equations based on the Gutowsky-.
Holm (49 ) fofmulation. Im order to obtain the most accurate
lifetime values Qr rate constanta for rotamers, at given

temperatures, one‘has 1o achieve a-good fit between the

Y . ' Mg ‘

experimantal and theoretical dpectra. This may be dome point by
point by computer. A\spectrum calculated from initial estimates

|
of the parameters can be compared with the observed spectrum by
. X .

@ least squares method.New parameters are then calculated

\

based upon the differencks between observed and calculated
n‘ . H N .

intenbitiea, and a resulting new theoretical spectrum is

‘ cdmpared withlthe experimeﬁtal spectrﬁm. The nonslinear

s
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o
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regreasion procedure continues to calculate new parameters
and make comparisons until the best fit is obtainéd. Th'e programs ) o

5 -NLINGH.*"ah& NLINDD2, which are suitable for this non-linear o f

'leaat squares regression analysis, were déire“l'oped by Colebrooﬁc
.‘ " (25) from the program NLIN2 "yhic'h was or'i.gyi‘.r_lally 6btained§ from the : v
* °  SHARE library (110). The basic nonilinear regression program .

is used in combination with sup-routines' c;)?xtaining the 4

\ line-shape equaf.ions for the system being conaidere(d. :

. L.
- The process of fitting the theoretical specira to the

o

. experimental ones was carried out in two steps. First,. in order

to gel reasonably good initial estimates of exzharEe lifetimes -

-

“and the chemgal shift difi:prence, only thé couplihg constants
and the experimental iinewidths vere held constant and the
chemical shift differences were allowed to vary. This was
cons;dered to be important, mince the experimental spe'ctra
obtained at higher temperatu;:'es Iposed dii‘fi‘culty in determining

the-chemical shift differences accurately hecause of line-.

broadening due to the exchange process. Second, based on these

-

initiél estimates from.above, theoretical spectra were again o S
' . fitted to the experimental ones, now keepin-g coupling constanis,
linewidth ‘and the chemical shift diffe:‘rences 1c'onstant during t};e LR
fitting px\‘océss. The value of the chemgcal shift (in Hz)

determined from the experimental spectra®at or near the room

> temperature for a given molecule was held constant during the
fitting process and thus more accurate exchange lifetimes

were calculated, . : S
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CAICULATION OF ACTIVATION PARAMETERS :

¢
The Arrhenjiua and Eyring activation parameters for

the rotational process are calculated through the use of mean
lifetimes or rate constants which are obtained from line-shape
analysis. A computer program, ACTPAR, (25) has been written
to ‘calculate all the activation parameters and 90 % confidence
limits from given lifetimes and temperatures.

. The Arrhenius activation enexgy, Ea s 1is defined in

the Arrhenius equation :

&

K ;”A..exp(-Ea/RT)

where K is the rate ct;natant for j;he rotation process, A is
the frequency factor, R is the gas ‘constant, and T is the
temperature in dégrees Kelvin. The slope of the plot of

‘ In X versus 1/T x°) ' ‘ ’
gives th'e energy of activation, s.ee Fig. I2-1 to 1Z2-3,

‘ The temperature dependent activation pa.ra.me*ters,

enthalpy of activatit;_n (O o ), free energy of activation
(A ¢ ), and entropy of activation (A & ), are calculated

by the use of the Eyring equations by ACTPAR. These equations

are reproduced below :
’ .
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1

2,303 RT (10.319 + log T + log T )

o

h,
]

ast - (oW - ad’)/

AC;I'PAR finds the i)est straight line for the plot of
ln’K,.‘versua 1/m (x°) th:;:ough the use of a linear regressic;n
e\méthod, and also calculates the Eyring para;meters for a
specified temperature.
The actiw‘ration parameters reported in this

study are calculated at 298.1 X° {25 (,‘o).
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2

Preparation of NMR Samples : N

LAl .,

The NMR samples of 1,3~diaryl-2-thio-4-imidazolidinones
with high coalescence temperatures ( > 25°) were prepared in a

mixture (3 : 2 or 3 : 1) of MSO-d, and 2-chloropyridine.

 2-Chloropyridine has a bojling point higher than pyridine.

Moreover, it is a good solvent for these compounds. The samples

_ were prepared as concentrated as possible (2 - 3 M solutions).

The sample solutions which coalesced below room temperature,
were dissclved either in mixtures of D&SO-d6 and 2-chloropyridineg
or acetone-d6 and pyridine, or acetone:d6\and DMSO-d6 » Contrary

to the report by Icli (53 ), the solutions in acetone-d6 containing

15 - 20 % DMEO-dg froze in the vicimity of -50° to -55°,

N-aryl-1-isoindolinonea are easily soluble in acetone

. and chloroform. Approximately 2M solutions were prep;red in a

mixture of chloroform-d, and acetone-dg (5 : 2)

In some cases, NMR spectra were measured at or near
-150°, 30-40 mg of the sample was dissolved in chlorcdifluoromethane,
CHCIF, ,(Freon-22) at acetone-dry ice temperature. The solution was

then frozen by immersing the sample tube in liquid nitrogen and

. subjected to high vacuum for a few minutes. The solution was

s

thawed in .acetone-dry ice mixture, frozen by liquid nitrogen and
again connected to high vacuum. The thaw-freeze-high vecuum
procedure was repeated 5-6 times until all dissolved ‘gases were

remdved. The sample tﬁbe,ibeing immersed in liquid nitrogen, was
gsealed under 0,05 - 0,1.torr, and the NMR spectrum was run at

»

S

g



100 MHz at temperatures in the viciniiy of =150° onls JEOL-JNM-

45-100 NMR spectrometer.. ™S was used as internal reference, but

generally, the speetra were run by locking the NMR spectpometer

+
Vo, c '

94 -

¢

on the central peak of Freon-22,

Tetramethylsilane (TMS) and hexamethyldisiloxane (both

from NMR Specialitiea, Kenaington, Pa, USA) were added in small

portions as internal standards to the low and high temperature
MR samples, respectively.

R




. @ifferences between non-equivalent diastereomeric and

)

TEMPEBATURE DEPENDENCE OF CHEMICAL SHIFT DIFFERENCES :

’

3

R The temperature deﬁendehce of the'chemical shift ’

enantiomeric protons of 3}-aryl-2,4-imidazolidinediones was . - . »
found to be relatively small in the line shape analysis studies

by Fehlner (38) and Granata (45 A). For all the cases studied
o < .
in those projects, there was not enough evidence because of
¥ ~ B . -
limitations in the precision of the experiment to show whether e .

the chemical shift difference had increased or decreased with

|

increasing temperatures. In the present 'study, the calculated.

«,

caemical shift difference dependence upon tempera?ure becomes
evident when the fitting process is carr%gd outdby keeping the
linewfdthJconstant and allowing the chemical shift difference ) i
to vary. The bﬂ%mical shift differences returned by the‘computer
in‘the coalescence,regi;n become‘very large and unacceptable.
Therefors, the exchange lifetimes were calculated by keeping

both the linewidth and the chemical shift difference constant

during the fitting process of the spectra.

P o
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' The N-aryl-1-igoindolinones, IN-1 to IN-14, . failed to |

‘ ’ . show ir?dividugl‘ signals from’the ena.ntiomeric orthe group protons
or the diastereotopic 3-methylene protons at low. temperatures, Ew;eex
thie N-(é,a-eimethylpheny1)- and N-(1-naphthyl)~ derivatives, IN-8

tot e ", Lo and- IN-13, z:eapectively. did not ehow any diastereometic or

diastereotopic splitting of the methyl or methylene resonances at

the lowest temperatures attainable in chll.oroi'orm--d1 and acetoneﬁds
ot " A mixtures ("" 1M solutions). These compounds will be discuased in
| C detail in a separate sect1on -fo;.lowiné the present one.
- o ‘ A behavmur simlar to the 1-isoindolinones was also
obgér&ed for the 2-thio-4-imidazolidinones unsubstituted at the

C-% position or substituted at C-5 but having a small ortho

‘ v bulky and polar thiocarbonyl /:group in the vicinity of the N-aryl
. mojety, this observation {s somewhat:unexpected. ‘
‘ot . , ’b
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PRI O e T

.
Ve s ot e o e
. .

e @ -

P R TR

PO

gl 1t AN




i . s (S
.4 N
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" . Line shape analysis data and results"for some of t};e

C=-5 monomethy1-2-thio-4-in|i;iazol.itrlin<)'xies, whichl did $]:10\;\ :

- individual diastereomeric%i@als; are presented in the

. following Tables a.nd Figures. The 11fet1rnes, tog‘ether wlth their ~ ~.9
‘ . o associated 'standard errors, were calcu.lated from the best flts ‘ |
- . ‘ . o\i‘acalculated and digitized qxperimen‘tal spectra -using the . " Q,
R ' L computer progran NLIﬁDZ{). In one set of calculations, the fitting 3 L
process was cta'ripd out by holding only the linewidth as a . o

constant parameters. In another set of calculatlon, the flttlng

o
~

pracedure was carried out by keeplng both the llnewidth and the
o ! t
. °, chemical shift difference consta.nt.,Rate constants are given ag

Teciprocals of lifetimes., For all of theseucorhpounds' two well«

separated spin-doubiets were obaerved which callapsed to a very ¢

Co ' broad ainélet in the 'coales;ceﬁce .regic;ri. A doublet appea.rend -whér; ‘ b

. the samples were heated much beyond the coalescence temperature.
3 éince the temperature range is 25% - 150° , the quality of the

fltt.mg of the spectra is quite acceptable. This can also be seen ) -

L - . from the computer print-out a.ft‘er the~fitt1r}g process l.S complete, .

The range of the Arrhenius plots are chosen to present

* . .8 convenient display, rather than for purpose of comparison. All _ o
. " the Arrhenius plots of,l the ,C-5 monomethyl imidazolidinones are - ' o

‘drawn on the same scale., .
Tables of kinetic data are shown foiiowing" the’ . .

4

experimental data. Arrhenius and EYwing parameters and 90 % o ;

5 . o

. confidence limits were calculated by the program ACTPAR, : o v

" . Equilibrium constants were obtained .from the ratio of rate

a
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‘.1—* conatan.ta for dié.steréomérig equiiibrium at *259.'u ) " i
6 RN , Tayle I2-6 is included to show kinetic,parameter\s and - . s, n':j
; | equilibrium constants for( rotation for the fhio-imida.zolidinones ' | .
E | . | whei the chenical shift is'not held constant during the ﬁtt_i;lg‘ 7 §
T ' i process. (cf, Table IZr6A?. It is evideﬁt that the e halpiés 1
” | and ent:ropi.es of activation are aboyt 10 -20% higl;xer when ‘ o A\ ;
e . ' only the linew%th is a constant parameter, than when.both the t
linevidth and the chenical shift parameters aré held constant. 2
h n ' The free energies of activation sh:)w little vari”ations (about 3
U N .

' 0.3-234). - B o o
o - The lifetimes, Tau A and T?Lu B, for ’the coilapae o {

N Ahe 0s5 methyl signals ave ghosen for the upfield 4& low field
» ' . . pea.ké in the NMR 'spect;,rum, respectively. ' o , .
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1

Lifetimes and Rotational Rates for 1-(2-Tolyl)- S-Phenyl-S-Methyl-
2-Thio-4-Imidazolidinone, 12-12, in mso-d6 + 2-Chloropy'rid1ne '
T {3:2), 3M Solution, at Various Temperatures. Linewid®h (1.0 Hz)
and Chemic@.&hift Difference (10.5 Hz) Were Held Constant
Durlng the Fitting~Process. ’ ’

)
.. Temp, Lifetime <Standard Rate Constant
T {(sec, ) Error, x10° (1/sec.)
TAU A, COLLAPSE OF C-5 METHYL (UPFIELD) SIGNALS.
’ 34.0 . Q?0.3172 3381 . 3.15
48.0 . 0.2869 2,642 - . 3,48
) 57.0  0.223% - 1.234 4047
' 62,5 . 0.1780° . 0.514 L 5,38
64.5 0.153%6 :0.424 5.5
67.0 0.1384 - 0.392 . 02
70.0 0.1116 0.412 8.96
2.0 0.0883 0.468 O 11.32 )
75.0 - 0.0560 0.422 o 17.86
83.0 .  0.0422 0.199 23,70
&« - 89.5 070367 S 0.108 27.25
TAU B, COLLAPSE OF C-5 METHYL (10w FIELD) s;gugg
3450 0.2320 2,615 ﬁ_ : 4,31
U0 48.0/  0.2277 . 24157 4.39
57.0  0.4872° 1,082 5.34
62.5 . 0,1462 . 0.448 .84
64.5 0.1297, 0.392 1.m 3
67.0 0.1204 °  0.357 8,31 '
70.0 . 0.1005 0.386 9.95
72.0 0.0846 ~  0.443 . 11.82
" 75.0 ° 0.0641 '0.452 15,60
83.0 7 0.0477 . 0.216. 20.96
, : 89.5 - - 0.0379 0.111 . 2638
‘ - . / .
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TABLE 12- . ' o ) i
Lifetimes and Rot.attional Rates for 1-(2 '3-Dimethyipheny1)'-
3-Pherry1 S-Methyl ~2-Thio-3-Inidazolidi none, I2-15, in Il'(S()-d.6
"o -Chloropyridine (4s:1 \)$$M Solution, at Various Temperatures.
Linewidth (1.0 Hz)‘and Chemical Shift Difi'erence (10.0 Hz) Were
‘Held Constant During the Fitting Process. )

Fat T e s

~

" Tenip. Lifetimes Standard Rate Constant ‘
- (%) - { sec ) gl:rorjvx 10° (1/sec) s
. ' ]
TAU A, COLLAPSE OF C-5 METHYL (UPFIELD) SIGNALS. ;
. 81.0 <. 0.3605"  4.098 2.1
91,5 0,2403 1.872 - .. 4.16 o8
“101.0 0.1843  1.544 5,42 ' .
106.0 0.1363 0,597 7,34 , ' Y
108.0 0.1150 0.388" 8.70 . 4
110.0 0.1271 '0.521 - 7.87
117.5 0.0855 0.126 T 1170 ;
127.0 0.0752  * 0.132 13.30 ;
1350 0.0477  0.047 22,34
.TAU B, COLLAPSE OF C-5 METHYL (LOW FIELD) SIGNAIS.
, 8.0 0.2425 2.842 ° 42
91.5 0.1690 1411 5.92
101,0 0,1414 1,296 B X _—
106.0° - 0.1075 0.573 9.30 : i
108.0  0.0943  0.350 10.60 s
110.0 0.0919 0.463 " : 10.88 '
117.5 0.0684 0.115 T 14.62
127.0 0.0557 0.113 S 17.95
- 133,0 | 0,0401 0.043 2494
.
- ’ ’




" TABLE 1Z-5 ' ‘ 191

3
o

) .I\;ifetimes and Rotational Rates for 1-(1-Naphthyl)-3-Phenyl- d
" 5-Methyl-2-Thio-4-Imidazolidinone, IZ-16, in MS0-d, +
2 ~-Chloropyridine (3:2), 2.5 M Solution, at Various Temperatures.
L.mew.ldth (1.0 Hz) and Chemical Shift Difference (9.4 Hz) Were

Held Constant Durmg the Flttlng Process. : " ¢
' Temps Lifetimes Stapdard Rate Constant
v (c®) - (sec. ) MQ —{/sec.)
) TAU A, COLLAPSE OF C-5 METHYL (UPFIELD) SIGNALS.
34.0 0.4878 1.145 2.05
» 51.5  ° 0.2961Y 1,543 13,38
61.8 0.2560  1.125 3,89
71.0 0.1932 0.734 5.18 , \
77.0  Q.1850 0.832 | 5. 40 I
81.0 0,178 0.474 5.82 ‘
84.5. 0.1372 0.335 1,29 oL
" 87.5 0.1355 0.419 S 1.38 ‘ ‘
99.0 .  0.0720 ; 0.070 13,89
104.0 0.0514 0,172 . 19.45
. 108.5 - 0.0449 0,041 22,27
1 . .
TAU B, COLLAPSE OF C-5 METHYL (1OW FIELD) SIGNAIS. - '

' 34.0 0.4554 0.973 2,20 N
51.5 0.27867 1,406 - 3.59
61.8  0.2350 1,025 © 4,25
71.0 0.1825 0.691 5.48
77.0 0.1742 °° 0,784 5.74
81,0 0.1614 0.445 620 - T
. 84.5  .0.1316 0.328 7.56 ‘
I 87.5 0.1180 0.375  8.47
| 99.0 .  0.0659 0.067 15.17
1040 - 0.05%,  0.126 | 18.87
* 108.5 0.0437 0.039 22.88
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Fig. IZ-1 : Arrhenius Plot for 1-(2-Toly1)-S-Phenyi-anethyl-

2-Thio-4-Imidazolidinone, IZ=12,- in 'mso-ds +
2-Chloropyridine (3:2), 3M Sq;utioh}
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- Fig. I2-2 : Arrhenius Plot for 1-(2,3-Dimethylphenyl)-’ g
3-Phenyl-5-Methyl-2-Thio-4-Imidazolidinone, b
‘ - i
12-15, in MMSO-d; + 2-Chloropyridine (4:1), ¢ %
2M Solution. | }
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Fig. 12-3 : Arrhenius Plot for 1-(1-Naphthyl)-3-Phenyl-
- . 5-Methyl:2-Thio-4-Inidazoiidinone, 12-16,
- in IMS0-d, + 2-Chloropyridine (3:12),

2.5 M Solution.
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Conformational Variations in the 2-Thio-4-Imidazolidinone Ring :

Before we discuss conformational processes in detail,
it seems important to look into the geometry of these molecules.
From the X-ray crystallographic structure determination of 2-thio-°
. (196) and 5,5-diphenyl-2,4-imidazolidinediones ( 23); O and P, in

the eolid state, the heterocyclic rings were found to be planar,

7 '

. | O Ry = Ry= Ry = H, X=S
)l\' N-E t P R1 H’ }{2 = R} = Ph' R
R -N _— X=0 ' .
R2 , .
. RB [E: R (2-Bromophenyl), . -

1

1 =
0 —_— R2 = H, R3‘= CHB’ X=S
In our laboratories, X-ray studies ( 16 ) of the >

thermodynamically lesa atasble (in solution) diastereomeric
vrotatioﬁal isomer of 3-(2-Bromophenyl)-5-methyl-2-thio-4~-imidazoli-
dinone, E, has, shown the following important I;atures :
N " a- the heterocyclic ring was found to be planaQ.,
b~ the dihedral angle between the ﬁeterocycllc and aryl
_ rings is 82°,
(’ 'l o= the bromine atom is transoid to the 5-methyl group. This \\\
implies that, in the preferred rotational isomer which’
should be more highly‘aolvated, the bro;ine atom would

be transoid to the solveni shell and hence cisoid to the

S-methyl group. ° ) ‘ L A

Jeam et

L et A e P i Pt et . S — =
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The solution geometry of a molecule may.very well be

" different from that in the solid state ; and unfortunately, not

much is known about this particular aspect of these molecules.
Recent developments in the NMR iiterature have established, among
many other things, correlation of coupling constants witg other
physical properties such as hybridization, dihedral bond angle;,

and electronegativity of’ substituents. The theory has suggested

(67 ) and the experiments have largely confirmed that the relation

between @he torsional angle defined by vicinal hydrogens (or

13, 3

lately, a vicinal -1H group) and their coupling conatanté J or

3

H-H

J c-H (6!21’32s60! 67‘69191'2)
- have.a profound influence on elucidaticn

)

of configuration and conformational analysis. Particularly,
Bystrov and co-workers ( 21 ) have extensively studied the
relationship between three bond coupling constants-and the

dihedral angle between the involved nuclei, in the case of

-CO = NH = CH~ structural unit in dipeptide systems., Fortunately,

this structurai unit is also present in the compounds under

‘study.

Bystrov et. al. (21) have determined the stereochemical
dependence of the apin-coupling constants of the vicinal

~CO - NH - CH- protons hy the relation :

5
*

3‘]}:}1.(;3 (H2) = {8.9 £ 0.9) Cos? B - (0.9 + 0.9) ‘Coa 7 g

(0.9 + 0.9) Sin° &

where O is the dihedral angle betwgen the H-N-C and C-C-H planes.

~ ~
.t




.

Fig. IZ-7 shows the calculafed étereochémiqalAdependence on- 6
of the vicinal'protonAcoupling conat#nta of the -CO - NH - CH-
;ragment (s0lid line) as defined above. For comparative purpose,
similar Karplus-type (60 ) plotayare also shown for C = CH -CH<
(dotted 1line) and H —C-C-Hb }raé;ents based on equations by -
. Bothner-By (19 ) and Garbisch (43 )e ‘
Poupaert and co-workers (84 ) have reported the dihedral
angular dependence of the three’ bond coupling constants in .
hydantoins (2,4-imidazolidingdiones) and 3-pheny1-2-thiohydantoins

" bearing various alkyl and aryl aubétitueﬁts at the C-5 carbon atom.

Théy obsérved values for 3JH -H ranging from .10 - 1.25 Hz -~ |
5 . -
. which corresponds to a dihedral angle of about 70 between the .
nuclei 1nyolved. Also from valuea of 3JC*4-—H-1 = 7 Hz (ép 1800);
3 &
Jc-z—-H-s = 3 Hz (@ = 125%) in the C-13 NMR spég:tra, they

inferred the planarity of the hydantoin and 3-phenyl-2-thighydantoin
rings in solution, a conélusion in agreement with X-ray analysis.
Table 1Z2-7 shbws a summary of their results,

. Wé have had the opportunity to examine the structural
.features of some of the 5-aryl aubstituted—?-thio-4—imidazolidinonea

in more detail by obtaining their proton NMR spectra at 27q MHz.
Although theae componnda incoxrporate the structural unit

‘-3 - NH - CH instead of ,-C0 ~ - CH—, Poupaert and co-workers

*Prof L.D. Colebrook‘ aabbatipai-leav; at the Depariment of
Chemistry, Uhivera}ty of Bri;ish Columbia, Vancouyer, B.C., - .,

. 2

December 1977 = July 197B,|where these apectra were run
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. N , Py . . N
have shown that the correlation between the three bond coupling.

s

constants and the dihedral angle between the involved nuclei” ia‘ ®
applicable to hydantoins and B-pherle-Z-thiohydantoip. The viecinal

'coupling constantis (?JN, “Hee C -H) ‘meé.sured at 270 MHz in CDCI3

% H
. .

solutions (0,05 M) are shown in Table Iz-8, It should be

emphasi zed here that tHe ‘BJ measured by Bystrov (21 )

CO-NH-CH

for a number of digeptides in (DC1 D‘ISO-dé, or CC1, 3 are almost

3
-identical. - - -
Our ‘data and those obtained by Poupaert et. al. (84 )
clearly indicate that in a given series of imidasolidinedionés or
their’ 2-thio analogues, conformational and configarational changes
are eJ.ther absent or negligible, if present at all. g‘or example,

the dihedral angle between Ny=H —~ QS-H in the hydantoins or

' thiohydahtoins studied is about 70° which is independent_ of the

3

éize.,?ak.nd nature of the C=5 substituents. Simila.r}y, in the

) "3-aryl'-5-methy1-2-‘thio:l4-imidazolic}inones, the dihedral angle
: |

: between the N1-‘-H-—C ~H is about 90‘ which is independent of the

5 " .

- steric bulk of the aryl moiety or nature and position of the

substituents on the .axyl ring. This conclusion is supported by h

an observation by Colebrook et., al. (26 ) that the electronic

- * influence of a chlorine substituent on the rotational barriers

. lil
in 3-aryl hydantoins (with a methyl or phenyl subatitugnt at
C-5) is primarily a 'through-aspace' effect rather ‘\thoah a 'through

bond' effect which might influence the electron distribution in

.
' ‘ &
. ‘
.




. TABLE . IZ-7° .
. “

i
-

"4-"w ana c-"H Three-Bond Coupling Constants and

the Dihedral Angles Between the Involved Nuclei in
’). 0 .
5-Substituted 2,4-Imidazolidinediones (A) and -

3-Phenyl-2-Thio-4-Inidazolidinones (B), (84 ).

. . / )\N-H A  Ry=H,X=0.

R:Ph,X:S.

oo
—t
o
=
:Ui
o
Iw

1
0
: 3 3 3
. R JH1-H5 "04-}11 Jc?-H5
A B A B A B
\ \ :
CHy * - . 1.10 1.20 7.& 1.0 . 3.2 2.8
cYclg~06H11 . 1.2% ?. 0 7.5 - - 3.0 o
CHz - CsHS 1.10 ' . - ) - - ) - ' 5.6
Cehs 1.25 1,10 1.5 7.0 3.0 3.3
" caloulated - ah0r ‘ - 0 Lo~ o
¢ solution 10 ., =B
X- ‘ .. o
Do W e
rd ‘\
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TABLE

Proton-Proton Three-Bond Qq§pling onstants (Hz)

I1z-8

)

)

1.13)

-

K ' w  (Measured at 270 MHz) and the Dihedral Angles (Inferred)"
} [ =
B . ‘ o
i . Between the Involved Nuclei in 3~-Aryl Substituted-2-Thio-
. 4-Imidazolidinones, ( 0,05 M in Chloroform-d,). P
. ) s
- ' | )y .
. S )E\ N-H : '
. . - 1-N o
. S o e T
v
. | _ .
' No. © . ARYL ,
12-17  2-Tolyl . #,, 0.82
;o :
IZ2-1 8 2-Chlorophenyl »e X - 0,88
12-19 92-F1uorophény1 .o . 0.86
12-20 . 2-Methyl-4-Methoxyphenyl .e 0.80
12-21 . 2-Methyl-4-Nitrophenyl .o 0.72
o . )
- »*
Dihedral Angle, & , (Inferred) . 80°% 10°
Dihedral Angle, €, (X-rays, solid state) ‘(44 ) 66°
4 3
o
Prom Eq. at page 124 (21) and Fig. I2-7. 5
B N
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the helero ring. It was expected to result in mignificant '

changei in bond lengths aﬁd bond angles in the ground and
transition states to influence the free energies of .

activatior:.

AN

-

©

Barriers to Internal Rotation in Imidazolidinediones ¢

o In the nresent study of the %}-dmryl-? thio-4-

I'nida.zolidinediones geries, only three compounds IZ-12, IA-TS
and 12-1h ghowed restricted internal rotation about the
1i-aryl-nitrogen bond, The 1-aryl derivatiyes with‘- o-methoxy
or o-fluoro substituents, I%-13 and ~IZ-14 respectively, failed
to exhibit individual signals from the Aiastereome‘::ic

C-5 methyl protons in their NMR specira . »

114
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.
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at temperatures as low as -150°. The thioimidazolidinones lacking

. a substituent in the Si-poéition behaved 11") a similar ma.nner..

e AT 000 5 AL B s S it e

It is important to note that the C-5 methyl or methine
. X 4

proton signals éorresponding to the individual diastereomers of
the 2-methoxyphenyl derivative, IZ-13, were o%rvable below ‘ c)
-152°, These signals ®oalesced to a very broad singlet, at -152°,

which changed to a relg.tively less broad signal at ,-1430, Fig. 1Z-8, ' 3
At -137°, & clearly resolved spin doublet (J = 7 Hz) appeared
under the conditions of fast rotation. Because of very} brda.d,
asinglet at tem;;h;:atur’es below -1520, an estimate of the chemical
shift.diff erence of the ltwo diastereomers was not possible. The

. L]
sample solution froze at about -162°,. The 2-fluorophenyl compound,

12-14, failed to show similar behaviour at about -150°.

The thioimidazolidinones with 1-(2-toly1),

1-(2,3-dimethylphenyl), and 1-(1-naphthyl) as aryl moieties, . : Y

4 .-
12-12, 12-15 and 12-16, respectively, showed internal rotation
sufficiently alow that two doublets ( with large chemical shift

dii‘ferencea)' were observed, corresponding to the C-5 methyl

- A% :v

protons, when the samples were at normal probe temperatures
< (34 + 1 ‘Co). These doublets coilapsed to singlets as time-averaging
of the environmentsh‘ the methyl groups became sign.i{icant at
higher probe temperatufes. Their ooa.lescen‘ce temperatures 'are '
N\ " in the vange 89.5°- 133.0°, and their free energies of acti}vatif;n\
for restr’icted‘rotation are 17.0 - 18.9 keal/mole. Variatiéns in

the A G# valuss of these compounds are consistent with the steric

_bulk of the aryl moieties.

’ " . / . '
fam b, w - N f
P Mh W Py a3 4 BT I, O ST e S S AT Ay A B R g pe PR e R bt e MR Mgt AT B S U SR 2 A, T G gl M




16

e AL SR R T2 PR e

s e

el e 8BNS

A L : | 4. §° \
: ' S , ®
120 100 80. 60 40 200 0T
H Z '.‘:" J
100 MHz 'H-NMH Spectrum of 1-(2-Methoxyphenyl)-
3-Phenyl-5-Methyl-2-Thio~4-Inidazolidinone, 12-15,

) - . at Various Temperatures. A: C=5 Methine Proton at

its Coaleacence Point, B-D: C-5 Methyl Proton Signals
at the Temperatures Shown, ;
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in I2-12, 12-13, IZ-15 and I1%-16 are similar in magnitude to

.point for this co

;" o 117.

COMPARTSON OF 1= Amz-mommzounmom | . L
VITH THETR 0X0 ANALOGUES. -

. o Tixe baxrriers to internal rotation about the aryl-N bond -

those in 14ary1-2,4-;i.mida.zolidinediones. Table IZ2-9 oo.mpa.res b
_ kinetic parameters and equilibrmm constants in some of the %
-a.ryl-S-methyl-Z 4-inidazol idinediones ( 53) and their thio
_analogues., §f
Whereala the coalescence temperattlzr'es of the diones are j
much below the room temperature (-0.2%to -32.0°), the t'h.ioy analogs ' éﬁi
Q_emonst‘rate rotational stability at room ‘temperature., A atrifiﬁg ; » ,zé‘;
feature of these derivatives :j.s‘ theizl: higher coalescence ‘%f
' t;mﬁeraturés, in the régi;n 89.5° - 153.00. Consequentiy, the .. §
barriers to intermal rotation about the C-N bor;d are considefably \; é
higher. . , : ‘ ) | ?
In the case of 1-(2-m¢;thoxyphenyl)-5,S-dimethyl- ‘ ii
imida'z.olidinedione,% diastexeotopic C-5 methyi groups did qbt ;;,
exhibit any splitting of the NMR gisn'als, evex:z at ;780, thus ‘ \%
shoving that the barrier to internal rotation is very low. In the £
1—(2-metﬁomheny1)—5—méthylbdione,"the barrier to rotation is i ,

expected to be even lawer. Its thip analogue did not show
\ : ‘ :
individual signals.corresponding to the two diastereomers at \\

¢

-75 . However, at v nlow tempqrature (=152 ), the coa.lescence

12-13, was obaerved.

‘.« \
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TABLE  IZ-9 X
- :
. B
f Comparison of Kinetic Parameters and Equilibrium A :
} Constants for Rotation in 1-Aryl-5-Methyl-
Imidazolidinediones (X = 0, S) °
»*
N N-Aryl X=40
L I
. _ X=58
§
3 _ 4
Aryl R, Site _ N ast  ad Keg i
2-Tolyl® W', 5.242.3 47423 =336 12,7 1 0.1
. - ! . 1¢26 x’i
p 451 1.4 4.0+ 1.4 -36 +10 12,6 + 0,1 ) ’
N *9 \ R '
C H 10.5+ 3.4 9.0 + 3.4 =25 +1CG 17.3 1+ 0.4
65 A - T - 1.57
B 9.2 +2.,9 8.6+2.9 -28+8 17.0 + 0.3 :
b % Y,
2,3-Me qb H . 10.7+ 0.6 10.2+ 0.6 -16 + 2 14,6 + 0.1 :
., R 2 . A - . - - - 1.26 ‘)
g 11208 6.61%048 -29+3 14,5+ 0.1
\ . &
{ *%
. C.H 12,0+ 2.3 11.4+ 2,3 =25+ 6 18,8 + 0.5 .
. 65 & - v - - 1,09
" p 1224 2.5 11.6£ 2.5 24 £ 6 18.8 1 0.5
1-Naphthyl® B, 6.14 1.0 5.6 £ 1.0 -31 £ 4 13.6 & 0.1
- : B 1,25 .
B 506 1(016 5.1 i 0.6 -35 i 2 . 15l2 i 001 ) i‘;
4%
CeH 8,4+ 2.1 7.8+2,1 =334+6 17,5 + 0.3 »
65 A e 2 x .05 ‘
| p 85222 T.91:2.2 3216 115103

Coalescence Temp:s X = 0 %a, -32.0 ; b, =0.2 ; ¢, =24.0)
. X=25(a, 89.5; b, 133,0; ¢, 108,5)
X=0in IMSO—dg + acetone-d6 3 *X = 8§, in MSO-d6 + 2-chloropyrdn.
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The X~ray crystal structure of 3-(2-bromophenyl)-5- ' \
methyl-z—thio-A-imidaéolidinone (44 ) shows that the thiocarbonyl
bond length is considerably greater than the carbonyl bond length
(1.67 vs 1.23 4°). In addition, sulfur is larger than oxygen
(1.55 ve 1.40 AQ). i; consequence, there océurs a stronger
repulsive interacti&n bétweén the sulfur atom and the groups in
the ortho position on the'aryl ring when the thio compound is. in
its rotational transition statg than is the case in the 2,4—1 . ‘ F

dione molecule. Since a thiocarbonyl group is more polarizable

than a carbonyl group (éspecially in a highly polar solvent, e.g.
IMS0), the solvation around & thiocarbonyl group is expected to
ogccur to a‘considérable extent. The C-13 NMR study of 3-aryl-2-thioc-
4-imidazolidinones ( 61 ) shows that it is indeed the case.
In imidazolidinones, the bulky ortho substituent muat
pass over the C—S,substituent while the ortho hydrogen atom
" passes over the thiocarbonyl group (26 ) in the preferred
transition state for rotation. Therefore, it may be concluded
that the differences in rota%ional stabilities of thesg thio-
imidazolidinoﬁes and 2,4-dione ana;oguea.principally result from
differences in repulsive interactions betiween the ortho hydrogen
atom and the thiongbopyl group ; and the ortho ﬁydrogén atonm
Ahd ihe carbonyl groﬁp,qrespectiﬁely. Thus, :the larger, highly : {’
" polarizable and hence solvated thiocarbonyl éroup firmly "locks" . ';
the N-aryl moiety out-of-plane, giving extra stability to the | i

ground state of these compounds. This rmtual locking of groups | e

'into position is quite important and it frequently ocqﬁrq in
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* amides and thionamides, This effect is evident in the values of -

lifetimes of diastereomeriq rotamers, 1: and their

25 !
ehuilibrium constanta, xeq , at 250, Table IZ-6.
) For the o-tol&l compound, IZ~12, the T are 0,51 and
- . 25 i
N 0-77 ses, with K, = 1.51. This value of K, 1is similar to those
obtained previously by Giles (26, 44 ... ) and Icli (26,53 ), i.e,
1.25 -~ 1,70, The va%ye of the equilibrium constant being non-unity
. has been attributed to prefe.r'ential solvation of one diastereomer.
over the other ( 44 ) as well as steric interaction betwéen’tye

3-aryl ortho substituent and the C-4 carbonyf‘group. In 3-aryl-

2-thio-4-imidazolidinones, the cis'relationship of the 5-methyl

‘substituent to the bulky ortho group ( 16 ) results from such
pref;rential solvation. However, in the i—ary1-2,4-dione series,
it has been shown ( 53 )} that the trans isomer corresponds to
the more stable ground state conformation,

Becausg of the medium steric bulk of the ortho
substituent, the 'locking' effect of the thiocarbonyl group is
£ot ;ery strong in thé ortho tolyl compound, IZ-12. This is
seen from the rélatively small value;‘of 1:25 in Table I2-6.
However, greater prefgrential solvation in one diastgreomer

., . Aver the other does appreciably influence the equilibrium

Y i

LA S constant.
This situatioh'is different with the ‘other two
derivatives, 1Z~15 and IZ-1€. with the 2,3-dimethylphenyl and

ﬁ?k ? 1-hsphthy1(ﬁoieties, respectively. In the 1-naphthyl compound,

the equiliﬁrium constant is only 1,05 for the interconversion .

[
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of rotamers. The thiocarbonyl group and ‘preferential solvation
arouﬁd it in’one of the stereomers (probably the one in which
the bulky ortho substituent occupies a trans position with
respect to the C-5 methyl substituent) result ’ in considerable
hindrance to roiatidn of ghe aryl moiéty in the ground state. In
the 2,3-dimethylphenyl derivative, IZ%-15, this rotation of the

, 1-aryl moiety should become very severe since the barrier to
rotation is very high for this compound, The appreciable hindrance '
to rétation of the 1-aryl moiety in the ground state is supported
by the following two observations :( )

i a- The rofational 1ifetimes‘in the ground s}ate,érfgs R are\
very large, 1.19 andl1.13 sec, for the l-naphthyl and
10.84 and 9.97 seci for ihe 2,5-dimethy1phgnyl
derintives, resppctivély. These rotational life{;mes
are 1.5 - 2.2 and 14.0 - 19.5 times the corresponding
. “‘lifetimes, T'?S , of the nrtho tolyl compound. Tablélz-10
: sths ground state rotational lifetimes in 2,4-imidazol-
idingaiones and their thio analogues, and compar;s
these values with ?:25 for the diastergomer{c rotamers
of the correspondipg o-tolyl unaloéue. It is clear
that, yhen the hindrance to internal rotaéion of the
aryl ring is sufficiently Aiéh, the ground state
rotational lifetimes in such compounds are 14-20
4 %imga larger than those in the corresponding o-tolyl '
'dbmpounds. This regresents é,situation when t@e aryl

‘ : moiety is flocked’in the ground state and hindrance

- \ » ) ~ A
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.7 TBIE  Iz-10. ‘ .
N IS
\' ~
‘ ' Ground State Rotational Lifetimes in . ..
B 2y4-Imidazolidinediones ( 53 ) and Their 2-Thio Analogues

and Their Compa.r‘ison with 2-Tolyl Derivatives. ' ) ’

oy A — .

-r
B S T A R R A s 57 2

.Y "' . x

)%\N-Aryl . T o

Aryl X R R, %‘Eg‘)’ , T2s " Ratio® ‘
' (sec) ' .

—y

I172-12 5 C6H H A 0.7709 ‘ -

I3

. ’ 7
: , o ﬂ B 0.5T11 - ..

M L e B, LT

:

\ b .
| . ?,3-Megq) 12-1% S CeH H A 10.84 19,51

LIBRA e A ot

i : L X B 9.97 14.06
B . 1-Naph® . 12-16 S Cel B A 1,192 2,20
- N . ‘ B350 . .54 ! ;
? . c i e ) N B ﬁ
2-Tolyl™ * 0 H H, A 0.062 ‘ - y

B 0.049 -
2,3-Me,d © - o K W A 0.087 1,41,

/ o L B L0.069 1,40'

"1<Naphthy1® .*° o0 "H  H A 0,102 1.67 :
h BY 0.082 .0  1.64
..-.continued ' W7
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\ ' - B TABLE IZ-10 Contimued...
» . ' R 3 o
3 v ¢ ¢ ; : N *
' ¢ ) . ' { ’ !
. ' N , : N 1
Aryl x .k B Tas " mawod
: L » (sec)
) ! 2 s
C . 2«71yl (4d) 0 - H ‘GHy - ,0.0083 . -
' C () 0 RO CH - . 0.0059 -
] 2,3-Me2¢ (d)‘ 0. H CHy - 0.163 ©19.64
. ) &)y o B CHy - - 0M121 2050
© t-Naphthyl (a) 0 K CH T .- 0.031 3.73
Ca . B €5 I L 0.024  4.07
- \\ K |
. ‘ ) ) ' . .
a. Bratio of T?s for & given l-aryl derivatife to TZS for the . -
. , . - ‘ A o
‘ corresponding 2-tolyl analogues ARN
b MS0-d, + 2-chloropyridine (3 +2) ,
i ~‘°in'mso-d6 + acetane-d(;' (1:78) .
. (d)]){lSO-ds only _ ' , \
. °v(?)pyi-1dine only ' ‘ C "
()3 chloropyridine only ’
$ - (‘/'/\ '
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o o el LT te rotation becomes very 'impérta.rit. In compounds

e

“where this hindrance is not very larﬁj,' thg ground

- ' . ' state rotationa] lifetimds in these compounds are
. . . SRR )

-*comparable to thoae in the corresponding éétolyl

analoguea. This represents the sit‘ﬁ&tlon when hindrance

/

"to intemal rotation (either steric or solvent-mduced)

: is nof very much diffgrent from that in the o-tolyl
+

& o ’ %, ’ . .8
T ‘ compound, . L YN

b Four'er trangform.C-13 NMR dat.a on the thioimidazolidl-

‘l

Sectxon 3 * ) have revealed that in their
g'round state co‘nformation, these moﬁ.ecules do not have
. . ) . notlcee,ble stenc or any other,dlrec{ or 1nd1rect
1nteraction between the C-5 substituent and the ,bulky

. . qp . ‘ . ,. ortho gr:)up. No;e, for example,that although diastereo-

c o : . ' , meric splitting of C-13 resonances from-the (-2, C-4 or

e

b “" -5 carbons have been observed, their chemical shift

e . ¢ values'are very close to the corresponding carbons in
4, < : .
. ' the 1‘,3-dipheny-l'-2-thio-4-imidazolici{onu,lz-11, Tables

CN-6 and CN-4 of Section 3 'I‘hese moleculeEg are
expected to adopt conformations with. la.r‘ge dihedral

t

l angles between the aryl and the heterocyclic ring

vw.‘h
>
-
,
[4

.

AT
-

.systems !’sécause of steric interaction of the bulky

'ortho subsutuent and the C-5 group ox; the hetero rmg in
. the transition stafe as well as the 'locking' effect
. .

b - ‘of the thiocarbonyl group and the solvent shell around

it. The ‘existence of significant chemical shift

124
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difference between carbons and protons in the diastereomeric

. 1 ' )1

rotamers, in C-13 and H NMR, respectivelY, is considered to
' ~

originate from aniéotropic shielding of the unsymmetrical

/
. -aryl moiety which is more or less 'locked' in a position

in the ground {{ta‘te. Since the moljeculee ahouid have

"

significant flexibility.in the-ground state to minimize

sterit repulsions between the two rihg systems, it is
. o #.
probable that most of the influence on the values of & G

in these compounds arises from interactions in the

..

transition. atate for rptation.

’ . . \

’ h o
Y
AN -
.
v i
. "
\ ?
[ ¢ -
.
. . f .
~ T
[~
hd ‘e N
M 1
o "
.
1
s
r .
. 4 Y
.
R .
)
'
< . *
. B ,
. , N
Y . . .
. 4 - -~ ¢
\
i Il
' . .
. ro. \
il + \
. . ' ,
~ o
7’
. . , ’ ,
- a1
f -
. . . .
- o, .
l'll LY
. . s .
Nt . -0 . v
RN . ]
2R
.
R . o ,
[ N . . .
- ¢ ¢
* -
.
- M . N i 1
. .
hincF - o PR




~N . 126
ROTATIONAL FREE ENERGIES OF ACTIVATION : ‘

- . . ’
Al]l attempts directed to observe slow rotation, on the
NMR time scale, about the aryl C-N bond in the C-5 unsubstituted ...

* ) ¥ thioimidazolidinones failed. Varioue combinations of mix’iures of t

! ) * acétone-d6 » IMSO-d6 ’ CDCls and. pyridine vwere tried at the lowest ‘ "

possible temperatures attained (~ -78°) on the Varian HA-100

e Y

NMR spectrometer. Finally, we hoped that slow rotation may be - 4

observed at still lower temperatures. The 30 mg sample of

NEPREDY Y S R

- 1-(2,3-dimethylphenyl)-2-thio derivative, I12-8, (selected because .

of its expected large hindrance to 1‘@222 about the C-N bond)

A
re t”

K

was dissolved in chlorodifluoromethane on-22) at acetone-
dry ice.temperature and the dissolved gases were evacuated
under high vacuum by immersing the sa.mple solutmn in liquid : ) o

. ‘ nitrogen. About 5-6.cyclea of freeze-thaw-hlgh vacuum procedure .

*
X
p

effected removal off disgolved éases and the sample tube was
sealed under high vacuum"_‘: 0.1 - 0.05 torr). The 100 MHz NMR

: spectrum of ythis compound at -‘l‘jOO showed time-averaged
environments of the ‘.0-5 methylene or ortho méthyl g‘ro;zp proions.

The situation was more encouraging with the C-5 methyl

.
T v v s

derivatives.l 1z2-12, IZ-_15 and IZ-16, with o-télyl, 2,3-dimethyl-

« phenyl, \fand.. 1-naphthy1 moieties, which showed dou‘blets, _for the '
diastereomeric methyl signals when the samples were at noxrmal

‘probe temberature.s. Thése two ddubletscollapaed 16 a very ‘

{ R .
. broad singlet at the coalescence temperature and finally \ |

O TN Y PR R It ¥ v S5 avrw, v

changed to a single doublet as time-averaging of the environments -

*

.
ity N
j 1




r -

. - . 1 | 127 '
- ‘of the. methyl ' group protons became significant at still

higher probe temperatures,

ML= RN F Y P N

! ‘ ~ The behaviour of the 2-methoxyphenyl derivat:ive, 12-13p
\
was strikingly different from those mentioned above. Whereas

I§-12, '-IZ-15, or IZ-16 showed quite a high coalescence temperatu;-e - ..

(89.5 - 133.0°), it was expected that slow rotation in the case
of 24|ethoxypheny1 derivative might be observablé at somewhat
T lower temperatures. However, this compound faziled to show any

spectral modification " at the lowest temperature attainable

R -

gy

. N (
(= -780) on the Varian HA-100 probe. As & last resort, a 30 mg¢ = '
3

sample of the 2-methoxyphenyl derivative, IZ-13, in chloro- ~

T -

.difluoromethane was preparéd following the method described )
above for the C-5 unsu’l:gtituted 2 ,5-dimethaf1?pen§1 compoun;i, |
-12-8. .The C-5 methyl or methine proton aignals i.e. two dm:blefs
. or two quartets, ‘respectively, corréapon;iing fo the ind%vidual N
diastereomers of IZ-13 were- observable below -\1 529. The methyl‘ y . ‘ N

( or x;lef.hine ;;roton signails coalaaced: to a very broad singlet at |

-1520 and -1500. respectively, which changed to a relatively less

. broad singlet at —1430. At -1‘570, a clearly reso%ed spin-doublet

P S I

" (J = 7 Hz) appeared for the C=5 methy]l protons under.the
conditions of fast rotation on the NMR timé scale, \
The 2-fluorophenyl derivatives, IZ-14, failed to

\ shpw, under similar conditions, slow rotation about the aryl

[N

S S R ST gl

o

C-N bond at a' temperature as low as -150°.

The free energies of activation of thg three compounds'

T

&Y

.which behaved favorably are shown in Table 12-6A » From the

'
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foregoing discussion,.it is apparent that the steric bulks of
RS ' ' '

the ortho and C-5 substituents should have a certain lower limit

/ ‘ ¥
in order to observe slow rotatfion. This lower 1limit is probably v
o B provided By the 2-methoxy group on the aryl ring and the met)wl

k 4
group at the C~5 position, 'I’he bax:riers to rotation increase in

/ ’ : er compounds in the expected order. This observation is in
- . K a:'kﬂt with the earlier find.mg ( 26 ) that in the Tearyl-
| imidazolidine-2,4-diones; the more bulky ortho substituent must
" pass the‘S-position in the preferred transition state for 7

rotation.

g . I

VARTATIONS nf ENTROPY OF- ACTIVATION ¢

. . ' ( The entropy of a .state represents the randomness of

that state._ Thus, the. e;xtropy of activationcbepreaents. the

difference in ciegrge of order between the ground state and the
) ' trax;sition state. A\nega'tive A S#, therefore, implies that the‘
transition state is more ordered than the ground state.

]

\/) - It has been assumed (44 ) that when the molecule is

- . . - -
SRR s Wieisn hL e T
.

in the transition state, one or more molvent molecules are"ad.ﬁed
to the solute-solvent complex, so that the system becomes more
ordered, Since solvation is an exothermic process, a higher L

degree of solvation in the activated state would lower the

AT TR SOMUGR 0> pimtion weo vy o

transition state energy level and hence lower A H# adsuming '
] ' : N i .

ot ..

'i. .

B N i

. .
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that solvent~induced steric effects are absent. On the o%&: hand,

a more solvated transition state would be a more ordered one, o

corre¢sponding to a more negative rotational entropy of"

\ ‘ ' activation. Sterichindrance to solvation of a polar group in the
! T . ground state. a.nd’/or' la.fge size of substi\tuent, small/,deg"ree of
polarity or unfavorab'le geometxy of tPe solvent molecule would
atfect the AH ana AS? values. )

| - Table Iz-11 comp;res the enthalpies and entropies of
activation in the 1_,-az-y1—5-methy1'-2,4-imidazo1;dinediones and
their 2-th.¥.o analogues, It is seen f{yom Table IZ-11 that in - )
the thioimidazoli'di,nones listed, there is a large entropy change
assoc;iated with the transition state. This indicates that the ‘
rt;tational transition state is probably more' highly solvated than
the ground state. Also, the variations in A.S# in the thioimida-
zolidinones and their 2,4-dione analogues are almost similax
in going from ground to the rotational transitioq state,

It is noteworthy that there is an appreciable increase

in the en‘ltha.lpy of activation of the thio compounds over the
2,4-dione series, the increa\se being in the range 1-5 kcal/mole.

The lariga van der Waala radius of sulfur and increa§ed *solva.tion

in the transition state probably increases the transition state .. .

energy levels of these compounds as compared to the 2,4-dione

.,

dérivatives, thereby increasing AH#. . - .

]

o~y vt et s » s
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! TABLE IZ-11
Comparison of Enthalpies, & H#, and Entropies, AS#,
o S \
© of Activation in 1-Aryl-S-(letlwl-2-'l‘hio-4-1midaz/oli~ '
dinones* and Their 2,4-Dione Analogues". ‘
LN N )
' X ,
4 . R
., - N-Axryl f
e
N .~_
N ~ . :?~
0 m} ;
g AW _ast
‘ . . R =4, R=Phenyl R=H, R = Phenyl : ,«
. X=0 XaS X=0 X=S . ;é
12 . . '{t
_ , §
. %?
. . . , 3’3
2-Tolyl © 4T 2.3 . -33 + 6 A N %
’ 8.5 + 1.5 2304+ 4 -
4.0 + 1.4 ' -36 + 10 ’ g
. ~
s , 2,3-Dimethylphenyl 10.2 + 0.6 . -16 + 2 . .
‘ © ) . 9‘7 i 1 .o ‘ _29 i 5 2.
. oo A 6.6+ 0.8 . .o-29x3 L T
ﬁ 1-Naphthyl® , 5,6+ 1.0 . =3114 oo
; ‘ ' 6.6 + 0.9 - - - -36+2 .
: ) 5.1 % 0.6 . =332
. . ‘
"In 280-d, + 2-Chloropyridine (3:2)
L ) - “In 1‘!430-(16 + Acetone-d6 (1=4) (53) . l . " . Cy

. . .
T ¢




‘are significantly higher in 1-(2,3-diméthy1pheny1)-5-me£hy1-2-thio-

The increase in AH# and AG" in 2,3-diméthy1phenjl compound is - , N -

. attriﬁuted to the bixt‘t;'ressing effect of the meta methyl

° : ~ R 131

BUTTRESSING EFFECT :

The entimlPYo" AH# ) arfd free energy of aétivatipn,AG#, B
\ . : .
4-imidazolidinone, IZ-15, compared with the 1-(2-tolyl) derivative,
12-12 The A H' and Ac’ values in 12-15 are higher by 1.4
ané 1.2 kcal/mole, respectively, whereas the entropies of
activation are almost tnaffected in both the compounds. In the \

t-aryl-2,4-dione series, sj.@lar variations have been observed.
p )

substituent which is capable of restrjcting the ability of the

ortho methyl group to ‘?end bac%c'in the rotational transition

. t . ;
state in order to relieve steric sirain. . e 0oL

i . .
a4 " . Lo L. f « N7

COMPARISON OF 3-ARYL AND 1~ARYL~-2 -D&IDAZQLIDINEDION’ES:‘

r B , :‘ R N . "
-aryl-2, 4-imidazolidinediones, the bulky ortho -

In

t pass the C~2 or C-4 carbonyl group in the

rotational t ition state. The free energies of activation

substituent

c-5 su'bﬁtitue does not.have an appreciable effect on the

mtatioiml barriers, | e e

!
.
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- In contrast, ?he barriers to internal rotation in the’i ‘ !
u1-ary1-2,d;-c1iones j(a.s well as 2-thio-4-ones) are significantly . . o
gffectea,by the steric bulk of the C-~5 substituent. ihis is .
' éxpected since; the C-5 substituents m theﬂ~1-ary1 series are
'capable of interacting directly with the bulk& ortho group. As e

. mentioned eai-lier, the more bulky ortho substituent must pass
the 5- position in the preferred transition state for rotation z
in 1-aryl derivatives ( 26 ). When.the C-5 position is unsubstituted

these compounds (C=0, or C=S) fail to exhibit individual ‘signals
' ™

, .
R A o e AR s i A

N LA

from the enantiotopic C~5 protons ‘in their NMR spectra at

a
-
e

temf)eraltures as low as -150°. When: the C-5 substituent is a

& v

phenyl group, similar behaviour is- observed. However, with the

o B . )

s

C-5 methyl derivativés;, the AG# values calculated at the

2

L3
il

]
-

coalescence point for this group of compounds (X=0) ranged

T

o

. from 11.1-14.5 keal/mole; the T_ being in the ‘range 0° to -63°.

j.u .
The compounds with the 2-methoxyphenyl or 2-fluorophenyl

L e e SRR

mo'ie:tie\, however, failed to show slow rotation even ai very low

o
N

S

températures. ]
In the 1-aryl-5-methyl-2-thio series, the barriers to ‘ (

e _‘ L | i‘otation are substantially higher, 17-19 kcal/mol, than the -

b

corresponding 2,4-diones,.as discussed earlier. With the

2-fluorophenyl moiety, the internal rotation about the aryl C-N ’

bond is fast even.at -1500; but for the é-metlioxyphenyl o

jﬁ | “compound the coalescence i:empera.tures of the C-5 methyl and C~5 = - |

/ . .

methine proton signals are -152° and -150°, Tespectively, in .

g: éfxlorodifluorpmethm!e. ; | &
%, | : | |
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A L - K [ i e o g N e

| o i . s A ) T 2 b SR DY et o ) RELTTIRRWP N IR
LR S Sl - =1 - . . 3

-




1

In 1-aryl-5,5-dimethyl derivatives, the;e cocurs
sqbatantiéi éteric interaction between the bulky ortho
' substituent agd the C-5 metihyl group and conaeqﬁently the
barriers to rotation are quite high, in the region of 17 - 20
kcal/mol. | ‘ B
A In the‘37ary1-5-methy1—2-txuo—4-imdazondinones:
‘ the rotationai:barriérs are very hig£ because the orthé
substituent must pass the carbonyl oxygen in the transition
state. The minimum value of the rotational barriers in these .
. compqugds is about 25 kcal/mole (@6 ). _
Giles (44 ) has'compared in detail the barriers to
rotation about the aryl C-N bond in 3-aryl-5-methyl-2-thio-
4 imidazolidinones with the corresponding 2,4-dione analogues.
| Icli ( 53) has elaborated on rotational behaviour of
the 1-ary1-2,h-imidazolidinediones. The present inveatigation s
g_on 1,5-d1ary}—2—thi$~4-imidazoliginones essentially complements
earlier studies and provides further undq;standing of the
effe€ts of substituents and the associated rotational behaviour

‘on the various positions on this heterocyclic molecule.
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the NMR spectrum of 3-methyl- or 3—pheny1-N-benzy1-1 iaoindolinone,

‘ S, in carbon tetrachloride reveals the benzyl methylene protons

INTERNAL ROTATION IN

N-ARYL-1-ISOINDOLINONES, -

Lewin, Lipowitz and Cohen (71 ) have Eeported that

as an AB spin system, approaching an AX systep.‘The unuspally
large chemical shift difference, 1.75 and 1.05 ppm for R = phenyl .

and:R = methyl, feﬁpectively, has been explained on the basis of

)
(Dbﬂ) T AS

Hx‘ hA
X . ] . ¢
o, S . c6115 6.33 4.58 1.7§- Co
. z' : * * ’ ) - .’ {

»

>
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some redsonable assumptions about the lowest energy conformations, ° -

e
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Séypour and Jones ( 93 ). have shown that in benzene,

toluene, or IMSO soluﬁion the chloroacetyl methylene protons of

\

T are non-equivalent, but in some‘other éolvents they are

.

, H
' . Cl
+ C/
| ( / \ @ 'z
- N .
. H / .
] 0—¢C ' . '
’ CH,C1 ‘ T
‘ | H, L
- equivalent,

1t was proposed that the non-equivalence is due to
.8low rotation around the C(O)-CH201 bond induced by complexation
of T with solvent molecules. However, an glternativeuand more

pléusible explanation was also éiven i.e. the non-equivalence

is due to slow rotation about the N-aryl bond. The benzyl . -

135

© methylene protons were found to be non-equivalent in all solvents '.

'studiedm indicating that the N-aryl rotation was slow, and thua
the chloroacetyl hethylene protons- should be non-equivalent in
all Qolvents. However, the observability of the non-equivalence
depen&a upoﬁ the field gradien?s due to anisbtropic‘groﬁpa in
the molecule; in~§pe sol¥ents whicﬂ.gave no observable
non-equivalence, the-ﬁétﬁ&lene proton shifts could be accidentally
degenerate. The th¥ee solvents in which npn-equivalency was
obaerved an, by their weak complexatioﬁ with the amide group,

deatroy the degenerici and lead to the qxpgcted AB spin-pattern.
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In this case, an'AB pattern could bg obaerv;d for tﬁé methylene .
protons, eveﬁ with‘rapidbrotation around the C(O)-CH201 bond.

It was also reported that the chloroacetyl méthylene protons
become equivalent in benzene, toluene a.nd MS0 by replacing the

' V-(2-chloropheny1) moiety by an N-methyl group. mherefore the

Th N latter explanation gccounts for this obserVatlon better than

b

\
. the former, . -

”

4" . ' \ .
The measurement of the proton spin-lattice relaxation

times at 270 MHz and 23° (see Section 1. }; and Pourier

) .

transform C~13 MMR at 25.12:§HZ'and 34° (see Section 4
- £ '

Al o f\ the N-aryl-1-isoindolinones, IN-1 to IN-14, there

. 2
doea not exist any detectable steric, electronic or any other
i . type of direct or indirect interaction between the bulky ortho
*  substituent on the aryl ring and the methylene protons or the

carhon}l group on the hetero ring.

. .
.

. ‘ The N-aryl-1-isoindolinone frame-work ia partially

Vel e s

\

similar to 1-aryl-2,4-imidazolidinedione system. (Notg the .,

FOREEn F d vEe Ler

o

portions under the cloaed curve).
. Y

In view of obaservation of non&equivalence of the

benzyl protons by Lewin et, al. ( 71 ), and by Seymour and Jones

(

’
»

.o R A

has established unambiguously'that in the ground state donformétion,

- . o oo .
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(95 ), as mentioned earlier, it vas of intetest to us to
investigate if slow rotation about the aryl C-N'bond ' in
1-1soindolinones at lower temperstures could repder the
methylene or bulky orthe substituent non-equivalent., It should

r‘ be mentioned that the 100 MHz or 270 MHz proton NMR spectra .
of these compounds in ‘mSO-dG or CD013 show that the methylene
protons or t’he protons on the bulky ortho substituent are |
equivalent at normal probe temperatures. The solutions of
|N-(2,3-dimethy1phenyl)- and N-(1-naphthyl)-‘ derivatives, IN-8
and IN-13, respectively, in €DC1, ‘and acetone-d, mixtures asa
not ahow any non-equivalency between the protons -mentioned

_above at 'cmperqturég ‘as low as =75° at 100 MHs.

-

Pinally, an attempt was made %o observe the 'behaviour
of these compounds ‘at about ;150°,)ua'ing degassed samples of

IN-8 and DN=13. (100 MHz MR spectra , Pig. IZ-6'and I2-7.)

& t
L}

. It was observed, unfortunately, that in the
x-(z,;-dmimdpuehyl). m-g, and n‘-_(f-mphtfwl). IN-13,

" derivatives, the moth}lm; protons exhibited a rather sharp

' singlet with no indication of splitting of signals due to

'non-ai\.uvtlency. Sinilarly: the ortho and meta methyl group

Frotons in 2,3-dimethylphenyl ‘compound gave rise to s shazp -

4

»
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€100 "000 g 60 40 . v+ 20 («r
Fig, I2- 61 100 MHz Proton NMR.Spectrpm of N-(2,3-Dimethylphenyl)- :
..+ U A-Isoinddlipone, IN«8, &t =150%. Ortho Methyl (2.108 ppm),
and Meta Methyl (2.372 pps) Proton Signals.in CHCIF, .
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13::,’ C . DT ” . . . \ . -
;’ : .. 'singlet at -150° in chlorodifluoromethane.
i T4 is unlikely that failure to observe splitting of :
. ‘ ] signals at .low temperatures is due to very small chemical shift
T o difference between the ‘two methylene protons.
5 ' . These observations lead to the conclusion that internal '/ ‘
A ' rotation about the aryl C-N bond in N-aryl-1~-isoindolinones is’ ' S
‘ ’ ' "~ quite fast even at -1500. An Aalternate. conclusion is' that there .

may be accidental equivalence of chemical shifts. cbnsequently,

ce et

v moFRE . e Tew

methylene protons or the carbonyl poup in their ground as well as

" the barriers to internal rotation in these compounds are very
} \wkery low. This line sh.pe study of these molecules in conj\mction .
: ' | o ﬂ with their carbon-13 NI‘}R data shows thaj; there is not any ' R o
Z; det.ec”oable s';eric, electronic or any other ty‘pelof' direct or e - ‘ ’;'i
g indirect interaotion between the bulky ortho subsiituent and the _ . f
G Be) E
LT ’,3

. rotatlonal transition state, In this respect, these compounds . '

IS
P
.
’ .

. | ! exhibit a rotational behaviour similar to 1-aryl-im daizolidine~ Lo

L

2,’A-dibnes or their 2-thio analogs,
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RESULTS AND.
DISCUSSION

) .
’ For introduction to this sedtton of thegis, the‘
reader is referred to Section 2 (Proton NMR Lire Shape
Analyais) : .

. The Fourier transformed C-1$ nuclear magnetic
resonance \spectra, presented m Fig. NC 5 to NC~ 15, were
mea.sured for a series of B-aryl- and 1,3=~diaryl aubatituted
2-thio-4-imidazolidinones, as listed in Table CN-1. These
'spectra were run on Bruker WH-90 (22,628 MHz) NMR spectro-
meters locdated at the 'University of l;lontreal. and the Pulp ,
and Paper Institute of Gana,d;. Montreal, using the .
instrumental parameters aé shown below @ |

-
-

o Spectrométer - Pulse - Repetition Sweep Number of
Location | Wide Time Width Scans,
Univlcraity of "5 psec 0.7 aec.. 6024 Hz., 5,000 to

' Monireal ' 10,000.

Pulp & Paper ° 5 msec. 0.9 sec. 4500 Hz, 2500-6400.
Institute ° )

]

C e

Ari

N

2%

R S T L T IORES Rty LB s> o R

[:Y

PC IR

s Lt K e

4

-
o
Bt 5A




—rarn b st Y

* ‘ . . T
‘ f . . .
. ) e ree e e RIS LAAMARII Y e o " . . crnkbh
. N N . - .
[ . .
-y w3
A N , ~
LTI \ . ' . .
gy, . , ' R .. .
gl - ) Q .
A |
s

¥ | | . -’ o
v V.4 o . L o

u TABLE  CN-1 : | 142

, / |
. § . .y " HN-Aryl Substituted-2-Thio-4-Imidazolidinones Used"
’ for C-13 NMR Study. -

v

- ? .o ‘ -‘_s n"’ - ‘
‘ A 0\’: '

| 2 . ' ' | e
| . . ] .
‘No\ - R1' , Ry ‘
' = .. , - % - .
\ Iz~ : S . . ¥
12-2 Phenyl .. T .. . CH "

5 1z-3 2-Tolyl .. b e H .

O g - 12-4 ' ?-Methoxyphenyl e - H '

: 12-5 2-Fluorophenyl et H
f 12-6 / 2-Uhlorophenyl “ e . e H

12-7 '2-Bromophenyl ve o e H o )

; 172-8 ?.,3-Dimethyipheny1 ve e ‘ ' ‘H

: . 12-9 ' 1-Naphthyl - L k |

5 " e

3 : I2-10 H e e Toee o CHy : >

To1z-11 Phenyl .o Y . Ol ‘

; . I7-12 © 2-Tolyl ... e e U CHy . B
E Vo 12-13 2-Methoxyphenyl .. Lo CHy ]
g Iz-14 *  2-Fluorophenyl - e . Cit,

k

| e 12-15 2,3-Dimethylphenyl .. . '~ CH
l IZ"‘"6 1-N8.phthyl A ‘ se . L) ' CH
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» The :number of scans va;ried fr.om' 2,500 - 1‘0.000 depending upon 1'43
| the concentration for all of Fhe compounds exceplt :t_he
1-(2§t01y1)-, 1Z-3, and the 1-(2-Yluorophenyl)-, IZ-14,
derivativea, where the concentration of these aolutiolns was
¢ very low. 'IZ-M was available in small quantity, but’ its 0.2 M‘

[}

solution inAIMSO-dG , using 46,664 scans, yielded a reasonably "

. " 3T o o

good and cledrly resolved. C-13 spectrum, Although IZ%-3 was
abundantly available, its unexpectedly low solubility in
qmso-dé Yielded a very dilute solution, so much so that even a |
large'nmnber of bcans, as high as 50,000, failed to produce
a reasonably good C-13 aspectrum. The signala correspond‘ingg to
C-S‘,f‘the (;-5 methyl, and the aryl carbons can easily be N
recognized, but the carbonyl and thiocarbonyl signals ‘can not
‘e identified. 1

Dimethylsulfoxide-d6 (D’lSO-d.s) was used as a solv«mt

for all of the compounds in the present study. Besides being:

..a relatively good solvent for these compounds as compared with
chloroform or other comorﬂy used solvents, it provided the
heteronuclear (deuterium) lock signal for the NMR - spectrometer.
The c9ncentrations of the solutions of the N-aryl-2-thioe4- |

" inidezolidinones in IMSO-d veried in the range 0.60-1.0 ¥;
'exce'])t‘ for the 12-3 and IZ-14 f'orr the reasons mentioned |
S © earlier, All chemical Vshifts are reported relative to 'IMS, g'nd

- were measured by taking the chemical shift of IMS0-d to be

r - ‘ / .
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* o] a +
. 39.560 . ppm downfield from TMS. All chemical shift values are
estimated to be accurate to O. 005 PPO, unless otherwise

indicated. The broad ba.nd noiae-decoupled spectra vere obtained
\
for all of the éompounda, IZ2-1 to IZ2-16, 0ff-resonance proton-

. decoupled speo\tra were run for the ortho methoxyphenyl

" derivatives, 1;-4 and 12-13. The off-resanance decoupled
! ‘apectra provided valuable :1d in distinguishing resonances
\ arising from,the, C-5 and the ortho methoxy carbons in these
compounds (see later).

For the purpose of comparisen of the chemical shift

P S P

. R values, the results are tabulated and discussed according to
f» a the carbon positionsa.
- '?‘:‘.
£ ) . -
) AN
, B .
‘l i
’ P . - : .
- In fhe cage of 1'—1soinc1011nones and imoindole-1,3~diones, the v
_;;;' ‘ ey, "FT C-13 NMR spectra vere measured on a Varian }LA-100“NMR spectro-
| meter. housed at Conoordis University. On this instzunent, the
chemical shift of DMSO was found to be 40.64 ppr’ﬂ downfield
from ms. ‘ . .
R s : . .
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__ ASSICNMENTS OF-THE RESONANCES : ~

)

e
s

Carbonyl and Thiocarbonyl Carbon Signals

P I e Vo

g . * The chemical shift values of the thiocarbonyl carbons
, . . in the thioureas (A) to (C) are shown below :
4 S . S .
; | o i N
N—~C~ EtHN-C-NHEt \ /o CH, HN~C~
NGy c L o,

. . Y ’
182.8 ppm ( 70\)

w ®)

183,2 ppm ( 109) 184.4 ppm ( 70 )

© -

v

N P I .-
g N SRS -

:5:7 v ‘ ¢ '
‘g 4 The carbonyl chemical shift values in the acetamides
{g ) . (D) to (F) are indicated below : = ¢’

: % . . 0 L HO , . CH

b I il \ n il
% . CHB-S-NHQ Phenyl-N—C-CHB . Pheny].-c-N \

: . ' .CHy

171.4 ppm (109 )

]

169.2 ppm (70 ) -

p . ® )

_—_'_________’__‘___________,_

9

" The chemical shift values of the thiocarbonyl and carbonyl -
" carbons in N-ary1-2-thio-4-im1dazond1mnea are found ‘to be

180.0-183.5 and 169-174 pph, rospeoti‘vely, and are in olose .

©170.8 ppm {70 )

R T

B SRR e S F
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' . agreemen't {dth the model compounds (A) to (F) as well as

those listed in Table CN-3. The observed values closely

-

correspond to those previously studied for 1~aryl- (53 ),
3-aryl- (109 ) and 3-aryl-2-thio-4-imidazolidinones ( 61 ).

. .
C=5 Cg::‘bon Signals :

\ . .
. I

v

. " The signals corresponding to the 0-5 carbons were

obaerved in the expected region 50-60 ppm; in close agreement

Vo

to our previous findinga ( 61 )

/ In the case of 1- (2-me€hoxyphenyl) 5-pheny1-2-th10-4—

e
oy

¥

imidazdlidinone, ‘13- 4, the signals due to the aryl methoxy

.oa.rbon and the C-5 carbon of the hetero ring appear close to

N
LSRN SN

each other; at 54.626 and 55.841 _ppm. The off-resongnce

proton-deéoupléd apectrum showed a triple't o%reiilapped by 'a

quartet, such that 'the*resonance at 54,626 ppm rema;ns

un-displaced. This i&s possible only if the signal at 54.626 ppm

is one of the components of the triplet a.riaing from the C-—S | / | :
,_~ carbon. The partially collapsed components of the quartet o /

* from the methoxy carbon signal can easily be recognized. In

fact, three Bpin-componepta of the multiplet from the methoxyl cod

quartet are superimposed on the triplet due to the'C-S‘ carbon '

resonance, Fig. Nb76. .

In the case of the ortho methoxyphenyl derivative

‘with & C-5 methyl substituent; 1Z-13, the signal corresponding

]

v teyormy O e Ty Ty g € sy o T T OB St A S A i

e p—
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\‘ n . ‘ . » . N . .
to the methoxy carbon absorbs at 55.872 ppm (un-affected),

whereas the peak due to the C-5 carbon shifted about 6 ppm

.r‘- ' .
dounf!‘ield' due to the o -methyl effect as compared to IZ-4,

2

L

Methyl Carbon Sigx_p_' 1s :

The orthd meths;l carbon in IZ-3 absorbs at 17.595
pprs whereas the C-? methyl ::arbon reecgnates at 1‘3.059 ppm °
in.the ‘!,3-diphe.ny1 derivative, IZ2-11, The C-5 ;nethyl carbons
ih I2-10 - IZ-16 absorb at 14.0 - 16,2 i;pm;"and ‘can be easily
o 'b e distinguished from the aryl ‘ortho methyl carbons, In the case
of the 2,3-dimethylphenyl derivatives, IZ-8 and 12-15, the
resonances corresponding to the ortho and meta metmfl carbons

were compared to the com‘pounda (G) to6 (J) listed below :

3 . T

'G) R, = R,=H 2-CHy (12.7 ppm),. 3-CHy (20.6 ppu)

1 2 .
. (H) Ry = Ry=CHy , 2-CHy (14.1 ppm), 3-CHy (20.8 ppm) o
(1) R= H 2-CH, (13.46 ppm), 3-CH; (19.52 pm)
@ R = oy ;2-da3 (13.50 ppm), 3-City (19.52 ppm),
(e6) . C o (61) :
1§ ' I N
14 . h \
- N ° ' - »’
T
‘ . .
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The signals 4t 14.094 and ‘19.7Lo ; and 14,149 and 19.998 ppm .
were assigned to the ortho and,meta methyl carbons in 1Z-§

and I12-15, respectively.

" Azyl Carbon Signals :

The aryl carbons attached to N-3 in 3-phenyl-2-thio-
A-imidazolidinones ?bsorb at 133.5 - 134.0 ppm in all the
compounds studied in this series, IZ-1 to I2~16, The aignals’
Wcorreapoﬁding to the remaining carbons in the 3-phenyl
moieties 9ppé§r ;t 128.5-*29.0 ppm, ‘and their assignment to
apgcific carbona vas not attempted. However, the 1-aryl”
carbon resonances in many of these compounds were assig?ea )

.to the rpspectiie carbons by taking into consideration the
subhtituenffeffecés on the benzene ring.'The ahielding dafa
\for the model compounds 12-1,2,10 and 11 as well as those
listed 1n.Table CN-3 provideﬁ the basis for these
asgignments. in this way, a r?asonabiy good comparison was
" obtained between.the'estimated and the observed chemical shifts
for aryl' carbons in most of the 2-thio-4—imi£lazol%dinonea. |
These results are shiown in Table (N-2. '
;n summarx; it can be seen that throughout the series
of N-aryl-é-thio-4-imidazolidinonea'etudied.'ths chem{ca} shift
-~ values for given carb&n positions in the hetéro ring vary ov;r :

quite & narrow region and that thé ranges for different carbon

3
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TABLE CN-2 : '

Ml Carbon Shieldings (ppm, TMS) of 1-Aryl Moieties in : R
1,3-Diaryl-2-Thio-4-Inidazolidinones in IMSO-d . "

S 2 3

co | E 1-aryl
: - R . 1 St
~ ) ,‘. ' \é/)\nn 6 5 ‘ )
. . 0 R _ .
_No c-1 =2 c-3 C-4 c-5  __¢C-8
12-2 138.462° 125,389 128,742 127.138‘ 128,742  125.389 i
12-3 136.862 . . o . a
12-4 126,458  154.841 112,704 129.957 120.480 129.714
(124.1)  (156.9) (114.3) (128.1) (121.0) (126.2)
1Z-5  125.583 157.352 116,592 " 130,565 124,972 126,069
 V=250.0" 20=19.8% Jy= 7.7F 42Tt ’

o (125.5) (160.0)  (115.7)  (128.5)  (124.2) (126.7)

12-6  135.741 132,069 130,686 to = 128,353 .
(138.8) (131.6) (129.1) - (128.4) (126.7) (126.7) -
12-7 139,386 122,424 fgo.783 | 128,097 to 128,305 -
' (141.9) (119.9)  (132.1)  (1268)  (127.3) (127.1) S
’  12-8 137.782  134.963  137.296° 129.960 126,215 125.292 . ;
- (139.0). (135.0)  (136.2)  (127.7)  (125.7) (122.4) TN
L IBe9 135.305 134,040 to 123,493 o

see .~- .o Continued.
() gutinated Chemical Shifts “

T *eF Spin-.lyou‘blet' (Hz) -
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| 'PABIE  CN-2 (Continuéd) s
' . - ‘\,
) - ,
No_. _C-1 c-2 L C=3 Ced C=5 -6
1Z-11  136.980 . 128,921 .o . 127,166
17-12 137.297% 1361307 131.124% 130,054  126.604 . 126.993
' 136,567  135.352 130,783 -
(137.6) .(136.5) (129.2) - (127.5) (125.5) (127.0)
1Z-13 125,022 155.372  112.738 132,105 . 120.667 130,286
(124.1)- < (156.8)  (114.3)  (129.5) (121.0) - (129.5) .
I2-14  124.489 158,000 116.568 130.905 125,170 130,359
2 2507 909" Jrnat Yenst
(124.5)  (163.3)  (115.6)  (129.9)" (124.1) (129.9)
1z-15 138.217° 135. 5359 136,1350 130.2860 126.4511 124,567
., 137.890  135.160 136,005 129.896 125.996 '
L (31e) (135.0)7 (1373 (129.9). (126.2) (125.3)
N d , é . P \
12-16  134.445 133,015° _ to .122,386%
134-259 s a ' . B ‘ 7,
. S
- ' 7’
? ( ) » . 1 - 'N‘w(. - e . ’ '
Estimated Chemical Shifts o Lt S w
. . “‘ < ., "
"*o-P Spin-Doublet (Hz) ‘
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positions of interest are well-separated. There is, thus, no

RGN e S i

a.mbigluty in the asaignment of signals to carbons in the
E heterocyclic ring, and the substituted carbona either on .the.
© 0=5 position or on the aryl ring. Horeover, peaks corresponding :
» :

to various aryl ca.rbons in moat of these compounds are aasigned )
4 o , ;
with a reasonable degree of confidence. ' o ) o

Al
.

'}i : Dependence of Carbon Shieldings on Cohcentration :
. _ ) .
\‘ " . ' ! ‘ Lﬁ ) l‘
‘ It might be expected that the carbon-13 shieldings, - S

. pa.i.'ticularly_ of the polar carbonyl groups, could be dependent
on concentration of maazolidinonea in a polar aolvent such as A
DMSO, This effect of concentration was not inveatisated for the

L

- present s ies of compounds, since an ea.rlier stndy byVinia.ms

-

b
el T -y

for all| the carbons in the 5-member§d heterooycl(;c ring, Icli

o haa observed that. for the 1-8171 imidazolidine- ,4—diones, the: ( ‘
' é concentration dependence of the chemical shifts of hetero ring .

" carbona (C-2,.C-4, C-5, and the -5 netm) 18 about 0.01 pem

)

~ ) per ‘mole percent in morpholine.

»

1

'I'he effect of concentration of solutes on the carbon
L shieldmgs in 1= and 3-a.ry1 inﬁazo/iidine-2,4-dioneu is, thua,
negligible. Ip the case of 1 5-d1ary1-2-th1o-4-m&h{o1m1nonea.

‘o "' . tje dependence of chemical shifts of the C-2 thiooubon:yl carbons
, . r
. S O
' ) V‘f * .
° - &4 i g B
T aan : R ¥ - 3 B : i j A
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' is expected to be somewhat larger than in the corresponding ' .
r L ,2 4-diones.‘However, one wouid expect to correlate the C-13 ) -
¢ N '

N . shifts for 1theae compoundy in IMSO independently of the
' concentration . effectu for the following two reasons First,
the concentratione of the imidazolidinonea in this study vary

?

over a smll range, 0.6-1.0 M, (Table 'CN-6). Second, the C-2 .

thiycarbonyl and C-4 carbonyl carbons are expected to have
almost similar 591vation patterns by IMSO, As will be shown

later, these carbons do not’ experience direct non-bon@ed'

steric interactions from the aryl moieties to any e

considerable extent. , ' ) !

-

e e ypgra

3

0=5CARBON-13 _cHEMICAL, SHTPT VALUES :

“ oy

P S

-

ey

I , . ..y

The C=5 carbon-’ﬁ} shielding data of N-aryl-?-thio-d,—
imidazolidinones-'are presented in Table @-4. 'I’hese values
a.re seen to i‘all into two narrow regions corresponding to
the munber of substituents at the C-5 ‘carbon: 54.8-%6.7 pi;m - . -

for the un-substituted c-5 ca.rbon, a.nd 60,0-62.8 ppm for the

®

- L,

e S AT BT s PR 4 RN
3

Cc=5 methyl derivatives.

On the basis of their stereochemiatry, the c-5

oarbons in all the compounda with a c-s methyl substituent,

3

ok L

) .." wvhich have diaatereoneric rotamera, can be expected to show .

v
3

ﬁouble paaka. ’l‘hia splitting was obnerved only for the ! %
4 - o * , . ‘
+ - compounds with 2-tolyl,’ 2,3-dimethylphenyl~ and 1-naphthyl Lo 1
”10‘“”’ 1212, 1715 and IZ-16 rcapectivoly. ) S
. N ‘ ) - . ) , v ]
o, L . ‘ . E O
LA ’
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. Carbon-13 Chemical Shift Values of C-5 Carbond in N-Aryl-
2-Thio-4-Imidazolidinones in MS0-d, (ppm,, ™S)."
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PPM
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12-2"
23

12-4

125

12-6

Iz-7 ‘

IZ-8

1Z2-9
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12-11
12-12
12-13

IZ2-10
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H ve
Phenyl .o
2=Tolyl ..
2-IMethoxyphLeny1 |
2-F1uoropﬁem‘rl
2-Chlorophenyl
2-Bromophenyl .
" 2,3-Dimethylphenyl

1-Naphthyl

'Pheng‘fl ' .o
2-Tolyl ..
2-Methoxyphenyl
2-Pluorophenyl

 2,3-Dinethylphenyl
1-Naphthyd .

.y
AN

' L]

.o

" CH

E,

CH,

o

O
Ot

ol

mom o omom ox o= W™

49.086

55,210
55,807

54,626 A

55.210
54,669
54,821 °
55,841

56.668

55,87 .

60.486
62,062, 59.584%
59.966
60.702

62d241, 60.0m
62.761, 60,6161
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. The Downfieid B- Pheny). Substi tution Effect 1 L
. f ,

The downfield A - phenyl substitution effect in °

linear and brancl'me-d alkan‘es‘in ¥nown to be about 7-9 ppm,

(*107). Tn the' case of imidazo}idinones, 12-1,2 4

_12-10, 11, the 8- effect upon: the C-5 carbon by the addition

. :)f a phenyl group at N—1 is 6. 12 and 5.33 ppm, ’reapectilvely.
- ddwnfield. This deahielding effect upon ' the C-5 carbon’ may

result from changes in the hybridization of the nitrogen

v
atom. Such cha.nges are not ﬁn—reasonable to conaider. For

example, from the mea.surements «0f dipole-moments of
phthalimide and its dem&;tivee, Lumbroso and Debbard ( 65 )
estimated that the N-R (aliyl) bonds make angles between

fifty a.nd sixty degrees in relation to the planes of the
3 -
imide ring. 'I'he a.ngiea correspond to the eaae where the

nitrogen atom uses orbitals close to SPB-Whtidiza’uon.
\

Iumbroso et. al. &,10 ) also suggested that N-phenyl- .

o,

phthalimide takes a planar conformition, 1mp1ying spz-hybrid o

orbitals for the onitrogen atom, The change of hybridization o .

3.

from the sp - to sp = type facilitatea the electron release

from the nitrogen atom to carbonyl groups. The ea.rbop-d_’, NHR /

. data { 70) on phthalinidea. as givan below, also show that
14 1 .
the carbonyl carbon shielilings increase in the order ' o

v f
2
s 1 . .

. H +s n-Propyl —> Phenyl
o
A . R
“. ’ R Y - A r
Vo .
LY v ‘ N - "
' \

s e ek o
¥ B DYRUIEY SRR . LN i
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‘This has been attributed to the increase in electron densities

&
pp - 0
i¢ c=0 )y '
(N) H . N 16907“
(0) n-Propyl ‘ 168.5 ‘
(P) “Phenyl ' - 167.5 . S o :

The -carbonyl carbon in N—phemrlphthhilmide (P) is ahielded by
2.2' ppm, compa.red to phthalimide (w) itaelf, indicating grea.ter

electron release from _the nitrogen atom to the carbonyl groups,’

" in agreement with the results from the dipole-moment measurements
and the I.R. data. In the imidazolidinones, ,the 8- and the ¥~

. phenyl substitution effects upon the thiocarbonyl\'and carbonyl‘

» f
carbons have been found to . be 1,1~2.2 ppm (see later) upfield.

L]
i

at the_carbonyl éarbons Y‘a.rising, from increased conjugation in

1,3-diaryl compounds. The deshielding of the C-5 carbon may also

arise, to some exient, from éonformatiqnal changes in. the

h‘eterocycl}ic ring resulting from the.substitution of a phenyl
L ]

group at N-1. ' o

_ The observed deshielding B~ effects of 5-6 ppmcby a
phenyl substituent (a.t N-1) upon the C-5 carbon probably
arises from enha.nced tlxrough-;bond inductive effects of the

slightly increased electron density at N-1 from conjugation.

Y

B
:.* e
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* The Downfield o{-Methyl Substitution Effect :.

The observed & - methyl substitution effects on, the
C=5 carbon are presented in T'able CN~5. The C-5 carbon
shieldipgs, Table CN-4, in both the 015 unsubstituted and the
d-‘j methyl derivatives deorease on increasing the steric bulk
of the 1-aryl moietiea. For examplg,. 80_5 for 2—chloi‘ophenyl-,
é-tolyl-, 2,37d11§e§h31pherwl- anvd~‘1-naphthy1- derivatives are
54,87, 55.80, 55.64,\ and 56.61 ppa, vrespectively, in the
\ unsubstituted se.:riesg. The a_mali A fferences in the C-5 carbon
Bhie.ldings‘ may arise either from the steric interactions bgtweep
the sut_:s‘tituenta at\ C-5 and the aryl moiety, or from the 8-'

effects of the ortho substituents. The methyl group at C-5 in

all of these oompo’unde exerts an almost constant effect, either

electronic or sterio, i.e. it may.be seen from Table CN-5 that
the q-methy’l effect is "allmoat. constant at 5.2 + 0.2 ppm,
Steric inter%.otions betwe;n the ortho substituents and the

‘ C~5 methylene groups are consiQ.ez:ed 1o be almost negligible
(from proton NMR line ;hape analysis) and Ithus the factor

_ contiibpting to tne_vaxiationa in the of -methyl shifts appeers
to be the 8 - effect of the oxtho substituents and the
accompanying variation in eox;xjugation from ch.gngga in dihedral
angles, | .

\

The chemical Shiits of the unsubstituted C-5 carbons

A

in the 2-tolyl- and 2,3-dimethylphenyl derivatives, 12-3 and

*
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) L " TABLE . CON-5
vin ©© " Downfield X -Methyl Substitution Effects

' 4
on the C-13 Chemical Shift Values of C-5 Carbons in

N-Aryl-z-Th1;E4qImidézolidipones in DMSO-d . S

o. | ‘ ‘
R No ' PPM
: | '
[ ’ * 'G’ B4
H N .o .s vIZ"1, IZ‘10 6.071 .
Phenyl . S e 12-2, 1Z-11 5.276
. ’ | ,
: Z‘Tolyl .o .. . ‘ IZ'}, IZ‘12 ! 5.01 6
2-Methdxyphenyl . TZ2=4, 12-13 5.340
 2-Fluorophenyl .o I35, 12-14 . '5.492
) ’ ! .
. v 2,3-Dimethylphenyl .. 12-8, 12415 © 5,295
1=Naphthyl = ,, .I2-9, I2-16 5.020
. &
4 L3
L] ’a. - o Id
I» ;‘ .
. . ‘ A
¢ 't
- ° ?, -
. | iy )




‘the buttressing effect of the meta methyl group oé from the

Vo
“«
t

I12-8, are 55.81 and 55.84, respectively. This suggests that the

‘ buttressing influence of the meta methyl gfoup in 1%-8 has

apparently no effect upon the shielding of the C-5 carbon.
However, in the C-5 methyl series, the ¢c-5 carbon in the
2 3-dimethylphenyl derivative, IZ—\S, ie deshielded by 0.313

ppm as compared to that in the 2- tolyl compound, 12-12, This

.deshielding effect may arise .elther from steric interactions and

2

°

€ -vaffect upon the C—S‘oarbon. As will be seen shortly, the
latter is more probable. | |
The ortho halogens show iﬁteresting effects. upon the
C-S’carbon shieldings in both the unsubstituted gnd the C=5
methyl series. With the chlofo.or bromo group as‘the ortho

substituents. -the C-5 carbon shieldings are very similar, 54.87

and 54. 82 ppm, respectively whereas in the ortho fluorophenyl

compound, IZ-5, it is 55.210 ppn, desh{olding the C-5 carbon by

0.3 - 0.4 ppm as compared to;jhe chloxro ozsbromo compounds.
The unsubstituted .C-5 shieldinga in the ortho fluorophenyl and
the phenyl derivatives are 55.210 ppm, 'whereas in the C=5 methyl

series, the C~5 carbon in the ortho fluorophenyl compound is

161

about 0.2 ppm deahielded. The €-5 nucleus in IZ-5 (2-Fluorophenyl

compound) is shielded by about 0.6 ppm ‘as oomparod with the
ortho tolyl compound, IZ-4, but is almost unaffected by ohanges

in eubstitution in the 0-5 methylaserles. The gradual increaoe

in the steric bulk from F-» Cl1 - Br is obviously ﬂot important )

1
P
i
H
|
t
!
!
v

-
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in this respect. It seems that the - effect due to a

o

strongly electroﬁegatiVe fluorine atom affecting the conjugation

Al

may exert some Qeshielding influence on the C-5 carbon. It

should be pointed out that, for the ortho-fluorophenyl and

-~
[

the ortho methoxyphenyl Qerivatives, the & - methyl sﬁba&ifzifz. .

effects (Table CN-5) are 5.49 and 5.34 ppm, somewhat higher than
for the non-polar ortho substitudlts, and in agreement with the
trend in electronegativities of these atoms (F: 4,05 0 ¢ 3,5;
and C :‘2.5).: |

It see;s important to consider the éhemical shift
difference.between the C-5 carbons in the diastereomeric
rotamers of the 2’-toly1, 2,3-dimethylphenyl and 1-naphthyl
derivatives, 12-12, 12-15, and I2-16, respectively. The chemical
shift differ;ncea, between the low and‘high figid rotamers, are

shown below :

2.478 ppm

12-15 :  2,3-Dimethylphenyl ' 2.210 ‘ppm

12-12 : 2-tolyl —

12-16 : -. 1-Naphthyl 2.145 ppm

An increase in the steric bulk of 1-aryl moiety might be -
expected to increase the chemical shift diffgrence of the
C-5 carbons in the corresponding diastereomeric rotamers,

However, no corresponding increase in the diaatereomeric

4

" splitting has been observed, The ™ - methyl effect / upon

substitution at the C-5 carbon, as alféady ahown, is almost

.




‘,; | | . L 1nva.ri'a?-31e, 5. é 0.2 ppm. -

o " The foregoing diacussion clearly indicates that
non-bonded steric interactions between 'ihe c- 5 methyl group
"and substituents on the aryl moiety, do not ocgur to any

' | ‘conai;ierable extent. This deduction is further suppérted by ;
'the fact that the C-5 meth&l carbon shieldings als;)',remain ‘
‘ir;d:l‘f.ferent (14.9 £ 0.2 ppm) to variations in the steric bulk

-

of the ortho substituents. T e T

o ‘ . o Thus, any variation in the shielding of cacrbons in ‘
' the hetero ring is’ expected to reflect changes in dihedral . o .

, angles (and so in condusation) arising from variable steric oy
L , b“lk of the ar:ﬂ moieties. For example, the deshielding (0. 3 L é
Ty

“ . ppm) of the C-5 car'bon in 2 3-dimeﬂwlpheny1 .derivative, IZ-15 R
as qompared with the ortho tolyl compound, I12-12, is not . 3
considered .to arige from the bhttreéaing“%nfluenge of :the meta :
méthyl group, but probably from the € - effect ’;pon the C-5 K4 ;
carbon as a re;ml’c’ of -increase in dihedral angle between

the two "rings. 4 v

| Since the ¢-5 oa.rbon shieldings depend upon, the

dihedral angle, and hence on conjmtion, ‘the eleotron

releasing or withdraving nature of an ortho aubstituent is - Y

expected to 31ve rise to small variations 1n the shielding

trenda of the c-s carbons.

" )
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CHEMICAL SHIP? VALUES OF CARBONYL AND THIOCARBONYL CARBONS :

'

The corbon-13 chemical shift values for both the C-2

?

‘(thiocarbonyl) and C-4 (carbonyl) carbons are shown in Table
3 A ! 3 ‘ .

CN-6. ThehC-Z thiocarbonyl chemical shifts vary over the narrow’
region 181,0-183.5 ppm for all the imda;ol’min;mea‘: studied;’
;hereas the C-4 carbonyl chemicQI shift values are.much moré
senaitivs to the substitution at the‘C:S darggg.'The ¢-4
chemical ghifta are 169.9-172.1 ppm for the ;n;ubsiltuted c-5 :
‘ ;' . garbon ig I1Z-1 to IZ-9j and 173.0-175.,0 ppm for_the C-5
ﬁbnometﬁyl'derivatfves, 12~10 to 12-16. The‘c-ﬁlcgrbons are

P
slightly more deshielded in 3-qry1-2-thio-4-im1dazolidinonea

(61 ). The chemical gmfis for the ;u;ono-’apd dimethyl 'J
derivatives at C-5 a(.re‘173'.7-175.4 ppm, and 173.1-178.2 ppm,
o respeétivel}.AThe c-2 thiécarbonyl o;rbons in,}-arg; poﬁpounds
’ also s@ow dist;nct regions for mono and déméthyl a;batityenié
C R a"c.ﬂ C-5. These are 130.1'-132".8‘ ppm, and 176.8-181.5 p;m i.'or\the/ :
| | C-é methyl and C-5 dimethyl derivatfﬁes,.reapbctivély,“ :
@ . ‘ o OP the,bagis'of‘ﬁéeir ;tér;ochemistry,'all ihelc-s :

’ . mekhyl thioiéi&aqui&inones, whlch,have'diastereoﬁeric‘rotamera,
can-be expected to show double peaks for both the C-2 and the’
C-4 carbonyl carbons. The thisimidazolidinones with bulky aryl
R ortho aubetityents’iq the C-5 methyl aer%és. i.e. ;Zf12} £2}1§r

_ I12-16, did show the splitting of resqﬁances,cérrgaponéingrfo-‘
(] ey ‘* ) " 4 ' - "o
. ) »

> . o - , - ,
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“TABIE  CN-6 o »s
Carbonyl and Thiocarbonyl \Zarbon-ﬂ Chemical Shift
‘Values of N-Aryl-é—Thio-A-Ixh\idazolidinones in DI-?S()-dﬁ .
¢ ' \ - °
(pPM, THS), . \ . .

[45]

R Y

-
é,- U
=+
= o« Y
-
[ e

12-1 H . H 1.0 1183.418 172,143 i%
12-2 Phenyl ~ ... H . 1.0 181,279 169.507 %
I1z2-3% “2-Toly1 ‘ .o “&\ < 0.7 a : a 9
. IZ-4 ?-Methoxyphenyl %1{ : 0.75 182.592 170,442 ]
12-5 2-Fluorophenyl H 0,75 182,640  170.199 ‘
12-6 §-Chlogo§heny1 ;o H  0.25 182,592 170.101
127 ?-Bromophenyl . H-  0.60 182.446  169.956 .
12-8 '2,3~Dimethylphenyl H . 0.75 181.863  170.442 . :
17-9 1-N$phthy1 U fme 0.70 183,126 170,636 l
12-10." - H e CHy o L5 18247 174.998
111 Phewyl .. Gy 1.0 181043 17307 ‘
12-12 2-Tolyl .. Oy 10,75 185‘5777 173.455*, . ‘ }
’ ‘ 189:599 173,309 ' %
'12-13 ' 2-Methoxyphenyl . CHy 3 1.0 181.623. 173.504 é
12-14  2-Fluorophepyl 655 0.2  181.960  173.163 'g
' 1215 . 3,3-Dimethylphenyl ;% 1.0 181.474" . 173.569" 3
| | . 180,924 173.43%9
1216  i-Naphtwyl - Ry, 1.0’_ '182.603" " 173.699"

182,018 173,659

. > h< ’ »* . '
%Yot obaerved upto 50,000 scans, Diestereomera.

1 ' ¢

-




The Downfield é-.and €- Effecta/:

~

the C-2 and C-4 carbonyl carbons in the diastereomeric

®
¢

rotamers. No diastereomeric splitting oY broadening of the

C-2 and C-4 resona.ncgé, was observed in compo@nds having aryl

~

ortho substituents of effectively low ateric bulk e.g. OCH3 '

~and F in IZ—-11,' 12-13, and 12-14, respectively. Proton line

. N - .
shape analysis of these’ compounds (see "Section 2) has shown

that the fast internal rotation about the aryl C-N bond would .

'
-

render such observation difficult, -

I - . ‘

~ '

I

¢

Table CN-7 shows the downfield &- and €- effeét's‘
on the C-2 thiocarbonyl a.ndl C-4 c;a.rbonyl c'a.rbona, respectively,
arisigg from the aryl ortho substitients in N-aryl-2-thio-4=
imidazolidinones. ﬁeée ’effects have been calculated by
comp&riné the chemical shift values of the 'C-2 and 'C-4

ca;bons in I2-3 to IZ-9 with the corresponding carbéns in

12-2 for the C-5 unsubstituted derivatives. For the C-5 methyl

substituted compounds, the chemical shifts of the C-2 and

C-4 carbons are compared with the corresponding carbons in

*12-11, Table CN-7 shows that the O - and é- effects vary over

the range 0.0-1.9«a‘nd 6.0-0,.7 ppm, respectively.

The 5-membered heterocyclic ring has 8 A -electrons
(the lone pair electrons of N-1 Bh(i N-3 and the ]\'-electroﬁs of
the C=2 and C-4 c;arbonyl grroups). 'l‘hroygh a.mide—tipe resonarice

" the éarbonyl ‘carbons should have quite a high X telectron
: : ’ ¥ .

'

N

SO

0

v

e



TABLE CN-7 ! .

. » . ’ \
Nownfield & - and €- Fffccts (FPM) on the C-2~Thioca.rbonyl

and C-4 Carbonyl Carbon—13 Chemical Shifts, Respectively,

) \\~ Arising From 1-Aryl Ortho Substltuents in'1,3~Diaryl-2-
' Thio-4-Im1da;ohdinones in DMSO-d. . -
. ' §- €- )
No._ ATyl — R (c-z) (c-4)
" I2-% 2-Tolyl ... o RN S - -
- o Iz-4 ~'2-Methoxyphenyl . H C 1,313 0.535
1Z2-5 2-F1uor0p};eny1 ve H . 1,361 ‘ 0,292
! ) , 12-6 2-Chloropheny1 .e H 1’.353 ’ 0.194
R 12-7 2- Bromophenyl _H ) 1,167 ° * 0.049
' 1z'8.  2,3-Dimethylphenyl .. - 088 0,53
' 12-9 1-Naphthyl ve H 1.847 0.729 -
;- ' L
. Iz-12 2-Tolyl ... _ee o CHgo o -0,075%  0.203%
' 12-13  2-Methoxyphey . CHy , 0.780  0.325°
12-14 2-Fluorophenyl R C}ji . 0:917  -0.016
. 1215 _ 2,3-Dimeth)he . Oh 058 0.325°
) L 12-16 1-Napht ‘ v Ol 1.267%  0.500%
'l‘he Phenyl deriva.tives, I12-2 and IZ-11 vere used as refer:ence
' ™ ) , 1 componnda for the C-5 unsubstituted and the C—5 methyl aubstituted
. . compounda, reapectively, (a) from centre of the doublet. ' '

(-) shielding. , v : «
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density. The phenyl Tings in the 1,3-diaryl derivatives, 12-2

and IZ-11, are expected to favour a planar conforzation abtthat ;‘
the dihedfal angles between the aryl and the hetéro rings should ) N
be verjosmall. The same conclusion about the dihe&ral angles ‘
may also pg inferred fgom proton NMR line shape analysis of

these compounds, which has shown lack of steric -interactions
between the C-5 substituents and the aryl ortho groups,(see
Section 2). Under such conditions, it can be concluded that

the conjugation effects getween the aryl and the hetero rings (
are operative, However, it shéuld be pointed out that in the
case of the thermodynaﬁiéhlly less stable isomer of
BN-(2-bromophenyl)-5-methy1—2;thio;4—imid§zo%idinone, the 4

dihedral angle between the aryl and the hetero rings in the

solid state has béen observed to be 82°, (16 ). Itlhae also

been observed that‘in the 3-aryl systems (61,84) the dihgdrai T
angles betweeq an aryl ring with a bulky ortho subs?itueﬂt

and 'the hétero ring are quite large even in the solution ;

' ‘state (see Section 2). However, the reverse is probably true

for the 1-aryl derivatives.

The molecular frame~work of N-aryl-2-thio-4-imidazeli-
dinones is puch that the conjugative effecis are operativé~
over a large portion of the molecule. Such effecta are
expected to 1ncre;se the shielding of the C-2 and C-4 carbonyl
carbons. Taking into account the large S - and small Y-

‘effects of the phenyl ring upon the C-2 and C-4 carbons,

..
B A

respectively, it is'‘clear from Table CN-6 that these carbona

2

-




are rather shielded (by 1 - 2.5 ppm) in I2-2 and I%-11 as
compared to IZ-1 and I2-10, '

After having established ihat conjugation effects
v

© are important in these compounda, it is necessary to examine

the' steric and ‘pola.rity effects ,associatéd with the“_a;yl
subatituents. It appears that in the 1,3-diaryl-2-thio-4-
imidazolidinonés, the polarity of the 1-aryl ortho substituent
does not affect the shieldmg of the C-2 and C-4 carbons,
("‘able CN-6, see IZ~-4 to IZ-7) ) '

Table CN-7 showg that tr}q 3- and f- eff e‘c.ts of the
1-aryi substituents upon the C-2 and C-4 carbonyl ca.rbgns are
affected by the steric bulk of the aryl mo'iety in these . |
compounds. With increasing steric bulk' of the aryl moiety,
the dihedral angle beﬁween the aryl and the ‘hetero rinés is
expected to increase, and therefore, a corresponding decreasg
in conjugation could deshield the C-2 and C-4 carbons. The
downfield & - effects are the largest for the 1-(1-naphthyl)
derivatives. The effect of decreasing conjugation is clearly
noticeable in thé\downfield é-;effecta, in ‘which the C-4
carbon shifts show a regular increase with increasing P;e:ic
bulk of 1-aryl moiety.

«<
The 2,3-dimethylphenyl derivatives, 12-8 and IZ-15,

‘show relatively small 8- effects  upon the C-2 thiocarbonyl

carbon. A considerable upfieid € - effect (about 0.5-1.0 ppm)

arising from the meta me't;hyl group on the aryl ring may ofxg-p‘et

"the downfield 8- effect. The € - effect upon C-4 (0.5 ppm

N

™ R

P
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does not Beem to be affected by the j@-effect of the meta methyl .

group in I2-8 and IZ-15. ' 9

13

The ‘imldazolidinones, IZ-% to 12-16, all contain
*highly polarizable thiocarbonyl and carbonyl groups, It appears
1mportant to consider the contribution of the structure such as

(R), shown below, toward the overall representatlon of theﬁ?\\k

: moleculeg. -
I s
M~
' N »
O e
. ‘ o R2
IR (Q) (R)

The presence of an aryl ring on-N-1 is expecteq to stabilize
the positive charge on nitrogen atoms in (R) as compared to the
unsubstituted N-1. This stabilization of charge may depend upon
variations in dihedral aﬁglea resulting from various N-agyl
moieties. The downfield 6- and '€- effects (Table CN-7) of

" various ortho substituents upon the thiocarbonyl and carbbnyl-
carbons, respectively, are rather small; 0.0 ~ 1.8 ppm and
0.0 - 0.7 ppm, which cast doubt on the imﬁortance(;f the
polarized structure such as (R). ‘

*More direct evidence may be obtained from variations

in the shielding of aryl carbons directly bonded to N-3 (C<N3)

in compounds with and without N-1 substituents, Jable CN-8. .

o : . \
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: ‘ The 3n-car;1 Carbon Chemical Shifts in N-Aryl :
T . 2Thio-4-Imidazolidinones in IMSO-d, (PPM, TMS). . |
o ' / )L N-R
. . 'fl . ) ) . , ) ’ V
" . H
‘ . | | o 1 . . . |
‘ R * e
~ No R 1. PPN : S

. 171 H e H '133-505 *

17-? - Phenyl .. H ' 133,984
’ I7-3 to
[ ]

. .. . o 135.5 = 133.9 . ) .
) 12-9 . '

. ' . ¢
* 12-10 H ot cm3 133.470 ., )_.
I12-11 Phenyl ‘e CH3 133'795
Fa-12-%00 .. ,
:n 0‘- C}I3' 13306 - 133'8
. IZ‘16 ‘ . . 4 - y
3 ) . l
. . .'
] 3
! 3
4 * ' .
: for/carbons directly attached to N-3,
f ‘.;;’1 ’ * ¢ b ' .~ * !
5 1 . . - '
. 3}; , ) ) R ,
£
z ! .
) \\
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Replacement of a hydgogen atom” by aryl moieties at N-1 gives L o
lrise to a negligible deshielding :effect on-the C-N3 carbons,
It magnit?e is 0.0 - 0.5 ppn downfield in the C-5
unsubstitutgd as‘weil as the C-% methyl derivativea. This °
émall deshielding effect may arise from a number of d!verse,
but uncertain, ;éurces like the 8- effect of either the N-1
aryl moiety or the C-5 methyl group,ﬂch&nges in hybridization
of the nitrogen atom resulting from substitution of a hydrogen
atom by a phenyl ring and any accompanying change in
conformation, and the unpredictable variations in the solvation
patterns around the C-2 and C-4 carbons,

The foregoing considerations suggest.that'the

contribution of a resonance structure such as (R) toward over-

[ R ,

all representation of 2-thioimidazolidinones is undetectable, .

] «
The Upfield B- and Y- Phenyl Substitution Effects :

N
‘ 7
.

[N '

The'substitﬁtion of a hydrogen atom by a phenyl group

in linear and branched alkanes is'known to deshield the J -
carbon strongly (by about 7-9 ppm) ( 107 ). However, an
examination of the shielding of certain amides (70) and
ureas ( 109 ), as shown in Pig. CN=1, indicates the-eppoaite

trends.




Fig. CN-1 :

Amides and Ureas, .

[ 4
. R b
4
0 0 0
i ' ' I
HAN-C-N ’ H-N ~C =N H=N-' C
H P Hy | <S¢ Ny > |
159.8 ppm 155-7- ppmi t
/ 152.9 ppm
4] 0
I ' {l
' N~ C- CH H-N~ 0= CH *
HyN- C- CHy S U T
) oo
172.7 ppm , @168.3 ppM (AS = 4.4 ppm)
0 : 0
| L.
. H-N- c- o, n H-l\ll- z- ,H§ ‘
3 g @ s
o W CH3
155.6 ppm ‘ 155.6 pym

Carbon-13 Carbonyl Chemical Shifts in Some
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The replacement of a hydrogen atom by a phenyl group

L\ . ‘
in. the amides and ureas listed iw 7ig. CN-1 gives rise to an !

~upfield B- effect on the carbonyl carbon by about 4 ppm. This

©
-

is attributed o0 the ipcreased conjugation which would ‘increase
the electron density at the carbonyl carbon ‘atom. The prield‘
B - and Y- effects of the 1-phenyl ring upon the C-2 and C-4
’(ﬂ ' carbonyl carbons, as shown in Table CN-9, are 2.1 and 2,2 ppm,
respectively, for the C-5 unsubstituted derivatives, and 1.1 and
1.8 ppm. respectively, for the C-5 methyl compounds. In the
absence of a 1-aryl moiety, as in IZ-1 or 1Z-10, .the electron
density over the hetero ring is alread; fairly high because of
its own 8 A- electron system,‘and conjugation with the 3-phenyl
ring. fhe addition of another phenyi ring does increase the
‘electron density over the whole molecule, but the shielding '
efgect is only about 1-2 ppm, A similar trend is observed in

! urea and iits phenyl derivatives.  The carbonyl carbon in Nephenyl

urea is shielded by about 4.2 ppm as compared'to urea itself;

. L
but the addition of another phenyl group in 1,3-diphenyl urea

further shields the carbonyl carbon by only 2.8a ppm. ‘

-
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TABLE CN-9 R

The Upfield A- and Y - Phenyl Substitution
Effects Upon the 0-2 and c¥q Carbonﬁ' Carbons

in N-Aryl-Z-Thio-«t-Imidazolidinonea in DMSO~dg (PPM).

e

O-dr.

B L No - Y-
L ’ . \
H, Phenyl 12-1, I2-2 2.139 2,236
H, Phenyl - 12-10, IZ-11 1.104 1,819
Y
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The Upfield ¥- and the Downfield /8- Effects of Substituents at

a e

The C-2 and C-4 carbonyl cairbon shieldings are quite
senait_ive to substitution at the C-~5 carbon which gives rise t;;
the Y- effect upon the thiocarbonyl carbon and the ,8- effe‘;:t
upo‘nithe carbonyl carbon. These Y- and ﬁ- effects are
calculated by comparing the chemical shifts of the correspénding
carbons in imidazolidinones with C-5 unsubstituted and the C-5
methyl substituted d‘eriva‘tives, both having the same type of
aryl moie‘i1es. This would ensure that the ¥ - and /9— effects:
are free from any other effect e.g. 'B—(phenyl or 8- or & -
effects ‘etc. The downfield :B° and the upfield ¥ - effects upon -
the C-2 and C~4 carbons resulting from the addition of a metixyl
gro&p at the C-5 carbon are shown in Table CN-10.

Table CN-10 shows that the Y-effect on the thiocarbonyl
carbon in imidazolidinones with 1-aryl moiédties such as
2-methoxy’pl';eny1, 2-fiuorophenyl, 2,3—d1methyli)heny1 an;i 1-naphthyl
groups is Of.'M + 0.08 ppm. The downfield ,B- effect upon the
carbonyl carbon in these compounds is 3.0 + 0.2 ppm.‘ It suggeata j
that the Y- and the B- methyl substitution effects in
2-—thio-4-imidgzolidinones are fairly insensitive to the polarity

. of the ort‘ho gubstituent, This ia similar to the findings of
.Williams { 109) that the Y-methyl‘effect upon the.C-‘;2 carbonyl
carbons in 3-ary1 substituted iMdaio‘lidine-?,d-diones are 1.0+

* 1.2 ppm for a variety of ortho subatituents. Howevex:, unlikeH
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TABLE CN-10
. ¢ . .
' The Upfield Y- and the Downfield A-Effects (PPM) Upon
‘the C-2 Thiocarbonyl and C-4 Carbonyl Carbon Chemical
Shift Values. Respectively, By the Addition of a
Methyfl Group at C-5 in 1 B-Diaryl-Z-’l!hio-li- -
Imidazolidinones in MSO-dG .
)L ‘
¥R,
A S - -
B : N°: : (c-z)' (C-4)
. |
" .. . 1z-1, 12-10 %, 1.271 2,855
Phenyl .. 1z-2, 1z-11 .| 0,236 3,272
2801yl 0 e 12-3, 12-12 - -
2-Methoxyphenyl ° .. 12-4, 12-13 . 0,769 3.062
2-Fluorophenyl .. 12-5, iz-14 0.680 2.964
2,3-Dimethylphenyl .. . 17-8, 1Z-15 0.664 3,062
1-Naphthyl . ee- 1229, 1Z-16 0.816 -7, 34043
© e . ’ :
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B-ai'yl-Q-thib-4-imi’dazolidinones (61 ) where the 8- a.nd Y-
effects were found to be related .10 the dteric bulk of 5-ary1
méicties, the_se effects in 1,3-diaryl analogues seem to ‘be
quite ‘indé;‘)endent.of the steric bulk of the 1-aryl moiety.
i?or example, th_e- Y- effecig in the 2-f Juorophenyl anc‘l ’
2,3-dimethylphenyl derivatives are 0,68 and 066 ppn, o o

regpectively. The nagnitude of the Y- effects in 1, 3-diaryl

. v
- . e

" -compounds is smaller (0.6 -',30.8 ppn) ~as compared with the .

corresponding effects in’ 3-aryl-, 1-aryl- diones or 3-aryl- s
l2(—thio analoéues (1.0 - ;1.0 ppm). Howe;rer, the B~
vsubstit;xtion effer_:tsd in th‘es;e compounds (3’.0 + d.? ppm) are
.almost com;;ara‘ole to those foundk"in the 3'-5;ry1-, and 1-a1"y1-‘

¥

diones (? 0-3.4 ppm), but not w1th 3- aryl -2-thio-4-~ones (O,.O-'

24 ppm) .

+ .
’I‘able,, CN-10 shows that the Y- Pfi‘ect in 1 Badehenyl

derivatives, (I2-2, IZ-11) is only 0.2 ppm compared with

" 0.74 + 0.08 ppm in all other cases studied, This shows that

?

]

¢ . .

~ the effect solely from the C-5 methyl subatitution upon the

c-2 ‘th.iocai'bomfl' carbon seems to be about 0.’ppm; whereas

. . < . . .
the difference between the bserved ¥-effect and this 0.2 ppm

(tie. =~ 0.7 - 0.2 =2 0.5 ppm) appears to be contributed

# from some other fac’tor. The only variable factor in calculating-
the ¥ - effects is the addition of a methyl group at- the C=5 -

carbon. It is probable that an increaae in the ateric bulkr of

the aryl molety followed by an increase in the dihedral angle '

between the two rings affecta the through—bond induotive

#F e e i we&b $
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. - contributions of the C-5 methyl group %o the C-2 and C-3 - “
carbonyl carbor;s by about 0.5 and ’:).2 ppm, respectively.
Th;z C-13 shielding data on the b’-uefi’ecta.do not
‘sugges't"non-bonded gteric interaction between the'aryl ortho’ ' _ - "
substituents and the C-5 methyl groups to be significant. This -
.. is in agreement with the Tésults obtained by proton line shape
analysis. More direct ‘and conclusive evidence can be obtained
'0 from a study of the ‘proto'n spin-lattice.reléxation rates of ‘ . v
these compounds which is expeciéd to show not only the
exi'a‘t.ence but also the relativé magnituéle's of such non-bonded
steric interactions, if any. It is hof:ed that in near future
_ such a study may be undertaken when the faciilities for® . :
. spin-lattice :'celaucation.measurementa become availablg' at

a

Concordia University. o
’

L & . .
For the ortho halogen substituents in 3-aryl-2-thio-

\ . S
4-imidazolidinones { 61 ) interesting trends were observed

S N
for the C-2 thiocarbonyl and C-4 carboriyl carbon chemical
) ' shifts', in the 5,5-dimethyl derivatives. In ~t.he:sez compounds,

X both the C-2 and C-4 carbons become increasingly dpshieldéd

[

,  and their .carbon chemical shifts show an approximé..tely linear '

. ' S relationshix; with the electronegativity 0,1" the ortHo halogen \
. . .

A ‘ , substituent. The increase in deahie;t'gun'g of the C-2 and C-4 .

. carbons (with 6r%ho ’

stituents as F/—» Cl ~» Br) has been . L.
attributed “to the slightly increased atomic covalent radii g
of the haipg‘e/na which would increase the:possibility of

. electrostatic interaction between the ortho halogen

R »

v
N .

.
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substituent and either the C-2 thiocarbonyl and/or the C-4’
\ . .

carbonyl group or the IMSO solvent shell ‘around these

érouﬁs.
In 1,3-diaryl~2-thio-4-imidazolidinones, however, °

!

L]

the C-2 and C-4 carbon shieldings are -almost invariant to the
e

. ’ ortho halogen substituents (F, Cl, and Br) on the 1-aryl ring,.

suggesting that these ortho substituents do not have direct -
; ‘ non-bonded steric interactions with either the C-2 and C=4
. !

carbonyl groups or solvent shells around them.
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G-5 METHYL: CARBON CHEMICAL .SHIFTS : ’

The C-5 methyl carbon-13 chemical shift values are
ow

- ghown in Table CN-11, These values rell within the range
14.7-16,3 ppm. The thioimidazolidinones with ¢-5 methyl

groups are expected to show double signals corresponding to *

‘the diastereomeric rotamers. However, only-those compounds

which possess relatively hulky aryl moieties showed such &

*splitting of resonances. These include the ortho tolyl-,

2,}-dimethylphenyl~ “and 1-naphthy1- derivatives, IZ-1? 12-15,

~and 12-16, respectively.

\
3}

Since the C-5 methyl group 11es out of the plane ofﬂ
tge hetero ring, shielding changes are expected ‘to be
dominated by the steric interaction of the ozﬁhe aryl -
sgbstiEuents. Shielding eontributions from the hetero‘riné,

* such as through conjugation, are expected to be less important,
As already discussed, the steric interactien between the .
C-S‘methyl groups and the ortho substituen}s are not
significant in 1 3-diary1;2-thio-4-imidazolidinones.'This
is aleo apparent from the chemical shift valuea of C-5 methyl
carbons in Table CN-11 being .14.9 + 0.2 ppm for all the

« compounds, ’

The shieldings of the C-5 methyl carbons in‘1.3—diary1-

2-thio-4:kmidazolidinones are insensitive to the polarity of




: TABLE CN-11

Carbon-13 Chemical Shift Values of C-5 Methyl
Carbons in N-Aryl-2-Thio-4-Imidazolidinones in

| IMS0-d, (PPN, ms)Q_ -

‘ s .
)l\N-R .
\nﬂik' s
. o Y

R

No
12-10 B: O .
I2-11 Phenyl .
12-12 2-Tolyl . ..
12«13 2=-Methoxyphenyl ..
12-14 2-Floorophenyl ..
12-15 2, 3=Dimethylphenyl
12-16 . 1-Naphthyl .,
L
* " 1
-Diastereomers.
\

by

'16.293

15.059

15,357, 14,142

14,929
14.823

15,449, 14.799"

15,579, 14.604
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the aryl ortho substituents, Table CN-11. This ig expected

>

- . '_{
. . "
. . g
%
'
+
4
i
L]

since the C-5 methyl group is ag S-bonds distance from the
, ort?o substituent. Howéver, fcli (53 ) has reported a max;mum
of 0.3 ppm upfiel@ shift by polar ortho substituents (C1, F,
; . . OCH’,) in 1-aryl-2,4-imidazolidinediones, in morpholine,
employing t@e continuous wave (C.W.) NMR technique. In \
. ' 3-aiyl-imidazolidine-2,4-diones .( 109 ), the C-5 methyl
L . carbon shieldihgs have been observed to be inaensitive to the
7 polarity or the steric.bulk of the ortho subpiituents. However, ; ] ;
, 1 in 3-aryl-2-thio~4-imidazolidinones ( 61 ), though the polarity
‘ \i effects are negligidle, tﬁe steric effects of the bulky ortho
( substituents on the C-5 methyl carbons are considerable. A
gradual increase in’the shielding of thé C-5 carbons has been

¢

observed with an increase in the steric bulk of the 3-aryl’

moieties, up to a maximum of about 1.0 ppm. Since the ortho
substituents on the 3—ary1 ring are well-separated from the
C-5 methyl groups soc as not to have non-bonded steric interactions
between them, it was deduced that the effect of the steric

. crowding of the aryl ring might be transmitted to the C-5

methyl group via re-orientation of the un-symmetrical solveni

P I P

shell around the carbonyl carbons.

. Substitution of the N-1 hydrogen atom, 1Z-10, by a .

}
!
-
It
N
¥
s
2
i

. phenyl ring, IZ2-11, gives rise to an upfield ¥ - effect of 1.23
pPpm on thé Cc-5 methyi carbon. It m#y be recalled that the
sdme effect for.the C-4 carbonyl carbons is 1.8-2,2 ppm .

upfield. . - .

4 . '}
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) Table Cﬁ-i? shows the ef}ect of the CeS‘methyl group
upon the aryl carbons bonded to N-1 and N-3, It shows that the
methyl gfoup\hoes not exert any steric or‘eléctronic ;pfluence
upon the aryl carbons attached to N-3, the\\s - eff?cté being
0 io 0.1 ppm, However, the ¥ - methyl substitution effect on
the gryl'carbons a;tached to N—12 in most cases, is 1.0-1,5Appm .

uﬁfield. This effect in the ortho tolyl derivative is almost ¢ ;’

zero, whereas in the 2,3-dimethylphenyl compoqu, a small’

deshielding effect* (0.27 bpm) is observed,

1
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TABLE

CN-12

Upfield Y--and &~ Effects’ of C-5 Methyl Group,

Upon the Aryl Carbons Directly Borided to the

Nitrogen Atoms in IMSO-dc (PPM, TMS).

R
H .
Phenyl, .. oo
2-'1‘01y1 e X

| 2-Methoxyphenyl ..

%—Fluorophenyl .e

A
. 2,&}-Dinethy1pheny1, .o

1 -N\pﬁthyl »e

\
y

A ¢

\

s
@_N I-R . )
. Y- -
No (c-N,) (c-¥,)
12-1, 12-10 - 0.035
12-2, 1Z-11 1,482 ' 0.189 .~
‘IZ-3, 12-12 20,070 -0,170 "
12-4, 1%-13 1.456 . 0.115
12-5, 12-14 1.004° 0,146
12-8, 12-15  ~0.270 0.499
‘IZ-9, 12-16 0.956 0.083

(=) de.kelding effect, '

c
e e e, T
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ARYL CARBON CEEMICAL SHIFTS :° )
4
A series of peaks corresponding to the aryl carbons
occurs within the eipected range of 110-160 ppm; Useful

information about conjugation to the hetero ring or about the

*

dihedral angles and the, mtramolecular -gteric interactions .

could not be obta.ined from the shielding data of the aromatic

carbons, ml carbon shieldings are most sensitive to

perturbations ceused by the electronic effeots of the - ~

substituents. |

A meaningful cc;rrelation which could 'Be made between‘ N

the aryl ca.rbon c’hemical shifts and the hetero ring substitution s

pattern was a through-bond inductive effect of the C-5 methyls,
" the upi‘ield Y - effect on the carbon directly attached to N-1

being 1.0-1 ,5 PPm.

" 'I'he invariant chemical ahifta of carbons attached to

N-3 have shown (see parlier) that the contribution of a highly

polarized resonance structure, such as (R), is not detectable
‘in the o;rer all repreaen%ation of these molecules, -i- ~ - ' '

1

It is interesting to notg},ythat the aryl carbons in

bulky substituents at N-1 i.e. I2-12,,I2-15 and 12-16, show

[

‘splitting of signals comspondin& to the diastereomeric AN
rotational isomera. The aryl carbons in the ortho ﬂuoropheriylll |
deriva.tiv}s, 12-5 a.nd 172-14, show spin-spin splittihg over ane ‘ .
%o four bonds. The carbon-fluorine ooupling constants (nJc-F)’ S N §

4+
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bl
' in Hz, as listed below, are in good agreement with those reported
- (‘ i r ll'

’ ‘ 4

- A 2 3 , 4 y

' Jc-F Te-p Je-F e-p 1

. % ]

17-14  250.74 18,70  7.70  3.30

Literature  245.3  21.0 7.7 3.3,
. in the literature ( 70 ) for fluorobenzene.
o
' &
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CARBON~13 CHEMICAL SHIFTS OF ARYL SUBSTITUENTS : ' S

. . : v

‘ 'g Shielding data fsr the methyl and methoxyl éarbons on
the afomatié ring are shown in ‘Table CN-13, The ortho tolyl.
carbons in these compounds absorb at"17.6-17.9 pprn. The

N ‘ substitution of methyl group at C-5 gives rise to & downfield
€ - effect of ~2 0.3 ppm. The carbon shieldings of the methoxyl -
(12-4, 1Z-13) or.2,3-dimethylphenyl (12-8, I12-15) carbéns are
riot affected by substitution at C-«5. The chemical shifts of the

tolyl, methoxyl, and the meta methyl carbons in these compounds

-

are about 0.3-0,6 ppm upfield, and of the ortho methyl carbon
in the 2,3-dimethyl derivative is about 1.3-1.7 ppm upfield,

with respect to the corresponding carbong in the 1-aryl- .

Y

LR

imidazolidine~2,4-diones ( 53 ). The increased carbon éhieldinga

<~

mgY be attributed to the pfesence of 3-pheny1-2-£hio moiety '
in the present series of compounds wQ}ch result in.g?egter
degree of conjugation than'in the diones, Similar aryl
substituents in the 3-ary1f2-thio-4-imidazolidinohgs aéq
deshielded by about 0.5-1.5 ppm as compared to the corresp;nding
c;;bons in the diaryl series, large dihedral angles between the
3-aryl ;nd the hetero rings with a conaeqhent decrease in
' conjugation hhve been considered t; give rise to deshielding
effects in the 3-aryl-2-thio series of imidazolidinones ( 61 ).
A | The inaenaitivity of the aryl suba%ituents in 1,3«
diaryl-2-thio-4-imidazolidinones to the steric, polar and

inductive effeots of the 5S-membered hetero ring precludes any R

f
- -
v »
' . J
- : ol o i b it Yot
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TABLE CN-13

Aryl Methyl and Methoxyl Carbon-13 Shieldings of

1, 3-Diaryl-2-Thio-4-Inidazolidinones in IMSO-d

(ml ms) *, .
S . )
. <::>__ﬁ -R :
' | Y
’ | o R '
No R, R, P
’
IZ‘} 2-T°1y1 *e . oe > H N 17.593
I12-4  2-Methoxyphenyl .. H 55.841
12-8 2,3-Dimethylphenyl .. H 2-CHy : 14.094
3~CHy + 19.760
12-12  2-Tolyl .. o CH 117.884, 17.253
12-13 2-Methoxyphenyl .s - CHy | 55,872
) *
12-15 2,3-Dimethylphenyl .. ~cﬂ3 2-cn3 : 14,149, .
13,709
3:CHy + 19.998
% -
Diut:eromra. '
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*
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. : ! 1

ugeful atefeochemical information to be drawn from the ahiélding .
dat;. The chépical shifts of these carbong are influenced
lﬁrgyiy by other suﬁstituents on the aromatic ring, whereas
relatively minor correlgtiona are observable with the hetero

¥

ring substituents, .
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- gene 11:,' more atraightforward to interpret .because they

‘more easily predictable, Other contributions are often of

=
t
»
1

¥ v

The various factors contributing to the shielding

. of a carbon.nubleus génerally combine in a complex man'ner.

.

Type mnd number of substituents as well ag the nature of the

functiona)l group the carbon under consideration is part of

“are the’determinTngffactqrs. An outstanding feature of Cc-13

chemical shifis is the finding that substituent contributions

' . . B A
are additiv?. This is particularly so for aliphatic carbdons,
where practice shows that carbon shieldings can be divided‘

up into a number of additive contributicns produced by

‘subgtituents in &- y B Y and §- positions with respect

to the site of substitution. Unsatu.rated carbon shifts are -
»

prinarxiy depend on the local I-electron density, which 1s

.

secondary importanoe‘

, Like s{ ma.ny features of C-13 NMR, many of the main -

patterns and ideas of subatituent e;fecta ofi C-13 ohemical shifts

!
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. of substitution, the main empirical b eatures of substituent

adjacent ﬂ- carbon were known by 1963 from the work of . .

effect'. (1.e. the decrease An e’h:.elding at both the o(—n and ,

be found in ‘the early work, especfally by Lauterbur (63-4).
Althohgh the resolution of early C-13 NMR tec{niques was not 4 f

sufficient to diaplay effects’ at carbons remote from the aite . :
effects manifested at the substituted o- carbon and the:. P

Lauterbur,. (63-4), of Spiesecke and bchneider (100 101), and

of Savitsky and Nam.ikaw& (63,90). Of course, more accurate . 4 .
da.ta. that display the same trenda as were found in the early ’ e
work are ava.ilable from more recent ex'periments. |
The domin.a.nt fea.jhure of the early C-13 NMR work ;n. .
substituent effects were usually discussed as an ‘e?.ectronegatx- ] S

°

vity effect’ 'the' neighbor anisotropy effect’ and 'the met}wl

B - carbons caused by substitution of a methyl group for a

- 4.

hyd.rogen atom). The electronegat:.vity effect was typically

introduced by means of plots of chemical shifts vergus the

electronegativities of the substituents. A s T

L Stothers ( 103 ) has reviewed the course of

development of the hiatory of the theory of ca.rbon-13
shieldings in hydroca.rbona as vell as in heterocyclic syatema.

It i8 not appropriate to attempt here such a theorgtical‘

discussion,

“

Alt ough a sat,isfactory theoretical axplanation ', ' T

0

of the j- substituent effect is still lacking, botli the - a.nd

B = effects are thoroughly documented in the c-13 YR 1itemt\1rd. e

AP FE amndry ot TS ik Sror v SR D o ] Wiy PRI, AR ST e b i




C - : The §- effect, also uni‘veisally accepted, has b'een»

utilized for stereochemical purposes in.a wide variety o}‘ ' ,

- . f . ! - . [
systems. Though small in'magnitude (~ 2.5 ppm upfield in

[ " .
. - ' . -hydrocarbons, as compared with -~ 9-10 ppm downfield - ‘and A

CT . ~ s . - - . .
B - effects), the Y- effect has, probably, been the most

e T ., important and the most interesting of substituent effects since N

. ' it éppears to be primarily operative through space rathell than
.‘ , . L ' .
through the bonds of the molecule.s

5

i . ‘ It has becor;ze»a widellx accepted practice to rationalize

steric C-13 shift.effects in terms of the repulsive forces-

between closely spaced atoms, The'y arise from locally cxv'ow“ded

MEIEN l

electron distributions within a molecule/and they influence
‘v s} ‘
the shielding constants of involved nuclei in two ways. Apart

" Trom causing distortions of the electror diatribution, the

e .

R interactions also affect the ahieldiﬁg.conatanta "indirectly

by producing small changes in molecular geometry. These. ton

components of the steric effects are very difficult to separate

and, therefore, any quantitative rationalization remains

doubtful,
o ‘ | Grant and Cheney (46 ) have rationalizéd the ¥-

'A‘-' - o ;ffecta in terms of a model of steric interactions between the
neighboring C-H moieties, Qﬁaiitatively, the ‘principal idea is
that the C-H bonds assooiated vith hydrogen atoms suffering
appreciab}e non-bonded interactions- are perturbed such 'that

g the chai:ée denaitdy at~the.- carbon nuc(l'ei.m is altered. There will

. be & force aspociated with"t_'.hé ’r{on—bont‘ied interaction energy )

-

. .
[Y . -, . .
. . . . ¢

o 1 fns te
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which has a component along the C-H bond axis. According \to

the model, it is this component of the force whioh ;affects the

shielding of the carbon nucleus of interest. Thus, the steric

- Y

. ' . . ‘
perturbation of the C-H bond will depend upon internuclear .

separajions as well as on the angle - between the C-H bond

2

axis and a line drawn between the interacting hydrogen atoms,
. .

&

&
\ ad shown below :

4

The Y- effect has been found to be very sensitive
t<; the relative orientations of the stericé.lly inte'racting ,
groupe., The Y- gauche or eclipsed arrangements produce an

L upfigl;i,shift c;f the signal relative to the shielding of a
con‘eupom}ing carbon in the anti form. In rigid, cycli’c
systems, the ¥-trans effect has been found to be almost zerg

' ilor' a mgth}"I, chloro or sulfur ‘aubatituem}; whereas for the

[

R R

Cy

¥ trans ' ' gauche

first row hetero atom substituents (R = N, 0, F), it ia 1-8 ppm

y . .
upfield compared with the unsubstituted parent compound. The
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/ Y -gauche effects for heteroatoms are almost twice as much ( 35,107).

Inwcopformationally rigid sttems, very large ¥ -gauche effects

oy g

have been observed, e.g. 18 ﬂpm upfield in 1,2,3-trimethyl-

cyclohexane ( 31‘ ). In.conformationally mobile systems, the Y-

. kauche effect is aigo pbserved; though to a lesser extent since .
more stable conformations are favor.ecli‘; e.&. 2-6 ppm ?i_.n n-alkanes Q
T Grord " :
- . \ Since the effgcfa arising from interactions of more ‘ _l j
- . 1:em9te nuclei (?eparated by four or more bonds) tend to be much

smaller and variavle, less atiention has been given to their
detailed exsmination, The §- and €- effects were known from
3 | . earlier atudies to be remarkably constant, but iﬁeir magnitude
was considered to.be very small, e.g, ~ 0.1 - 0,3 ppm. However, :
in a reﬁort ~of .the effects of molebulg.r agymmeiry on ‘6-13 o
) shieldings ( 56 ), it was observed th;t significant deshielding,
| effectal(1.5 - 6.9 ;pm) ocour over four bonds in isopropylalkyl-
carbinols, It~was also noted that the 1,5- interaction, which . s
- . ‘ ‘ . resulted in a downfield ahir't, was especially interesting in h

- B {

view of the usual upfield shifts associated with the steric

:

effects. ‘ . L

; _ It was pointed out by Grover et. al. ( '47) gt nuclei
separated by four b<;nds can exist in orientations in which
non-bonded internioclear distances are comparable-to or shorter
than for the Y-gauche arrangement. They demonstrated that the

syn-axial orientation of sterically intemqtﬁé $ - nuclei

T NEE P 2. -y e TR e g -
Bt L ST Al i o T

produced appreciable downfield § - shifts, as large as 5:- 6
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T ‘ppm, in rig;.d, cyclic systems. In another atudy of the "/\ ’ .
substituent effects of the hydroxyl group on the C-13 shieldings
of the trana-decalols, 10-methyl-irans-decalols, and some:

sterocls, Grover and Stothers ( 48 ) showéd. definitive

evidence of appreciable downfield shifts for syn-axial steric

T P I T

interaction between carbon nuclei having positions § - with . -

PR T &

respect to each other. This finding was in striking contrast . o BT

to the general trend for gauche interactions, and clearly
violated-the-general premise which associates steric crowding s S
with upfield shifts.

=)

In acyclic compounds, the populations of gauche-gauche

conformers (separated by four bonda) are generally very low ‘
\ _because of the high gauche-gauche in'geraction energy, ~ 3 Kecal/ . FE
mole ( 41 ). Batchelor ( l1'2 ) has reported downfield shifts .

.. in acyclic hydrocarbons p;‘oduce'd by ‘g(+)g(-) substituents,

‘ those in which consecutive (-C -:oonds have gauche rotatibns of ‘
opposite sign ( 41 ). Apprecia.ble downfield 8 - shifts of C-1 -
resonances of the tertia.ry butyl group in acyclic }wdrocarbona
were observed, and it was concluded that the downfield direction ’
of the shift appeared to be a property of 8- 1nteractiona in

seneral ra.ther tha.n the cyclic systems and hydroxyl interactions

RN R

considered previoualy by Grover a.nd Stothers (47 48).
The existence of such downfield - ahifta cants
. doubt (1? ) on the interpretation of steric shifts by Grant
‘ and Cheney ( 46 ) in terms of polarization of eleotxjona along |

interacting C-If bonds. It was suggested that there must be a

.
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cpmpefing mechanism which must be dominant at short distances, It
vas shown that the second order electric field effects due to

fluctuating magnetic dipoles \;lere large enough to explain the

4
H

observed downfield shifts,

.

PRESENT INVESTIGATION :

Iaoindole-1, 3-diones (phthalimidea) have been known to
the organic chemist for long time, Moat of the earlier work
generally involved their preparsjtions and reactions. However,
over the past twenty years, these coinpoﬁnda gained the interest
of many workers b'ecause of their plant-growth regul_a.tory :nd
" fungi®idic actions, trapquillizi'n.g and anti-convulsant ei'fec:;s,
and formation of therpally stable polyimide polymers. Consequently,
most of the studies on iaoindole—1 B-dionea were directed in ,
| theee directions.

We noticed that the N—a.rylieoindolinonea and N-aryl-
iaoindoled:lonee could provide good ‘examples of eyetema to study
5 - shifts of the carbonyl or- heterocyclic ring methylene .
carbons arising from the aryl ortho substituents. Because the
S5-membered hetero ring is fused to the benzene ring in these

¢compounds, the frame-work of the imide and imidine systems

constitute cyclic rigid systems with the advantage that shielding
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L effects ariming from conformational -interconversions may be A
'. . . N . ~,‘\$

P - -

"avoided.- ) . '
) ' Lumbrogo and Dabard ( é5 ) , Arcoria et, al, (§—10),

and, Barassin ( 11 ) measured ,the dipole-moments of a number of

. cyclic imides with a five-membered ring. They concluded that
N-phenylphthalimide takes a planar conform;tion. The I.R: studies
by Mateuo ( 74 ) on a series of N-aryl substituted phthalimides s
showed that the high ana‘low frequency. absorption bands of the :
carbonyl groups in a number of N-aryl subatitutéd-f.}-
isoindolediones are 1784 i 4 and 1727 + 5 cm;1, reapectiﬁely.:
This suggests that the magnituégs of conjugation.( and hence ‘
the dihedral angles) beéweén the aryl and thé hetero rings in
these molecules are not affected to any considerable extent by

‘the nature of the substituents on the aryl ring. (Alternatively,

the carbonyl frequencies are not sensitive to conjugation in" : é .
X theae'compounds). \ e
¥ © The I.R. and the C-13 MM dala of 1soindole-1, 3-diones
v " and isoindolinones suggests that the magnetic environménts of )
o the'céébony} groups in both typeu'of compounds arenqot much ' ‘
. different (see ;atér).' . B ‘ " . T fﬁ
\ o | , The fbregoing'obaervation encouraged us to uAdertgke

& C-13 NMR study of these heterocyclic systems. The 5~ shifts
upon the carbonyl and methylene carbons arising from the .
aryl ortho substituents are expecfed to be fairly 1pdependenf

of the steric interactions between the groups involved, since.
. ’ / ’ 3 '
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e . S T - L '

. L ¢
e ok iy 'aﬁ.mmq‘-u:wmwmm—w ke R e I S .
> A

“Aiad 1 PP e, T | PP P




)

'proton NMR line sha;pe ar&lysis has shown (see Section 2 .)

that the barriers to internal rotation about the aryl C-N bond
rin these molecules are very low.’ - . It vas also |
\gxpected tha.f the. use of a less pol(ar solvent like chloroform
will not solvate the carbonyl group (C = 0 is part of fairly
strained S-merq;nered ring) to any conaiderable degree so as to
avoid complications because of the solvent-induced variat?.ons ‘
in chemical shifts. Thia'situation may be contrasted to the
obser\fed pronoxfnced solvation e.i"fec_ts in the case of N-aryl-
é-thi“o-d,—imida.zolidinone (61 )"

The O~ effects reported so far and discussed in‘ the
preceeding a;ctiona were conaidered to arise from the steric
interaction. It was considered desirable to investigéte the ,5-

R4
effects in systems which lack large steric interactions, It is

fortuitous that the solvent effects upon the sh':ielding of

<«  various’carbons ?.n compounds in th!.us study were later found
to be negligible. Since electron delocalization can occur over
a major portion of these molecules, andﬁthe ateric and solvent
effects are minimal, it vas expected that the & - shifts would
mostly be governed by variations in t}lxe electron‘ densities in |

* these molecules depending upon the nature and number of

substituents on the aryl moieties.
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RESULTS AND

" DISCUS SION

The Fourier transformed carbon-13 nuclear magnetic .

s

resonance spectra are measured for a series of N-aryl-isoindole-
1,3-diones, ID-1 to ID-14, and N-aryl-1-isoindolinones, IN-1 to

IN-14, as listed in Table NC-1. For the purpose of comparison,

. the chemical shift values are tabulated and discussed according

to the carbon positions., The solvents employed were dimethyl-

Vsulit‘oxide (DMs0) and chloroform. When chloroform was uaed,. the
lock signal and the external refetence were derived from 13 CHBI
\in an external capillary. The data were noi corrected for bulk
ma.gnet;ic susceptibility. IMSO itself provided the lock signal
as well as the internal reference. The number of aca;na varied
from 7,000 - 10,000 dependix:lg upon the conoentrationd' of the
solution. A pulse-width of 50 jusec was used with a .d'elé.y,time
of 0.'} sec. E;ch Spectm;m was run with at least two different

v

analytical frequencies. The chemical shifts are repértcd relative

‘

to TMS and were calculated by measuring the che;nical‘ shift of § °
: . ) N
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TABLE HC-1 3
: )
' ; ‘ _N-Aryl Substituted-1H-Isoindole-1 , 3-Diones, . (X=0) § :
o , and * Iscindolinones, (X.-H.Q), Synthesised for the 7
.o ' A
Preaent Study. 5
. o X
- ‘
\ o |
' 2oy
v ' o ‘g
5
‘ X =0 XK=t R i
° / 3
ID-1 IN-1 Phenyl :
ID-2 IN-2 2-Tolyl ) '
" ID-3 IN-3 2-Methoxyphenyl - Lo
1D-4 IN-4 . 2-Fluorophenyl - s
ID-5 IN-5 . ' 2-Chlorophenyl H
2
ID-6 . IN-6 2-Bromophenyl %
. ID-7 IN-T (. @ 2-Hydroxyphenyl )
1D-8~ m-8 2,3-Dimethylphenyl o
. - h P ID-9 Iﬁ-9 2,6-Dimethylphenyl v
ID-10" IN-10 _ 2-Methyl-4-Methoxyphenyl - ;
. =11 IN-M 3-Chloro-2-Methylphenyl g
ID-12 IN-12 " * 4~Chloro-2-Methylphenyl i
: ST I3 . INe13 1-Naphthyl .
- Ip-14 IN-14 2-Naphthyl “
) ' . . .
- .
-~
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- %

" IMSO to be 40.64 ppm downfield from TMS. All chemical shifts are

estimated to be accurate to 0.05 ppn (equivalent to 2.0 Hz). ' 3
. . &

ASSIGNMENTS : . - ‘ .

The carbon-13 carbonyl chemical shift values of N-aryl
isoindolediones and N-aryl-isoindolinones, ID-1 to ID-14 apd
Ik-1 to IN-14, respectively, fall within the expected range C ‘ :
160-; 70 ppm. These valu?a in.the compounds under study vary :
f'rom 166,0 - 168,0 ppm; and are in close agreement witl; the
cofiemical shifts of the carbonyl carbons in some related ]

compounds, as shown belpw H

> 0 (1) (2)

163.1 (mso¢d6) (58 ) | . 167.6 (42 )

-CHp - CH‘Z - Br ‘ K-H

LN S

(3) o o © o (4)

161.5 (0D013) (58 )

4
»

4
b ]
3
]
- j,?

i e A
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Th; agsignment o; carbon chemical shift values to
the substituents on the aryl ring is straight-forward. The
methyl signals are easily identifiable in the methyl region
of the spectrum. THe methoxy and 3-methylene carbons in
1-isoindolinones appear over the range 50 - 5§ ppm; but these
resonances are easily distinguished by the off-resonance protoh
decoupling technique. Thus, signala at 50-53 ppm in tﬂe spectra |
of the isoindolinones are a3§igned to the methyléne carbons,
whereas those at 55-56 ppm are assigned to the methoxy carbons
on the aryi ring.
. . A series of peaks corréep;ndiné to the aryl carboné
occurs'with;n the expected range of 110-155 ppm, Since Fhe
chemical shift values of the carbonyl and the }-methyiena
carbons, which were thought to be susceptible to stereochemica%
variations, vary over relatively limited range, the aryl carbons
of the heterocyclic moieties are not‘gxpected to be very
sensitive to the varying pattern of substitution on the N-aryl -
group. Therefore, no attempt waa‘made to specifically assign
various peaks to the aryl carbons, However, some of the aryl

peaks are quite easy td recognize i.e, peaks corresponding to

the carbdhs of C-N, C-OH, C-OMe, C-halogens, or C-CHy bonds.
The unsubatitutedﬂéryl carbons would, becsuse of the nuclear . ’ .
Overhauser effect and shorter relaxation times, show peaks of .
much greater intensi?ies than the substituted aryl carbons, ’

The chemical shift values of the carbonyl carbons D

and those in the substituentis on the aryl ring for the ' - s .

.

oy
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EFFECT OF CONCENTRATION AND.SOLVENT. : o e

¢ with .'MSO; ‘while the ortho methyl carbon is leaot affected.

isoindole-1,3-diones are shown in Table NC--2, Tablea NC-3 and

NC-4 show the chemical shifts of the carbons of interest in - <

1-isoindolinones, ,. ..

(S
<

Some of the 1- iaoindblinones with varying degrees of
N-aryl steric bulk were diasolved in dimetm'lsulfoxide and
chloroform at different concentratlons and their Cc-13 PT NMR, °

spectra were run at almost a constant iemperature 1 N}O ).

The results show that for s=mall as well asa :
large - s‘lteri c. bulk of N-aryl moietie_s-:é.n - ) °
Iy-1,,11, and 13, the shielding of all $he cafbons in these -

molecules are pmcf:ically un-affected at a’ concentrz;.tion ra.n?ge ‘,
of 0.1 - 0.9 M, either in a polar solvent, dimethyl #dilfoxide, ) 2 .
or in a relatively less polar solvent, chlo‘réfoml. This shows

s " PR

that either chloroform or IMSO does not soiiraté these molecules "’

13

to any considerable extent.

Ir ohlorot'onn is employed as & relatively non-pole.r . S T
re!‘mnc‘e; solvent, the direction of polar eolnht-induced
shifts may be determined by comparicon with the cboerved | ' )
ohonical shifts in the more polar solvent,,, MS0, . TN S w

The C-1 carbonyl and C=3 nethylene carbons in the e .’ SR

<

i
B-chloro-z-metlwlphenyl derivative, IN-11 are doahie‘lded by : -

L

1,12 and 0.70 ppa, rupectively, in chlorofom as contpa.rad

a
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Heooocn > (by 0.23 ppm). The effewt on the shielding of aryl carbons is -

¢

» - intermediate (0.2 - 0.7 ppm). It seens that dimethylaultoxide .
L § s solvates the . carbonyl group alightly wore effectively than

| A the whole conjugated syatem, the prima.ry effect being upbdn . , o

o

chloroforn; and ca.uaes va.riation of electron densitiea over

W»
-+
. .

95 R L T

2
<
3%,

Co thie S-menbered hetero ring, : C s Lo
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: . ' The Carbon-13 Carbonyl Chemical Shifts (PP, TS)
o of N-Aryl-Substituted-1H-Isoindole-1,3-Diones in
'\ . 0 (0.4.- 1.0 ¥ Solutions) at ~ 30°. ‘
S o o
- ¢ . k T | ‘
) o
" %o ﬂ ‘T % oo Asglt“u e,
. . ID-1 ‘ Phenyl = 166,27 . 2
{ 1p-2 2-molyl + T . 166.71 ¢ (3 ¢ 1714 |
i ‘in—} 2-Methoxyphan§1" ‘ 16'7".02 o 'ocu‘}': 55;97 ‘
| ID-4 2-Fluorophenyl =~ 166.46
. ID-5 2-cnioropheny1 o 166.31 ‘
3 ] ‘ ID-6 2-Bromop2;;any1 166.36 .
~  I7  2-Hydroxyphenyl 167.34 _
) | ID-8 \ 2, 3-Dimethylphenyl © 167,25 2-CHy : 14,34
‘ | . | 3-CHy 3 20.16
1> 2,6-Dimethylphenyl - - 166.74 2,6-Me, : 11.58
I-10  2-Methyl-4-Methoxyphenyl 167,37 - 2-cxi3| ¢ 17.80
. . | g : , 4~0CH, 5 55.49
. ID-11 . 3-Chloro-2-Methylphenyl 166,70 (IMS0) 2.c1-13 : 15,23
:‘ 166,70 (CHC1,)
* ;A 7 ID-12 4~Chloro-2-Methylphenyl . 166,92 ° 2-cﬁ3 : 17.46
% ' Ip-13 i-uaphtiwl o 167.57 . )
Ip-14  2-Naphthyl not observed o
(range ¢ 166.92 + 0.65)
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TABLE _ NC— ‘%
' The Carbon-13 Carbonyl Chemical Shifts (PFM, TMS) i
of N-Aryl Substituted-1-Isoindolinones in DMSO » i
(0.4 - 0.6 M Solutions) at ~ 30°.’ S e
) v v . .y
~‘ ; Doy
R ] , £§
N-Aryl » i
K
\ ;
No , . ARYL PPM
D 1 i
’ 3 v ’ ;f'
’ * ° IN-1 ' Phenyl .. . 166,26 '
- . t 2‘}'
IN-2 - 2-Tolyl .. . 166.34 A
o IN-3 2-Methoxyphenyl . 167,20 , - v
IN-4- 2-Pluorophenyl N 166.90 . . : i?
| IN-S. | 2-Chlorophenyl Q 166.94 ) . : . ' ;
m-G 2-BroTB0P1'&lW1 o 1660 86 ’ - ' . o ‘ %
IN-7-  2-Hydroxyphenyl . .. 167.73 .
© : IN-8 2,3-Dimethylphenyl . 166,72 |
- IN-9 2,6-Dimethylphenyl .. . 166,78
L * ¥
IN-10 2-Methyl-4-Methoxyphenyl 166,98
, o IN-M 3-Chloro-2-Methylphenyl 166.73 (IIjSO) .
T o 167.85 (cmn})
o . 3 i . - .
IN-12 4-Chloro-2-Methylphenyl 166.50 . _ -
IN-13  1-Naphthyl . 167.61 '
IR-14 2-Naphthyl . not’ observed ¢ o
L ' ' , )
' - (range : 167.05 + 0.80)
o o 2 e e i ' oo . T e e g Bsinay
e 1o e e . — ¢ e, by oot 8 NX?WM”‘WYI}’T;H»“‘;W&VWWM




The Carbon-13 Chemical Shifts of 3-Methylene and
. . Aryl Ring Suﬁntituent Carbons in N-A.ryl-1-
S . Isoindolinonea in DMSO (0.4 - 0.6 M- Solutions) .

-Aryl
o w0 3 cnz‘ Ortho ~ Other Substi-
e : . Substitvent__tuents, )
IN-1. - Phenyl . . . -50.50 .
. "IN2 T 2-Tolyl .. 52.49 y 17,13 ¢
IN-3 2-Methoxyphenyl  51.96 55.91
IN-4 2-Fluorophenyl 52,01
: ' IN-‘S 2-Chlorophenyl 52,01 —
IN-6 2-Bromophenyl = 52,01 VAR ‘
s IN-7 2-Hydroxyphenyl l 52,17 - _ J
., IN-8 | 2,3-Dimethylphenyl 52.89  14.41  3-Me : 20.20
/  IN-9 '2,6-Dimethylphenyl 50.62 17,62
’ IN-1G  2-Methyl-4-Methoxy- 53.04 18,21  4-0CH;: 55.53
{ ' phenyl .
. " DN 3<Chloro-2-Methyl- 52.71  15.54°
S . phenyl . 5341 15.77 (CHCL4)
,‘ IN-12 A-Chloro~2-Methyl- 52.44 17.81
" . phenyl .
; " INe13  1-Nephthyl 53.75
IN-14 .  2-Naphthyl 50.80 o
¢
2 \ .

.M.*4
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.carbonyl carbons in iscindolinones is very similar to that in

N\

CARBONYL CARBONS : ~ R

[ ] et
B e

‘ The éarbon—ﬂ chemical shift values for the carbonyl -
carbons zlare 166.9 + 0.7 ppm for isoindole-1 3-di‘ones , and
167 0+ 0.8 ppm for 1-isoindolinones, in IMSO. These |
relatively narrqii ranges of ah.ielding, however, do not
preclude certain inferencea to be drawnes

©

It appears that the magnetic environment at the

1

the isoindole-1,3-diones. ’I’h,l%i‘s apparent from the examinationg

of the I.R. and C-13 NMR data of these two types of compounds, _

" Table NC-5. It shows that, with due consideration of

_experimental errors, the lower frequencies of absorption, ))L '

of the carbonyl groups in isoindolediones are comparable to
those of the 1soindolinonqs. More direct and conclusive

evidence is provided by the carbon-13 NMR data. For eiampie,

the carbonyl carbon chemical shift in both N-phenylisoindole- .-

dione, ID-1, apd N-fhenyl- 1-iaoindolinone, IN-1, is 166.26 ppln.

The range of chemi 1 shift values of carbonyl carbons in the

diones as well as in the @soim/i:il/inonea is 167.0.+ 0.7 PP,
’l'he;ue observations suggest that the over-all influence of
various factors opsrative in the dionef series ‘(e.g. ring: .
strain, ;teric and electronic effects) is, un-expectedl‘y,
not -uch.dirfex;ent from t{-oae in the ;aoiridélinone‘ compounds.
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, . TABLE N¢ -5 -
. ' ‘)
Infra Red Absorption Frequencies of Carbonyl Groups . 3
in N-Aryl Substituted-Isoindole-1,3-Diones, ID-1 to .= 5
, ' * ID-14; and 1-Iaoindonz?§;s, IN-1 to IN-14, (KBr, S
f . . A » ‘Cm-“). :‘é .
| X 3
A . ‘ ) - . _:aj
. . -Aryl ' L . :%
\ ’ Ty 3%
' Y= | X =(C=0) i ”
\, 0 VH_Q_. ,High Low jﬁ :
No. _ARYL i No -\ . Vw0 M=o / }
’ . © * ’ ' ./ ‘;’g
A ‘ IN-1  Phenyl e 1675 ID-1 1750 1700 Ch
N2 2-Tolyl .. 1660  ID-2 1750 1700 ]
IN-3  2-Methoxyphenyl 1660 ID-3 . 1740 1680
'IN-4+ 2~Fluorophenyl 1675  .ID-4 - 1800 1725 4
. ) L i
IN-5 2-Chlorophenyl -1670 - ID=5 1760 1700 &
IN-6  2-Bromophenyl ' 1670  ID-6 - 1720 - 1700 ~ ‘*
' IN-7  2-Hydroxyphenyl 1670 I-7 1800 1710 s
. ' S ¥
IN-8  2,3-Dimethylphenyl - 1700 In-8 1750 1690 , 92
‘ : o . »
IN-9  2,6-Dimethylphenyl 1655 ID-9 1750 1690 0 R
- IN-10 2-Methyl-4-Methoxy- , 1675 I})<-1Q 1740 - %
. phenyl ' E:
’ \: IN-11 3-Chloro-2-Methyl- 1640 ID-11 1740 - 11680
phenyl - ' '
IN-12 4-Chloro-2-Methyl- 1665 m-12 1740 1680
" phenyl | -
"INe13 1-Naphtiyl .« 1670 I>-13 1750 1675 ‘
IN-14 2-Naphthyl . 1690 ID-14 1770 100
iy
A ' \
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The negligible diffe;:ence in carbonyl chemical shift

St o 2 W 3

values in 1-isoindolinones and isoindole-‘r.}-dionea indicates

- e
-

that the carbonyl group in these molecules is not solvated to // .
‘. any considerable extent by chloroform or IMSO solvent .

molecules. Had there been aign.{fica;m solvation, the carbon

shielding would ha‘ve b‘een expected to depend upon the steric

" interaction between the aryl ortho substituent and the solvent

AR TR S
L LT T

shell around the carbonyl group. Nevertheless, small

differences in the solvation patterns about the carbonyl ' %

~
4 AWFRNLT

group are expected to affect their shielding to small extent,

L e

ﬂe.g. ~ 0.2 - 0.4 ppm) depending upon . changes in ;he dihe&ral ' . '
~ angle between the aryl and hetero rings, and: changes in the
over-all }ﬁ)lecular motion,
. The following factors may be considered which would
affect va.riationa 1n the carbonyl chemicdl shift valups in
1-isoindolinones and lisoie_doled,}-diones. '

I3 ’ L X

. A Steric Effects :

‘ ; " ' o v © e ¥
R ' Should steric interaction between the aryl ortho ‘ s

subatituent (e.g8. methyl, hydroxyl, or metho:qr group) and the

Al J-A."

: ca.rbonyl group enviromnment be significant, the effect op the .

1

e S R e R A A
TR A )
- hd . ¢

carbonyl shielding is expected to be a function of the natu’re.

TR
.

Y U G

,;,fpbe_«‘fk"‘kﬁf&-r:&hu-

' and size of the ortho. uub{;titﬁent. Tnb],es' Nc-2 and NC-3 éhow -

«

that the carbonyl carbon shieldings in these compounds are

-

3 iR
- »

alnost un-affected. This indicates that there im little or

\
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negl’igible steric interaction between the ortho substituent and

the carbonyl groups. Furthei- conch?ive evidence has been.

obtained from the proton spin—lattice relaxation rates, a.nd

from the line shape analysis of these compounds (mee later).

The measurement of proton epin-lg.ttice relaxation
rates of isoindolinones at 270 MHz and at 23 has provided
useful ini‘oma.tion on such steric interferencea. For‘e:mmple, ‘
the "normalized" rélaxation rates of 3e-methylene protons |
in IN-3 and IN-7 are 3.14 and, 3.21 aec", respectively. This
indicatea' that(the ortho hydroxy or ortho methoxy substituents
on the a;t'yl ring are not prola.te‘enoueh to éxert a steric °
influence upon the methylene protong; and also on the carbonyl
carbons. |

The carbonyl carbons in ID-8, ID—ﬁ; and IN-8, IN-11

~ o not seem to be affected by the butiressing influence on the

ortho metliyl group by the meta methyl substituent in ID-8 ?nd
IN-8; and by. the méta chloi%é group in ID-11 and IN-11;
’oecauo\_'t\he carbonyl ahieldingu iﬂ these compounds are almost
un-a.ffected when the buttreuing influence 18 relieved in
ID-9, IN-9; and ID-12, IN-12. ‘ , .
Purther dir‘o‘t and concluaive evidence for the lack
of ateric interaction l??tween the aryl ortho subatituents and
the ;nethylene’and/ or the c;rbbnyl groups in iaéindolinopeu'
has befmx obtained- from the proton spin-lattice rela:éation ’

rates of methylene protons in these compounds. For exz;mple,.

‘th; ~lattice relaxation rates (R, values) at 270 Miz and

b
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L at 23° for 3-methylene protons in IN-2 and IN-3 (with 2-folyl and

2-methoxyphenyl moieties, respectively,) are 0,85 and 0.88 sec-1;

.~ ("normalized" rates : 3,03 and 3.14, respectively), indicating .

@
@

that the methylene protons in these molecules do not relax via
the intramolecular dipole~dipole relaxation mecha.nism'provided

rela.iation rates pf methylene protons in IN-8, IN-9, IN-11 and

by the aryl ofthjzmethyl or ortha methoxy protons. Similarly, the
IN-12, (withé,}-dimethylph’enyl, 2,6-dimethylphenyl, 3-chloro-
2-methy1phényl, a.nd. 4-chloro-2-lmethy1pheny1- ’ re‘s-pectiv‘ely,‘ as
aryl moieties on the nitrogen stom) are 3.19, 3.19, 3.10 and

3.10 ("normalized"), reapectively , indicating ths'xt the aryl
ortho substituents are incapable of providing an intramolec/:ul;tr

dipole-dipole relaxation pathway to the methylene protons ,

“through steric interactions. It should be noted that small’ .

differences in the relaxation rates of methylene protons are
‘considered to originate from va:ziie.tions in the. .rotational
correlational times of these molecules as a result of changes
. in their mass and &imensiong. : .
The line shape analysis of these molecules has sho;m
thal,t even at temperatures as low as -‘1506'1:0 -1600, the l;ntez:na.l
ro'kati:onal proceas about the aryl C-N bond in 1-isoindolinones
is very fast. The lack of observation of spectral changes even
;t -160° 1s oo’nsi‘dered as an evidence that, in the rotatiox'x'al
'trqnsition state, there is no lgmge‘ ateric inte;'action between -
the aryl ortho substituent and either 3hngthy1ene protons or the

carbonyl group (see Section 2). o ' .

4
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The downfield §- effects of the aryl ortho I~

*. substituents upon the carbonyl and niethyiene carbona in
. 1-isoindolir§ones and ‘isoindole-1,3-diones are presented in
' Table NC-6,

The molecular ,i’rar.ne-work in th.eae compout;as is such
that the lone 1;a1r ;)n the nitméen atom can be delocalized
because of the adjacent cafrbonylor aryl groups, Before going
any further into a discusa.ion of electronic effects in these

v C compounds, it is appropriate, at th:i.s stage, to turn our Y “
‘ attention to conjugation effects in enamide~type systems. : ‘
Mondelli ( 77 ) has )reported nitrogen and carbon ' . :

chemical shift values in some. enamides, as shown below, The

chemical shj,ft values of respactiw}g nitrogen or carbon atoms

are also indicated.

1794 . 180.8 '179.0
~\ ¥/ /:—\ [ ’
*:: 0 / ~" 0 *c * k
. et 120 4"}; .

' 95.4 , H 155.4 ¢
o o {;
(5 - (6). . (1) ‘ ‘
é COOH - COOH \ ;
i e C/ cfT’\\ / d
; L= ¢ . :
: . e 7™ yufen , 4
wih? TR g
é T o S 0"\. 168.8. ‘ S "
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H . . | ’ ,2 1 5 . .
TABLE _NC ~6 ' '

Downfield - Effect (PPM) of Ortho Subatituents on
the Carbonyl and Methylene Carbons With Reference to
the Corresponding N-Phenyl Derivatives, in N-Aryl-
Substituted-Isoindole-1,3~Diones and 1-Isoindolinones -

in IMSO, ,
X
ot
L 0 ~ ,
. - . .
B wm Saocees
‘1
1 Phenyl - ‘ - : -
2 - 2-Tolyl 0.08 0.44 1.99
.3 2-Methoxyphenyl 0.94 0.75 1.46
4 2~-Fluorophenyl 0.64 015 - 1.51
5 ,2-Chlorophenyl 0.68 0,04 1,51 '
6 ' 2-Bromophenyl 0.60 0.09 1.51
7 2-Hydroxyphenyl = 1.47 1,07 1,67
8 2,3-Dimethylphenyl  0.46 0.98 2.39 ‘;;
9 2,6-Dinetbylphenyl  0.52 0.4 . 0.12
, 10 2-Methyl-4-Methoxy-  0.72 1,10 - 2,54 .
phenyl ‘ . a
11 3-Chloro-2-Methyl-  0.47.  0.43 - . 2,21 ° ’%
phenyl - ' . . {
12 4-Chloro-2-Methyl-  0.24 0,65 = 1.94:
) phenyl ' : ] 3
13 * 1-Naphthyl .35 . 1.30 3.25
14 2-Naphthyl ‘ .’ c - c - (0 30*) S . e ‘

%ith reference to IN-1 ; h\(ith reference to ID-1 ; .
°Bubony1 signals not observed “é ~ effect rather than Q- feot, .,

-
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As shown in Fig. PN-1, the enamide -structux:al unit

is also shared by AS -cephalosporins, 10-12, (biologically

active), and Az-cephalosporin, 13, (inactive). The chemical

shift values of carbons bearing an asterisk (*) are indicated

( 77 ) for cephalosporins aes well as for the penicillins,

14=-16, in Pig, CN=-5., The substituent R in 10-16 has a position

§- with respect to the “B-lactam carbonyl group. It should be . r
" noted that in these compounds,. 10-16, the chemical ‘shift ‘

values of the B -lactam carbox;yl carbons are almost

Q2 R

invariant.
The enamide atfuctural unit in 4(3H)-quinazolinones,

‘17-18 ; and 3-aryl-4(3H)-quinazolinones, 19-23, (79 ),

vt

although left un-noticed by the author, is of particuia:r

. {(17) R=H R
(18) = 0}13 R* (n,dcnj) Nj/
(19) R = 2-Tolyl ' ~g°
& . (20) R = 2,5-Dimethylphenyl
' (21) R = 2,4,6~Trimethylphenyl : |
(22) R = 4-Chloro-2-Methylphenyl Spug = 16046 £ 0,2
: (23) R = 5-Chloro-2-Methylphenyl . (ppm) ‘
interest, since the 4-carbonyl carbons in these compounds absord .

at 160.6 + 0.2 ppn } and p.rovidos a good example of the -

invariant nature of carbory] ohemioal shifts in enamides. The '

aryl ortho substituent in 1_9;23: aca.i:;, oocupies a poaition ‘8- '

vith respect to C-4. . o - E
. A ; )

Y
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2
3

. . . t
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R
Chemical shift (ppm):
: (10) R=PncH, ;R' =K (165.3) COONa
(1) R=PhCH, ;R =OAc  (165.6) ‘
. (12) RaPhCHNE, ; R'=H  (164.9)
:% 1
%lé v
# -
? (13)
¢
i
|
§ (14) R = PhCR, (175.3)
| (15) R=PhOCH, . (174.8) :
4 . 5 .’ [}
(16) R =PnomE,  (175.8) ;
1] {’ !
Pig, Pi~1 : Chemical Shift .Vgluga of Carbonyl Carbons
e (#) 1n Cephalosporins and Peniocillins,
‘ (
7 )




rs

- raw ™

. , c ’ 2
. "’  As n'\entior;ed earlier. the. carbonyl, chemical shift b
valuea in 1soindole-1,}-diopea and 1-isoindolinones va.;'y over
a limited range, i.e. 167.0 0.8 ppm. It is cleaq: from the
foregoing discussion that the presence of 'enamide-type'
delocalization involving the lone pair of the amide nitrogen,

24, does not.affect the situation at the ;ca.rbonyl group to any

c .
£ SN o iy
o

i 24
considerable extent, but only at the nitrogen atom, since the

o

electron availability at the nitrogen atom to supply the

electron density as demanded by thé adjacent K- system is
%

affected. This effgct seems to be particularly significant in

. those compounds where th e substituent, e.g. methoxy,

~

hydroxy, 1-naphthyl, or 2-naphthyl, promotes delocaligatiog:

of t\he lone pair of electror,xa on nitrogen.which is expected £° d
t;eshipld the ocaerbonyl carbon., Such an effect‘ may also b;

present in ortho hé;logen subatituents but_to a lesser extent.
Table NC-6 show.s that: the car’bonyl carbons are most deshielded

An T-3,7,10, and 13, with: mebhoxy, hydroxy and naphthyl
substituents, but to a lesser extent with ortho ha}ogen
substituents. “The’ relatively laxge carbonyl 5-shifta in

both 2-hydroxyphenyl compounds,: ID-7 and IN-7, may résult from
internal hydrogen bonding between the hydroxyl and carbonyl

groups. The D -effects on the carbonyl carbons in

i BT ad T

DR LR R e
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~isoindole-1,3-diones also follow a pattern similar to that
.6f 1-isoindolinones. In the latter series, the x‘mva.'gnitude of

"the 8:‘-eff‘ect on the.carbonyl carbon is gomewhat la.rger than

/
s, . * .
that in the’:isoiﬁdolinone seriea. No consistent con:'elation

w1th the expected electrom.c properties of the aryl group

substituehts ik evq.dent. A . AN

~t

o

C : ‘Bffect of Chemical Shift Anisotropy: s

AN

ﬂ-

It 1is well-lmown that a nucleus placed in e f:leld H "

which is generated by a la.boratory

t, experiences a field

]

Hlom s wiven by

’ © Hioemd =LH°"6H°" Ho..(17_5') o

[

vhere § 1is called the shielding factor. The magnitude of the

- shielding (or chenical shift) at a nuclcua is dependent upon

tha orimtation of nolomzle 1n the /—cnetio field, 'l‘he ‘rapid

~ nolooula.r -otiona of noloculep in the nqnid ata.to average -
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‘ these values out and ‘ome is then usually only/concerned with the
average value 8 _where . ‘' , ( ‘
1 s §
6=y (b v b+ B

A Y
~

“ .
Although the nucleus on the average mees a chemical shift value

b ] “
)

it sees fluctuations in the local magnetic field. Thua, if

rez:esented by (5 ,\)jn a larger time aéale (where e.g. rotational

correlational times are of the order of 107 :rpd.2 sec

6 xx ’ 5yy , 5zz are not equal, i,e. if the chemical shift
) tensor is anisotropic, this may affect the shielding of some /
carbons in a molecule,

-

. With the increase in the molecular mass and %mensione
;.he isoindole~1,3%-diones and 1;1soindolinonea will be expect;d
to have 1a:;g‘er rotational correlational times, This has be.en
observed from a study of the proton spin-lattice relaxation

. , ‘
‘rates, at 270 MHz and at 23%, of theme compounds, (aee Section

1 ). In a situation where U values are large, the /

nucleus will sense fluctuations in loéal ma@etié field \;rhich
may affect its shielding. It is poqsible that these variations
in chcmicﬁl aﬁift anisotropy may contribute to some extent
tovard large downfield - effect of substituent upon the
carbonyl oarbons. It has been shown ( 12, 107) that second ofder.
electric field effects due to fluctuating magnetic dipoles are ‘

. large enough to explain the observed downfield 5. shifts,

i
. . ’

1
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// " groups in these compounds are not sensitive, to any considerable

~

SIS 8 o v s g e
.

-

3-METHYLENE CARBONS ;

Y +

The carbon-13 chemical shift values of \he’fﬁethy'lene
carbons in 1-isoindolinones, IN-1 to IiJ-M, are pre.aented in
- Table CN‘-4. The, downfiKld 8'- ;ffect.of aryl ortho‘aubstituents
upon methylene carbona are pre;sented in Table CN-6. The
corresponding N-phenyl derivative has been used as a reference
‘compound for the calculation of | b- effécts in isoindole=1,3«" ’;-‘
. diones and 1—isoindolinones.
It is clear from Myble CN-6 that the 5- effect of the
,0rtho substituents on methylene ca:rt;ona is much larger than
that on the carbonyl carbons\’. Aindicating that the methylene
carbons are more auaceptiblel to ’f,;ariationa in the N-aryl
moiety; It has already been discussed (see discussion on ' .

L. . 0 -
carbonyl carbons, and also Section 1) that the methylene

extent, to the steric effects of aryl ‘substituents or tc

solvent effect;s. For example, the downfield 8- effect on the

metl\xylene carbon arising from the fluoro- , chloro- , or bromo-

derivatives, IN-4 to IN-6, is 1.5 ppm. As mentioned under the .
"electronio effeota". the presence of a methylene group, instead .
"of & carbonyl group, would slightly reduce delocdlization of the D
ione pair of electrons on 1:.he nitro'gen atlon? over the hetero .ring,

This is expected to deshield the methylene carbons conaiderably.

- s »

v .
. \ f ’nl
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Table NC'-6‘ shows that the downfield §- effect on
- methylene carbons increases a: the asymmetrical substitution
at the aryl finé increaaos‘.‘ln 2,6-dimethylphenyl derivative,
IN-9, the § » effect is only 0.12 ppm ; which ia un~expected,
since the ortho iolyl derivative, IN-2, shows a g- effect of
1.99 i)pn. ngever, the 9 - effects on\cé.i‘bonyl carbons iri the
ortho tolyl and 2,6-dimethylphenyl compo'unc}a are seen to be X
“normal in both the isoindole-haz-dione and _1—1soindolinon\e

.’Qeriea, Table NC-6, The 'normalized' proton relaxa.ti‘on i‘a:.tés
of the correagondiné protons in IN-2 and IN;Q are very similar

o

N
to each'other, indicating that the amalf magnitude of the

§ - effect in IN-9 does not arise from the steric interaction
| between the methylene protori:s and 2,6-dimethyl groupa. ;I'he\ s‘a:_ne
qonbluai;:n is drawn £1:om a study of line shape analysis of
these compounds. The § - effects from the two ortho methyl
substituents appeer to oppose each othef» The effect of the

- symmetrical nature of the‘ N-aryly moiety on the 5- shifts is
not clear. It should be note;, however, that the increase in”
molecular dimensions and massive un-symmetrical substitution
on the aryl moiety further’ enhances large downfield 3- effects
on mett;ylenp and carbonyl carbons in both the isoindsle-
f.‘l.B-d:lo,ne and 1-1soindolinone series, For example, in the
’1-mpixthy1 derivative, IN-13, the §- effect on the methylene

carbon is as labge as 3.25 ppa.
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The downﬁ'eld € - effect on the methylene carbon' by
- the 2-naphthyl. moiety, IN-14, is 0,30 ppm, The 6 - effects
ariaing from the ateric polarization of a' group are generally
- observed to be upfie}‘d. The dea'hielding of the methylene carbon
in 2-naphthyl derivative.gny be due to its reduced electron
density reuﬁlting from delocalization of the lope pair of
elect¥ons on nitrogen’ov;r the 4romatic éystem. The 'normalize@'
proton spin-lattice relaxation rates.fo; the methylene prétogs
in 1- and 27naphthyl derivatives are 3.35 and 3.%0, iesppctively.
is sho&a[that environments,land hence delocalization effects

of the lone.pair of electrons, are almosi identical in both the

- compounds, IN-13 and IN-14. ' .

[

ARYL SUBSPITUENTS : '
The chemical shift walues for the substituents on the
- aryl ring in isoindole-1, ;;aibn;a and 1-isoindolinones are -
presented in Tables NC-2 ‘and NC-4, respectively. It should be
noted that the shielding of the methoxy carbons are un-affeoted
Whereas methyl carbons are de.ahieldogl vy about 0.3-0.6 ppm in
isoindolinones uf compared with the dioneg. In general, the
\ carbon ohnical‘ shifts of aryl subatituents in 1-isoindolinones

are similar to the oorrosponding carbons in the 1 3-dione seriess

a

PR 1
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Thin layer Chromatography R D
/

L R e ooy Lt L

The reactions were oca;ssioﬁa:lly ft}/lowed and ;ize .
.'producﬁs identified employing TLC using Fia'her Redi/Plate

| precoated with Silica Gel GF of 250 microns thiékngsa. This -~
. algo helped in detei:mining the gﬁrity of the product.
. The co;nﬁound was usu_ally(dispol.ved in acetone a?nd the
' TLC piate.ms[déveloﬁed .in :the TLC chamber contaix;xipg
be,nzene-acet;me (10 s 1). After spraying the plate with
cnnt;.' sulfuric acid in fume hood, characteristic spots were.
) dei:éloped on moderate heating. The followin'g observations

are note-worthy.

3-Phenyl-2-thio-4-imidazolidincnes . R, (0.3 = 0.5) °
Yellow brown spots,

. I 3 ‘ Y-
1=Aryl-5-methyl-3-phenyl-2-thio~4-imidazolidinones

. ' Yellow to deep 'yello‘w to . ) R, (0.80 -0.85)
. i . , )

' brown to brick red. ’

1-aryl-3-phenyl-2-thio-4~imidazolidinones R, (0.70-0.76) " .

t
‘

Yellow to drown to redf

/
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Synthesis of NeAryl-1H-Isoindole-1,3-Diones.

—— ARYL

»

» , o ] . .
The N-aryl substituted 1H-imoindole-1,3-diones were

. prepared by the general method described by Vogel (105).

Phthalic anhydride (Anachemia, AC-7478) (0.10 mole) was
dissolved in 60 ml. of glacéal acetic acid on warmipg. Then the
aromatic primafy aminel(O.;1 mole) was added alowly and tﬁe mixture was
refluxed for.1 - 1.5 hours, The N~aryl substituted 1,3-iscindolediones
;eparated out on cooling in ice-water mixture. The ppt. was filte?ed
and the mother liquor was recycled. The ppt. was washed three times

with ethanol, three times with water and three times with heiane.’The

ppt. was dried aﬁ\50760° under high vacuum .

;

 The following 1,3-isoindolediones were prepar;d by the

1 method described above.

%
¥
e
£
¥
<
g
A
v

e ey

e e e 3

. ey

SR s KRR T SR E
N



Y e ; - . e mmegnEea e . - el o T s e e L ke o AP A TR R

. \. M

epz - 956 £1T3 912 S v1z-0'viz . TAUIY<EN-Z ¢1-q1 '
& eyz £°98 18T~ 08T o0'ggt-c'zgy . - IAYAYeN-T gr-g1 . | m
. " evz 9°T9 . £81- 9S1 " GeBEi-o'ggl [AUSYSTALYON-Z-0u0TYT-y Z1-qT ;
ey '8'2z8 PIT- 81T - &'57z-0'51z k_..Hmcm:mﬁmﬁm_.»m-o,_oio.,m rr-ar . ) p
" . . o --- , [RUSULRXOYaU-b-[AYIAW-Z O-q] m
eyz £26¢ ¥0Z- £0Z  0'z0z-0'0IZ ﬁmcmc,imﬁmﬁanfm 6-ar - T . w
. ez S°68 | - W'BLT St El1-00£41 - TRUau4TAYleNIg-£ez g-q1 . . 4
2 - t ¥
C ey 6°26 £22  0'fzz-0'zzz TRUSYLAXOUPAN-Z (-1 . “”
' evz  4+89 T BZI- /21 0'BZI-0'¢z1 ) IRUBU«ONOUg-Z. g-q]. . v
evZ .°  o0'gy ZVI- 0VI S 0FTI-0°'0bT [RUSY<LOJOTYI-Z  g-qf
) . ey " 9egg 98T- 81 2:'981-0°987 . TAueydogonid-z 4 -qy - . S ,.“
. . ave 8'68 . 6ST-8'85T  0°'/51-8°957 . TAUSYdRXOYjaN-z p-qT .;
n eve K 281~ 081 ,m.ﬁmTw.omﬁ. = a 1A10L-2  z-qI . ok
; . N 12 £'88 . f0z- S0z o'soz-0's0z . - TRYaYy  -q1 o .
4oy PIaTA (*3T1) ='W RN : . TRey - . m ”
(siutod Futiray ¥ sprorz) SAUNIP-LI[-TOPUTIOST TAse—p . e i
o - _ ) T e Emw : ST
i ! : > .
. . <\ ) : . _ i
, ) LT T B S il

'
i}t




ID-1 to ID-14.

1

H-N'R (éngl3 5)

227

Y

TABLE EXp 2

Spectral Characteristics of N-Aryl-Isoindole-1,3-Diones,

7.508 Nearyl

1.83s ormethyl

7.20-7.47m

aryl

3,778 o-Methoxy
6 ] 9}"7 (] 40 N"aryl
T.45

.45-8,0 phthalic

7.28=7,55m

 7.62-8.05n

6.92-7.5Tm
7.63-8.20m
9 067 sb

N-aryl
phthalic

N-aryl

-phthalic

N-aryl
phthalic

N-aryl
phthalic
o~-0H

“135.0-123.2 aryl

Sy wm (mso , 8 ) _IR (x®r, en )

s

17008, 1720w, 1750w,
carbonyl

16008, 15008,aryl vib

7558,710-790s, C-H

167.57 carbonjl
134.49 C~10. (N-aryl)
131.5-123.0\ aryl

, bend
166.71  carbonyl . 17008, 1720w, 1750w,
136.04 C-10 (N-aryl) carbonyl

1600m, 15008, aryl vib
7708,7128, C-H bend

126.30 ~ C=-11 (C-Me)
17.14  o=Methyl

167.02 carﬁg 1 16803, 1740w, C=0
155.50  C-11 & -0Me)  1580s,1475s,aryl vib
134,87  C-10 {Nearyl)

131.7-112.6  aryl
5597 o-Methoxy

166.46  carbonyl
152,62  0-11 (C-F)
143,00  C-10 (N-aryl)

C-H bend

1800m, 17258, C=0 -
16008, 15008, aryl vib
7958, 760s,7158, C-H

135.1-116.0 aryl bend
166,31  carbonyl 17008, 17603, 1720w,
carbonyl

135.1-123.7 | aryl
' . 1600m, 15008, aryl vib

7658 C-H bend

7088 C-Cl stretch

166,36  carbonyl

17008, 17608, 1720w,
135.,1-123.0 aryl carbonyl

. -1600m, 14808,aryl vib

710517558179qm9 C’H_

167.34 carbonyl
154,33 C-41 20—03)
132,36 ©€-10 (N-aryl)
134.9-117.0 aryl

4008 aryl-0-H
12308 aryl-C-0
1800s,17108, C=0
1600s,15008,aryl vib
7958, 7508, 7208, C-H,

690-710sb,735-745sb,-
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Sconm (mso L6 )

Yo.  'H-IMR (cn013 )

1 o=-Methyl

3 m=Methyl
12-7.45m Nearyl
«75~8.17m phthalic:

2.123
2.38
7

1

9 2.17s 2,6-Dimethyl
. ~ 7.20m N-aryl )
© 7.67-8.08 phthalic

10

2.20s o-Methyl
3.83 ‘p~-Methoxy
6090"7.331'& N"aryl
7.8%-8,08m phthalic
11 2.2%38 . o—ﬁe
7.13-7.57 W-aryl
T.77-8.10 phthalic
12 2.18s8 o-Me
7.17-7.47!'1 N"a.ryl
7.77-8.10m phthalic
13 T7.13-8.07  complex
aryl multiplet
14 7.50-8.33 complex

aryl multiplet

.
e

Yor H-NIR : . a, IMSO0-d ;
m, multiplet,

For IR t 8, strong ;

167.25 carbonyl -
134,0-123,0 aryl
14.34 o-Methyl '
20.16 m~methyl

166.74 carbonyl
136,70 ¢-10 (N-aryl)
134.9-123.6 aryl
17.58 2,6-Dimethyl

167.37 carbonyl
137.83 C-10 (N-aryl)
159,86 C-13 (C-OMe)

134,7-112.1  aryl
55+49  p-OMe
17,80  o-Me

166,70  carbonyl
134.03 C-10 (N-aryl)
134,7-12%.5 aryl
1%.23  o-Methyl o

166,92 .carbonyl -
138,98 C-10 (N-aryl)
134.9-123,6 aryl
17.46 o-Me

167,57 | carbonyl
134,8-122,8 aryl

b, (IMSO-d, + ODC1

B
m, medium ;

. 16758,1750s,

3

W, weak 3 b broqd

,16903’1750V,‘C=0 .

1570s,14508,aryl vib
710é,7858,07H bend

17408 carbonyl

16008,15108, aryl vid -

8808, 865s,8158;795m,
7208, C-H vend

1680s,1740w, Cu0
1550m,1450m, aryl vib
705b,775s, C-H bend
705b, C=-Cl (overlap)

1680s,1740w, C=0
1600m, 14508,aryl vib

. 785m,B810s, 865sb,C-H - .

700 sb C-Cl

c=0
16008, 15008,aryl vib
7055)760397903’ c-H

1770m, 17008, C=0

1570m, 1620m, 1500m,
aryl vibration

850-870 (m-s) C-H.

1); s, singlet;

'
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thesis of N-Aryl-1-Isoindolinones.

Method 1.

The mnethod described by Brewster and co-workers (26 ) for
:the preparation of N-alkylﬁ-iaoigdqlinonea vas found unsatisfactory
for the a'ynthesie‘/ o!" N-a;ryl derivatives, The isolation of the
product from the aeni-wfiacouq brown oily mass posed diffic@ty

and in many cases ylelds were low, However, a lodifioation_i.n the

. isolation prodedure yielded, in some cases, the desired product ' .

convenigntly and in reasonably good yields. The felloving method
was employed for the synthesis of some of the N-;'aryl-1-iaoindol-
inones, . ) | ‘

"I'he ~ﬂ-¢ry1-m-isoindole-.1,3-diole (0.10 mole) was
disselved in 200 ml. of glacisl aestic scid by heating to 60-70

, {
c° and 36,08 (0.55¢ atom) of sinc dust was added all at omce.
" The reaction mixturs was heated at reflux for 5 hours and then
'filtered hot on ' & sintered glass Bucmer-type fumnel with

sustion. The filter eske was washed vith two 25 ml. portioas
of glacial scetis acid. The eombined filtrate vas evaporated

" to small voluse at 60-70° amd 250-300 nl. of saturated sodium

* »
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bicarbonate solution was slowly added ia 40-50 ml, po;'tiona. The
PH (alkaline) was checked at this stage and then stirred .at room
temperature for,6~8 hours. The lunp; of the ppt, was s‘uoceaaiv'ely
washed with water and hexane thoroughly. The ppt. was di'auolved in

80-100 ml, of chloroform and {iltered to remove any insoluble

‘material, The filtrate was ;vaporatcci

to drymess on rotary evaporator (55-400). . This white ppt. and some

brown resinous material was dissolved in small quantity ‘of methanol

(usually 15-20 nl.) cmé watér was added dropwise (5-8 ml.) until

brown oil began to reparate. Methanol was added dropwise (1-Z2 ml.),

until clear and tﬁnspuent solution was obtained. This mixture
was re/frigcratecd for 3-4 hours when white ppt. é.ppeared along with
brown supernatant. The ppt. was filtered and washed three times

\

with 10 ml, of methanol: water (3:7); washed twice with 20 ml. of

water and three times with 30 n\l. of hexane. The white ppt. was

kept m‘lder high vaouum (60-65°) for 10-12 hnu:i‘g. The lumps were
broken,‘ if any, and the fine powder was again kept under high
vaouum (60-700)';, for a day.

In cases, when; the p‘roduct was abtained in low ylields
(10—40%), attempt was ude to isolste a second crop from the
lother liquor of the ndor ppt,

The folloving oo-pounda were propu'ed by the lethod
desaribed a.bove.

Ve

R
IN-1, IN-3, IN-10 IN-11 and IN-12. )

-

¢



reduction proved successaful and convenien‘f:..; . ' -
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Heihod 2, .

As described earlier under Method 1, the procedure
adapted by Brewster and co-workers resulted in semi-viscous, brown
oily mass which caused difficulty in isolation of some of the desired

1

N-aryl-‘l-isoindolinonga. In such cauea', application of Clemmensen

, The amalgamated zinc dust was prepax;ed following the’
method of Caeser ( 22) as described by Pieser and Fieser (39 ).
10.0 g of zinc dust was added to a ntirred solution of 1.0’m1. conc.
HCY acid and 1.0 g of mercuric chloir:ide in 30 ml, of wvater, After
stirring for 15 min, lumps were crushed and zinc dust was collected
and washed with' a 'totaluof 50 ml. of water containing 1.0 ,nl. of
conc, HCl acid, It was the‘n:vaa.hed three times with % ml. of eth
and three times with 10 ml., of ether and dried in hot oven,

" The Clemensen reduction vas carried out in the fonowmg
mamner : To 11.2 g of dried zinc amalgam were added 2,0 g (0. ooa4 mole) '
of N-(O-’l‘olyl)-1ﬂ-iaoindole—1 3-dione and 10,0 ml. of g}’aem aootic
loid, all in a 100 ml. round bottom flask fitted with a condenser,
10,0 ml. of conc. HCL acid vas added in swall portions through the

top of the condenser over 5—6 minutes. The reaction mixture was

. e i ? s .. n .
RNt e b SEMI Lt - |

o B

s ek Mon Bl e

e e e

QI S R T WY PP P

Tew oy

W Y R By g,

¥




v . -
.

Lo . The following ll-tryl-1-1-oindolinonco vere prepmd dy.

"

F s L Lty [

heated orr;;z:alflux for 2 - 4.4hourn ldepmding on the ateric bulk of-
l—aryl noiety. The' reaction ‘mixture vas ﬁltered hot on a sintered
glua Buchner-type 'furinel with suotion. The filter.cake was mhed
- twice vith 5 mle portiona of glacial acetic acid: The solution vpa
: roduoad to leas -than half of the original volume on rotary mporator/l ,
(‘[& 80°) and then coolad to room temperature. 20 m). of water was
l.ddod a.nd. vhite oily drops appen.red Tha solution was neutnlized
with saturated solution of sodium bimbomte. At ;bout pH " 6 the _
oily dropa ohs.nged to mmlh.r w!d.te ppt. The excess of satnrated
sodium bicarbonate nolution was udded to ensure basic aediun. The
lixtnrc vas extncted four ti.nea with 20 ml. of either ether or
ohlorofom and conbimed extrsct vas wuhed with 20 ml. of vater,
dried ovor anhydrous nagneaiun mlfate md the aolvent removad to
almost drynaau on rota:q enpontor (30 - }S )y giving out vhite
.ppt. !'his ppt. w:s“ﬂaulved in 4 ml. of ether and petmle\m ether
> m ldded dropwise- until slight turbidity pugists. M. thia stage . I
other vas added drogwise until the turbidity just Usappesrsd. The 2
solution vas aluhtly va.mod and retrigcntad for 172 honra when
_ bright vhtte Ppte u'ntulliud out. The ppt. was ﬁltered and washed
ﬁn’« 'dnu vith nin:lm ‘amount of 1 3 10 ether petroleun ether

' 5 1

lnd.drhduddrhishnmutﬁo 55 torB-‘thom. 4

’tbouthoddumbodabou. e )
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Spectral Parameters of N-Ary1-1-Isoindolinones.f ‘IN-1 to IN-14,
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TABLE . _EXP 4

-

&3 oo o R AR St b N i o Sy, o aa

Hmw (op01, ,8)  Ve-mm (mso-d, ,8) IR (KBr, on™ )
1 . 4.868s 3-methylene 166,26  carbonyl 16758 / carbonyl
7.15-7.95 . aryl 141,06~ C~10 (Nearyl) 1590m, 14908 aryl . 2
R - 139.5-119.5  aryl 748s,728s C-H - 3
. ‘ : 50.44 . .3-methylene " bend . =
’ - : " 1460w methylene - ?
22,2698 o'-me;thyl 166.34 carbonyl * . 1660s. carbonyl
" 4.736s ¥3-methylene . 142.34 ©-10 (N-aryl) 1600m, 1475m, azyl vib.
7.24-7.34m  N-aryl 137.4-123.0  aryl 1445s  3-methylene L
" 7.50-7.97 Phthalic 52.49  3-methylene 755m, 745m, 725s,715m,
| ‘ 17.73,  o-methyl C-H berds ‘ i
.3 3.8328 B-methox§ . 167.27  carbonyl 16608 " carbonyl
', 4.8158- 3methylene  51.96 3-methylene 1590m, 14858, aryl
7.02-7.97m - aryl 55.91 o;metho;qr . vibrations °
S ‘ 155.21 C-OMe (0-11) . 14408  3-methylene ;
C 142,30 C-10 (N-aryl)  7558,725s,C-H bend g
. _ . 132,6-111.8  aryl . o oL
’ ; . 4,8808 ~ 3-methylene i $66.9o " carbonyl " ~1675a . carbonyl
. 7.16-8.00m  aryl | 142,28 _C~11(C-F) 16008, 15903, axyl
o 131,35 €-10 (N-aryl) " vibrations
© 132.26-116.24 aryl . 14508  3-methylene
.. 52,01, 3-methylene  785s,7508,725s. ‘
‘ ‘ : C-H bends |
» +
5 ~4.'819s B-methyle‘r‘xe 166,94 - carbonyl 16708 carbonyl .
.7.31-8.00m" aryl 142,10 €30 (N-aryl) '1600m,1470s aryl
‘ 136,02 C-Cl vibrations’

132.00-123.47 _ary®, 725s C-Cl stretch
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IR (KBr, cm'1)

- No. Yemm "(Acnc13 ,8) 15c-m'(n~xso-d6 5 )
LY " . .
- ) 52.01 3-methylene : 695m97525,785w, c-H
. N ' Bends
. . 14408 3-methylene ’
| - ) . "
§ ’ 6 4.8108  3-methylene 166.86  carbonyl + 16708  carbonyl
o * +7.25-8.00m  aryl 142,06 ©€=10 (Nearyl) 1590m,1460s,aryl vib
‘ 137.6-122.4 aryl 785w, 7308, 710m, C-H
52,01  3-methylene bend
144 -methyl -
-~ | 58 3-methylene |
| «7 . 4.9808 3-pethylene 167.73 carbonyl 16708  carbonyl

L 7.0-8.0m  aryl
° 8.814sb  0-0H

X,

8 2.132s o-methyl
Ad 92,3468 m-methyl
4.712s 3-methylene
» ' 7.09-7.20m N-aryl

9  2.194s 2,6-M8,
> 4,601s 3-CH, ‘

: 7.14-7.26m N=-aryl
7.51%7.99m phthalic

¢

B S S L T o V21 0 i i 5

o) s ettt 7

N S 7.49-8.00 phthalic

TP ey P WP g SR W, T X

52,17 . 3-methylene 32008b aryl-0-H
- , * 1590m, 1620m, 15008,
‘ aryl vibration
1460-1450  3=Ci, ’
. 12308 aryl-C-0 :
N 7908, 7508, 740, C-H .
bend : ﬁ
166,72  carbonyl 17008  carbonyl i
148,28 C-10 (N-aryl) 1590s,1475s arjl vib
137.61 C-12 (C-m-Me) 14608  3-CH,
134.65 C-11 (C-g-Me) B00s,790s,765s,7358, .
131,7<123,3  aryl 7258,7158 C-H.bend
52.69 3-methylene - : o A
20,20 m=Methyl ‘
14.41 o=Methyl
166,78  carbonyl 16558  carbonyl
142,30 ©C-10 (N-aryl) 1600m,1460s, aryl vib
136,52 C-11 + C~15 14508 3-CH, | ¢
128,09 C-12 + C-14  875,785,765,725,715,

135.89-123.15  aryl

5§e62  3-CH,

17.62 o &m - Me,

all s, C-H bends

Lgh s s a4
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¥ . .
S No. __'R-Um (pe1, ,§) J e (nMsofgé;JS) _ IR, (KBr, ew™ )
o0 2.2288  o-methyl ' 166.98  carbonyl 16758 . carbonyl
3.3238  pemethoxy 158,91  C-13 (C-OMe) * 1600s,1490s,aryl vib |
' 4.684s  3-CH, ’ " 142,55 C©-10 (N-aryl) 12308 aryl-C-0 : i
\ 6.796-7.96 aryl © 137.6-111.0  aryl .- 1465m 3-Methylene ;|
S 55,53 pnethoxy 860,815,795,740, all i
' 18,21 o-methyl " 8, C-H bends -
11 2.278s  o-méthyl 166,73  carbonyl 16508 carbonyl
47258 3-CH, 142,44 C-10 (N-aryl)  1580m,1440s,aryl vib
7.2-7.4m N-aryl 139.14 C-12 (C-C1)} 7858,7658, 7258, 705m,
7.5-8.0m phthalic 134,30 0-11 (C-Me)  695m, C-H bend
T 13200-123.4  aryl 14508 3-CH, 1
] 52,71 3-CH, ;
15.54 o-methyl
. E:
12 2.2458 G-methyl 166.50  carbonyl 1665  carbonyl
7128 R ' 142,34 €-10 (N-aryl)  1600m,1450m, ]
.V T.2-7.4m N-aryl . . 138.50 C-13 (C-C1) . aryl vibrations
" 7.5-8.0 - phthalic 136,46 C-11 (C-Me) 795m, 7808, 7388
131,9-123.3  aryl | C-H bend "
52,44 3-CH, 14308 3-CH, djform. !
17,81 o-Me L i
. 13 48938 3-CH,  167.61 carbonyl 16708 carbonyl
" ; 7.4-8.0m aryl 134,2-123,4 . aryl 1600m,1450m, aryl vib
53.75 3-Ci, , ~  870s,885s,820s,795m,
} - ) e 740s, C-H bgnd ]
14308 3-CH,
‘ , . t
14" 4.986a 3-CH, " carbonyl unobserved  1690s  carbonyl
T.4-8.2 aryl 50.80 3-CH, 16008,15008,aryl vib. .
‘ ' S 14658, 14608, 3-CH,
? ‘ ' oo . 800s, 740w, 725s,C-H,

g roarn . - e v e eream— ] p——"

I e e .
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| . Aryl - N - CH, - COOH .
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. The e{-N-a.ryl glycines wez;'e syﬁtheaiaed foiloving tﬁe .
method reporteci by Zygmunt Eckstein, Jan i’lenkiewicz and Marek-Sak
(34 )+ The mixturé of ;nonochl_oro’acetic.acid (0.10 mole), ethanol

* (20 ml,), water (10 ml.) and sodium acetate trihydrate (0,10 mole)
vas h‘eated to asbout 50 - 60° until clear e;ol‘u'c:loxluv vas' obtaim;d. The

aromatic primazx,’amine (0.10-mole) was slowly gdded and pthe solution

\

'was heated to reflux for 10 - 16 hours dgp‘endiné on the steric bulk
of ‘the aryl ﬁoi:t&. The reaction mixture was cooled to‘room‘ \ ' . {
. temperature and then in i'ce-water m}xture for about two hours. The
ppt. so0 obtained was filiered and. washed th:;:'ee ti.mea.with 10 ml. of

vater, three times with 4 - 5 ml. of ethanol. In some cases the ppt.

vas colored at this stage, so 10 - 15 nl, of ethanol vas added,
heated to boil, and cooled t:b room temp'era.ture\. 'I;he ppt. was

w\, . % - filtered, washed successively three times with 5 - 6 ml. of ethanol,
"—and 15 nl. of hexans, The bright white ppt. thus obtained: vas

<\

. . { .
dried under high vacuum (50 - 55°) for 10 - 12 hours.

uissgmm———
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Proton NMR (])MSO[6

Glycines.'
Ayl T mep.

J ,g
Tolyl 147-8 2

, 148 (53)
o-Methoxy- 148-9 59
phenyl ‘ .
o-Fluoro- - 120-1 17
thenyl
o-Chloro- =~  165-6 18
phenyl °? :
. . 169 (53) ¢

171-3 (76)
o-]éromo— 165.5- ~ 31
phenyl 166:H
2',3'-Dimethyl-
phenyl 150-1 32
_A-Naphthyl .187-9 56 -

Yield

——— oy oo s

IADLE TP 5

Ar&l-NH-CHé ~CO0H

238

,5) and TR (KBr, en”') for o-N-Aryl-

_I-Ii . 2

H-NR
2.178 o-Me 3480m N-H
3.97a o= 17408 - C=0

' 6.50=7.33m N-aTyl

8033—9033313 NH & QH

3.938 o-0Me .
4.005 . “-()
« 6453-7.,20m N-aryl

' 8,60-9.60ab NH & OH

4.00s =0
6.67-7.50m N-aryl
NH & COOH not
observed

‘40073 h -G

6.67-7.77m N-aryl
NH & OH unobserved

_4.035 O(-CH2
6.57-7.77m N-aryl.
NH & OH unobsérved
2. 1 33 O-Me
2.328 m=-Me
4,008 o~

6.37-7.33m N-aryl

8.,67-9.338b NH & OH

. 4.238

-0,

6.57-8.5Tm N-aryl

3200-2500 COOH

3470m  N-H
17258 =0
3200-2500b COOH

“3470m - N-H

1725s Cc=0
3200-2500b COOH

3500m N-H
1750s, C=0
3200-2500b COOH

3470m N-H
1725s C=0
3200-2500b COOH

3470m  N-H
17258 C=0

9.33+10,178b NK & OH

For oarbéﬂ} NMR da.ta see Ta.ble CN- 3, page 151,
8, singlet; m, multiplet; b, broad; (s, strong; m, medium, b, broad. )

Methylene defarmation (1R)

¥ Z.
P

1

: :
3, .
ff

i

&«a _

W

A

R L et

1440-1450 cm  ( strong)

-

3200-2500b COOH




Synthesis of ol-N-Aryl Alaninks, .

\ | , (I:H3
\ ' 7 Aryl - N - CH - COOH

: . \
\.- S , H

The procedure desoribed by Miller and Sharp (76 ).for

" the preparation of N-aryl alanines was found to be unsatisfactory.

Tﬂe yields were low (10 - 20 % )+ The N-aryl alanines were
prepared following the method of Fliedner (40 ) who adapted the
general methéd of preiiarat{qn of these compounds described by

Eade and Earl (3J3 ). Thua.'a. mixture of aromatic primary a;mine‘
(6.10 mole), sodium' acetate trihydrate (0;6 molg@)\ s 3 - 4ml, of

ethanol and ethyl-2-bromopropionate (0,10 mole). vas stirred and

. heated to reflux for 20 - 24 hours. After cooling and diluting

with 40 ml. of water, ‘the mixture was extracted with ether

(3 X 50 m1.) and the combined extracts vera,elvapo'rated on rotary
evaporator. The residual oil was refluxed with 70 - 80 ml. of h
10 % agueous NaOH for two hours, oooleqd and the mixture was

washed with ether (3 X 25 ml.). The aqueous layer was oooled in
ice-water mixture and the solution was acidified with slow

#ddition of canc, HC1 soid, wntil pH was 2 - 3. The resulting

" suspension (or-in some cases, slurry) was cooled in ice-water .

- mixture for 2 - 3 hours, filtered, washed mooeaéively with vater

and hexane and dried under high vacuum. Finally, the ppt. was

' ‘recrystallised from chloroform, vashed with hexane and again

P Ny T "e 4 . R e ke N k.




aried _under ’high vacuum for aeveral bours.

The following anilines wqxje used for the synthesis of

. 7" .
various alanines (see later). ‘

Aniline (Pisher, A~740) : 18.64 g (0.20 mole)

O-Toluidine (BDF-30467) : 10.71 g (0.10 mole) : .
O-Animidine (4ldrich, A-8818-2) : 24.632 g (0.20 mole) -
2,3-Dimethylaniline (Bastman,’ 1041) : 36,206 g (0,20 mole)

: 2-1?1uoroa.niline (Eastman, 7556) : 2. 224 g (0.20 mole)

’ 2-Chloroaniline (Aldrich, c2 239-3) 3 12 75 & {(0.10 mole)

3

2-Bromoaniline (Aldrich, BS,642-0) 34 406 g (0.20 mole)

1-Naphthylamine (Eastman, 172) : 28. 638 g (0.20 mole)

8
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Experimental Data for‘kt-N-Aryl-Alanings

14
)

Aryl

. Phenul-

" o-Tolsl

2-Methoxyphenul

‘

2,3-Dinethylrhenyl 58,9

2-Fluororhenyl

\

2-Chlororhensyl
2-Broaorheny]

1-Narhthul

o~ e
O R

-
0

- 9843

62,4

55,7

. 9242

A7.4

81.7

'HOPO '

" 159.0-150.0

Protan NM
(DHSU-d‘y

1,423 methyl -,
4,08a methine
5-7.9m arvl

o~
-

’ 19v0l-9o7b OHs NH

11100'11105

124,0-125.,0°

12205‘12300
1*705'14800
163.5;164.5

146.0-147.0

v

%.?Od methyl
4:17e aethihe
5:6-7.4n aryl
8.40-9.17.NH10H

éd nethsl
2s methoxy
7a methine
-9.4b NHsDH
7+1m 3rul

4
9

1

4

&=

47d methyl
10s 2-maethul
27s J-pethwul
+12a methine
9-7.2 aryl
4 ?.1b NHsOH
4
0
7-

1.48d aethyl
4,30a methine
§:7-7.6n arul

1,504 aethul

4.310 aethine
§¢7-7 .8 arwl

a

1.62d methul
4,260 sethine
6:5-8.7n aryl

“§3gg-2asob'ou

’ Aryl-g-cﬁ(cn3)coon

H

Infrared
{(KBe)
3oeo-2Lc0 o4
3450w NH .
16009 C=0
1500m ary 9}
695,755 CH bend

3450m OH
3200—2900 DH

730s C=0 s
léOOs;lSlOs aryl
745s CH bend

AN=H

1740s C=0 -
14105915205 arul
750~-720sh CH bend

J410m NH- '
3250-27505d OH
1725s C=0
16005915005 arvl

770s9712s CH bend’

3J440m RH .
J200-2500mdb OH
1750s C=0
16405515255 aryl
7408,720w CH bend

3450w NH
3300-2900b OH
17455 C=D
742s

J450m NH
3200-2508ub OH

1720s
1600<91500s arul
2405 H bend

3500m NH
3%00-2500-b OH
1725s C=0
16008715008, 1483s

- '790%,775s CH bend

For carbon-13 NMR data sece Q&Ple CN-3, page 151,

oy

RV s g AR AR

16003715003 aru1 n
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Synthesis ©f 3N-Aryl-2-Thio-4-Imidazolidindnes.

S

o %

l.'

These compounds were prepared ufollowing the method of
Pujari and Root (86 ).
Glycine (6.306 g., 0.084 mole) ‘vas dissolved in 10,0 ml,

of water dnd 3.60 g. {0.09 mole) of NaOH was added. To this solution,

a solution of phewliaofMoMte (ICN. K & K, 16662) (10.0 g.,

.0.074 mole) in 70 ml. ofs absolute ethanol was added‘dropwise., The . .

resulting solution was refluxed for two hours, then, cooled to room’

temperature and added 50 ml, of 'oonc. HC1 acid, and refluxed for

. snother 15 minutas. The reaction mixture was cooled in refrisaraton

for two hours, filtered, the mother l:lquor was recycled, and the *‘-ppt.
was washed three times with 20 ml. of water, once with 20 ml, of
10 % ag. ethanol, and _t‘inally three timea with 25 ml. of henne.
'l'he produot vas recrystallized from 95 % ethanol, ppt. was washed
with hemo and d:f:lcd under high vacuum for several hours,

'The following compounds were prepared by the method

desoribed above. o :
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NS thesis of 1,3-Diaryl-2-Thio=- -Imirdazolj. ‘ne. :'

N

The -proéedure adapted by Pujari and Root { 86 ), as
described< earlier, was found unsatiafactory for the prepara.tion of«
1, 3-diary1-2-thio-4-imidnzolidinonea. For this purpose, the procedure
followed wag that of -Shi:;ai et.al. (94). Thus, N-phenyl glycine
(2.0 g, 0.0132 mole) was dissolved in 15 ml. of 95 % ethanol and
Mgd. Phenyl isothiocyanate (ICN.I K & K, 16;662}» (1.80 &, 0.0152' ‘
mole). was added dropwise and the reaction mixture was refluxed for
one hour, It was cooled to room temperature and then in ice-wa'tar
mixture, The ppt. thus sepmted was filtered and tl;e mothef liquor
wae reoycled. The ppt. was wa.ahed twice with 5 ml. of 0.10 N NaOH
aolution, three times w:lth 5 ml. of water, three times with one ml,
of ethanol and finally three times with 10 ml, of hexane; and
dried under high vacum at 60 - 65° for' agvml hours.

The rollowina oo-ponnda woro prepu'od by the mothod
described l.bove.
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s o ' Analytical Data and Melting Foints for o .
N-Aryl-2-Thio-4-Inidazolidinones, IZ-1 to IZ-16.

- No. Nolecular ¥ . Calculated X " Found % . Mori °C YieXd
T Forauls c- ‘UH . ’ ¢ W N ) %o’
1 099 N,0S 56,23 4.20 14,57 57,03 S5.15 14,06 237,5-238.5 92 .
| - 2 €, M, N, 08 67,14 4,51 10,44 . 47.15 A4l 10.60 212,0-212,5 82
{ﬂ <. ‘: 3 cxa" N qs‘ 68,06 5.00 .92 67,69 5.51 9.48 253.0-254,0 38
§ 4 C M NS S 473 939 6449 Sl 10,12 193,5-194.3 46
! 5 €yl P08 62:92 3.87 979 62,68 3.78 10,03 238.542§9.5 13
| é 6 cxs" (G108 59.50 3.6 9,25 59.70° 3.98 9.40 ‘ 226.54227.5 9
% 7 'clsu;lpru 05 51.88 317 8.07 - 5179 A1 8,09 - 195.5-196.5 17 ~:
i 8 ¢ H NOS “68.89 5.44 9,45 6804 532 9.67 L 21452150 T4 . {

O

«© 9 N8 71,67 3,43 8,80 70,38 5.40 9,40  215.5°216,5 31 -

0 C_H N_DOS 58,22 4,89 13.58 58,79 5.40 12,95 183.5-184.5 92

; _ 1010 2 ' ‘ R 1
? 11. °16“14"2°5 68,057 5.00 9.92 | 47.73 A1 9,51 148.o-149.gﬂﬂ;xx%f~7*"’/f
° —’/"" o
: : 12 ¢ H N os 68,89 S5.44  9.45 . 68:24 5,09 .51 154,0-155,0 . 41
i #7182 - = '
43lc W W08 45, . 97 85 5.13  9.20 126.0-124.5
ZEE;”’ - -2, 1716 2 2 5.36 5.16 ? ? 64 3‘ 1 0 » 45
16“13F“2°9 63,98 4,36 9,33 ' 62,56 4.73 .58  180,5-181,5 27 !
a *i5 ¢ a"xe"zos 69.64 5.84 9,03 69.22 5,77  9.12 152,5-153.5 36
' 16 czo"14”2°s 72.26 4,85 8.43 71,24 5,08 8.3 177.5-178,5 20
‘ | ‘ \ -’
e ’ l Loy )
- e e T PP U, PP P -~
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Proton NMR data for N=Aryl-2-Thio-4-Inidazolidincnes; IZ-1 to- I12-16

: : Aryl S . : . . '
Yo. 5-H__ . 2"°H3  Substituent Aryl N-H
, 1 4'308 - " - ) ’ R . 7.20"(.‘60 m ’ R 10.25b {j
' 2 .5.00s - - 7.50-8.17 m ~ '
& 4.6288 - - 1.3554-7.625m . !
: 3 4.858 . - | 2.378 7.47-7.80 m ]
a a 4.,5008 - \ 2.344s 7.320-7.566 m o
' 4 40835 - 4-003 .. ” 7050-7.87 m
a 4.566s -~ _  3,90Ts 7.042-7.529 m
b 4.908 - . . © 7+43-8,00 m
, a _4,582s - - 7.269~7.603 m
6 4.908 - - 7420=7.93 m
a 4.4355 - “F‘ 6.549'7-312 m
T 4.88s - - 7.30-8,17 m )
8 4.83s -  2,25s8,2.388 - 7.46-7.83 m ) '
.9 5.00s - w7 T.67-850m T - T -
10 " 4.47¢ 142420 - . . 7.20-7.635m =4 = 10.508b’ S
1 5e9q  td - L TST9Ta L. 1
12 5.18q 137 2,408 . 7.60-7.72m . ‘ | ; ‘
13 5.00q 1.394 . 3.95s ' Te12=7.93 n _ ’ o
14p 4709 1,568 - T.47-7.85m -
" 15%  4,90q 1.364 2.228 7.42-7.83 n’ '
. 5.15¢  1.47d,  2.25s’ ST e -
‘ 16* 5,05q 1374 - ' 7.67-8.5Ta - . . i
5.3%¢ ° 1.50a - o - i
.. ' i ¢ o . C, - ts :
Solvent 1 IMS0-d, &t 60 Mz ~ I . : ‘ ' "‘ - '
@t CDCl, , 0.05 M solution at 270 Miz - - -
b : coel, at 60 MHz S '
*Dia,stereorieric usignala.
, . .

; . . . hi A Q ’
- 4 N . - . X
- . « reR
" : : " o v ’ : . X T
" - gy anngamippronpgelie SRR LB
P < e WPV SORPIVERNTOpY USSP
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. o N . aryl skeletal ' Aryl C-H -
So. ~  N-H C=0__ .. 0=S ’ Vibrations - .4 '_Bends _
.y 1~ 3208 . 17808 . -1200s  16d0m}1525m  770s,718s,7008
o’ 2 - = . ."177‘03 11608 16003, 1500s o 762s,700s,692s -
3 - 17808 11708 ., 1600m,15008°  770s,7588s,725s,6988
‘ % 4* -7 17808 11708 . : '?61’015,150.05 o 775-13535_,6953‘*
N5 - 17704 11508 16008,15008 - . 790m,758s,6958 - -,
6 - --17808 11708, ‘j600w,150:()§ ) B?Sm,765s,?25w,7098
S - - 17858 j11705i 1510m,1490m\ . 8258, 7658,698s ‘
SeLt - 17758 .. 1180s  1610m,1490s-.  (195m,762m, 715-735,700s
"9 - 756 11708 1605m,1505m  ,800m,775s,745s,700m
10" 32008 1770s - 12008 1600115258 *'  770s,740s,710s, 6%s
11 - . 1770s  1170s.. 16Q0s,1500s . 805i,760s,740s, 6925
12 - 17608 11708 16108,1510s . 820m,7558,740s,725s,
v | ".' . 695e o
13 RN ' 17758, 11708 .’,'16‘155,15103 v 8188, 7588, 7428, 6928
y 14 - 17608 11758 1600m, 15008 * ,* 828m, 785m, 7658, 745m
‘ . ' K ® . 6922 ‘ - ’
15, - “17@’3’, " 11808 1610m,1500s _190m, T72m, 740-T15mb, |
S L W
I - 17608 11708 . 16108, 15108 800m, 775, 7408, 6928
o ' N - » q .
ATy1-0-C stretch 12408 .
5=methylene gefomationa\‘ for 1416 't 1460-1470s., , : o
;2 z | «.'; K ‘ ’
ek /
-
‘&',u ' ‘ ' ] ‘l
< -. . . / s
. " T hY S
- e " ,‘3" - . i !‘ T ; : «{" AR ’3:.‘ R N '

IR data for N-Aryi—?—'l'hiq—zi-lmida‘zolidi,\}xgnea. 12-1 to 12-16
. l. . : \‘ ) ' - : )

s Feirdiaitd ekl o B e B RS SR RS ?a‘;»m.;-';"
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. Unsuccessful _Sm theses : l

Attempts -to. synthesise 1-(2-Chlorophenyl)- or

1-(2-Bromophenyl)~ -5-methyl-3~phenyl-2-thio-4-imidazolidinones,

following the method of either Pujdri and Root (86) or Shirai (94

resulted in the formation of ethyl N-phenyl thiocarbaﬁnte :

; S '8
cr . 1 ! V

. o !
! . a“

'l'he H—NMR and the Thin Layer Chromatograp}w did not ahow the, .

formation of even amll amount of the desired products. The data

for t}}e ot?y(]. N-phenyl thiocarbamate are given below :

“Eig"enta'l analysis :calculated for Cg Hyq N 0S5

' %calcofco 596}’H06123N: 173

»

'(mso-d6 ,5%) 1.25, 1.38, 1 .50 (38, triplet, methyl
protona); 4.50 - 5. 85 (2H. quartet, methylene p’rotons);
“Te 33 - 7.90 £5H, nmltiplet, phanyl protona); and 11,43 -

’I‘

(1H, broad s:l.nglet, N-H proton)

4] -

‘car‘ na); 124.761 (aryl ortho earbona); 122‘226‘(ary1
- para earbon);J67.179 ‘(bxroad, -ulti;plet 2 me hylene .’

f‘ e ” ca.rbon); and 14.019 (a}nrp singlet, -ethyl j.

% i‘ound H C, 57. 29 H H, 235 N, -5078 ) s

> , - « v
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.]CBr, cm. s o ' ‘
N-H stretoh, 3230 (a); azyl atretching vibrations, 1600
(s), 1500 (8); aryl C-R bends, 765 (m), 745 (=) and 688

(m); aryl mono substitution pattern; =S, 1200 (s). -

»
-~
i
o«
s
@ .
N
’
°©
. \
LY
. &
[ '
. .
1 3
] ' .
-
. {
° N
, .
.
)
. . « v e .




“‘ ) . " . . 3 ) R
I ' "
) -auoTq-¢* 1= toputosy o
mu ’ ) =~ (TAusYdoToTUIZ)-N JO (@) wna3oadg pay eIJul ¢ V-uI *Frd o \”
o , (SNODIW) HIONITIAVM - - - . .
Gl 14 €l Zl il 0] o) 8 V4 B & 14 €. 0 .
] - w! ] L i
A o :
B N = 119,
i S Il 1N ®
(Siase S ZEn
a - N - w
Y. \ N I T A | T 1%z
1] A [ 1 . J 3
T 11 114 14 J 14 bl © P
-2 1l /1 Ie-4 9 L HIE \ 09 Z
| . [ [ AV I T A - M 70,
1 \a ATIRK £ VAN NEEEN m.
¢ \WAK \ v Al . ) Al JIW |
o [ A i ! I IR
1o e N S 08
T \ - VTV
. - k# : S
.. L 3L — LSRR u 13 \f)u T P} -ﬂ 1] -d‘— LIREERERRR 1 a— — L] J— T 1 — L} d “—3- T ¥ -‘- -.1“— T -—- ‘-uwd OOF .
;T 00z 008 006 000L WD oost 000Z '000€¢ 000F °
,,“ | L
) - J ’ i " N ..‘% - - are | i.t.“;ﬁww}wﬂmwmn..m..

t
.

""ig

3

o bt
DR S

. —

;-

PO T S, WY

i~



Ca N e e gl oMt

£l

1}~ (TAveudouoag-g)-N Jo (Ig)) wnxyoeds pay BIJur : Z-uI 374

4}

I

.

N

~

Liv

CS

SRR Y W R, T e

- f -

.. *

.oﬁo«hnh ¢ -9 Toputrosy

(SNOYDIW) HIONITIAYM
(0] 6 -8 . Z

[

L g R R R R

SH .
]
* < - - .
y
< PR .
wo, T
S T o
~ v
B I
-
L .
L]
~ ~ e
[
k4
) ¥
. .
-
. «
a - . "
- . :
-
¢ .
.

9

o 13 e

T ortr R late o D

,. - 0"
.\r N - " ONI.,. o~ s
[n 17 A . W s
41 {] i . - > -
\ w ~ M N 2 OVS . -
\ ~ ~ \ ‘W "o s M “'
\\ ~ A C M b | f
f hwi o - >
;i 3 relia— 4
2 T N Wil 095 g
/ L A \ [ v | [V - R m e
U171 O e 4 RV ] T ]
T 7 , Wi 2 9eT -
| vy <7 7 \v/ 1 N = 7 ]
> s : by YL T~ ’ L Ty
V . B N 4, i
I Tt 1 _-. T3 ...,- ~... .ﬂ— ISR ERES] WAL-* ‘— T T u/-. .' 1 3L Freryereye L3EE SRR} LB LA RRY LLAL oo—. .
004 008 006. 00O0L WD ~Qost 0002 oo..om 000¥
) ] . F ‘ . : . L M
J . 2 ' b » . - ‘ : w,k
. MO . L., - - P
. - (3 h . ™. 'A ﬂu.“ .' , . .
' . - . - _m




. P e ke 20

T

B “
—
0

‘ i . : . i . PO
' . . s - . ’ nﬁ% g ... o < .
. . T . *auoT(~¢ * 1 ~8 OPUTOBT N ‘ . T
~ - _ ~H} ~(TAueyd {Aysewt¢-£ *2)-N o (Ig)) unxjoads Pey BIJUI :§ -UI *ST4 ) . Do

»

- (SNO¥DIW) HIONITFAVM . : T .
o sl vl &l ZIL U oL . 6 8 / 9 S v . g

L S PEEEE I § ) T I ) - 0 .
N . ; i} Rl RV IS AN IR ' . ' ’ L 1 ‘e : .
3 o : Frife-s R tes N i iy : . . S \ .
m - i i 0 K I . ! : N ONl R
. : L L _./. g ! ' 8 b i :
| . T ¥
: . ' . : . . N .
Y - k4 P . s - - ovs
[ : A B ARY 2 LNURY B : : : L % : RE A < :
HEE) I B ./ RIIRE D * [N B - = . ="
. . i . SRR L K E = -
Vo 3 RS % Xl K " . | . R .
- i-- T [P JNEY iy it E | | B 1 W
: i AT ] ) i AR - i - 095 .
. Ty 8 R 71 R O DN ¥ | PO WA e M
0 1P T YA A R W7 FEP A 5 R e e 5. . B SR
T R It 2 P PO O 0 8]
= A tRE T T in - —f —08™, . .-
A . oo : i 7, , o .ﬂ‘ ‘. )
- i 1 i, .“m ".y.."%.. o4 N -4l ] I : T . - &
’ R ENF i T P R Y R L I EEN B I : iE ki . -
- . ' T WH ™ T T Ty TTTErTryT ey T T T T T F T 1 _-u-ﬂ-_.-. o ety .auu:oop .ﬁ -
, , 008 . 006 000L* WD oost © W00z © 00QE OOOV. . -
. b - i | LR - . -4‘. ! -
v, . 3 * b .
~ a '“ * . ‘ y ! )
3 ) oL . - , . s "
’ r M ’ . . N ” r N
e s




- v A

et

i

a

P i
. £
) .mzwﬁénﬁomu-iﬁqoa&v-z 0 (IeH) §Eomm%nmm VMINI 5. _.ﬁTwH;.uE ' ”
. (SNOUDIW) HEONITIAVM .
7l _ , el [4} 1L .o— . 6 8 L S £

— N N,

<r""

o

L]

e

b

Kl
. =
(‘._-...-»—-"

>4

T h
.

[ -
A% o

Q o ©
<. SN
(%) 3ONVLILWSNVEL

i
]
i
Q
0

o
©

]

17 TCT >
et < Y — kﬂlk
[} (mr . ~
L RS —\- L L] — ¥ [ 3R] L BOL L -—- -FF -w- LR .ﬂ- ) \d- — ] — — ] — L] - ¥ — -ﬁ-. L) L) L) -.-—- -m-%op .
.00 * 008 006 0OOL WD Sl 0002 000€: 000y -
| . .
- / PR
iy s | e T A St B



L W S IR IR, HRIIINY TR - 1o e

.

_ . . *NNONITOQNIOSI-}

)
Sy T e -
>

e N IR

.

y 2

.

: mw . ~(TANEHSOYOTHI -2 )-N &0 (TAX) WAMIOZAS UEx VHINT ¢ & -¥I *OId
: . - = (SNOWDIW) HLIONFTIAVM =~ - . 3 . .
! vl €l ZL - U oL $ 8 L 9 S v. € 5"
> ! - - ' 0
14— , ‘ H0Z _,
i _ , b
17 , I 1 =
| AT —or
w 4 £~ > N 2 l-ll.—..
. T 1T . - P
1] peal | [ . 09 Z
: oIV AT 1y : Q
3 4 . FRITER AR5 - .
- r ) \ ‘— \‘ \ “\‘ \ ~ N ~ \w‘w
o JAR - v W98
. X . v ﬂ \ s A B /. . [l B L
1 AT -
N FerTTrTT T Frir ....—_,.m_ Trv Ty T T T | DL L —\.n-—._m-a.. LR B ) .-u.d.d- .:...BF‘
004 008 006  000L WD 00§ . 0002 000E 000F .
. , — | | -
ut.eve.wnw&umrk.,m% R e P - N b T%:ﬁw&ﬁrﬁ%ﬁﬂfR?.ﬁﬁhﬁ.ﬁ%?é&?g T e Y,

oy




—ea by s e

K

-

é

oo 85

El

-
&

+

TR - ENTOXTD~ (TANHADHOTHA-2) N d0 (32X) WIMLOGAS (4 VEANI * 9 =UI *OId
o3 - . A
© T (SNO¥DIW) HIONITIAYM _ :
.. 6l L, ° oL 6 8 -/ 9 . ¢ >
Wl . R I b Lo i o : : i 0
. — T . T T T
¢ G RIER IR ! : A
+ .. u_. n . ' : ' A .
i ¢} j il : . - )
ST v AR ﬁ# o Qv
- tofe . ” . -
] L IRE \
l.l..l? .“m e Y Hw _/ ' L . ._‘d“ oo
i it S ~AS X RV EEN [ N K U
Iy i g H I.r M 3 .
: .i\\L i VRN KA IREE T “./rvx).l\.\ : rom,
= M ”.ﬂ<1w_ vl “ .._. . Tl m. H . ‘ _
° [N B el Vi 1 . S B . L..
Lo} L BRI IR N KRR R 17 ~wdm—-J T3 -..-,-...a Y, 8P
. 008 004 0001 oosL © . 0002 000E 000F
et R el Rl e

-




-

AN
'

vl

€1

.~

v

B

—-* ENINVIV-(TANZHAOHO0NTA=2)~N 40 (ID() WAMLIILS Q3 VHANT t [ -HI *O1d

HLIONITIAVM

L

" (SNOYIW)
IL__ ot 3

8 L 9

'

¢ : ! - e - - ONll..
‘ R Y s R KK K = .
- 1 4 1 . . z.
_rr ' R . MV .- - O‘Vm
! o N ! ' i N (=¥
: ~. Lo, \ . N g " . T m
\- ] . NIRRT i 7 .ON,
P L et A1 T VA U O | / 1 Ll NI 2 e
A 2 V.\ ;3_ \~,, NN \\. i RILIE //.r | [ h::
ol - f : M__ : : T e ) IOléV.»
e e T
L) A — LN | R B L] LA RS B AN ) V--— LI L —-.-¢ 1 — i 1) ~ L :- ——— | LR § d\uul LA R + Qd-_d- ﬂ——d-n oo.m-ﬁ :.. )
004 008 - 006 0001 WO - 0051 000Z 000t 000F - °
__.o - P
- s S SR
; R .l:)..v“.».a.r.. .. : cr . \.K O ‘. ,aiﬁspamﬁﬁa}.}aw.,ﬁw!ﬁw! ?h&wf»w;:}%iﬂh%ﬁ«gw T

|

e




i e = v

)

eﬂdw,u_“.ﬁ.ﬁm.u. RS-0 2 . E .. - ,u: 3
. - X < ) T e .. T
. ) *INONIGITOZVAIWI-V ~ ~ ° Lo A

! . - : to C
-0D1L~g- ('TA108~2) -V ~TANEHG-E 40 (&) Ex?ﬁam/ﬁx VUNI ¢ B-uI *0Id R s

Zl

S IT1 S0l S R ERY IR RO Rl L E P P Y .mo
i : EERS PRERE CUETE IR Pl SRS I ; v iy - -
i i il il ERTRE T
W I N HID 1 PR
plepadeif: i i e W:ONI_
riat il I i 1t L1 )
: (RN FR P : K
el 1o ! B . il R : zZ
= - s : OVS .
M KRS B m t ! ' L: i ' X W
“ U T T =
i R IRRS Wﬂul . i v
I¥E v . . ol ‘s * R U . e N.
R RS AT sd ! . B I - ,003
SN AT NI A ¥ R : N B m
_ m ni IR ]|
: —.

qaf{.’
. §
:

¥
8

f

. : i T ) T
008 006 ) 000l . WO ,,oon_. - 000C .0

te

b .
- .
:’ ! [} PR R : o (] k]
i P = : : -
RENIEEE R CHPER ) ey BN R B } 3 0
L LI B Y ) -1—\— LI LRI { ¥ ﬂ |} . _\— —\~ - VY VYR Y — | L LR LI B M—‘I-I- LR RRA2S op .l.

°
* 2
-
-
- N - &
. T
° - L4
-
o A}
/
Ve
' - . .
o . » -
. .
© -
~
- - - - -
————r
- g =
o s -
- e -
S - - -
L - N
«
- -
T S S N PR R S A LS o
’ d N
.
- . @ -
N

- (SNO¥DIW) ‘HIONITIAVM - ” s
- o6 -8 -/ < _

00£-000¥ . *




- -

’ ﬂ | *ENONIUTTOZYIIRI-~0IRL-2

&

-.Agbxom.ﬁ:&vlgu-n 40 (x@1) WNHLOAS @3IW VH4NI ¢t b -¥I *OId

, (SNOUDIW) HIONITIAVM -
Lt ol 6 .

8 L .9 . & -

- 2T
S
PO P
~- . N
4. - ¥ e
. .
. e .
e .
e
-
e
. N
. « 7,
- &
R -
-

.. 1. 1 ! i o g ) T - - .
: : : 1 R T - - — -
N », 13 ' it o ' i = e 'y N . R
- I e : i : - 0z
W o s e e N BT I j ! g
1 1 o N N b
m. - ' i [ | ; N t =
M - . - : X3 R ] : W
H \ - - v : ' : ; I . E : .
. ek - 9 x‘ f 8 ., . ov .

—— . oy
A}

“3ONVLLWS

- - I S - R . I < . : e 00
. i ' qu \w K v . i HB ] N -
= SRY NP2 N et b . NiRY =1 X
) . ° ! o et ' ' . —
o I IR " ==t ) 08
S R RS 11 i ; . T 3 = T ; N .
. : 51 B3NN DYV S R VAR DU IR Y NS IETTY FON T Y BT T —~—
, . ) .. N D BB B S R NI B B A i1 L H
;l\ - ' — AR RN : ‘_ v 1 m _u LIS ] _ | L LALE B ¥ 2] Ty IS -:,..- oo—-& )
) _ 006 . 000L | WO s (87077 S 0002 000€ 000V
5 - 3 ° . -
—\n’ v - ov ‘\n »
i - ‘ . .o . . X . .
: . . ’ . ’ I i
- - / . N ll“a
e - . - . .
R ) P . . i
. » -
) L~ . e B e o i.y , e . ]
num,& 3 %mu“.:wx.wwwnuw”w)a\h p“ e - e e N e ‘ew«,.v “ % AT
A G-

i

[ ia b oan b B

T




*wdx 9 pue gz : sjey Furuurds “‘zy o
1498330 deang .umﬂoau up ‘2~II *SUOTQ~E*(-STOPUTOST
lmﬁlﬁHhHOBlelz Jo Eﬂvoogm YN uojoxd zHW-09- ¢ §
Q) Wdd.
T

L | 1

R ﬂ
LB

- S

TAHE LD et e,




! ‘ n'n ) - . \ \;‘ ' | B |

PO Mo vy 3y oo

>
-
.
-
s

U
phenyl )-1
t 23°,

&

-
2

14

-y
=
>
» 3-Dimethyl

0.05 M Solution in cncl;

N
Speotrum of N-(2

, IN-8

s

A

bl

MHz’ Proton NMR
" Isoindolinone

: o £
™ = . . + Q-’ .. PR M LI F ” ‘ e
O ' : |
. 4 ;
. . , . . - ) v et
| ) | | | ) ) [ '
= . ’ ‘ ‘ - -
.t . ~ . A . . a v k | 2
) . . .- P .o ’ : _ '}
« ' ‘ ‘ -
- 'c‘ ' z | | ‘
© .r‘ Vool , |
i - o ‘ | : | ’ .
. . ) » . f ) > e’ :
LI ‘ ) | '
- ~ hud . . ' ' S ’ ‘
" ' | |
) N | , . ;e L . -
| | | | ' . ‘ o e -

" - g .
A R . NN , N .
L T *
AR
PN 27
- AR PR
: . ey B
" b k]

R LA
RS R ; o

. ‘ RN

& Rk e o e i

LECORCU e N

g MR TR T
S ey, Y

- N e )

. ¥




N - .
3
"
£
) o
[y
- ’ 4‘14‘11
bd -
s
»
i
i
'
-
. \
\
.
1 -
.
’
S 3 -
\\
Pl e

C -

- » ¥

.onN 3}

=i =(TAuoydLxoysap-p-TAU3ON-2 ) -N JO unx10edS MHN UCIOXJ THW OLZ !

£

*

T e n TR OIS S S A, % ey

T R e SR,

TOQD UT UOTIALOS W G0°0 ‘OL-NI ‘9Uoutrroputos]

ST—
@
Y -
.
.
v .
.
o

e

a

W

s

i

XTI
LA . =, O

A e e e iaeae b



g rmman S S

P e

Uy SufuUeTy-

“zH 2F : (HO I0F) 198330 deens *Ip-osua

(TAueyg)~N jo umrjyoedg HMN uojoxd zHW-09 ! 6L-HN °*&F¥d

-

b ptsitn o P
© L PEERRI
!
. -
- - -«
B
LR
P A
-
!
.
-
. .
S
.
L Ny ' -
.“ﬂ.-. B acdaaten el Sladmtadd (.‘- P R - A 4“ ....
P 101\1»...*?. . N P
ol Y R by
! N
S
i =3
i
!

-

i

e amead o

[A

IS TVIPGET Ny vy

e sa

0y

A YW Ty g T e g 29I, TR W AT R T . W TS B0 DA S PRl T d R L A Tt I e s . S TS S it atd- ® T & e b 4 S ok 5 AL




. - ~ R R
: , T , v
> : )
. 1o - -

- ? " * ) a

: ) ) # ) - --
(&) . — '
S ‘ "2H 00L : (HO 207) 398330 doems * Jp-ogur ur .

<o suuBTy-(TAueudTAUI2wTq-¢ ‘2) =N Jo. wnxyoeds WUN UCIOId ZHW-09  22-HN 97q

£ dq - Z(Q) Wdd g Ty g . . M
m . R m M |l T u— T_.T T 1 h T 1 -1 — T T T T — 1 i “
Py 1 L .

v

.

N

Pt w8 R Lo S A A et TS B Qe P W o e o ey et . et

’
.

t
'
e

L4
2
%

L . ) N B . - - RN R R s.‘.,u?wnﬁ\n.rwa‘,? S el s G n v
, . . Rt ST N S %
SN\ . . o RS




va

C oA ‘.:uuy»«mﬁm?ﬁﬁ%ﬂ%@?ﬁn -
» o0 - . - i ° ’
. m 3 ' . : e ¥
. ofC ¥® TOID UT UOTANTOS | G0°0 ‘eudurprrozepTMI~p - ) . X
-otur-2~-(ttor-z )1 ~Thusyg-¢ 3o oodg WWN u030xd ZHW-OLZ * GZ-HN *¥%d - v ot
“—r 4«1, l‘\l'\lll..lﬂ.u - T Jﬁ.\ B J - . < . ° . ;
B . h, & N \
- \ f ) ,, . - \
| , . , . ’ "y - H
} -- - - * ) &
. . vt B g . '3
~ ) a - ‘ B ~ L
-— ' . “p . ’ - ’ q“. N

N

e dia B i Lot

"
e
g I A

.




*o£2 1@ £

1000 YT UOTINTOS W G0*0
0 ‘ . ..AHA»:U:SQ&.;:-Nvarnﬂhcvzmun Jo wna3oedg UWN UO3OX{ IHW-QOLZ

‘euourprrOoZEPTWI~p-0

- . D L Tha P A e e N

ﬁ

s

\ » -

~c

H wmlmza .Uﬁh . Or‘

[ ad e hdnd -u-na'om"aw L Ui 1 4

WL VA Tt L

T

op M POy ANP r Yy g g

P e T

I
K




- - e

. _ ~ - . -
\ 1

*oL2 3@ sueds 000z ‘F1200 tw g 1/bw 0oe fauoig-gty
-3{0pujos]-(Auayd|Ay3awig-9z)-N #0 wn3addds YWN €L-2 : L-ON .S.w
. Wdd O 0§ ‘ .001 oS L . 002

L d
1 . . 1 . . T B .
* 1
| -
P
i
) N -
= - @
% - N <
. v - . f .
1 f -
- H - i -
. — N
¢ . - N ! 7
* -
< w . £y
. .
- < )
- -
. . e -
. . )
» . .
. . .
- - . - - - - M ’ .
' . - - - - o m " \\\\\l
- : - v - -t L] - - -
€ . -t
. R “ warny .
. B
~
. 7 « .
. R . . »
— - N - . ~
- . . :
R .
- o N - : .- B Y
- ’ ° : : - - C e e e SR R R RN
T e, . . . . 2 ;

¢ ) - . - . e




-

ek * . .
; : . v .
AR Vo] . . ¢ . .
& . ‘L2 3® sueds 0052 ‘7p-OSHO Ul W 0L
. . ‘auouj|opulo mr—::?m:axxo.._nxz...uvaz 30 wn4323ds YWN E€1-F : 2- ‘614
‘ ) N ‘ . \’\.EI,..,
Wdd 0 0§ ooL - . 0§l .
. N -t 4‘ <t .... '
-~ lw he .
’ . N> - - - Ll -I..' - .

~ e

‘.

> ot s
«?;,/Vﬁw«.w

L Fey



. A
. 3

N -

. . “ol? 3® sueds
, 006¢L

 9p-0SWO UL W 0°Z ‘Buluely LAUdYd-N 4O wni3oads YWN E1-D .
-,

: g-IN 614

0§ 00!l 061 . - 002
; i I ) ] I 1
- - ~— W e : vt
YR 14/,f :
v , ) .
T € N mu ' ' . - - - - -
< ! = B .
- -* N " -
! i .
¥
. M ) r
. . ) - ]
- - - * - . - ,
" - - - - - -l. * pory e i .
- - o - .’ L . -~
- ° - . ) e
- R e o - Toae : " -
. - - _, . T 8.
. . . ¢

e W



- e -

a3€ 3B Sueds Pt

3p- omzo Lw m L/bu oNN .mcpcm_< A_zFOH Z2)-N 40 ssgpumnm UWN €1~ 3 ¢ p=9N 614 ) -

06 001 051 \ )

.
s T o 1 ¥ -
- . - ° :
1 . .
) L} - Al\llg// . - 'Y *
. Fs o v . ° )
i e -
A : * i
‘ co ] . -1 )
Iy - 1
. a © - ’ ui
’ ‘ N o
‘ R
. - ’ - " s w
x 4 |
A\ . |
B - |
. - ] ,
o i
. 1
. ; , -~ Q
. \ boL - W
L. : '} !
° , - ’ - - ¥
'
. ~ ? v
. - . . - w
‘ : . . $
i
a . = H ) i
. .
. - A . ! ‘
. ' . - N
. .
. . . Vo ﬁ
. .. SR .
-~ »l C -
. v K
. 1

.
v
a
a
v
-
dn e W PR
-

- »
~ , . o . T ¥
. . - - Ty e N -
\L‘\\t‘l‘\l‘l\l\ii\ o -
. - @ .
- , . | .
. . - . . . « ¥
(R4 | I . "
« - - - - ;
- - . - . ° E
- - . -v ¢ G L T B N e




7

S S TR P Sy

. .
v b

-

-

-
.
A een

et

, . *,GE 2B SUPDS 006Z ' IP-OSWQ Ul W O'L - .
: “suuipyozeprinf-p-ciy -z~ 14udydig-g L 40 wNU30ads YWN £1-3 : S~IN “Bid.

o . . Wdd 0§ -

001l ost - . .

Y i A o S

e o
e
-
» -
i ©
* -
- _ 3
-
-
-
N - $
- '3
. .
Ya . ~ * e
. .
h .
* P
.
’ R
. -
i.
- .
3 - -
=
-
B
.
had . -
- . K . .
N 3
) w
.
. , , .
-
=]
. . . , - .
3 s ¢ M PN N O

LR Bl ool



O . - , -
. [l
(4] . . .
- _gc 3¢ sueds 0092 * PP:0SWO UL W SL0 “SUOULPLIOZEPLUITY .
~otyl-2~( Auayuhxoylay-g)-1-1Auayd-¢ 30 wnu3dads YWN €1-2 : 9-IN 'bt4 - .
0 Wdd 0§ ; ) 001 oSt "
S B : Al g T : | - : S T -

(*M°D) JONYNOS3IYU-440 . ;

kb,

.

-

s

I ot LTS YL W A Py, Bl T

v W nen b TNV I AT AT AT BN Ay S sy AL, W et B L ML




R N T v L. o R Sapdls . ) F I -
J

T *,GE 3B SuedS 008t ¢ IP-0SWG UL W §L°0 ‘3U0ULPI{OZEPLUI-p .. : g
. -otyr-2-(LAuaydouaonyg-2)~-14udyd-¢ 40 wna3d3ds ¥WN.€L-2 . [-IN "6l4

0 Wdd- - 0§ . 00t ) . 0g1--
—. i - — - - - - -

- N 4 N : N N R Yo e WL &k thed ot kol - st
v - - - -




'
i

N
\

\

oS€ 3@ .sueds 09Q9 ¢ 7

:- ’ - N * - -
. 9p-0SKG UL W Gz°0 ‘duouipiiozepiuw]-p ) . ) - B
~0Ly1-2-(1Auaydouo|y)-z)--14Audyd-§ 40 wns3dads YWN €1-3 : 8-IN "6id = : -
© 00l , 0s1 - -

A

e e e—

0

e

Tl e I

AP R T CE O
4

N a0 e 3 s x et

-
4
‘e
g

.
N
{
.
v
A .
.
.
.
.
'
.
14
s by

+
[}
o
[}

R W




- . -
- - -, -~ .. - - > -~ B
be.ﬂ-... xn&m»m.u«%, AT T - e TR, e RRAe E SR T T Cre e el R
- - v . .
| SN . . “ . o
- - L L3
R - -
. . - - L .

b
¢
e

«

- o » . . .o .‘. a

*oGE 38 SUEDS 00F9 © PP-OSHQ Ul W 09°0 ‘Buouipilozepiul-p L Do
_uo.::..m.g;:w:aoEoumumvr~|_.>cm;&|m $0 wnuajdads gz eL-) m..oz.‘.m_.u S . ;
: o . Wd3 L0~ LT . ool TSt - )
wi
- | g4
" v
. o o v - . . T B
- - - . » . \ . x . s - N . b .
. = - o 0T . . . - * . :
- . ’ : .- ST -0 oo o ’
- N ) ¢ & ~ . < - N - . - -
-, i v " . ‘. M . % R N i ) ! .
. : N -7 - .o - - -
-~ ) N - . '} . ) . S, - . N P.v.. - ‘
* - . ] . ‘ - . . e ’ . . -
T . . - / 4 . ' R T
] » / - . " ..! s - W. Y : h - e .w
a s .\ - « - w
- - . - . i . .
~\.. ; . N . ) ' ’ ) ) ! ’ '
LR ' T ’ ! - - - : oy 5
o ‘“ ; o N - . i . ‘ _ - e . P T RAT st SRl %‘pr%




~t

gS€ 1® SuedS 00S¢

dp-0swa ut

WSL 0

&

.w:ochFFonnﬁsu ¥

-o:: z-( LAuaydAyrawig-¢* NV; t:_mf_ £ 40 _E_.suwam N_iz £1-2

Wdd . 0S

-

oo~ L

.
.

0L-9N
051

@

~u

-

o’

1




-

oo

» ELEE ‘,,\ua..;.,d.j.?.». e s o . e e N . . LT oo e ;&? v‘u}mm‘r
. ) 3 -b,«f
. . - ” ~
\ L , -2
. . il
. . N
° \. - " * . i ) ) - »a - » |
) a , 1
- - . . ’
e ' ) A ) 4 .
5 . . ) v - -
. ~ ‘ q i
o~ - - ‘ : ) . |
. A
- , 9 TR . , | . ]
) omm 1B SuUedS 000Gz ¢ “p-QSWQ ut WOl 0 .m:oc_._u._._,onU.rEHl.v ‘ ) ) i

“OLlyLl-Z2-(LAy3ydeN-|)-|-|Auayg~-¢ 4o wnua32ads YWN E£[-3 : LL-JN "Bty -
0$ 001 b

I

0 Wdd

~
‘

.
1

e Ll T o R

’
T

i

o ag e

.
-3
.
L1
.
o~
.
.

|
| W
{

;

W

£

?
{

| ‘ ] ‘ -
3

|
i

w.

W
1




o2 bt R SR S

AR A R R T P PR

%.M,,wwn LY

T ety VRTTERTEE R T e

-

W v

éw‘rrwﬁuﬂﬂ&.ﬁmlﬁm@ o

- N N .|f < : -
. "oLZ 3® SUBDS 000°0L ° PP-0SWQ UL W 0L ‘auouipilozeprui-y -
© . -0LYLl-Z2-1Ay3a-g-1AuaydLg-¢ | 40 wnu3d3ds YWN -€1-2 = 21-IN "B1
) " »
Wdd 0 0S 001 ’ 061 ,
. -
- _ ] T , ﬂ T
it = - - ~ - l}vss\!%.{fl e T T Y e e e ’ s T ST e e
- ) — ~ )
| . .o - - .
o . - - . N
- 3 ) .
\' - -
- _ \\ w
. ) . ' , N ) T ’
. - "y 4 . - " - e
a - .
€ N - . ’ ' -
- ?....M N Lo ‘ - .\
. 4 b,,-\val—
i ~ P - “ ” - *
- - ~ - \ ~ ’ .

+

wewd BoAe Yy

L™

AW R

e

T B i e T L e o R T T QS L DS Ay Wl s P e o

y "




s

-z "oS€ ' sue3s 000 : wn-omzo WL W G/°0,‘duouiplilozeplu]-§

oYL=z~ LAYIaK-g- (1A10L-2) - L-1AudYd-¢ 4o wnu3dads YWN £0-2 : EL-ON “6id : -

.om_.. ) . . x

4

ey, v e A NI

.
-
-
f
*
R . T

133

)
1
.
'
<
‘
.
A
e
T B e TR T VNI o e

wp Ante WTE P




Ao e [ : .
SRR LR S B e oy L T -
y

<

. o "oS8E ' sueds $99°9y .mv-omza Ut W 020 *°
., -{AY3dK-G-(LAuaydouon4-z)-1-L1Audyqd-¢ 40 uwn
0’ Wdd 06 ' 001

T . B T

P LR ETIILL T CR DR Soe -

atﬁmMFONMU*EH-e-o*;F'N .
23ds YHN EL1-D * YL-ON "B |
st ,

ol

A Jad™\ AL WO TIWED S PO Tp| 7| T ey
. v -.114-—11. 1-*]!41.‘1
_ \ topesyy -
. .o-.?vnw N
(erz-bhy .
Ny -y . .
-
- Ll
A °
1
\. & Ny
- -
. ) .
'
N ) N
* L
- -
- v: :
- ’ ¢

- - - x . - .
h Rk R SN A u&f.&f&nvﬂfﬁ %

.
3
S
e

B

-

A

W g (e

i




279

t

"Lz 1% sueds 0000l *°

Hdd 0 : 0s
y .

T

001

.

P-QSWQ UL W 0| “Suouipl|ozepiul-p-01y]=-2
~-1Ay3opn-G-(LAuaydAyrauig-¢“z)-1-14Audyd-¢ 3o wnua3d23ds YWN €1-J

GL-IN °"Bi4
oSt

Ty

o,

e e s =

w

7 _ - T

a

‘.. g e e ; \l;efi.\ e e—

: \ ] . %

,
‘
.
- -
_ _
" )
[ . v .
. . Bz
‘ z
!
L.} 11
W i -
» h ,.“ -
.
& -
- T e c
’

= ——

—~—n -
.

o

%E. e ey ,1\1.1..;)(..,.{)\

- . A

ke 2t g A Pyl

ar



N s e Ereor e

c
.

9

Hdd

P-0SWO Ul W 0°1

0

R T T

‘ol 3® m:mum occm

wumEanmuowc._. LAuayq4- z 40 E:Luumam dHWN €1-)

0§

001

1 gl-JN °B1

B

0§t

4

1002

—

-t

4»

~1

¥z
Pr

-




287

| o CONCORDIA UNIVERSITY |
Lo . *
i PR 787068711, 10.48.26., ) ’ . .
! "RUGRAT TITR v
4 FRUD 1 3 IR ] PR
1o REM O FROGHKAM TLIR . P
. 1GO DIM ROZO) yX(30)yY (30 2(30)00A0) o HZ0)
100 FRINT § .
' LAO PRTINT "TL RY THVERSTON-RECOVER® SEQUINCT » CHLCULATED® ,
F' JAVFIINer T Do IND LINEY CORM T =100 REGRE s TN

150 FRIMT
160 FRINT
170 FRINT
180 FKINI
190 FRINT

‘l oy

NG EORESHONT TO QUESTIDNS WITH ‘Y’ OR ‘M’ .

“ N.E., FOR INITTINL SLOPE CALCULATIONY DIATA FALRS"
fOMUST BE OBNLREASING IN T LM ® '
TONGLRL MUINIMU ALLOWED Nib GEF DATH PATRS = 31

ORI
270 FPRINI

"OENTER RQULE IBRIUM INTENMSTTY (MO "5 -

2BO PRINT

D00 INPUT MO ° .
2%0 FRINY CENTRI NO, OF DATA FATKS (.-30)" "5

240 INFUT N ‘

D50 LLT MWJ-N 4

JOEU FTCTINT TIIRTER . yNy": AT Ths IS TT ey STNTERSITY T
5970 10 L L 10 N .

"EeFTs

290 INFUT XCLYeZ(1)
// 300 NEXT 7 .
50 FOR [=i TO N . ' R

GG TR T
330 LET Y(
L AA0 NOXTE L

L7Er=2010)
PY=L0GAICL))

~ 356 LET ML=0
. 360 LET M2=0 . ’ ‘ -
370 LET M3=0
’ IVCTLET 5170 )

390 LET §2=0 ‘ )

, 400 LLET S$3=0

t 410 LET 86=0 ' , ‘ _
420 LET §7=0 - . . '
430 LET $8=0 ‘ .
T ET5P=0 N

: S0 FOR I= 1 TO N “
- 460 LET M1=M1+X(1)/N .
A70 LFT M2=M2+Y(T)/N ‘ : ' .
. | 450 LCT M3=M3+H(I)/N ~ -
490 NEXT I ¢
IRt 1913 e 22 ¢ /Tt mn e MY AT - - -
. 510 LIET 1T1=M1-X(1)
R0 LET TasM2-Y (L) I ’
4
* » - 3“3‘(
, } -

A W LAY g d 4 ey PP R R T P b At TEYTD T G v N o Y s o o e b« L o L e B '



L ) ‘, ’ . 282
o 550 1FT SL-GLEIL¥TI }
) LAt LET 59‘6“ Fo%T2 ' C
’ L5000 LT 53 G3ETIXTR -

EUNEXT T

B70, TET BR-GX/781

G901V A=MP-R¥ML °

SYOOTAR T L TOON :

A0N0 LT COLY=ARRYX (I

CAIO T ET RO =MD -EXRCT)) |

SR i o (A B A Rt T T e - -
&30 LFT S-S0 FR{TYRRC])

&40 LET G989 R RR :

i 50 11T SA-SEH(MI-H(TI IR IMS -HC1Y
f HA0 LT X1-X(1)
L QY0 LT B/ 5743 ka(m+n»y;>>*(M5 &xi(ﬂ+b*¥1vv
ur}: Yuf N T L
690 V1L 1 R=1/(N-2) )
A0 EET R LSOR K89 /61D UNTV e
FL0OLLT AT=50R( uQMAVJ%aéQN ;ué?ﬁgf‘EQSIfY

720 TLT ol ACXP ARSI ) -EXFIN -N1 )
/30 FRINT

¢

S £\ LW L W
ST T IVTINT

890 FRTNT . (
900 FRINT® I"3TAR(YZ)F"TIMEY; TARCIE) § NNTINSTTY "¢

P10 FRINT TAR(3L) 3 REGKESS1ON DATA® <

Ty IO PRINT TARC7) T GECT S TAR IO T EXF T T ETAOI T TR I T Y TARTSOY P ITETE o

950 FOR J=1 TO N
P40 PRINT [3TABMS) XD »TARMID )yi\T) TARCLO)YFY (13
P50 PRINT P’[/;7QH(10);Y\L)"t([)

J

£ .
! FL0 PRIHT “SPIN=LATTICE RELAXATION DATA»® g -
; 760 FIINT* THULKGTON -RECOVERY  SEQUENCE * ‘
, 770 FRTHI ’
! 780 FRINT *FOUTILERIUG INTINSITY = *3hn
| . "290 PRINT "REURESSION DATAL
' [f [$192V 2 NS IR A RS N PR AW R AV Y A N vl S-S BN MIPIE RV M I A R84 V4
| BLO FRINT * LHITLAL INT. = "FEXF(AFTABCIONASTT KK =*Alj
; 020 FRINT (AR(HDY & *JALGI) o %" _ \
! 830 FRING " BFATLO UF ENLTLAL INTENSTTIRE = “3RXi(A) /MO
| 840 LLT F2UNTCLO000XKL/H40,45) /100 °
; 850 FRINT * RI = *$ARS(E);1AR{20)5*/8EC, "5 TA(I0) i "S1T ERR =" B3
; [N D A AR T HE STV T vﬂr“a(if'h’f'y A *
: B70 FRINT * TJ = "§ARS(1/[)§ TAR(20)5 "SEC, " ‘
! 880 FRINT * STANDARD LEVIATION =~ *FSAR(SB/(N-2)) :
;
§
!
!
!
1
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S+ 960 NEXT I, : .,
, - 970 FRINT .

T FRINT

990 MRINT

1000 FRINT . . :
¢ 1010 PFRINI "SHORTEN IATA SLT FOR INIT1AL SLOFE CALCULATION 7 *;

1020 INPUT | % ’ -

JOTO IF Fh Loty THEN 1120 o

TTUAG FRINT TERTRIC LavT ath Al ¥ R INLTINL SEUFE Ty

1650 THPUT o - -

1040 LF N =ML THEMN 10820

10,0 LET N-=N1 )

1000 FRINT o ’ - .,

1090 FRINT . : ' < “//’

TIOU T'RINT TIRITIAL SLUTMT TALTTUUATIUNT N
‘k 1140 6GOTO 350 . . ) R
- {20 I'RINT "IS THERE A FURTHER DATA SET 7 "3 -

1130 (NFUT F% .

1140 IF F$-*Y* THEN 200 .

110 s5Tue . » .
- T¥A0 REM WRTTTEN-FY RULANT FORTON T UGCy VANCUUVER RgCONATA

3
0

1170 RFH CHECREDR AGNHINST ULU TRIF FRUGRAN B SEFT 75
1180 REM RLVISED FOR NICOLET 1180 RY LWIRIE CULEBHUUS- UNE» 1978\ *
1185 Rlih REVISED FOR CONCOFDIA UNIVERSNTY COMFMTI'R, JULY, 1978
1190 ENI o . '
RENADY . y
Y $ ‘ e —
. N e
LG ’ : - ..
: FARIHGS LUG OFI- 10.50.35, 3
FARCHSS SRU 1,000 UNTS, : , ;
T -
: 5, N '
\
+ = ‘ N
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