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existine Va.rian HA—100 c.w. NMR 1natrumentation have been~

v
deseribed. . L

3

A number of 1-N aryl ‘substituted 2- thiol’urdantoina were ‘
syntheaiaed from suitable mtic iaothiocyanatca by condensation
‘ with ;Jnino acida. "I'he ground state stereochemiatry of 2-thiomfdan"
toins has been diacussed employing the data obtained by Pulse Past
Fou.x:ier Transfom Cc-13 NMR Definite assignments have been made to
aignals arising from carbona in the thiohydantoin moiety and

”~

those in the aryl aubstituents. .
* The uptield V—methyl subatituent effect on C—2 has ‘been .
found to be 1.04 - 3, 94 ppm compared with that in }wdantoin,

- (1 0 - 1.2 ppm). The ¥-effect on C-2 has been observed to be
related to the ateric bulk of the ortho subatituent as well ap the..
subatituents ‘in the para poeit’ion of tbe aryl.-ring, It is
considered that variations in dihedral angle between the aryl and.
the hetero rings exert-afmrio preaaure on the aayulnetric ‘solvent

. shell around the €-2 and C~4 car'bons, which in ‘turn affects the

va.riationa in the chemical shifts of C-2 and C-4, The direction and

Ed

" magnituc}e of the solvent-induced ‘variations in the chemical shift

1I'he modificationa and impr;ovementu 1ntroduced into the ',
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0f C-2 and.C-4 have been estimated. The chemica) shift of C-2 ard.
. ) . C=4 in ‘ortho halogen substituted thiohydantoins has been found to

, - » - " . ) \ . B

* show a linear rélationship with the electronega’tivity of the ortho

-

halogen atom. The observution of deuhielding, mther than

i ahielding, résulting from the 1ncrea.sed stegic bulk of the N-}

subatituent is rather unex‘pected and. has been discussed in terms

; " ?of §-, 8-, solvent and steric bulk effects. r’ ‘

. In-the o[-naphthyl thiohvdan‘;oina; aa. the tendency to .

. relea.ae electrons by tho C- 5 m‘bstituenta décx\euau. ‘the C-2 ) !
carbgns are found .to be increa,aingly shielded whereas the C-4

§

: R carbons are 1ncreaaingly deahielded
2 The eolvation. reeona.noe and inductive effegts have beeq

! \ . . . peak to a given methyl car‘bon on 0-5.

VA

R discusaed for the obaerved chemical shift of the C-5 carbon. The
b T downfield B-effect upon the chem.ical 8hift of the C-5 methyl -
R e
‘ “ ' q@rbona has been found to be 7.8 + 0.5 and 7.4 + 0.3 ppm for the
: ' ‘low and high field signals, resbectivel/ and this 1nfomtion
} . has been uud, pe’rhapu for the firat time, to nasign a particular
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. )
Pulsed NMR apectroscopy has been employed as a powerful tool

. by chemiats for almost as long. as the more oonventional continuouﬂ

v T e s s

" wave (ow) nme spectroacomi; however, the pulse technique is lebs .
. » - : L
. familiar to most. chemists, 'Phis\situation is now changing rapidly.. “

-

1’3C-nmr spectroscopy is ﬁmbably‘the single most important

P

. tool in determining the‘stmot\ire of compl;ax ‘organiec and biologibal R

moleculea. and as such it is almost impoasible to overestimate 1ts
) &

§ ) importance. In an overwhelm:gng number of cases, wlgere little informa-

-

e st s ot e
. -
o

g ) ) tion is available from proton nmr because of oveflapping'aignals, ] ” ",‘
. 3 130-nmr‘ speotra easily show differentiation between two évmplex
molecules which differ only in tho subtle re-arrangement of a few
carbon atoms., The reason for thia lies partly in the fact that the
range of 3¢ chemical shifts (200 ppm or more) is. much greater than
E 'fo:.; protons (about 20 p}:;m) and Ipartly becauge in ndﬁ-130-en;iched )
_ ’molecules, the’ probability is small that moxe than one Hc nucleus ’ ¥

- is preaont in any given moleoule; hence, the eﬂ'ectu of carbon- ) ' o

oa.rbon spin-spin splitting are normally 1naignificant. | T !

4




However, cw‘ Conmr spectroacopy has its own limitations, -
The pr.i.mary limitation haa been a lack of aensitivity, due both to
@ relatively small magpetogyric ratio, and o the fact that 'C has
a.‘n'atural‘ abundance of only 1.1 %. By employing signal averaging .
" ‘methods and by taking advantage -of proton no'iae-de'coupli‘ng
techniques (aee' later) wit“h their 'attendent nuclear Overhauser.
effect (NOE) enhancement (sehit‘er), great advances have been made
in increasing the signal to noise mtio (S/N) obtainable - fr::m Be-
nmr spectrometers. This has been accomplished by signel averaging
for long periods of time and by using large amounts of matez;ials.
The sensitivity inherent in 3C-cw-mnr spectroecopy,A even using
proton noise-decoupling and long{tgm signal averaging, is still .‘
inadequate, Fortunatély, Fourier.-'l‘ra.nsform t':echniques, eapeoian’y .
- when us/ed in multiple pulse ‘experiments, ‘affo‘rd‘ one a significant
increase (in principle, upto a factor of 100 or more) ‘in sensitivity ‘

for a given time.

Basically, pulaeci FT-nmr spectroscopy is just a special

form of interferometry and, as is usudlly the case, %o inte7pret the

results, it is necéusary to go tc;a conventional form of‘,spec%rélﬁ
representation by‘mea.na of a Fourier Transformation. This can be

done either by an analoé_ue Fourier analyzer or by collecting the
interferogram digitally and pe;‘foming the Fourier transformation on
a digital ,compliter. The -techniqie consists of the application,.toc the
- sample, of a short, intense pulse of radio frequency (r.f.) energy '
and the measurement, as a funotion of time, of the resulting t'ree

induction decay (F.I.D.) aignal from the nuclear apins in the {{sample.




5 e

. Fourier transformatiom (F.T.) of the F,I.D, signale gives the

ordinary t(ligh resolution spectrum (1, 2) .‘;‘
'I'he advantage of the F T-nmry technique is that the F.I.D,
signals a.'re obtaineé rapidly (each one normally-legsi then a second)
' 80 vthat.i‘n a given lenéth of time it ie possible to a.p;ply the pulse
‘repetitively and add the F.I.D., signala coherently in a digi
computer or other time-a.veraging' device. The time, T, required to
‘

Yecord 4 spéctrum in the time domain' is given by T > r -1 aec; N

- where r is the resolution (aee later) denBired (usually about 1 Hz) ;

T ls 1ndependent of the width, &, of the frgquency domain speetrum. .
The- result is that the sensitivity is much higher for a given time
tha.n ‘when using the cw method. 'I'he senaitivity enhancement factor, 6 ' ’

. is given by Ea = (A/r)v 2 or alternatively, the time enhancement,

:‘fa‘cjl;.Ar. Et y is given by Et ’-!A/r ’ sj:noe S/N improves only.as ttle'

- square root of the time, or as the number of soa:ns :i.n~ a time-a.'veraged
.~ experiment. Thus the time required to o‘bta.in a spactrum of a given

S/N ratio is shorter using the F Tenmr technique by a factor of 8 '

In 13C--nmr studies, spectrum width, A, is typically 200 ppm and r is

!

about 1 Hz, 8o that at 25 MHz (the frequency of operation of the nmr

spectrometer), the time enhanoement factor, Et » 18 given by
€= (200 ppn x 25 Miz /1 Hz) C
\ ‘ 5000, (3) ‘ ‘ by 0 - LT,
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3 ' ooy
. weak (10 3 G or less) r.f. field is used, but is allowed to run T

’ precisely that frecluency."l‘hia r.f. frequency is then cha.nged slowly !

. . . . . r e ©
COMPARISON OF CW AND F T " C-NMR SPECTROSCOPY .

- . X
- R - . .
- oy .
. . i
.

! The details of, F T-nmr spectroscopy are a.bhnda.ntly available

‘in the literature (4.5) It is eufi’icient, at the moment, to briefly g

-

compare the methods of F T-nmr and ‘@-hmr, They differ prlmarily ih

the duration and magnitude of the r.f. field employed in the experments..
In the pulsed F ‘I‘-nmr expertyxgpt, an intense (upto about 200 G) r.f.

field is applied to the sa.mpl"‘but it is left on only for a very short
~ N

. time (typically, about 10-15 pgeo»)’:”ln the cw-nmr experiment, a rather T

|3 .
continously, Its effect is such that} in the cw-nmr éxperimenty one

1

prqduces an r.f, field, R1 , at'a single.di'screte freguency which '

pert'ﬁrbe only slightly that line in the spectrum 'which resonates at

'

A

at a rate comparable to t%e reeolution desired (in a frequency sweep « ! *\

. o ¢ N R
experiment) . . . ,

In the puleed nmr exppriment, the sa.mple is perturbed very ‘ '
etrongly by a very large H field. This has the effect of irradiating

the sample, not with a single discrete frequency a.s is the case with the . .

:cw-nmr, but with a band of frequencies centered at 25 M‘Hz and covering . T\
)/a range of about 1/4":‘ Hz, Where T is the time duration, in sec, of '
/ ‘the pulse used. For a 10 usec. pulae, then. the pulee covers the .
' frequency range 25 MHz + 20 kHz., The reeult is that the nuolei ’ ‘

associated with the various lines in the speotrum are induced to B
radiate tl;neir characteristic r.f. signals simultaneously and, as is the v,

case wl\xenever one m.fxes 2 number of aignals aimuitaneously with 8




different frequencies, an interference pattern.is o‘btained. This is

' usually referred to as an interferog'ram or the 'time domain' “a‘

e em—e

spectrum.
. ' ' " # \
FOURIER TRANSFORMATION .

-

S/Apce the interferogram is almost impqgsiblé to 'interp;r:et )

s i =

directly in other thap very simple cases, some method of transforming - i '

“
.
PR e

the time-domgjin spectrum igto the conventional frequéncy-domain
spectrm.n is desirable, Such a transformation is accomplished t};rough
' the ap;lica.tion oi‘ Fourier analysis. - v g
It is well known that an exponential in the time domain and
a Iiorentzia.n in the frequency domain are Fourier tranaforms of each

other. Mathematically, we .can write. (4 )

: -t/ ’ i )
Ty = j e 2 e coS (w = wo) t dt N
2 2 - ' .
- : (o] . '
1+ 1 (w wo) . edemeeBy (101) -
v ) f
where T2 is iransverse or spin-spin relaxation time '

Wy = Z'Kyo » Tesonance frequency in vradi:a‘ns per sec; and

t is ‘time. " '

The Lorentzian ﬁmction on the left hand side of Eq.(1.1)
is the expression for the absorption mode that comes from solution of o
the Bloch equations. The corresponding ‘sine transform of an eicponpntial o

‘gives the disPersion mode, rather than. the a‘bsorption mode. ‘ e

Since Fourier transformation is carried out in a digital oo '

computer, the computation actually mvolves s\mnning a series over a
finite number of data points rather than evaluating the inteml of

Eq (1.1). This discrete Fourier transform can be defined by S




S

a, s S % Sc2mfYN g f£=0, 1, -, W1, .
’ . * A} =0 . | EmemsSee- --=Eq (102) : "

' where Af .13 the coefficient of the fth point in the transform
(frequenoy domain), Xt is the value of the data (i.e. free induction

signal) at point t in the time domain, and N is the number of data.

pOil’ltB .. . ' ' ' -

. o — . .
¢ - .

A The transform of Eq (1.2) will be the complex sum of cosine

- -~

) :
s and sine transforms since ‘ : ’

-

e"-igy = cosy ~ 1 sin y" . FESTR— | ('1,3)\ 0 f

P Discrete Fourier transforms are computéd by an algorithm 3

first elaborated by Cooley and Tukey ( ©). This technique is often
‘ called t&e Fast Fourier Transform (FFT) because of the great saving in ¢
- time over previously used methode of evaluating the Af by direct.

. v 3 -
d” multiplication and summation. The FFT method involves repetitive

r
»
e T MLy A i £

, pairwise sorting of the deta points; hence it works best for a number ,
of data. points, N, that is a’'power of 2, The saving in time arises '

from the amaller numbey oi‘ multiplications required by the FFT method

5 e e AT S o
;

- ( compared with the direct method of'transformation, 2N log2

Metasiy . -

multiplicationa for N ints with the FFT method, N multiplications

s

with the direct metho«f /For 4096 pointsa, these quantities are )

Y ‘ approximately 105ua.nd T.7T x 107, respectively; thus-a time saving in

- e e

. this case qf the. order of 170 is obtained by FFT, and even greater

sa\;ings ai'e made with larg\er N. A further advantage of the FFT comes

‘_ '
from its efficiént use of computer memory. Because the co-efficients '
,are evaluated by an iterative procedure, intermediate and final 7

" values can be written over original data values that are no longer
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'B* points to define®n siffe wave, we must sample the F.I.D.\at a gate. /

. . : Al
- . Y ’ o . A
. -

neede’d.'Th\xs‘,N (2") data points in compyter memory can be trans-
. ‘\‘J -

f'ormed, with ,onl?' slightly more than N words of memory.

¥ . . .
msowmrs . - - D T

’A [N . H
\~ o " s

e free induétion decays with a time constant

In genera.l,
2 s often determined largel)‘ by field 1nhomogeneity, and corresponding

Yo & line width of 1/R’l‘ o While we cannot improve the resolution ©

s 8

. ' below the line width corresponding to the (leoay time, we can

-
J( v

artif' ially ‘broaden the lines in the\ transformed. spectrum by ta.king . w

_data, during each F. I D. for too short a tiﬁle. It is known- from FT
. R 5
theory t‘nat toffichieve a resolution. of r Hz, the time domam mst |

NS

bg samplsd for 1/r Sec. Since 5 ¢ a8 deteﬁnined by Yﬁe magnetic l

. f
. fiel&inhomogeneity and/or the nucleus being o!served providizs ‘an ’
-~

upper aimit to the resolution that e¢an. be achieved, there is 'ldattle

to be .gained by extending the a(oquisitiqn time beyond 3‘.1‘ (-7( '1‘ )s \
- - “ =
' o i /“ , ‘ N u‘ R
. - e . . i .

. ' -\ T . . AN
. . /~ . ) ' “a . . . AN
> (ﬁinq,e, data are acquired in the time domain, the rate c‘pf l
.data aéquiaition, %1; sampliné frequency, is diréctl'}? related & to the
frequency range,d, which can be observed by the computer. Data are

-

" stored in the computer memory as discrete ‘poini:s. Since it takes' two

‘g . at ledst 2A points sec”! , for ‘Trequengies as high asA .

]

s 8 . ¢n'practice, sampling rates greater than 2 A are neﬁid
) » « - . At » .
¢ . ‘ ) [ \_ ’ )




. . ]
\ 80 that poibe of frgque’ncy higher than 248 may not 'fold back'! into

. s |
b the spectrum and add to noise,already present at lower frequencies, s

| T thus Ijeduciglg S/N. Practically, the required data acquiai‘biori ratbes

‘ “can be quite appreciable e.g: 11,000 points “st;c-1 for 13C at 25 MHz.
4 ' , ., The spectral width, A, is determined by

| A= 1064 2.x (pulse interval in psec)

In the present study, for all compounds, the pulse interval of 100

e - psec wa‘s employed so that the sp;étg.l width is 106/2 x 100 = 5,000 Haz,

~a - N
. - g -
- .

SPIN DECOUPLING

\ ;
’ With broad band or noise modulated proton decoupling of ' '
3C nuclei, all the protons in the molecule are irradiated at a
high r.f.  power at their resonance frequencies. Each non-equivalent . %
L ‘ \carbon”wiil thus give rise to a single peak., T'he added advantage of - 5
proton noise decoupling is an increase in sensitivity as a result of ¢

multiplet collapse &nd ‘also by the nuclear Overha.user effect. The

LRy

disadva.ntage i8 the suppreseion of the valuable information for

SIS Vv e,

A . assi ts provided by the nature of the multiplets, ' !
{ With off-resonance proton decoupling, the decoupling )

] freciuency is typically a few hundred Hz removed fr;m the resonance
frequencies of the prq‘ﬁons in the molecule, and the proton

detoupler r.f. power output is lower than for noise proton decoupling. ) . .

3 .o r B '
. The resulting 130 spectrum consists of perturbed multiplets, ° !

corresponding to the multiplets of the non-decoupled 130 spectrum.

The nuclear Overhauser effect is still operative and thus some >




a2
v

signal enhancemeryt is provided without undu@osa of spectral

' infomtion.

»
. \
» LN

L4
NUCLEAR OVERHAUSER EFFECT

, S 3

The Overhauser effect is a common term usea in 130 studies,
ft is referred to the enhz;ncement in’'intensities of 130 signals
‘which occur when protons of neighbouring carbons are‘c}e&&upled and
also when the aaturation.éf,‘protong glvea rise to a non-equilibrium
ﬁolarization of th.e 13'C nuclei, greater than the thermal value. As
a result, a 2-3 fold increase of the signal strenéth is obs‘erved.
T1hiS phenomenon is very sqimilar, in a theoretical sénse, 'So the

nuclear-electron Overhauser effect, which was observed by Overhauser

in electron-spin resonance studies ( 7 ).
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The study of compounds of the B-aryl- hydantoin type,
structure A, wes initiated by Colebrook and Fehlner (8) in 1970 to
'i;ivestigate, en;ploying the t'echnique ;f nmr Total Line Shape @1—3@13,
the xates and mechanisms of hindered. rot;é.tion, at dif‘f«erent‘ temperatures,,

about the aryl C-N bond ‘in cyclic aromatic amides. It was considered - *

3

L]

R \ - .
‘ ’ )‘3 —NH “A : Hydantoin® X = 0
N y
\‘ . l - Thiohydantoin X =3
Rz . . .
: R

that the interpretation ghould be-more straightforward than in the

case of acyclic amides iﬁ t}pt the syatem was s}mplifiéd by‘ the
pre-arzangement of the substituents that the aryl ring must. f;a.ss in

its rotation,

S Colebrook and Granata ( 9 ) (1972" continued the study of

ﬁ*}-a.ryl hydantoins y employing nmr Total Line Shape Analysis, and’ &

obtained kinetic and thermodynamic data for a variety of substituents

on the aryl and the hydantoin rings, to interpret the process of hinderpd

rota.tion about the a.ryl C-N bond in these compounds. ) \
' Later, Colebrook and Giles (10) ( 1973) examined the

‘ba:griers to rotation about the aryl C-N bond in some of BN-(aryl)-

5-methyl-2-thiohydantoins, structure B, Inccases where the ro:tational

stability v:r'as very highagithe rotation was followed by\r\equilibration of




s v .

stabilities, the rotational ‘bari'iers:were determined by nmr Total

4
¥ Pj . 1
nl 11
b ¢ )
. . ’ i L
.o diastereomers, whereas in the compounds with lower rotational S
Line ‘Shape Analysis. §
1
;

~ Colebrook and. Ieli (11 ) ‘(1974) examined the stereo-

. chemistry an{l kinetics of confoimational change of a se:ries of
¢ 4-aryl substituted hydantbina, structure C, sulﬁect to restricted
. internz'x}- rotation about the aryl C-N bond, employing the 1H mx
Total Line Sh;';'pe Analysis method., Solvent effects on ‘the t}}ermo-

» .

. . dynamiq parameters for restrictedfotation were also studied,

T Ry O |
' Golebrook end Williams (12 ) (1972) extended the study of "

hydantoins by obtaining the 3 continuous wave nmr spectra of a series
of 3-aryl hydantoins with a variety of ortho substituents and the . , )
‘s\pectra were interpreted in terms of the grpund gtate rotamers. They .

investigated the factors wﬁich may affect the ‘chemical shift values . ,

for carbons in the }wdantgin moiety. Alsg evidence was obtained in -
order to confirm the origingl idea of Granata ( 9 ) that in the

3N-aryl hydantoin series, a ohlorine ortho substituent was effectively e

larger than a methyl ortho substituen®.

Later, Colebrook dand Icli ( 11) (1974), by employing the

conventiona.lﬁ cw technique, examined the ,130 shieldings of 1N-aryl ,

hydantoins with reference to the stereochemistry of these molecules. : oy K

w

The relative influences of steric, inductive and conjugation effects, I




VR ' -A‘ 12“

o due to aryl and C-5 methyl substituents, on the ‘lchemic'al shifts of

~ various carbon atoms in these oompoun;la were considered., By N
c;amparing the chemical shift values of varioug carxbons in 1N-
aryl hydantoins with‘ those in the 3N-aryl hydanto,ils,they obtained

¢ additive shift parameters for iN-aryl hydantoins,

Although the study ‘of 3N~aryl hydantoins has received
considerable ,atter{\tion in our laboratories, thiohydantoins were
' ' . l’ relatively less examined. It was oonsidered that the atudy of N
‘ cbrresponging 3N-a.ry1-2-thiohyd‘hntoins migh.t reveal interesting z.md
‘ uséful,infomation concerning f.h'e stereochemistry }of these fnolecﬁies
. o g f‘ . in the éround states for internal rotation, With this view in mind,‘
, ' a number oi‘ 3N-ary1 substituted thio’hydantoins wvere successfully
{ . nv ‘o "‘ Hl}mthesised. The structures of the molecules were confirmed by
{ their elemental analysis, infra red spectira, proton nmr and
' .- K Pourier Transito‘nned 3C-nmr spectra, The pulse and Foqrier transform -
13 C-ﬁ;nr techniq\;e' was e:*mployed, since it offers a significant ’
- @ “‘inc'rea‘.ae (uﬁto a factor of 100 or more) in sensitivity for a gi.v;n
ti;né‘, allowing the numbex; of scans as high as 10,000.
. - - Hydantoins and thiohydantoins now find increasing
- ' /'appiiéational in various Tiélda,\jret a survey of chemiocal literature
has ahpwnwthat a study of hydantoins or thiohydantoins, similar to
“ %ha.t. in the present ):ork. has not been undertaken upto this date, -
except in these la.bora.toriets. It is hoped tha.t the data conceming
thm 130 shieldings of. va.rioua ‘carbons in the ihiohyda.ntoina, ~
obta.ined in fckhg‘present investigation, may provida information

. usel‘ul for research work to @cmied out on hydantoins or, thio- -
N . ' ' ’ !
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hydantoins
\

are listed

a-

' b-.

C~

Q=

- ' f-

- 8-

d-\

" with good mechanical .properties. (13)

1 e bt b Bt Ao et

in the futzzre . Some of the uses of these cdmpocunds !
here to indicate the scope of their application :

In phamao%log'y, they have been used in the treatment
of epile];ay and as anti-convulsants. (13,14 )

Some of the hydantoins, thi'.of and dithio- hydantoins,’

subatituted at the 5-position with alkyl, dialhkyl or

spiro cycloalkanes were found to possess a high protective

,effect against citg;us canker disease and herbicidal .

effects against broad leaf veeds. (15)
Heat reeistant polymers were obta.ined containing
divalent hyda.ntoin rings in their main chain, (16) »

’

Light-stable plastics with surface leakage current:

. resiatance were prepared, of the type shown below : (17)

0 R o0

AN Nt
/ | \

0 ' ocC H
Glycidyla.tion of hydroryl group-contammg hyda.ntoins
gave diepox.‘ides, which when polymerised with phthalic
anhydride or hexahydrophthalic anhydride gavé polyesters
1-Glycidyl hydantoin was used as a E\%ht and heat

stabilizer for PVC and Vinyl acetate-Vinyl chloride

7

co~polymers.. (19)

Hardenable epoxy resins were prepared by using

5,5-dimethyl hydantoins with formaldehyde and certain

polyamines e,g. such hardeners' were used foxr’ joiﬁing

doncrete blocks in_watexl. @)

)—N-—CH —\—7

e
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. coe ‘ 'h- Hydantbins were used as one of the ingredients
L - o L for the photo-sensitive reain compositions e.g. . .

’

lithographic printing plates obtained with hydantoins N '

. .
- -

. . . *. gave superior printed copies. (21) , - : ’ E 2
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THE PULSE AND_FOURIER TRANSFORM NMR SPECTROMETER:

. The Concordia University Pulse and Fourier Transform

NucTear Magnetic Resonance Spectrometer is a modified Varian HA-100 Unit.

Before modification, the jg;truméﬁf was equipped with a Varian contingus
wave (c.w.) Carbonzfglaccessony.operating at 25.12 MHz. The V-3512

" Heteronuclear Decoupler (100 MHz) and the V-4311 Transmitter-Receiver

Units (in somewhat modified form) have been retainedgin the Pulse
A Configuration. Only switching and filtering circuity and the rad}o frequency-
" and audio frequency sources have been retained in the V-3530 Wide Sweep

Unit. "(Fig. 1-1 & 1-11)

Pulse Generation, Timipg and Control Logic. '
‘ . : ' - . N

-

The Pulsed Spectrometer is built around a Tektronix 2600-
series Modular Pulse and Timing Control Unit. This unit consists of a
2601 Main frame and power supb1y,.two 26G3 Pulse Generators, a 26 Gl
Rate/Ramp Generator and a 26 G2 Ramp Generator. The two remaining slots . (
are filled with custom bu11t circuits (f11ter1ng c1rcu1t£)and blanking \

9mp11f1er) built on standard plug in kits. Interconnection between units

el

is carried out by means of a standard interconnection board.
‘ W
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Radiofrequency Pulse Control.

The length of the'r.f..pﬁlse (<90° for normal operation) is
controlled by ; 26 G3 Pulse Generator. The output'pd1se (+1 voft) from this'\
\generator is emplgyed to switch a Digilak 200-2 Pulser (ﬁate power amplifigr)
which gates and amplifies the r:f. signal “from the 25.iQ\MHz’Transmitter )
and directsgthe pu]se’trgin to the probe. In typical operation, 30-40,a§eé.
pulses are employed at a repetition period of 0.8-1.0 sec. The 26 G2 unit

. o e R
is triggered by a 26 Gl Rate/Ramp-Generator at the start of its delay ramp.

-

L i

R.F. Pu]sé‘Interval Tim%ﬁg.'
The delay between pulses is set by means of a 26 G Rate/Ramp
Generator operating in the triggered mode. The generator is triggered from .
the signa]Athained byﬁ;unming the two audio oscillator outputs in a
summing circuit ksee Tater). By this means the r.f. bufse is triggered at
a constant phase angle with respett<¥o both audio frequencies which are the .
reference frequencies for the two audio frequenéy phase detectors.
The 26 G1 puts out a triggered puise at the start of its
delay ramp (i.e. immediapg]y i; is triggered{. This pulse triggers the -
. 26 G3 Pulse Generator -(see abovg)‘which controls the Digj}ab 400-2 Pulser

. 5
(gated power amplifier) and also triggers the 26 G2 Ramp Generator which

controls the computer start and blanking timing. When the 26 Gl delay ramp
~has been completed, the unft‘retprns to the correct configuration for
being re-triége}ed as the two free:Yunning audio oscillators.reach the

relative phase angles which result in the maximum algebraic sim in the
. .

\
B
.
) ’
-
3 . o

. output from the audio frequency summing circuit. The 26 Gl camft be

o




- o

‘ retriggered until the delay ramp has ended. .

The delay between r.f. pulses can be conveniently cdntyo]]ed
by means of the Ramp Duration and the Duration Multiplier Controls on the

26 G1. Typically, the delay is set’at 0.8 -,1.0 sec.

.

The Computer Sfart and Receiver Blanking Timing l i
p . . ¥ X b N
- , It is.necessary to delay the start of data acquisition m“the ’

computer unt%] after the r.f. pulse has ended,-anq‘;he receiver electronics
have recovered from any overload whicﬁ may be present. Receiver overload
may be\minimized by switching the. receiver off ('g]anking') during and
imm;diately.after tqg rlf. pulse. The necessary delay is provided by a

26 G2 Ramp Generator, operating in the trjggered mode. The trigger signal is
pravided by the 26 Gl Rate/Ramp Generatofﬁimmediate]y it is triggered. The

4

delay is normally set at >100 usec; i.e. larger than the rormal pulse

_lengths. Thg start of the delay is synchronous with the start of the pulse

* (from the 26 G3) control11Ry the Digilab Pulser. _ _
The 26 G2- puts out a ramp vbltage ( 6—1 volt), used to
trigger the second 26 G2 Pulse Generator (used to start the computer), anda -

+3 Volt‘ramp gate signal, of the same'durationdas the ramp sigﬁa], used to

switch the blanking amp1%fiers.

‘Computer Start Pulse.

The computer start pulse (40 ausec duration) is put out by the
second 26 G3 Pulse Generator, operating in-the preset 1-voit Tevel

triggered mode. This unit is triggered when the ramp31e0e1 from the 26 G2

o
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Ramp Generator rises to 1 volt. The output pulse is directed. to the

1nterrupt input on the D/A Converter ca&m the HP 2114 A Computer
At the' time this: pulse armvesk, the computer is in a loop awaiting an

. interrupt from the D/A cord. Titme .’

tely the interrupt occurs, the
. computer may start “acquiring data. A fur heu&de]ay in the start of the

data -acquisition can be provided by cogpytef sofstware.

» L

Blanking Amplifier "o - .. "
e . " ~ ’ Lo
o ~ C N < \

R 7 ‘e
4

The b1 anknfg amphﬁer ‘is a custom ,buﬂt umt mounted on a .

'

‘ standard plug in unit fo!*}Tekterx 2600 In adchtwn to prov1d1n§

-

. éain, it switches off the audip frequency output from the V-4311 r.f. ‘ -
'Receiver during, and inmtediate]y following, the r:f. pulse., The output
" from the b]ankmg amphﬁer is d1rected to the two aud1o freque/g‘v h
phase detectors ( m the 1ock, and ana1yt1ca1 channe]s) . .
Smtdhﬂg is carmed out by a DG 139 BL 1ntegrated (}ircuit
Sw1tch1ng trans1ehts calse prob]ems s1nce they are summed coherent]y
by the computer ’Two appro\aches have been tak"‘to m1n1m1ze the . , , N

amplitude of these trans1en/ts. F'U'St the sw1tch is preceded by a

-

'}—LA74T op‘erational amph'ﬁer, in order that the 'sw1tch sees a large

" “signal with peak to .peak amplitude near its 20 volt lihit. The signal

@ *7 By. this means, the trans1ent/s1gna1 patio is svgmﬁtant]y attenuated

fo]lowmg the sw1tch'1s therﬁttenua\tefd b_y means of a vo]tage devider.

58cond, an unused switch pos1t1on in the DG 139 BL is connected to the
P o - o
mv\ttﬁg put of a second ~A741 , operatmg as a unity gain d1fferent1a'l .

4
amphﬁer, and fo]]owmg the DG 139 BL. Thus 'the‘ remalmng switching

- v

. trapsients are [,arge]y camceHed out. v L




R.F. TRANSMITTER.

N
)i

/

. W :
The Var1an r.f. trapsmitter (25.12 MHz) has béen changed

s]1ght1y from 1ts originhal conf1gurat10n The~Attenuator/Max1mum

Pd

'sw1tch, which is norma]]y locked in the Attenuation position has been

-

rep]aced by a switch to facilitate the charige between pulse and the c.w.

modes of operetion. ‘This switch directs the transmitter oytput.either

- directly to the proBe (c.w. mode) or to the Digilab Pulser (pulse modef.
" The transmitfer is normally operated with 10 DB of atteﬁuatioﬁ.w BN
, - f,a ‘ . —~
 R.F. RECEIVER ) v N\
— , .

Pl * b

The recedver section of the Varian V-4311 has bebn modified

so that the r.f. pulse detector may bq bypassed and replaced by a broad

y ®

band phase detector. The 1i.f. (1ntermed1ate frequency) s1gna1 is taken
t fro£~the*end of the i.f. strip to J302. A Relcom MIC Double Balanced
Mixer is employed as a phase detectorf’the éfgna] being taken from J302,
L and the 5 MHz reference voitage from.3\163 of the Y4311 unit. fhe
» detected output from the MIC (audiofrequency s1gna1)\6§ ed to the

' b]ank1ng amp11f1er (see ear11er)

&

Digilab 200-2 Pulser '. s
co- s - * ) v _—
N\ _ . -
o A : - ‘
This .unit operates as a high poWe{ gated amplifier, switching

< to Tow Tevel r.f.‘signal\(25J12 MHz) from ther-4311 transmitter, and
‘amp11fy1ng.the‘gesu1tant r’\i pulses befpre they enter the probe/

I
The or1g1na] D1g11ab r.f. switch has been rep]ac‘dqby a more

5ffﬁcient Relcom S7 switch and its custom,built driver. The switch is

L]

O




'

controlled by pulses from the Tektronix 26 G3‘Palse Gene;gtor’(gee

earlier).

« ‘The Pulser operates at a constant power level (set by the

attenuator buttons on the V 4311 transm1tter) The tip angle of the

nuc1ef during q§3#2j1se 1s controlled by adJust1ng the pulse l

duration (26 G2'%git). N
‘.-‘

Pha® Detectors

-

¥
'.Two audiofrequency phase detectors are employed, o e for

each channel (i.e. lock channel and aﬁ}izgﬂcal channe])l

- v

Logk Channel =~ .
: ‘ ‘ 9

The original phase detector in the Varian V-4353 'lock box'

K 4
are not required for this phase detector. The reference signal is‘
[ )

taken fromt the Wavetek 111 audio oscillator in the V-3530 wide sweep

u*it. The phase detector input is taken (via the standard.Varian high

pass‘filter)1from the output of the blanking amplifier (see earlier).
N ' ///’“‘”*
: . \\
~ . |

~ . . . -

:\\ 1
A Princgton Applied Research (PAR) 128 phase detector,

Ané]ytica] Channel

v 1

nnd1f1ed for broad band (>5 KHz) characteristics, is emp]oyed as

HP 4204 A analytical channel audio oscillatar. The input is taken
- - Y
. l,
from the eutput’of the blanking amplifier, and the output is fed to

o v

A

is employed for the control (1otk) channel.‘ Broad band characteristics '(:_,

AN - — .
‘the ana]yt1c%1 channel phase detector. It is referenced to an rs*(-—~“‘ﬁ\\\”“‘\~\g~.
£ ‘




- the audio frequency filter circuitry (see later). The phase detector

section of the PAR iés is preceded by a high pass filter (to remove
spinning noise) wﬁose gharacterisfics have been modified to have a k ¥
~cut 6ff frequency of 5000 Hz. The filter circuitry of PAR 128, which
fo]iows the pﬁase\detector sectian, has been disabled; and the | -
;mp1ifier section has been modified to extend its band width. The = !

unit has its own gain and phase selection controls.

~
Ny

_ Audio-Frequency Filter ' .

i

’ The audio frequency signal (ana]yt‘é@l channg]) from the
PAR 128 Qﬁase detector is passed Qhroudh a low bass filter setwork,
consisti Q of a Frequency Devices 730 BT - 4 four*pole Bytterworth
active filter and its associated tuning resdstors. A i709 Operational
Amplifier, fql]owed by a Variablé‘vo]tage devider, is also employed
to adjust the signal level to that required by the A/D Converéer of
the cqmpu%énu In typical operation, the signal lével (ainly noise)
to the A/D converter is set at 1-2 volts peak to peals

In normal operation1 the filter cut off frequency is set to

correspond to the Nyquist frequency for data aéquisition.

i |

F) : .
Audio-Frequency Summing Circuit ) »
. <

In order that the lock channel and the analjiica]ychanne]
signals will be detected in constant“hhase following the r.f. pulses, &

the pu]sé must be timed so that it is generated when each audio reference

\ N R
. frequency has reached a particular phase angle. This situation is Lo

achieved by summing the two audio refefence‘frequencies and"triggering

48 e A AT v el 2§ ST ®




U4

the r.f. pulse when the summed a.f. signal is fed via a variable voltage

- divider to ihe-trigger impdt of the 26 G1 Rate/Ramp Generator which

~control pulse interval timing. The input voltage to the 26 Gl is adjusted

so that it is justf;;?ficient to cause triggering, thus ensuring that
the r.f. pulse is generated when the algebraic sum of the audio reference
signals is at maximum. -, } ' .

7/ !

~ Audio-Frequency Osciﬂatgrs'l . .0

- v

Two a.f. oscillators are employed, one f;r each éhanne]. I",

”Vpulse operation, the oscillators stp1y reference voltages to the two
pﬁase detectors and the{r summed output is employed to synchronizef’ i
pulse timing with the reference‘frequencies. During instryment setxup
(c.w. mode), the lock channel oscillator modulates the magnetic field |
via the A.C..sweep coils in order to provide the a.f. side band.réquired
for observation of the signal. Field modulation is not required during
pulse operation. The frequenqy\gT this 6§cil1ator (lock chanhe]) is

) adjusted to centre the detector reference frequency 5n the signal
being employed as a lock. Thé frequency of the analytical channel

oscillator s adjusted to locate the analytical phase detector reference

frequency to one side of the group of frequencies in the spectrum.

¢
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BLOCK AVERAGING -
. - , o
W Block Averaging may be used to overcome problems associated

with the filling of the computer memory by the;refat19e1y strong signals
from solvent Tines. ' '

The computer 'will accuﬁu]ate"blbcks' of data, writing each
blogk on ﬁagnetic tape; . when‘the preset number of scans ﬁave been
averaged. - When the preset number of blocks have been acqu1red the
eomputer will average the blocks, working in f1oat1gg po1nt mode to 2
eliminate the problem of “word overflows. .-

Each b]ogi is written on magnetic tape as three 1366 word
recgrds, followed &y an. end-of-file. Nhen all b]pcks‘heve been collected
and written on tape, the computer back spaces the tape to/}he start_point,
reads the 1366 fixed points words of the first record of the fifst
block, corverts them to floating point and stores them in the remaining
2732 locations of available memory. It then spaces the tape to the
first record of the second block, reads the record, floats the 1366
words and adds them to the numbers stored in the second area {2732
1ocat1ons)J/A)memony Theksame pfecedure is fé]]owed for the remaining
blocks: When the first records of all the blocks have been processed,
the computer~devides the floating point numbers gy the number of blocks,
converts the numbers‘ge fixed'point, and writes them on tape as a
1366 word record. It then back spaces the tape to the start of the second
record of the f1rst b1ock and processes the second record of each block

in the same manner as before The third and final record of each

block is processed in the same way. The three averaged records are

. then read and the tape is back spaced to,the start position. The'
. - :




permanent file may be written on the magnetic tape in the usual way,
. J ,

if necessary, The ‘Tevelant commands are :

/NSxx Number of scans per block-

/NBxx Number of blocks . .
If NB 1 is used (i.e. only one blqck) the computer QOea not write

the -block on the tapey- Thus it 1a not neoeasary to have a data tape

mounted or correctly positioned if NB = 1, 'l‘he preaet value of NB is 1,

A\ J

Important : ' .

B W bt Db o § S i et e R

"The computer writes intermediate data (i.e. the blocks) on a long

scratch area of tape beyond the start point'. Care should be taken to

vosition the tape one file beyond the l'asi(;,file to be preserved. The - fl

positioning is automatic once the procegs-is started. The tape stops

a8t the same position it started -- normally the correct position for

) ~riting the permanent file.

v
Attempt should not be made to block average with the tape

positioned at the loagl point i.e. the beginning of the tape. The © «

*  computer will halt when it backapaces the tape because the load point

marker rather than an end-of-file is found. The situation can })e

\d
recovered by pressing the start switch at once but this is inconvenient.’'=

If necessary, 'a dummy first file may be written and set the tape to

file 2 (with an LF 2 command). The permanent file can be written as
3 .

_file 1.following a rewind (RW) command.
' 3

VQ ‘ Data acquisition may be aborted as usual during accumulation

s L ’ (not during tape read, write or move operations) by setting switch 15.

If the run is lost, it can be rgovere(,l by the command /RC.
J . \ i ! . )




THE COMPUTER PROGRAM, FTNMR -

[

N The computer program, F T N M R, written by Colebrook (41)
©
. is designed specifically for use in high resolution pulsed
Foﬁrier transform nmr spectroscopy. Its basic functioiia inclu&e,

‘.«*“ but are not limited to, the following data acquisition and data
. ' | -
processing operations 3 ]
] 3 .
a=- Acquisition of spectral data from the spgctrbmeter
. ) i

through an analég-to-digital converter.
b- improvement of spectral S/N by means of on-line

erisemble averaging of repetitive timeseseries ;:‘eSponaes.
c- 0ff411ne manipulation of the averaged &aﬁa e.g. base

~

line cori'ection and exponential filtering.

é d- Fast Fourier transformation (FFT) of averaged time-

domain information to obtain frequency spectra. -

) e~ Manipulation of real (absorption) and ima-gin?ary
(dispersion) portiohs of the {transformed spectra to
yield phase- and a.urplitude;corrected absorption

spectra,’ ' . ' -

n)
!

Display of either the time-domain FID data ox
transformed spactrg. on the oscill oscope.
‘“, | S g~ Multiplication and division of the acquired data
| . ' points either in the tim;‘; or frequency domain,
" h- Readout of the timé domain FID and transformed .

spectra to an external X-Y plotter or computer < -®

compatible magnetic tape and to téletype papar,

v
n
*
Ay
f .
N
. . .
f
a

.
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FINMR Loading Procedures :

FTNMR may be loaded into computer memory as an absolute
program from (a) paper tape or (b) magnetic tapét using an FINMR data /
_ tape with the program stored as File 1, -

A~ Paper Tape Procedure : p ‘
The program is loaded using the Basic Binary Loader (BBL).

1-The éaggater and the peripherals are switched-on.

2-If required later, an FINMR data tape may be mounted and positioned

at the load point (AUTO mode)

T AR Y Ao Ot W o s i AT ARAMAGIIA £

3«The FINMR absolute paper tape is placed in the r§ader.
4-With the computer in the HALT mode, PRESET and LOAD %ritohes*aré’ } .o
4 -

pressed simultaneously. : . . . -

[ 4

5=-When loading is complete, 2B in the switch register is set and

N RUN\ia pressed,

* B~ Magnetic Tape Proocedure :
The program is loaded using the Magnetic Tape System (MTS).

N

. 1= The computer and the peripherala are switched on,
2 FTNMR data tape (With FTNMR as File 1) is mounted and positioned
at the load point (AUTO mode). ' .
s

3= With the computer in HALT mode, load 156068 is addreased and the i S/«

switch register is cleared. ( CL

S Ty aaiiain S el g
,_.,_A‘,., P

el

4= On piesaing‘RUN. the computer should type *NEXT? If so, steps So.

’ 5, 6 and 7 should be ignored. .

]

5= If the computer should fail to r;apond, load 778 is addressed

. ']/
» and the switch register (HALT mode) is cleared. 87 .

- 6= On pressing RUN, the computer should type *NEXT? If so, No. 7 o

* ) : NI ) \




~

should be overlooked. ) ’ N : o i

7= If the computer fails to respond, MTS Bootstrap (paper &ape) is v
. p :

loaded using .the BEL. When the Bootstrap is loaded, the switch_/ .
register is cleared, load 1008 is addressed, the register is

cleared again and RUN is pressed. . .
»

8- When the computer has typed *NEXT? , xPROG,FTNMR-should bq typeﬁ.

(3

9- The program will loéd from the tape and automatically start
running. The tape will rewind to the load point.
10- The tape should be posltioned at the required file .before

A

proceeding, It should be noted that File 2 is qf zero length, It -

LRIV PPN NIREPINEICOISEI L

is recommended that File 3 be writteQ as a dumnmy (empty) file -
since it may be lost if an updated version of FTNMRMs written at
a later date. The fira£ working file should, therefore, be File 4.
11-;Before switching off the computer, /ST should be typed or HALT ,
pressed. lLoad 778 is addressed and RUN ia preaaed. The tape wille ~
rewind and the computer will t;pe *NEXT? In ;esponse, sPAUSE
-should be tyfed. This action returns control to ihe MIS monitor

/‘
and leaves the computer in the correoct configuration for re-gtdrting

. from address 156068 .

12~ The peripherals and the computer should be switched off,

, €
. .

\

4

General Procedures : ) , Ce

Load Address Précedg;g o C
1- The computer should be in HALT mode., °

2- CLEAR REGISTER is pressed, .Y . -




“
!

p

1e

2-

3~

Re-Starting when FTNMR ie Already Loaded o

<

The address (octal) is set in the switch register.
LOAD @mmss is preased, - '

CLEAR REGISTER is pressed.

If FTNMR is already in memory, the computexr can be

re-started without re-loading the program. The parameter values

]

get,

Switch register (HALT) mode is cleared,

Load 2001, is addreased.

AN

Sy

8
RUN is pressed.,

. , '
* Basic Binary Loader (BBL! Prooedure : . '

BBL is used to load .absolute programs (including the

MT'S 'Bootstrap) from paper tape. ‘. r

1=
2.

s

" pressed,

Computer should be in HALT mode.

Paper tape is 'pia.ced in reader,

, ' will be those used for the last run, not neceasarily the standard -

PRESET and LOAD are pressed simltaneously. The paper tape will

be read.
When the program has been loaded, a start address must be

either loaded, or set in the switch register, hefore RUN is
| .

,4
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PREPARATION OF AN FTNMR MAGNETIC TAPE :

-
[

FTNMR may be written g:n magnetic tape for loading using

\

the Magnetic Tape System.

-

It is'written as File 1 of an MTS tape, File 2, which -

»

normally consists of relocatable subroutines on an MIS tape, is
o

empty.

Procedure

The tape is prepared using the paper tape system (PTS). Detailed

instructions are given in the PTS manual,'

1= The computer and the,peripherals are switche;l on.

2- FTNMR data tape is mounted and set at the load‘poin’t (AUTO mode).
3- If the HA-100 NMR Spectrometer is i:‘{‘o'pegntion (in pa'rticular, .
if the pulse control unit is switched on), the co-axial cable

which conneota at the junction box‘on the computer table,.

is disconnected, ) ?

4- The CONFIGURED PTS tape is loaded using\the BBL
. .
5= Load 1008 ia‘addresaed._ the switch gegia}ys cleared to set

~158 in the switoh register and RUN is pressed®

6- In response to: PROGRAM INPUT DEVICE S.C. = ? , 14 should be

. type(!.
'Sg- In response to: I.D. NAME: ,IPL. should be :typed.
In response to: . S.A. , 77 is typed.

/

In response to: *LOAD , .IPL. paper tape is placed in the

)

reader and RUN is pressed.

8=~ In' response to: I.D. NAME_\:l » S.SI0 is typed.




" 9= In response to: I.D. 'I'QA!‘IE:’ ’ .F'I‘NMR is typed.

. g . .
., the three. charadters is required for certain interrupt operationL,

. In response to: SiA. , 77 is typed,

In response to: *LOAD , the .5.SIO paper tape is placed

4

in the reader and RUN is pressed,

’
In response to: S.A., , 2 is typed. ‘\
In response to: *LOAD , place the FTNMR paper tape in the \

reader and RUN is pressed. FTNMR will be read and written on |. . !

magnetic / tape. | ¢ .
. 4

¢

{
10- In response to: I.D.NAME: , /E is typed.
’ &
The computer vill write an end-of-file (BOF) and will
prepared to load and relocate library, which is not required.
\

11- In response to: *LOAD , switch 15 is set and RUN is pr%ased.
4 v

\

. \
12- AUTO svitch is set on the tape drive, and the MI'S Bootstrap

An EOF will be written and the tape will rewind. \

is loaded using the BBL (start addreas 1008)\ |

13@ If FTNMR is to be loaded at this point‘,. sPROG, FTNMR is ti.ped
in response to ‘*NEXT? If FTNMR is not to be loaded, :PAUSE
is typed, and the peripherals and the computer are s‘witchedl‘ off,

14- The co-axial cable is re-connected to the junction box.

COMMAND FORMAT :

¢
' : v

All commands are three chaxjactera in length. The f.’;rst of
and is not decoded by the computer. It may be a slash (/), a period - .
() or other character chosen by the‘operator. The second ands third

characters are decoded by the computer and constitute an operation . {



» R

-

command, Commands which enter operating ‘paramotera are fonowed ] )
inunediately by up to four numerals (the firat of which may be :

replaced by a mimfg gign (=) for the TC command only). ' _

.

3
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- ‘execution by typing an invalid character. The correct command

N ) "'/ c&i&ge r%tum and line feed. The next command may then be.

’ ~~,. If an invalid comp/md is entered, the computer will

' ree'pond with a doubla queetion mark (27). The correct command *™
ot
ehouldAt'hen be entered. This "responee is also given at start up,

i.e. before the Voomputer has received a iralid commgnd. If a

N -

typing error has been made, the command may be aborted without

'2

_ can then be ép‘tered following tl;ge (??) re’eponee'. -

4

_ When “the computer has received a valid command and has
“ »

conipleted its response to the commnd, it will type (??) wit‘hout a

~typed (on*the same line . ghe {??) is thus an acknowledgement
by the computer of a completed a.ction and & eignal that a new
‘command may be entered. It should be noted that a commat‘xd can
only be eni'ereti follom "the double question mark {(?7?).

08ef110 mcopa dieplay is automatioally'interrupted'by

'the firet (intempt) chareeter of a command, The oomputer outpute

!

' the double ("“‘) ind.icqtine that it is ready for the next oome.nd, '

imediately before ‘At enters the ecope display subroutine.

'Data acquieitw my be interrupted, between scans, by

Va

) typing hny eingle oha.re.cter. This does not constitute a command,

The computer will reepond with a double (12), at which point next
‘oomand may be entered. A teletype interrupt will not be accepted
by the computer whiﬁ it is.vaiting for a trigger.pulse, so it

: -
may prove oonvenient to switoch off the oomlmter etart trigger

-pulse’ (from the’ Tektronix pulse control unit) vefore interrupting

v

da.ta acquieition vie tl\e:key boe.rd Data aoquieition may also be

interrupted by sptting switoh 15 of the computer ewitch register.
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OSCILL OSCOPE DISPLAY MODES :
\

Three modes of 'scope display‘are available : & 5

_]5_F‘Diap£ay FII) Initiates display of the entire data array.

DR (Display Real) Initiates display of the real port<1onu of the
complex array generated by Fourief transformation. The contents -
of the. odd numbered locations are displayed, startfng with she
first location. .

DI (Display Im&;inary) Initiates display of the imaginary portion
?f the comp]:ex array gene.rated by Fgurier transformation. ﬂe
cqntents of the even n\mberéd locations are displayed,

q {

starting with the secand location. }
The DF command is auitable only&r the display of FID.
If Fourier transformation has been carried out, the DF comma.nd

will generate an uninterpretable displaly, The DF command should '

be .uaed if a FID is to be examined closely, Use/of the other twg
{

comﬁada to display a FID ias nét recomended since half of the !

points will dbe miasing and the dieplay could be miainterpreted.

/ .

o The display mode called-automatically b?' the program K

2 ]
following certdin commands will normally be appropriate.

Occasionally, however, an inappropriate display modes will be A
called, e.g. if a transformed spectrum rather than a FID is

FARERNNyy
vritteq on tape.

PLOTTING MODES > s
'I'he above remrka also apply to plotting modes,
L (Plot FID) corrosponda to DF. It should be used only to plot FID,

+




PR (Plot Real) Correspdtids to DR, . ‘

I (Plot Imaginary) Cor*ponda to DI, : . ¢
: . " PINMR OPERATING PARAMETERS : ™

R (N.B. Underlined commands initiate an action, Other commands, o

! . ¥hich mu;;t be followed by a number, change the stored values of
My . :

A -~

: . N
parameters.('l‘hree commands, GO, RF, and FT cguse the value of the ¢ L ‘3
display multiplier (accessed by the IMgx command) to 'bJ restored ;
. ~. »
to 1). R 9 !
» | " %
—~-¥ P An o080ill oscope display is automatically ir;itiated on o
\ coppletion of certain. types of\pi'o’ceaaing. ®
AN Initialization : .
‘ ' .. Pre-set Limits  ~= -
_ ) ct ) Value
oo - —
: _ /EXxeq. Exponent , No, of points'= 24¥EX) 2,.4096 ocmgﬁa
‘ oo ' "points .
' / ZB Zero array, Control is transferred ., '
N - " to Eo : . "\.
Aocquisition : ) i
v /NBxx  No. of blocks ) 1 None ' y AN
. /NSxx  No. of scans (per dlock) ‘ 100 None
. \ - ' g
‘ /CPxx  Clock period (0 = 100 usec, 1 = 1 mses) O 20
. + . o : Ty
/ CMxx  Clock period multiplier - 1 A 1
\ /PIxx Post-pulse delay 1 ) 1. - ’, '
“ / GO Go-start acquisition
v, Control is transferred to DF
./ RC Reopve\(%ntro]; is transferred to DF O ' /1

N




7 TMxx Display multiplier - 1 Y 1 .

. / DF Display FID °
g / DR DiSpiay real array i
\'3) . /DI Display imaginary axrray '~ . | \ ' * . i
,File Control : - .- ." " [ A 4 @
J.IFxx  TLocate file xx | . ) } 1 _ ' %
‘ ./ FB File back ' Ny . | ' o }i )
. / RW Rewind tape N ‘ . i
"/ FE File forward -~ - A !
\ / WR Write file (control is transferred to IF i |
\ \f (/ ID . Identify file o " .. -
| / RF Read f:tle-t(control is transferred to '_I;E) ’
Array Manipulations . 4
/ ADxx  Array- divider (for Fourier « 4 31
transform) (1.0, 2%%4) .
' 4/ DA Divide array by 2 (oontrol is transferrod to DP ) ) ‘
. / MA Multiply array b}( 2 (control ia tra.naferred to DR ) S ;‘. N
/ BC Baseline correotion (control is tranaferred “to DF ) ' -
Digital Pilters | _ -
* . t. / TCxx Time constant “(for exponential 1 . None
multiplications) i
/ Tlxx Trapezoidal filter limit ' 1 K e )
/ EF  Exponential filter - ™
- v ' (oontrol is transferred to DF ) o Co .
/ TR Trapezoida.l filter | T \ ) «
- (control is tranefe:!:red to DR ) ‘
; Fourier Transform . /l, . ' L /

/ FT Fourier Transfom\v (control is tra;;bferred to IR ) e




" DATA RECOVERY : -

\\ ' :q(
Phase Correction

/ PAxx Ze?o order phase a‘.nglea (degrees) 0 None

/ PBxx First order phase correction o | 0 ‘ None
/B . Phase correction ‘}

(control is transferred to IR )

Plotting !

/ PHxx Piuwight - S 4 31

/ Psio: Plot mcale (Length of plot) 1 21

/ FPxx Points to be plotted _ 2048 £ 2048

/;SIxx Sampling interval (for tiok markb) 100 ‘

/ FF Plot FID (control is transferred to DF ) , /

/ ER Plot real array (control :l; transferred to D}{ )

/ PI~ Plot i ry array N

{contro ia transferred to DI )

~
[ 4]
i (¢}

(draw soale on plot)

Wk
" 4

Stop (Computer may be re-started by
pressing RUN switch)

v ¢ °
To recover block averaging data from magnetic tape
folllbwing a powver interrupt. etcd; use tho following prooednres
1- Set the number of blocks to be reoovereld, using the cormand /NBn“‘\
2= Position ‘the tape at the original start point .
3~ Init}ate recovery, using the command “/'B_C_ |

. Processing will then proceed in the usual way. . °

-

Scale (control is transferred to DR ) ' .-

ew b A

e o
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¥

. PTNMR SPECTRAL PARAMETERS ABBREVIATIONS :° v
| NS Number of scans )
SI Sampling interval ( u seo)
AF - AnaJ:ytical frequency (Hz) ‘
y LF i Lock frequency (Hz) [ ‘
PW . Pulse Width (usec, duration of pulse) —,
PI Pulse interval (sec) (time difference between
o ' two pulses) '
NP Number of points '
AD Acquisition delay (after pulse, before the

computer ararts acquisition)

Zero order phase correction (degrees)-

First order phase correction (degreesgs

v

A3

. e e 0 AT A AR T [ A e

3




-- 40

N

DESCRIPTION OF COMMAND PARAMETERS : ’ \ -

. Selection of Data Acguisi\tion Rate - , s ’

*

In‘th'e Pulsed Fourier Trax;sfgrm NMR experiments, the rate
of data acquisitionldetemines the frequency ra.nge\ or spectral ‘
width acquired by the data system, This is done lby selection of |
appropriate valueg; for the commands CPxx and CMxx. The spectral
width is determined by .

Spectral Width = 166 / 2(CPxx X CMxx)
The CPxx command sets the pulse interval of the computer time
base generator, If CP = 0, the pulsed interval is 100 msec; if
CP = 1,' the interval is 1000 psec; etc., The CM command instructs -
the computer to skip pulses. If CM = 1, the computer responds to

every pulse; if CM = 2, it responds to every second pulse; etc.

st ot I iy o ch e T BTy WS

W e M e s e o B

N Thus all multiples of 1‘00 pséc may be selected by using tizese R
commands. '
In the preéent"study, for all compounds, CF = 0, i.e.
\ 100 pseci and CM =1 s0 thgt .
' Speotral Width = 10°/ 2 x 100 = 5,000 Ha.
N 4 v
Beginning‘ Data Acguisit;on ‘ ‘
AN  Signal averaging is i\n&iated by using 'GO' command. °
\\\\ During data acquisition, the contents of the computer memory (the
\ averaged free induction decay) are displayed on the oscilloscope as o '

the newly averaged data are stored, Thus the FI]? may be examined as

/ »
.
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data acquisition is proceeding. During the time 't';he' computer is writing

-~ 7

‘ the 'block' on ta;.pe, the signal is not displayed. When the pre-set

‘"

value of numbér of scans has been-acquired, endihg one block, the

teletype writes FINIS, the block is recorded on the magnetic tape ' 4
% : .
( and the acquisition of the next block is started, (see earlier, p

.

o
Block Averaging). At the end of the acquisition the teletype writes

7% indicating‘that data acquisition has been completed. The data

PRSPPIV

may then be transferred to the tape for permanent storage.
A

et ol £ it e s e et PSS Wi

Simmal Conditioning N B

Before beginning a long run of signal averaging, it is \
desira.ble to conciition the input signal as much as possible. Before

locking the spetrometer, the best level of homogemeity of the

instrument is achieved, After the spectrometex is locked on the

e

~

solvent or.on 130}{31, the spinning rate, homogeneity controls,

receiver gain, filter band width, decoupling frequency, pulse width

i Y

and delay time following the pulse are re-adjusted to achieve the

AN
best locking conditione. ’
: , The signal should be centered on the 'acope indicating no
) : C bias to the signal. If DC bias is present, it will fill the

memory word up quite' rapidly, allowing only short term averaging.
 The pulse width and the delay after the pulse axze \cérefuily adjusted,
‘; - normally pulse width : delay time are 1:20 to préw;ént any pulae-}

feed-through into the free induction signal. Pulse-feed~-through can

easily be detected by viewing the input signal and looking for ’ L
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/FF, (exponenLial filter, see later). rT'he command /BC takes a sum of *

spurig‘fls points at the beginning of the FID. The‘ delay time on the K

26 G2 Ramp Generator is adjhsted until the spurious points

disappear. In some cases, the spurious pointé appeared to persist. .

These were asut off by ua}ng the ‘trapezoidal filter /TLxx and /IR

before the Fqurierlbransform of the FID. ’ \
' : €

FOURIER "TRANSFORMATION AND WINDOW FUNCTIOﬁS : ’ R
. L ] ~ "

A- Baselinc Corredtion --- /B¢ . . 4
: [ ! i
b § .

The éigqgl averaged FIﬁ\may contain a ‘small residue IC bias '1
-~

that prevents the average value of the data points from being zero. ’ o

‘ b B
If this is the case, a huge spike is produced near*zero frequency ’ :
which has no.physical meaning. Hence in all cases stu@ied a‘ base

line 'correction, was performed beque transformatlon and the commagd

A

Biaab et e Y

all displayed data points, divided by the number of points and

subtracts this average value from all pointgm so that the average '
value is\zero. This command is called automatically if the /TR

command is used. /gg is requiréd in these cases because the window

function must operate on the data only and not-on any constant

’ L

DC offset. ) -

B~ Exponential Filter, /EF

s N

T . .
~ & N

2 .
It is not always desirable to transform the FID without ) "

-

AN
v 3




na
' the application of certain smo?thing functiona. It is poséible to
al improve signal to noi_se ratio (S/N') o? a fr"eqiaency domain epéctrum
by manipulations in the tin;e c;gﬁlain. Smoothing can be accomplished.
in the-frequency domain, bdut .generally iu’crodu;:es more distortions,
’ Multiplication of the FID by an eygponentiélly decaying
function can increase apparent S/N markedly, but results in some
additional line broadening. The ‘command /EF multiplies the data by
an exponential havj:ng a time constant entered by the command /TC.
Turing this multiplication, ea-ch daia poix;t is multiplied b1y e—iTC/ N
where N is the number of data points and 1 is the index of the current
point, i varying from zero tp N-1., Thus the first point is multipliec{
by eQ or 1,0 and the last data point by e-TC. Base line correction,
- /BC, should be carried out before the /'@_’_ command.
I’seems intuitively reasonable that multiplying by a
decaying exponential would improvle S/N, -since most of jthis noise
‘ )contribution appears in the tail of the FID where the signal has
more or less died out. If this tail is forced toward gero, the amount

‘v

have broadened slightly.

4
~

The mathematical justification for this II)ar.ticular window
function is simply that the Fourier Transform of an exponential ‘
decay is a line having a Lorentzian shape, This is not surprising
since the FID is governed by‘ the 'I‘; , which is, dndeed, exponent,ial

in nature, and which ie the cause of the observed Lorentzian line

-

L

shape in conventional c.w. NMR spectra.

~J

of noise in the transformed spectrum will be less, but the lines will

R
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C=

L

»

Time Constant,_/T¢C

‘the number of data points. However, as already described (see Introduction)

-~

. The Time Consta.nt T is entered by typing /TC and entering S
it just before _u. It should be noted that _/TC is usually entered as a
positive number. Entering a negative number yill allow miltiplication by
a neéative exponential, This will increase noise level but will produce

-

narrower lines or enhance the resolution.

©

D- PFourier Transformation, _/FT

*

’ >
The command [FT initiates a Fast Fourier Transform of the

A
. acquired time domain data and replaces it with the fxrequency domain:

spectrum consmting of N/2 real points and N/2 imaginary points
corresponding to the Cosine and Sine transforms of the data, It is dcme\‘l '
by multiplying each data point by all possible Sine waves upto the

Nyquist frequency. This clearly requires N2 multiplications, where N is

the method elaborated by Cooley & Tukey (6) makes use of 2N 1632 N

multiplica,\tions and hence a great savir;g in time is achieved,

E~- Trapezoidal Window, /TLx.x‘am /TR

It is often found that a small amount of pulse-feed~through

may exist even after ir:troducing what is apparently s sufficient delay.

. This feed-through may menifest itself by a rippling base line having a

frequenc)} of 2=-3 Hz in the transformed speotrum. This problem is cured
easily by using the Trapezoidal windby functions, /TLxx and _/TR.
t { .
The transformed spectrum may sometimes have & small spike at ,

-d
the left end, at zero Hz, caused by a small residual D.C. bias, not

removed by [ o This epike may be removed by uéing the /Tlxx and [
domma.nd.

-
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N F-Phase Correction, /PAxx, /PPxx and /PC -

Before Fourier fransfxrmation, the &igitizéd FID is stored in

the computer as a real array o% length 2k where k<12 i.e. thé array has

v a maximum 1ength of 4096 points, . ;
| The ‘Fourier transform of a FID produces twq stectra, each

- 3
k ]pointsﬁ These are called the real and the imaginary

containing 2
parts, or the Cdsiné and the Sine transforms. Under ideal conditions,
these two specfra should correspond to the absorption and the

dispersion mode spectra, respectively. However, a number of physical

to be 'mixed' between the two speétra. There are three major causes
of mixed phase information:

1- Spectometer phase detector setting, -

- ' ~

.2~ Delay bethen pulses and start of'data acqaisitton, and

3- Filter settings.

The specrometer phase detector setting is usually ﬁptimized at
.fﬁe beginning of acquisition of data,‘usi%g the sharp peak of ‘the
solvent, DMSO. The smallest .changes will affect this parameter:
variation ig sample tubes, solvents oé even spinning rate may affect

the phase of‘the information entering the detector. This effect is a

ZERd ORDER one which-causes the same shift/in nphase fgr each data

point, regardless of freqahncy. -
'ff??;jf;ave

S first ‘'order effects’ on the'spectruml That is, at frequency zero, the

The 'remaining two factors, delay time

phase shift is zero, and at highest frequency in the spectrum, the

“phase shift is maximum. It is customary to refer to this phase shift

N
) ° b ‘ 3
»
h . .
’

phenomena may cause the absorption and dispersion mode phase information
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P ;"_;" o .
where - A= Zero order phase correction, and

46

}hhterms of the phase angle shift of the highest frequency e.g. a 170°

first order phase shift isyone in which the first frequency domain

point hastzero phase shift and the last one 170° of phase. Shift.

-

imaginary points

.,and R

Tns

-
' R01'
Toi

The phase angle 9} %s given by

1

a,

L}

A and B are entered in degr?es and are canverted to radians/sec, n the

N

4]

i

R

1\

"Ni

Ni

n

W

of the complex arréy are replaced as follows.

where i=1,2,3

R
]

3 Cos

&

i

T,
Roi Sin f

When a phase correction is carried out, the real and thet

IO]' S1n6_-i
I . Cos®,

s

Ni = new real value for point i

new imaginary value for point i

old real value for point i

old imaginary ‘value for point i’

calculation.

‘Phase Correction Algorithm:
o Let .

For the first point, the phase angle, ?\. is
e-

B, - A+

B .

2

B

k-1

i

i

1

For the, second point,

-

[

=A+8B

&

= B/ K-V

§21,2,3 toun2

-]

R= First order phase correction,




For éaph‘succeeding point, the phase anglé is increased by B'. N §

Although it‘apﬁearS”simple'td’oalculate‘Sineéﬁ and_Coséﬁ
’ for each point, this is an inefficient procéss because of the time
; taken to obtain the sines and cosines. It is more efficient in time 3

" ’ .9 : SRR 3
: . to make use of the relations: ’ R ’

.- N fl - 9_ [ ’ 2 t
. S1n6-1.*.I Sin (& + B') = Sin&; Cos B + CosE§ . SinB' .

‘
.

5
.( . "
. A S . . ) - '
i N . ~ .
] o »
v LY ° . -
. v 4 .

'
.

°  Cosd;,, = Cos (& + B') = Cos Cos B'-- Sin& . Sin B’

,«
7
1]
~
“t

. \

S e

N

i4]

T

The computer 1n1t1a11y ca]cu]ates Sin A and Cos A, and Sin B' and -

5 . Gps B' and stores theag four values. S1n9’ and CdsE% i.e. Sin (A+8")

o : R
{ ’ and Cos (A+B') are then calculated as above and stored in the

El

2

i - locations previously holding Sin A and Cos A.
t The phase correctlon “for R] and I] is then carried out. GF is
' - then calculated using S1n5> and Cosé} together w1th the unchanged |
.values of Sin B' and Cos B'. -R2 and 12 are then calculated, and cycle
~ repeated until the complex array is fully progessed. The values for .
‘ ' -Sinﬁi.and Cos &] are unchanged in each cycle. \

Fig. 1-3 shows a complete listing of phagé angles. TQg sign of . f\ Ny

the angles given is that reqdired to bring the lines back into phase. . ?

-

1 e .
m . . - 3 ¢
. N N ! 5
[ .
. .




‘ The PDxx command sets a eof\t‘ware delsy counter which g e /

' contro],e the coinputez’dela'y. before the start of acquisition. ’I‘hie- N
eoi‘twa.re dela.y is iniaddition to the hardware delay eet by thi ' ’ 4
Tektronix pulse cbntrol unit,. ‘ ," ‘ ’ r~ - =

The eoft_ware delay is in multi;ilea of"the Wg . AN ' ’
interval (100 usec for 5000 Hz epectral width). Thus, for a 1&7 N !

‘msec sampli interval (CP .0, M 1) the following delays’ occur :

vt - 3}
‘ ‘ " Command Delay (nsec) ' 4
PD1 g 100 ‘
. PD2 . 200 Yoy

©PD3 ., 300 Cetcess ‘ '
A cha.nge of 1 in the Pixx co-mand requires a change. of 180° in the

firet order "(PBxx) phaséxorrection. For e le, the first order S ' \ i

\ .
ph,aee correction required. ‘%o compenea.te or PD} is 3 x 180 = 540 .
'It ahould be ixoted tha.t the first ordexr phase 3orreotion required th
compensate for a eoftvare- délay may be predicted ‘%xectly. In - i

L4

oontrast, the first order pha.ee correotion required to oompeneate : i

for the hardwa.re dela.y is more dii‘ficult\to predict ‘because of the
N ;
fdnite 1eng“h of the p’t}lee (the pulse period is included within the

hardware delay period) ‘ ! B . . <

= The a.pproxime.te overall first order phaee oorreotion ia _ "

N

giueo by @ o ' i ' ’ ' ’ . ‘

Correction (deg) = (hardware + software delay (p.mec)) x 180 -.180 C

- - ! . . ’ . A%
R Sampling interval (usec) ) . .

. i \ R . s. . - . ~f
Example : Ha\rdwgrevdelay . m 300 psec . . s
~ ‘ Software delay = ﬁGO peec

b
1
[
b
.\ Toteldehy "= 900 psec - i e S (




PO

A 4
o Sampling interval
First order phase correction (PBxx)

~
.

‘Experimentally determined value is 1410°,

. / LAY ‘:
= 100 psec ‘
3% x 180 - 180
* 100
= 1440° .

N
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“RESULTS AND DISCUSSION ’

. /
" y
. _

N

The F::ﬁ)er Tr;nsformed 130 nuclear magnetic resonance

spectra are measured for a series of 3-Aryl substituted thio-

i

hydantoins and a hydantoin, as listéd in Table 1. The thiohydan-

~

toins are divided into twg groups corresponding to_the number of

¥

methyl substituents at the C-5 position. The relationship beiween

" the ‘rotamers, formed by the rotation about the aryl C~N bond, is

\ '

also shown for each hxgantoin.

-

For the purpose of comparison of the chemicél shift values
. for a given carbon position throughout the series of thiohydantoing

étudiedr the results are tabulated and disocussed according to the

I N
carbon positions.

€

Dimethy) Sulfoxide ( TMSO ) was used as a solvent, which
) ¢ -
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In the 3-N Aryl Thiohydantoin series, the following Compounds

E o, 1=

were synthesised and studied through the Fourier Transform °

13C nmr spectroscopy.

R R,
0-Tolyl H
2,3-Dimethylphenyl H
ol - Napﬁthyl H
0~Fluarophenyl H -
2-methyl-4<Nitrophenyl R
2-methyl-4-Nitrophenyl K
2-methyl-4-Methoxyphenyl H-
p —.Naphthyl ' }
' 0-Tolyl ‘ CH,s
2,3-dimethylphenyl CH3
o - Naphthyl » CHS
O-Fluarophenyl \Agﬁs
2-methyld4-Nitrophenyl ¢H3
0-Chlorophenyl CH3
0-Bromophenyl CH5
=¢ - Naphthyl s Phenyl

‘R, Rotamers
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also provihed the lock signal and the internal reference. The

3

concentrations of the golutions of thioﬁydantoins in DMSO varied in

§ ey ——

the range of 20 - 40 % w/v. The number of scans varied from 2,000 to

10,000, each specirum run with at least two different analytical

v e
-

frequencies.

3
c g ———

o . / ' Chemical shift values are reported relative to TMS and

vere calculated by taking the chemical shift of DMSO to be 40,40 ppm

’

-

~

o A i g St e i P Y

downfield from TMS. All chemical shift values are estimated to be ,
r ‘ A )
. s 4
accurate to 0.05 ppm (equivalent to 2.0 Hz), unless otherwise
indicated, A the spectra were measured:by doubly irradihting either :
. R * P i
*near the aryl region or near the methyl region for noise proton ‘ t
l ' ‘ >
§ decoupling of 30 (1H)
ASSIGNMENT OF THE PEAKS k
Previously some investigation had been carried out in these
‘ laboratories for the ?SC chemicgl shift values for different carbon
\\
~P’«\\\ ‘.s \
\i positions in the 3-Aryl (12 ) _and 1-Aryl (11) hydantoins. Eberhard et al .
. . i ) < .
. ' . L v ) ™ - l
in a review article (22) have rejorted a rang;\of 150 chemical shifts }

. |
. S
of 190 - 202 ppm ( TMS ) for thioketones and of 160 - 175 pom (. TMS )

}
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¥

for carbonyl carbons in esters and amides, Williams (12) has confirmed the

c

'asaignméhés of the peaks of hydantoin by measuring its 130 nmr spectrum

‘ in DMSO bdth by off-resonance proton decoﬁpling and with noise proton

decoupling and by comparing the results Qith the 130 chemical shifts of
2

carbong at various positions in acetamide and urea. Our measuremenis of

1)

. chemical shift values of various carbons in hydantoin and thiohydantoin

has reconfirmed his assignments; Table 1-2. shows the range of chemical

[

shift value§ for various carbon poaf%ions in STAryl- and 1-Aryl-

-

hydantoins.

~ ASSIGNMENT OF THE PEAKS OF THE ARYL THIOHYDANTOINS

’
.

The peaks correspondinglto the C-2 and C-4, thiocarbonyl and

;" '

.8 comparison of their chemical shift value

-

1-2 and 1'30
Chemical shift values for the peaks assigned to the carbonyl
0

and the thiocarbonyl\carbons of the hydantoins and the thiohydanhtoins

are shown in Table 1-4.. The values for the C-2 thiocarbonyl carbons.

of the aryl thiohydantoins vary over a range of 176.80 to 182,77 ppm
M"WWW‘*WW D A L i b 32

%
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TABLE 1=2

Range of Chemical Shift Values for Various Positions of
Carbons in 3- Aryl ahd 1- Aryl Hydantoins®.

‘ : R, O TN R, ‘
. - . 1 1
. n ) ) \ ) o

3-Aryl hydantoin 1-Aryl hydantoin

56

v g

P Te——

Type of Hydantoin Carbon Chemical Shifts, ppm, (TMS).

c-2 C-4 c-5 c-5 . Aryl
Methyl Methyl

R

3~ Aryl substituted 15 - 174.0 = 46,6 - 116-9 - Jz-9 =
15 . 25.7 17.6

b 156.3 - 173.2 - 47,2 - 18.0 - 17.9
158,5  180.2 59.4 26,1
1- Aryl substitutedc_ 155.4 - 172.8 - 52.0 - 14.6 - 15.\3 -
‘ 157.6 179.4 66.0 25.0 20.4
o’ - ,
R
. N
/ ;o
a ppm from TMS
, ) b : solvent not reported / )
] T : ¢ ¢ in morpholine




' ‘ s
. ; TABLE 1-3 . a ;
. ' N ‘ 7 -
{ . %(

Chemical Shift Values of Various Carbons 'in the .
Reference Compounds Listed therein. ’

-

Compound Carbon Chemical Shift Values, pp ﬁs .
c-2 . C-4 C=5 Mettyl :
. '* * Hydantoin 158.6, . 174.0 *  47.6
N ’ P ) t
- Thiohydantoin 183.6 “174.3

Aceta;-mide N ‘172.0 22,2

- . N ' ?' * -

N Urea . ~160.4 ;
3-phenyl=5, 3~ 157.% 1%9.3 1709 .
dimethyl hydantoin(11) | - 7 . e
! » N
/ ¥4 N 4
< ' "r
\ . )
AN
.Jw At , . * -
. \ X \
. o \
%5 v )
[}
t N h )
A

b a4 o el r‘m—wmv:*——-wf ?r.v't.
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) TABLE 1-4
‘ 13 ) -~ .
o Carbonyl and Thiocarbonyl C Chemical Shlft‘Values of
@ - *the Thiohydantoins and the Hydantoin V1. -
. ~N
& ' . X
, ' . i . o ;‘2/ )‘—‘N«H
! . R-?—
S - R,
N 0 Ry . . i
No. R ’ Isomeric R1 Ré X C=2 C-4
. / . Relation v
1 H , - H H S. 183260  173.70
; 1 0-Tolyl . Diastereo M CH; 5 182.77  174.41
j ) ‘} .2, 3=Dimethylphenyl: " H o CH, S  182.78  174.73.
| 111 ol- Naphthyl ’ " H “cH; 8 182.52  175.41%
| . - ’ 175.21
» 1V 0-Fluorophenyl n B OBy S 181.56 - 174.41¢
. . > 174-01 -
: V  2-Methyl-4-Nitrophenyl " Hoo cHy S 180,38  174.01
i Vi 2-Metityl-4<Nitrophenyl " H o CHy ' 0 162.08.  178.79
. V11, 2-Mahyl-4-Methoxyphenyl " Ho CHy 5 182.07 T 174.61
V111 g §¥aphthyl " " L 182,07  174.81
1%+ 0-Tolyl . %?t” CHy  CH, $ 178,79  175.60
X  2,3-Dimethylphenyl ' " CH; CHy S 180.38  176.80
X1 ¢~ Naphthyl " .CHy CHy, S 180,77 176.44
C XN 0-Fluorophenyl . . " CH; CHy S 178.09 174.41
X1 2-Methyl-4-Ni trophenyl oo CHy CHy S 179.34 ~ 176.43
Yo X1V O-Phlorophegjlrl : oo CH; COH; S, 180.1 176.56
\\\/) XV ° 0-Bromopheny " CH3 CH3 S 181,77 176.80
s e d
) . XV1 o - Naphthyl | . R%%igereo 0655 CH3 S 181.4?0 :;g:zg‘
o ' . ’ L7 \{ - . *
‘ <

' . d : doublet

[ B B 2 o d

- ——————- -

B
+

e et e

pd
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/ the range of 160 - 179 ppm for carbonyl peaks ip amides and esters, 2.
. . ; - .

¥
o

“ . o

Cain )

s ‘ .59
and agree quite closely with the value hf 183;60 ppm for the thiocarbonyl

°

carbon of 2-thiohydantoin and the range of 190 - 202 ppm for the thioketones
v | - < 1

N
' P " [] ?

’ :

? .

&,

Q‘?).'Similarly, the values for the C-4 carbonyl carbgns of the aryl" ' .

————

. 7 ‘ ' :
thiohydantoins vary over a range of 173.10 =178,19 ppm and again agree -

quite closely with.the values of 174.3 and 174.0 ppm for the carbonyl b
a ) ‘ ) o

: L ' . ¥ 1

carbons in thiohydantoin and hydantoin, respectively, and fall within ’

o I3 v . \.

[N
¥ s

-

Chemical shift values for the peaks assigned to the C-=5 ‘ -:
" R . ' v
carbons of the aryl thiohydantoins é.re shown in Table 1-5., These values 5 '
4 . 5 *«\ '

-

vary over a range of 54.91 to 61.58 ppm and agree with the value of the

- .
¢

C-5 cadrbon of hy%ntoin. at 47.6 ppm; particularly, if o¢- methyl ‘ ’ .
. ) ' !

substituent effeats are taker; into consideration.

Methyl Peaks : - . ‘ L /

-
a

Téluene methyl carbon absorbs at 21.3 ppm. The chemical shifts | »

'\ S . ! 2 ’ ! . . -
" “of methyl carbons in various anilines, and ‘N,N- dimethyl anjlines are . o
; . -~

shown ih Table 1-6. The chemical shift valyes of methyl cafpons in

N-Aryl phthalimides and )1- Aryl phthalimidines are shown in Table 1-7'.

-

. I

coe
g
& !p“‘\;‘n‘ Fa

%, ¥ . : - -
The aryl meth: ii{‘ ‘tzﬁgaé‘”‘@pmpounds can be compared with the aryl methyls r
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hY o v
‘ K .
. ) 139 Cpemica]), Shift Vajues of C.-S‘ Carbons in }
. \ . \ ohydantoins and 'the Hydantoin V1, ‘ ’
N/,“_'N i * o ;
\’—J" Ry :
.R’z I . l2
N . ! ‘ d
. - No. R , omeric’ . R1 R2 X C-5 Carben ) )
, . _ ) : -, Relatioq c \ . . ppm (:I‘MS) (
. - ‘ :
Y .. - ‘ ’ o~ ) ‘
. R 0-Tolyl ] L R-%%?gex/v/eo H " CHj S | 55.01 s k
y .41  2,3-DimethylpHenyl .o B oy s 5491 i
’ 111 oL~ Naphthyl o / W CH; S 55.51  * b
, _»" IV _ 0-Fluorophenyl . S ctl3 s 55.10 " .
g v 2-Methyl-4-Nitrophenyl " ! " H .YCHK S "55.'31’ £
-ML 2—Metmy1_74-Ni-tr9pheny1 : " | H 'cn3 ] 52,43 -
3 V11 2-Mekhyl-4-Methoxyphenyl 0 5 S 54.91 o
; V111 B Naphthyl ! " H CH; S 55.21 > | I’
) . | Y ! >
’ X 0-Tolyl . Enantio 6}13 CHy S 59.49 :
‘X . 2,3-Dim ylphenyl B " CH, - CH, z 60.68 ~
. X1 of- Naphthyl ' ' " . CH; CHy 60.98 i
. * - X1 srophenyl " CHy CHy S - $1.00 ‘:, ’
\ s X111 2-Methyl-4-Nitrophenyl- ~ o CH,  CH, s 61.58
\ X1V  0-Chlorophenyl o oo ) CH3 CI'I3 S 61.24 -
’ XV O-Bromophenyl - - "o rcu3 -CHy s 60.60 . °
g _XV1 ol- Naphthyl 7. Diagtereo Ph CH; 'S 60.68 :
. N i ' . ¢ ) / '\
R | o R v .
' }
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) . TABLE  1-6 \
A K ' N . - , j i
] L ) s . - . j f
B . ! ) ' 1
. . Aryl Methyl 3 C Chemical Shift Values foy Some Anilines \ r»
© . - (. .andNN-inethy] nilines. . o )
E - . : N ;
3 {5 . ' - ) ‘
o 5" . e’ ! ( “ ‘/
F - ¢———_ 4niline ! / Methyl _ b Ref. /.
: ' .- \ Carbon ets . . /
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'Aryl Methyl '7C Chemical Shift Values in N- Aryl
Phthalimidines and N- Aryl Phthalimides. (28)

.

P
“ .
+ .

Phthalimide . Phthalimidine Methyl
AN . ‘ o, ’ , : Carbon

¢ -
'

M : )

»

Q L« ME
~ L 18.27
: . 0 .
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! jn hydantoins, since they have similar,at least immediate, swroundings,
¥

: a 1cli (17) has reported the Chemical Shift values of the aryl
- ) L

methyl carbons in 3-N Aryl hydantoins to be 17.1 ppm, regardless of the

l
f

! !
pumber of methyl substituents at the C-5 position. Williams(12) reported °

. 1

.‘_

these values to be 16.87 and 16.90 ‘ppm for the aryl methyl carbons in

.
L

T N ¢
C-5 methyl and C-5 dimethyl hydantoins, respectively. These résulis
v along with the chemic;i shift values for C-5 methyl carbons as reported

s - »

. - ‘ N
by Iecli (11) and Williams (12) are presented in Table 1-8,

1

> : It is clear from Table 1-6 that the ortho methyl carbons in

o
[
.

" anilines and N,N-Dimethyl anilines show,chemical shift values in the

’

~range of 16,88 - 19,0 ppm, and in the N-substituted phthalimides and-
= .h" -
) \ o . ]
N-substituted phthalim{ﬂ%?és. Table 1-7, over a region o§j]5179 -18.27

ppm., In 3-N aryl sdﬁstituted hydantoins, the chemical shift Qélues lie
" h 7
in the reéion of 16.9 1o '17.9 ppm. The trend for the arfl methyl carbons
t . - N ' '
tb’pe on .the high field side ‘as compared to the C-% methyl carbons is
“ LY ! ) )

noteworthy: A knowledge of the enantiomeric and dia®tereomeric relation- )
v o . . $
ship is also a valuable guide in assigning a particular peak to an aryl ~)

3

méiﬁyl carbon or a c¥;~;3}n11 carbon. For example, .in 3-(0-t0lyl)-5,5-
] C.




3¢ Chemical Shifts of Aryl Methyl.Carbons
% (-5 Methyl Carbons in 3-Aryl Hydantoins.

"

ME O . .
/lr-NH
N 3

N, MmE

0 g
. e "“ ¥
., LAmy1’Methyl C~5 Methyl C-5 Methyl

Carbon : (a) Carbon (v) Carbon
—_—

AN

-

: doublet for the diastereomers
- L
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dimethyl hydéptoin, 1X, three peaks are dbserved in the methyl region.
L

s . ©  The high field signal ta.t 16.14 ppm is clearly attributable to the ortho
"~ L ]

[} - bl

methyl since the emantiomeric ortho methyl group is expected to exibit

a single absorptioﬁ. On the other hand, the C-5 dimethyl groups are +

2
‘4

expected to show two signals, of almost equal intensity, and close to

cach other, This is indeed observed and the lower field signals at
. "+ % 24.12 and 25.3%2 ppm are believed to arise from the C-5 dimethyl

-
) ey - *
L]

’ ' carbons. Table 1-9 shows the chemical shift, values of the aryl methyl

- ~
"

carbons and'u“}C-S methyl carbons of the compounds sigdied in the

' T~
~
N
A
-

present investigation. The chemical shift values of the aryl methyl

Y

. . ° . [
= carbons vary in the regidn’ of 13.26 to 17.14 ppm. The 3-methyls of tihe

- " 2,3~ dimethylphenyl moieties.in the C-5 methyl and C-5 dimethyl hydantoins

N show‘chemicg}.shifts of 20.02 and 19.?27ppm,respectively. The greater
g o

\ ~ N

- B ” .
deshielding is exp%cted because the 3-methyl carbons int2.3-dime%hy1
ST : '\ RS \:.‘ . . oL
anilinep and NyN- dimethyl. anilines aﬁo?schemigal shifts of 20,6 and
N L
{ \\\ 20,8 ppm, respectively. (2%) _

s t

‘ The‘§~5,methy1 carbons show chemical shift‘values & two

:
1 )
/ , o ,

, distinék regions. For C-5 mono meth&l thiohydantoiné, the range of -the

{ ., chemical aQiIt values is from 15.35 to.17.34 ppm whereas for the C-5

¢ cEw—. Ty "

L Banth s ol SRS

4

-




w{ : - ' | TABLE - 1-9 .

% :
j 3¢ Chemical Shift Values of Ortho Methyl Carbons and of - ?
! 'l
h . C-5 Methyl Carbons in 3-N Aryl ’I‘hxohydantoins a.nd. the }-N-
Hvdantom, V1, X
. )‘— N )
i R N ’ - "
]
~ ]——l—n
! . 2
; - ° M | >
"No. R R, R, X Ortho - C-5 Methyl '
' o Methyl Carbon : ;
| Carbon - '
I / {. ‘
! . " . N A%
’ 1 0-Tolyl B CH S 15.94, 16,44 16.84  17.048 :
/ : )
. ) d 6.44% '
1" 2.}-D1methyl@nyl H CHy ~S ,13.26, 13,667 16.04 16.44 !
. ~ 19,02, 20. 02 ‘ !
”» 9 N "’”
+ 111 oL~ Naphthyl AN CHy S - 16.30 16.80% %
i
' 1V . 0-Fluorophenyl H CH3 S - 15.94 16, 34d
h vV  2-Methyl-4-Nitrophenyl H CHy 5 16,94, 17.14% 15.34 . 16.14%
’ ' VI 2-Methyl-4-Nitrophemyl H ' CH; O 16,74, 16.94:1',1’6.04 16.343 'r
| Vi1 2-Methyl-d-Methoxy:  H " CH, S 16,34, 16.74% 16.94 17340 )]
phenyl ) \ ' e . ry s
/ .
V111 3 - Naphthyl H CH; 8 - 15.35 16.14 i v
X O-Tolyl 3 CHy. S 16,14  "24.12 25,32
X 2,3-Dimethylphenyl CHy  CHpa 5 13.50, 19.52  23.40 24.10 .. %
) X1 o¢- Waphthyl cn3 CHy. S - 23,44 ° 24,10
C X1 O—F"luocrophrenyl cHy  OH S - . 23,30 24.10
' X111 2-Methyl-4- Nltrophenyl CH3 CH5 S 16,84 23.00 24.20 "
X1V 0=Chlorophenyl 3 CH3 S ‘= , 23,10 24,10 . o
Xv 0-Bromophenyl 3 CH3 S .- 123,50 24.57 .
XV1 (- Naphthyl *  ~  Ph CHy, S - 22,70 :23._70d [r
| , v.!‘ N N . a "
d : diastereomeric doublet : \ L7
{ 4 N |
H
i
i ) N ” ' ' ; L)
i , C ) !

. N
. t ‘ s

- Y% "W, TCTRE] TYewy T EGTT—TY —pr—y
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dimethyl thiohydantoins, this range is from 22.70 tb 25.32 ppm, and agiees

well with the range of 24.12 to 26.12 ppm as fdundsby Williams (12) and

“
s\

Icli (171 for similarly substituted hydantoins.,

In the éase of 3-(2-nethyl-d-nnthoxyphenyl)-2-thio-5-ﬁgthy1

hy dantoin, V11, the signals due to the aryl methoxy carbon and the C-5

’

\.

N Ry

ﬁé‘ carbon of the hydantoin moiety ovenlaﬁ each other. In this case, the

signals are observed at 54.91 and 55.11 ppm. In order to make & definite

3

assigﬁment to each peak, some comparisons of the chemical shift values of |
the methoxy carbon ip this thiohydantoin can be-made with the chem{fal

shift values of the methoxy carbons in the compounds listeé in Table 1-10,

It is clear from Table 1-10 that the chemical shift values ¢

i . of the'methoxy carbons in these methoxy compounds appears in the region

54.7 to 56.1 ppm, usually greater than 55.25 ppm. Particularly in the

]

substituted quinazolinone (25), -the methoxy carbon is in an environment

" . similar to that of the methoxy carbon in the thiohydantoin and therefore

provides a useful comparison. Therefore, we may have reasonable confidence
- : oe ’// *
in assigning.the peak at 55.11 ppm to the methoxy carbon in the thio-
) ' T s ’ ) .

)

hydantoin, and conqlude that the peaﬁ at 54.91 ppm corresponds to the
. ‘y ‘.
¥ . 4 -

o
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| .TABLE  1-10
i' .
.
: , : Chemical Shift Values of Aryl Methoxy Carbons
: ’
i Compound ppg (TMSY

M

) ’ 0 omE A
/r N 56025-
/ i} h X -
g ' 0 O ME .
; Ha 56,07
0 \N. ,
LN
6 L]
‘ 5525,
LM)
ﬁ 12 -
: w o,
. v
'/ ~
- . .|
. ) . ‘ ) ,
. . 1. . a [
% .t
. . ﬁ ,
17 \ / . ! M

-

’

~

~

r

e
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A n o

6-5 carbon. N
) . TN . R . .
l e d

»

Arvl Carbons : ’ . ,!

L%

A series of peaks corresponding to the aryl carbons occurs

; ‘ - =

vitﬁ??ithe expected range of 110 - 140 ppm. The intensities of the

peaks were greatly enhanced when the gamples were irradiated close to .

-

the 1H aryl absorption region, due to the more efficient spin - spin

i N

decoupling of J}C - 1H nuclei, For the purpose of ground state -

stereochemical studies, major Eonsideration is givén to the chemical

°

shift values o{/different carbons in the thiohydantoin moiety, since

.
- .

aryl carbons are not expected io be very sensitive to stereochemical

[ . ©
variations and therefore, no attempt was made to specifically assign

a ,

i,

14
v

varioue peaks fo the ar&l carbons, Hqﬁgver. some ofiﬁhe peaks are quite -

]

— '
v’

easy to recognise, For example, peaks corresponding to the carbons of

o ‘ ‘ 4
the C - N bond, or the C-OMe bond, or the C-Me bond. The unsubstituted

.

i

aryl carbons would, because of the Nuclear Qverhauser Effect, show peaks .

; )
* ' W

.

of much greater intenéitieS'than the substituted aryl carbons.



thighydantoins studied, the chemical shift vaNa given carbon
/ e r * ) .

position vary over quite a narrow region and the regions for different .
1

: assién'nent of the peaks in the Fourier Transformed 13(!‘I‘IMR Spectra.

) \

N Iy

In sumary, it can be seen, that throughout the series of

r

. - - . ’ . .
carbon positions are well separated. There is, thus, no ambigguity in the

P4

s

.
-—

»
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i

‘

F:




TR et a1

/ - :
. o !
THIOCARBONYL AND CARBONYL 150 CHEMICAL SHIFT VALUES OF THE THIQHYDANTQOINS.

176,80 to 181.50 ppm, T,

» ! /

The UC Chemical Shift.values for both the C - '2 (Thiocé,rbonyl) .

2

and C - 4 (Carbonyl) carbons are shown in Table 1-4,

The 0%2 thkocarbqnyl 13C chemical shift values of the aryl-

- thiohydantoins fall into two, more or less distinct regions corresponding

-

/ N "
< Y E
7] !

to the number of methyl gioups at the C-5 position. In the casé of C-5

methyl thiohydantoins, the thiocarbonyl 13 C Chemical Shift values fall in

, "
« . ,\!

the range of 180.13 to 1é2-77 ppm, whereas for the corresponding (-5 L -g
] % -~ -

)
e s

4 .

dime'thyl thiohydantoins, the range of 130 Chemical Shifts varies from

k4 i
s 3

Similarly, the '°C Chemical.Shifts of carbonyl carbons (C-4)
- ' . ' ’, ,

©

‘of the thiohydantoins fall within“ the range of 173,70 to 175,40 ppm for

Ty

. = ’

o oy~

one methyl at the C-5 position, whereas for two methyls at the C-5
. o

w

position in the correasponding thiohydantoins, the range of Chemical Shiftas

A

varies from 173.10 to 178,20 ppm. X
. . ‘

, It is intjreating 40 note that the thiohydéntoins VAR v

: €

(2-Methyl-4-Methoxyphenyl) an® V111 (S~ Naﬁéhyl) both absorb at 182,07

. Bhiecs Lo il et oot Sl i G bias 3

=<

%pm for the thiocarbonyl carbon and slightly differently for the carbonyl

o : ! 'b‘ T




prap—ees—

°

°

carbons i,e, 174:.61 and 174.81 ppm, respectively.

-~ The thichydantoins X1V, XV and XV1 absorb over the(ra.nge

-

(/ 176,80 - 181,50 ppm for the thiocarbonyl carbons; whereas the carbonyl .

® v

carbons absorb over the range of 173.10 - 178.26 pp,m.‘

A

-

¥

. The only hydantoin examined, V1, (( 3-Methyl-4:Nitrophenyl)-

5-Methyl hydantoin D shows Chemical Shift values of 162,08 and 178.79 ppm

‘for the C-2 and the C-4 carbonyl carbons, respectively.;

4 ' ' ' ' ) k/

On the basis of their stereochemistry, all the C-5 methyl

thiohydantoins and also the hydantoin V1, whi'c':\h have diastereomeric

-

‘'rotamers, can be expected to show double peaks for both the C~2 and the

Cc-4 'carbonyl carbons. Some of the thiohydantoins studied did shgw splitting

A
-

of the C-2 and the C-4 carbqnyl’"‘jarbon peaks because of diastereomeric
rotamers when thé spectra were run at higher concentrations, e.g. the

thiohydantoins 111, 1V, X1, X1V, XV and XV1 are included in this group.

1
Ay

The remaining thiohydardtoins did not show diastereomeric splitting of @

either the C~2 or the C-4 carbbns, probaVvly for the two reasons : First,

the concentrations of thg thiohydantoin solutions may not be\suffic'iently

high and’ consequently, the peaks corresponding to one of the diastereomeric '

‘W W T

L&M

e n v M e e

§ ~-r

LIt e e e
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‘ TABLE 1-12
" -7 fThe Downfield B-Methyl Substitution Effect’
en the C-13 Chemical Shift Values of the .
Carbonyl (C-4) Carbon in the Thiohydantoins., -
r &
__Thiohydantoin ppm_
0-Fluorophenyl 1V and X11 0.0-0,2
0=Tolyl 1 and 1X 1,19
o-Naphthyl ‘ . 11 -and X1 - 1.13 \
2,3-Dimethylphenyl =~ - 11 and X 2,07
" 2-Methyl~4-Nitrophenyl Vv  and XH11 Y

-

_, .,..
e e s s

— e =

—
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SOLVENT EFFECTS ON THE CHEMICAL SHIFTS OF C=2 AND C-4 CARBONYL CARBONS :

- 4 ‘ . ' ‘ - . N S‘ ~5
The thiocaé;onyl link is highly polarized ("c::s Fﬁ/c —5S).
‘ , " . ‘
DMSO itself is a highly polarized molecule, CH3—AS"*—-CH3 . It
e i i i ‘ . '

( 0-s.

solvates cations strongly and leaves the anions relatively
s

'unencumbgred.c It is, therefore, éxpected that in a C-5 monomethy1

thiohydantoin, the oxygen atom of DMSO will be close enough to the

carbon atom of the C S bond to ‘solvate,the hiéh]y polarized

-/ .

carbony1~gr00p In an attempt to est1mé€; the magnitute and the

thiocarbonyJ bond SolVatﬁon is also expected to occur on the C-4 ' 4

directien of the solvent 1nduced variations in the chemical shifts

of . the C-2 and C- 4 carbons, a 25% solution of 3- (- Naphthy] )-5 5%

Dimethyl-2- Thiohydant01n X1, in chloroform, was run to obtain its

" Fourier Transformed NMR spectrum. The results are discissed later, .

but it should be mentioned here that not only the C-2 and 'C-4
carbonyl carbons, but also the C—S‘and the C-5.dimethyl carbons I
showed significant upfield shifts in DMSO compared to ch]oroform,~the ,<

' .
Targest shift being experienced by the thjocarbonyl carbon, C-2.

\

N

A=—Cisoid-Conformers a

If we consider the conformers in which the methyl group in
¥
the -5 monomethyl thiohydantoins is 'cisoid' to the ortho substituent;’

then the solvent mplecule is expected -to experience little steric

hindrance if approaching the C-4 carbony1l carbon from the side -

Do Vi e T S e T




'transoid’ to the ortho substituent, thereby causmg an mcrease in

A - ) the shielding df the C-4 carbony] carbon. It 1s less 1ﬁ<e1_y on the

»stemc grounds that the so]vent molecule would appmach between the e

= »

ortho and the £-5 methy1 subst1tuents
In. the conformers mentioned above, the extent of so'l vation

around the C 2 thiocarbonyl carbon i5 expected to be much greater

Y SOOI o hovmgn s

following two considerations: \ ‘ -

. a- The thmcar!<>ny1 hnkage is h1gh1y polar1zed as weH as -

\ : Lo O re]ati'vel_y'strohg el ectrr'oS«téti_C' sdlveht bondinig'~with .

b . . the‘positjvew polarized carbon atom of the C=S bond.

B v, - . ‘_ . o L.
» , . . b- Sterically, the C-2 thiocarbonyl link offers no resistance

p T - to the solvent molecule to epproach it frem the least

, S " hindered sidé‘'i.e. 'transoid' to the ort‘ho ,se'bstit;uentﬁ )
| The solvation at the C-2,site would be very effective -
s and the chemi%a] shift of the C;Z carbon is expected to '
experience a large pet~ u’rbhtion. This is in agreement .
with the observation that the chem1ca1 shift of the C- 2
! Lo th1ocarbony1 carbon of the thiohydantoin X1 is 1.80 ppm
to higher'fiel-d. in QMSO than in chloroform.

o The approach of the solvent molecule to the C-2 thiocarbonyl

. "carbon from the same side as that of ortho substituent is also” possible;
. : x H ' [
bdt; less 1likely because of some steric hindrance from the ortho and - .

fhe 'cisoid' C-5 methyl substituents. The extent of solvation around

€y

.C-2 \from this side is expected to be somewhat dependent- on the size of

ompared to that around the C-4 carbonyl cahbon, based on the S -

p ' """ the DMSO molecule. The oxygen atom of DMSO would have . |

 r 4 e p————————
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the ortho- substituent. “If ihe ortho substituent is sufficiently

1arge, 4t .may considerably reduce solvation about C-'é from this ,side',

resulting in-a smaller sh‘ieldihe contribution to the C}-2Fchem1 cal
shift and cunsequenﬂy a lower upfield . §- effect (see later).
v o : '

~ Upon the addition of a second methyl group; which would -

occupy a position 'transoid' ta the o'r-tho substituent, the solvation

~* around C-4 by DMSO would be hindered from the side 'transoid’' "to -

the ortho 'substituent compared with the C-5 monomethyl compound. This"
0 '[ . . . -~ N

¢ : .
should result in a deshielding contribution to the C-4 carbonyl

N carbon chemical shift. The solvation of C-4 from the Side 'cisoid’

to fhe ortho substituent is still -gréatly hindered and would be highly
© probable. sy’ \

Because of the incoming "transo'id'. -5 methy! group, the

w solvent sheH around C-2 would also be sterically disturbed. However',’

~ solvation around the C-2 thwocarbonﬂ carbon shou]d be affected to a

‘1e$ser degree than that about c- 4 because of the greater distance

from the s1te of 1ntroduct1on 'of the methyl group

In summary, when the C-5 monomethyl thiohydantoin molecule

ex1sts in the preferred c1so1d' conformatwn, then, the. addition of

a second methyl group -at C-5 may have a significant effect upon the

Chemical shift of the C-4 carbonyl carbon through hmdermg the

ability of the solvent molecule to, solvate the C-4 cdrbon. 'Th‘e

! - < | N »
, additien of a second methyl ‘group is also expected to affect, but tQ

a smaller e'xtent‘,.‘the chemical shift.of the thiocarbonyl carbon.

N
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.B- Transoid Conformers

t

t

..

If .the C-5 monomethyl thiohydantbin molecule is assumed to

. exist in the less preferred conformation i.e. the C-5 methyl group

being transoid to the ortho substituent, the solvation around the ‘
c-4 carbony] “carbon from the side 'tr;msmd‘ to bhe ortho substituent
would be great]y reduced as compared to the 'cisoid’ conformer, \
,because of the steric hindrance. The solvation’ ‘arouqd C-4 from the .
s1de '‘cisoid’.to the ortho substituent is still h1ndered but less so
compared to the qjsmd' conformer and a weak sol vent sheH may be
developed around C-4. ' However, the sdfvation around the C-2 thio; ) :
carbony] carbon would be shghﬂ_y affected.’ |

Upon the addition of a second methy1 group at' C-5,.s0 that

th1s methy] group occup1es a 'cisoid’ pos1t1on wmth respect to the

! ortho subst1tuent so]vatwn around C- 4 from the s1de c1smd' to th&

ortho group becomes almost impossible, but from the side 'transoid' to .

the ortho subst1tuent remains almost unchanged Th'e so]vent shell

around the C 2 carbon is expected to be unaffected since the

envwonment a]most similar to that 'in the C-5 monomethyl compound_, o

would be preva1ent. , LT X

Y

\ In 'summary, the addition of a second methyl group at the,

-

C-5 carbon in the C- 5 monomethy] th1ohydanto1ns, which has preferred * A

‘ei smd' conformatmn wou]d drast1caHy reduce the solvation about
the C-4 carbonyl carbon, resulting in its considerable desh1e1 ding.

The addition of a second methyl group at C-5 should have a relatively '

" smaller effect on the shielding of the C-2 thiocarbonyl carbon.

o e e oEe

s i o




e e

_In. the less preferred conforma‘t’ion of the C-§ methyl thio-

hydantoins i.e. the C-5 methyl group bemg 'transoid’' to the ortho ;
subst1tuen'éw the addition of @ second methyl group at C-5 would have // :

little effect on the chemical shifts of either the C-4 or C-2

carbonyl carbons.

EFFECT OF POLARITY OF SOLVENT:

o | If cholorform is employed as a'relatively non-po]ar reference
solvent, the direction of polar solvent induced shn‘ts may be deter-
o mined by compar'ison with the observed chemical sh1fts in the more - .
polar solvent, DMSO. A significant (1.80 ppm) upfield ‘shift was | : i
observed for the C 2 carbon signal in DMSO. The shielding of the C-4

carbonyi carbon (0 08 ppm) in DMSO is within the range of expemmenta] . ‘ i

error.
¥ ) g Table 1-13 shows the cor;lparison of the T3C chemical shifts )
of 3-{<-Naphthyl)-5,5-Dimethy1-2-thiohydaritoin, X1, in chl'o,rﬂ'ofo‘rm- .

‘and DMSO. Approximately 25% solution of the thichydantoin in each

solvent was employed. ™~
At this stage, the dwectwn of the variations m ehemical

sh1fts 1nduced by the polar so]vent has been deﬁned The magnitude

. of the solvent 1nduced chemca] sh1fts is re]atwe'ly more difficult \ 0 .
to estimated. The shieldings of the C-2 and C-4 carbonyl carbons by ,,_:
1.80 and 0.08 ppm, reipective]y, a‘s induced by the polar so'(ver)t
DMSd, could serveﬁs_ a guide to'such estimation, but the possibility ’

. of different magnitudes of the upfield¥- and the downfie1d?4effects i . |

l i } S . - ' . !
caused by the less polar-solvent, chloroform, should not be ignored '




Comparison of Chemical Shift Data of 3-(X-Naphthyl)-
, 5¢5-Dimethyl-2-Thiohydantoin, X1, in Chloroform and
IMSO, (Each 25 % Solmtion)

-

Solvent ( - Chemical Shift (PPM From TMS)
« o-2 C-4  C=5 . =5 Methyls

- . 23
f .

Chloroform, 182,80 176,76 - 61,91 24,14%

-

WSO - .181.00  176.68 6122 2%.68, 24.34°

B l | \ i

-

Difference: ,
1,80 o.\oe ‘ 0.46, 0.20

4

/

%3inglet observed
‘ b])ouhle1'. obmerved
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considered to be respons1b1e-for this observat1qn..;

. may interact with the|polar1zab1e CQS group by forming an electro-
, ’ <G

/x‘ ’ }’ h 87 ' ". “‘

Q‘.‘

It is 1mportant to note that upon changmg the solvenz ] | }

fromgﬂb]oroform to DMSO, the sh1e]d1ng of the C 2 th1ocarbonyTJ .. ! LT

P cod

carbon is Yarge (1.80 ppm) as compared to that of the Cné\ssrbonyl
carbon (0.08 ppm)- At least-the following two factors may Pe

&

1- The C=S bond is mare polar than-the C-0 bon& and is RPN %‘
-expected to be more subJect to solvation by a polar so]vent
« -2, The steric crowd1ng around the C-4 carbony] carbon is . .
" expected to be quite large as compared to tpat~around:the,‘
" C-2 thiocarbonyl ‘carbon. In the']att:; case, the steric - "t
interference may be between onelof the dimethyl §roups
of the DMSO molecule around the C-2 carbon and the C-5 '
methyl group transoid to the oktho substituent, abd also
between the ary] ortho hydrogen atoin and the second methy] . /,)/ ,
,group of DMSO around the C-2 carbon. In the case of the C-4;, ;
carbony] carbon, the d1stance between tbe naphthylhngUp
and the C-5 methy] group may not bevery small, but atﬁthe~f
~ same time may not be sufficient to permxt qu1te a fyee
approach of the DMSO molecules to the C- 4 carbon,
The contribution from both tbe\faﬁtors mentioned above seems -

td/be important toward the observation .of much smaller, if any, (0.08

ppm), shielding of #he C-4 carboh in DMSO as cbmpared to bhe.quite <o

/ylarge (1.80 ppm) shielding of the C- 2 carbon. . .

The observation of large sh1e1d1ng of the C-2 thiocarboriyl
carbon in DMSO (Table 1-13) shows that the highly’ po]ar solyent DMSO, + 0

.-.,.,-...r—-.
.




stattlc band between the electronegative oxygen atom and part1a11 y

, pos1t1ve'ly char'ged carbon of the ,C S bond Howev% the poss1bﬂ1ty

' - of the formatwn of a weak sulfur to su]fur linkage may not be 1gnored'
.‘ ) , . ‘ o ‘ B b4
4 ¥ - : ME ) -
~ o tL ]
T/"\! ) . . S ‘ . ¢ ) . \’+SS/M,
;’ ; o, s . ‘s )"‘) '
r: Tt “ . ! ’ S - P —S
g . - - * ” +§l . _,'—'C?ev
AW ‘ ¢=—— K
9 ¢ . @ N' .
>, ) @ - T) ME
- * .0 ME
-~ . -
. N
’ . > '
) : The\fo%matmm of Weak sulfur to sulfir bond you?d further faci¥ftate
, - the po]anzatlon of the th1ocarbony1 bond, and hence pr&motmg

stronger 1nteract1on between the carben of the C%S bond and the

~ . “. oxygen atom of M0,

LI 4

-

“‘ .
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- : * POLARITY OF SUBSTITUENTS ON THE ARYL RING ! . N .
i 8 ' i
? t. . N /

v

- i

The shielding eﬂ'eqfs caused by the‘presence of polar
PR ’ groups on the aryl rings can be exemined from Table 1-4. Comparing - \
_ the 0-Tolyl and 2-Methyl-4-Nitrophenyl thiohydantoins in the C-5 - ' S~

- methyl. serie(s, 1 and Vv, it i8 clear that ‘the.pz“eee}nce of & nitro group

. : in the para position of the aryl ring strongly shields the ¢-2 thie= . - ° \
carbonyl carbon (by 2.40 ppm) and slightly shields the C-4 chrbonyl B
carbon (by 0.40 ppnil. i’his is contrary to the effect observed 4pn the / «

- o c-5 dimethyl series e g« }hiohyd;intoihs 1X and X111 with O-Tolyl and .

l R S 2=Methyl~-4-Nitrophenyl moieties, respeotively.' Both the C~2 and C-4 \

carbons in X111 a.rg.dehhielded by 0.55 and 0.83 ppm, respectively, as b I
compared ito the corresponding ccarbons in 0-Tolyl compound, 1X. . i
; " The environment around: the C-4,carbon in the thiohydantoins

. \ .
may usefully be compared with that of the carbonyl group n the . ., ~ _

following substituted acetamides (20 \§\

/# a . ' ‘ . . (\j\;"’!‘“d‘MH’T a: ' , . . ‘ ~‘:
@—N-—-C—_CH:’ ' %N @ N——— C-—"CHi I\ e ) '
" AN ! ¢ f ,

(A) (B) S( , . TN ,

C=0) 169.2 ppm

§(c=0) 168.3 ppm

N

. The pi:eaence of the nitro group in the para position”on the aryl ring

Y
Nt}

. " deshiklds the carbonyl carbon in the supstituted acetamide,(B), by y
T ' . o N :
e 5, 0.9 .ppm. (i*'he deshielding of both the d-2 and C~4 carbonyl carbons,

\
|

| 2 . A ‘ -(' . 4 - . '
o o caused. by the para nitro %up, is indeed observed but only in the ' o

A3}

N ) C-5 dimethyl compounds 1X and X111, The deshielJir‘lg of the C-4 :\ J l
' f
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carbon ‘by 0.83 ppm is very close to that observed in the substituted
acetamide (B) mentioned above. Altilough both the rescnance and the

inducti\ve offects may be held responsible for the observed deshielding

of the carbonyl carbon in the substituted aoetami\de, the resonance -— _

effect should be conéidered to opntriﬁute very little, if any, to e

\ - '
~the deshielding of the C-4 carbonyl carbons in thiohydantoins, since
the aryl and the he*{:é}) rings are known (29 ) $&Shave a large
dihedra} angle., - 3 )

In the 2-Methyl-4-Nitrophenyl thiohydantoins, V and X111,
at least the follpwing four factoras can be considered to contribute

P

toward the C¥2 and (=4 carbon shieldings :
*. a~ The solvent effect, de.p.ending on the extent of apprqaoh of “
the IMSO molecules tc; effectively solvate ‘t..he C-2 and C-4
carbons,~ - . - " ‘
- b= The upfield Y—I’fethyl substitution efféclt on) C=-2 'a.rising\
fr;am the addition of a second methyl group 4t the C-5 carboh.
o= The downfield Br-Methyl ‘substitytion effect on (-4, arising
from the addition of a second methyl group at the C-5
carbon, Although the dowx'u‘ield B-effect is almost constant
| - at 2;3 + 0,3 ppmlin the case of hyda::ﬂtoing{ it v&rieé fron;
0.0 %0 2.4 ppm in the thiohydantoins studied in the .
present :an,;stigation, 'I"able 1-12, ) T
d- The effect due.to the presence of electron withdrawing ) -
: substituents on the aryl ring. ]
0f the four faot-ora mentioned above, the direction of the sclvent | ~
effect, whose magnitude is difficult to determine in this study, has

N

i:een investigated. As discus-sed ‘earlier, when chloroform was
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employed as a relatively non-polar solvent for reference, a 5 ' -

significant upfield shift was observed for the C-2 carbon signhl in -
. LA

DMSO in the case of ®~Naphthyl 5, 5-dimethyl thiohydantoin, 11,
Howaver, the shielding of the 0-4 carbonyl carbon was not eigniﬂceéxtly #

a.ffected ‘ ) S , T

.
e *

_ The - deshielding contribution of aboqt 0.9 ppm by the pare. T

nitro group has already been disoussed. U T ‘ e”

The downfiéld ﬁ-Methyl subatituxion effect is expected. to
8 -,

be.the mgin factor governing the chemieal ehift of the 0-4 carbonyl
carbon m the 5, S-dimethyl thiohydentoin, X111 which‘\is (2.42 ppm. \ .

It should be pointed out that the downfield B-Methyl

»

. , , )
substitution effects as reported in Table 1-12 and also the upfield

\ o
X—Methyl substitutlon effects as reported in Table 1=~ 11, should be,

regarded as & 'balanced eff ect of the four factors mentioned abové.
Compa.rieon of the thiohydantoins 1 and V11, would reveal the

eﬁigct of a methoxy group on the 3

C shieldings. From Table 1-4 it is
clear that the C-2 thioecarbonyl carbon is shielded by 9 70 ppm and the
C-4 carbon is deshielded by 0.20 ppm in Vi1 aas compared to t”he )
correr.eporiding\carbone in the thiohydantoin 1. In order to compare this

. obseﬁation with ‘that obseérved in th: case of para nitro compound, V,
it'may Yée \iseful:tb refer to Table 1-14, The dipole moments for the
nitro group {3.97) as well-.es for the methoxy group (1”‘16) are also
included. L o |

#” B
b N . . 2 't

_The comparison (Table 1-14) is made with reference to the
. s “ . . . ) -
0-Tolyl compound. The presence of the resonance effect is considered
'to ba negligible because of a large dihedral angle between the two

rings., However, there is a possibility of contribution to the o ~
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TABLE ¢ 1-14

Comparison of the Shielding Effecﬁé’in Para Substituted

Aryl Thiohydantoins With Respect to the Corresponding

< O=Tolyl Thiohydaptoin, 1X.
t ME S
\ , /L—‘N W
' £ ] N 3 1 ¢ .
X —_— . o
\ . f \> sl T
\ . ME
. , . 0 '
& e - H
Substituent c-2 , C-4 - Dipole
‘ moment
. X ' ppni - oppm___>
N0, + 240 | 40,40 397
/“‘L ‘
OCH + 070" - 0,20 1,16
- /
“ ) 51
+° Shielding s - . e

- .Deshielding

“

PR

o e RS A WO it s ”“"‘”“’""“"““W
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shielding of the C-? and C-4 c#rbons fr;; the resonanée
structure like (D) in ;ﬁich the iﬁguctive"effect can. influence
the C-2 and C-4 cardbon shieléingsvmore forcefufly than the
structure‘{c); This implies the reversal of direction .or at
least the retardation of the in&ﬁctive effect. Similar resonance
structures e,g. (E) and! (F) é be wfitteﬁ‘for‘the para nitro-
rhenyl thiohydantoin, but tbzzr con£ribution to_the carbon
shieldings seems to be negl&gible; since the partial positive
chiarge in (F) is expected to help /‘de'shielding of the C-2 and C-4

carbons through the.inductive effect; whereas these carbons are

fairly shielded (2{40'ahd 0.40 ppm, respectively).

e e,

ey
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Fc'u: t}lm qrtﬁo halogen substituents, inté¥esting trends are
observed for the C-2 and C-4 carbon chemical shift values in 5,5~ * w
dimethyl ;chiohyda:)toina. The shielding decreases from O-Fluorophenyl-.
to O-Bmmophenyl thiohydantoin. Both the C-~2 and C-4 carbon chemicgal

ahift values show an approximately lmear relationship with the

; electronTativity of the ortho halogen substituents, Fig. 1-4.

: /
In contrast tP the shielding of the C-2 and 7-4 carbons by

b.70 and 1.19 ppm, respectively, in O-Fluorophenyl thi/ohydantoin. X11,

v
these carbons in the O-Chlomphenyl compound, X1V, _bre strongly\

deshielded (1.35 .and 0,96 ppm, respectively) as compared +to the

0-Tolyl compound, 1X. Similarly, the 0-2 and C-4 carbons in the

. 0-Bromophenyl . thichydantoin, XV, are e\fen more strohgly deshielded

(3.0 and 1.2 ppm,-respectively) as compared to the corresponding

carbons in the Q-Tol§1 compound, 1X. Since electronegativity decreases

" from fluorine "co bromine atoms, the increa.se in deshielding of the
'C-2 and c~4 carbona may be attributed to the slightly increased

atomic covalent radii of the halogens, which 1ncreases the possibility

of glectroatatic interaction. between the qrtho halogen substituent and

1

‘eithei the C-2 thiocarbonyl sulfur and/o: d-4 carbonyl oxygen. Also
! ’ / i

. the poséigility of interaction between the ortho halogén subatituent
A : ‘ : .

‘e

and the oxygen atom of IMSO, solvating the (-2 and C-4 carbonyl groups,
may not be ignored.’ - .




Electronegativity Units of Halogens
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C-13 Chemical Shift Vglues of 3-Axyl Ortho
Halogen Substituted C-5 Dimethyl Thiohydantoins,
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STERIC BULK EFFECT s

\; \

h Since steric crovding has been shown 1o affect the shielding
o!‘ the oarbon in questiot} a substantial increase in the total steric
bulk of the arylvsubstituent on N-3 is expeoted to resul‘pin.changea
in the shielding of the 0=2 and C=4 carbons, The increaae in the total
ateric bulk of the aryl mojety can be achieved hy either replaciﬂg
the N~-phenyl group vith N-Naphthyl (oc B) or by intrcduoing a
substituent on the phenyl ring in the meta position.

U;ef;1 information on steric bulk effects can b;‘q;tracted
for a series of hydantoins from the data obtained by Willjams (12 )
for TMS0 solutions and Toli (11 ) for morpholine solutions. Table 1-15
showa the s‘eric bulk effecés‘on the,garbonylzcarbons in hydantofhs
and thiohydantoins in different solvents, The effect is measured i§
ppm from TMS, using the 0-Tolyl compound as reference.

From the data obta‘.ined by Williams in DMSO (12 ) and by
Icli (11 ) in morpholine, it becomes apparent that for both the C-5
. methyl and 5,5-dimethyl series, the C-2 and C-4 carbo carbons in
thé 0{-Naphthyl compounds are deshielded by 0.5-0.9 ppm as compared to
th; corresponding oarbons in 0-Toly1 hydantoins. ‘

. The C~2 thiocarbonyl carbon in 2 3~dimethy1pheny1 5-methyl
thiohydantoin, 11, is unaffected whereas that in the o(-Naphthyl

compound, 111, is shielded by only 0.25 ppm. However, the C-4

carbonyl carbons in these thiohydantoins, 11°and 111, are deshielded by
: g :

£l

0.32 and 0.90 ppm, respectively.

In the C-5 dimethyl series, the C-2 thioccarbonyl carbons in
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* . the 2,3-dimethylphenyl and o(-naphthyl compounds, X and X1, are
deshielded by 1.59 /a.nd 1.96 ppm, respectively, and the C-4 cgrbons
are deshielded by 1. 20 and 0.80 ppm, respectively. As expected, the
C-2 carbon in the o(-Naphthyl compound, x1 is more deahielded than
that, in‘ the 2,3-dimethylphenyl co;ﬁpound, X, but it is intereating to
note that the 0-4 carbon is much less deshielded in X1 than 'in X, It
should also b&z noted that the deshieldmga observed 1n the C-2

thiocafbonyl carbons are greater than those for the C-4 carbonyl

carbons in these thiohydantoins. : - <
. AN

“ . The obsep'ration‘ of deshielding, rather than shielding
resulting from the increased steric bulk is rather uriexpeoted. The

fol}lowing three factors may be considered to affect the deshielding
\

under obsexrvation ! A
( a- & -Effect. . .

In direct contrast to the well established trends for

X -effects, .steric crowding of g-mxclei frequently causes ’

marked downfield shifts (3 1). The C-2 and C-4 carbonyl
carbons occupy positions 8 to the ortho substituents.
. Naturally, the shielding effects of the aryl ring upon the

C-2 and C-4 carbons may be examined depending on whether or

notltheae tarbons experience the 'steric pressure' from .the
K ’ B aryl moiety on N-S. The C=-2 and C-4 ca.x}:pns are expected *

i ' ‘ to experience the steric bulk of the N-aryl substituents and
N . hence, the § -effect would contribute toward the deshielding
1 _ - of the C-2 and the C~4 carbons,

| . Althdugh the & -effect is considered to be small,
i . ) .

f | o
)
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- its magniitude is variable, so that its iffluence is-difficult

1y smaii & - and?.&j.-_effects may be either offset or greatly

. of the C-2 carbons are expected.

to Nte under present circumstances.

by the E.-effect. However, it should be noted that the relative-

-

.
"

2 - —m e ew

" The substitution at the meta position on the aryl

ring will give rise to"E-reffecta which,are known to contribute
. \ X

to the shielding of the cdrbon in question ( 31 ). The down-= ;

field 8-effect upon the C-2 and C-4 carbons may be ;nullified 3

. T Y .
enhanced by the effective solvation of these carbons by a “ s
) , N L
polar solvent like IMSO,. \

I
. Vs
“ q
I

Solvent Effect : o v

» yir
As already 3.{Ls‘cuased,' solvation arbund the C:4 r

carbonyl carbons in‘the\\q-s dimethy)z -thiohydantoins is ltless

significant.ﬁhan in“the C-5 methyl series. Therefore, consider-

able solvation around the C-4 carbon in C-5 methsfl' series ;.s ”

expected t‘o cbntribute toward its shielding., The C-2 carbon

in both the C-5 methyl _and dimeth,\yl series is expected to be

~

solvated effectively i>y DMSO and thereforegreater shieldings

- If the solw‘rent effect is th'e only significant factor ' ‘
to affect the shielding of the cai'bon'yl oarbons‘, the deshielding
oi{ the b-4 carbona })y 1.20 an@ao.84 ppm iﬁ the 2,3-;limethy1-
phe“r}yl and‘ o{-naphthyl corenpounds, respectively; in the C-S'
dimethyl series, can prol;ably be ex;r;lained on the basis of the

reduced extent of solvation around .the C-4 carbons, However,

solvation around the C-2 carbon, even in the C-5 dimethyl v

series, is expected to be significant, and thus ﬂ}s large % i .
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deshieldings of 1.59 and 1.96 ppm in X and X1 cannot be K

ey ]
rationalized on the basis of only sol*fatld?l phenomena, : s
o

. " ¢- Steric Bulk Effect.

3 1

X The large deshieldings of the 8%2 and'%-4 carbons
in 2,3-dimethy1ph"eny1 and o(-naphthyl_ thiohydantoins fls
obviously a direct manifestation of the presence of larger
/afyl moieties on N-3 as compared to the 0:'1‘01?1 group. The
enhanced sterio bulk of the aryl moiety on N-3 may be
considered to. obstruct the approach of the solvent molecules
. to the C-2 and particilarly C-4 carbonyl carbons, affecting
their signifi‘cant deshielding, Moreover, such a steric cfowdiné
i ; ‘ ' in conjunction with the neighbouring solvent shell would be

exfépted to encourage deshielding of the C-2 and C~4.’<':a.rbo/ny1

" carbons through the 8§ -effect.

In summary, the observation of very large d‘e;hielding of the
./ €~2 carbons in X and X1 is difficult to a.'ctx"ibute solely to eitﬁer the Ty
8 -effect or solvent effect or thée steric bulk effect. Although itris
’ obvious that la.rge deshielding of the C-2 and C-4 carbons arises from
\ the presence of bulky a.ryl substituenta on N=3, the relative, contributiOns .
of the S - . solvent—. and the veater:lc bulk effects to influence the

carbonyl carbon shieldings so strongly in X and X1 in the C-5 dimethyl

N

. series may not' be quite clear,

<
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The C-2 thiocarbonyl and the C-4 ce;.rbonyi carbon chemical’

shifts for the naphthyl thiohydantoins are listed in Table 1-4. It is

olear that the o -naphthyl moiety in 111 exerts slightly a greater

bt =
v

.
- . . R
%
T e gt A AL e e Rt e o el S S G R g b

¢ steric.influence than the /3 ‘-naphth'yl group' in4V111 upon the ¢=-2 and

N

C-4- carbonyl carbons'i.e. 0.45 and 0.50 ppm, respectively. The

A

N observation of the models and the experimental chemical shift valixes'
suggeat that, in the @ctivated state, the second ring" in the

ol =-naphthyl moitfaty would have strong steric interaction with the C-4

carbonyl carbon and the solvent shell around it, but less so with the
‘ | ) C=2 thio-carbonyl carl;qn. The greater deshieldings of the C-2 and C-4
v
carbonyl carbons in the of-naphthyl thiohydantoi}x compgred with the

B ~naphthyl compound suggest that the approach Sf solvent molecules

around both the carbonyl carbons may be slightly more hindered in the

& -naph.thyl compound as cd‘mpared vwith the [3 =-naphthyl thiohydantoin.
' For theo/-naphthyl thiohydantoins, the upfield ¥-methyl
substitution effect on C-2 is 1.79 ppm and the downfield ﬁ-methj{l )

substitution effect on C-4 is 1.13 ppm. In the C-5 disubstituted series .

b

o

the C-2 thiocarbony ca.;:bons in the g-naphthyl compounds, X1 and 'XV1,
' are shielded wherea )the‘ C-4 carbonyl carbons are deshielded as . ‘
compared with the co espémding carbons in the C-5 methyl series.

" pas

! ' : In the X-naphthyl 5-methyl-5-phenyl thiohydantoin, XV1, the '

. C=2 thiocarbonyl carbon is shielded by 1.03 ppm compared to the C-5 , 7
o . :
methyl compound, 111, and fesdlgshielded by.0.72 ppm compared to the
| ) e “ . . * F . ’ -
' .
I. ‘ - H —— ‘ j
——— — - it v fw A T - ‘ 0

0 / . - ‘,
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c-5 diméthy)l thiohydantoin., This is eXpagzted, since th%u tendency

to release eleetrons falls in more or 1éss the following order:
. . .
CH3 2 Phenyl >, -

From Table 1-16 it becomes ap\pgent that the shielding decreases

dn the same o;rd'er i.e. M hyl-Phenyl-Hydro&én. ‘e

— . . °

The, 0;4 ca/{b;nyl carbon chemical shifts are also listed '

in Table 1-16. From this Table it can be cor;cluded that for the

4

oc-naphtﬁyl thiohyda.nt’oins, as the tendency-to relez}se electrons

by_thi:}S carbon substituenis deci‘eases, the C-é thiocarbonyl

"‘ -
carbons ~are increasingly deshielded, whereas the (-4 carbonyl

: F N
of the C-4 carbonyl carbon i u-naphthyl 5-methyl- 5-pheny1-

-

carbons_are Jcrqasingly s elded. The observed large deshield.mg

s =

thiohydaf’xtoin, XV‘I, seems to be a functiEn of the ]@rge steric

g b\\&h’ of the C+45 phenyl subatituent whlch is sufficient to A

pre\‘ent the' IMSO molecules effecti’vely buildmg up a solvént \

ahell around the C-4 carbonyl carbon.
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Lo TABLE - 1-16 '
° 4 ° . p
;‘ ' ’
3 oy p ~ ' he
-3 . The '’C C-2 Thiocarbonyl and C-4 Carbonyl Carbon Chemical
& e \ - Shift Values in o(-Naphthyl Thiohydantoins in Relation to
the Substituenis at the C-5 Carbon.,
} . . ‘
X Thiohydantoin " Substituent Chemical
L . at C-5, R Shift (ppm)
i R . l ( '.
' For C~-2 Thiocarbonyl Carbons : v I
X1 Methyl 180,77 R
< [y ’ ‘ T:) . ’ -
; L. XV Phenyl 181,49 © -
1 t \ ) . -
L MK 182,52 -
t ¢
. ‘ . , N
For C-4 Carbonyl Carbpns s ‘ . ) '
o XV Phenyl * ( 177.79, 178.19
Y A
., X1 Methyl 176.44
111 : SR 175.41, 175.21
v ‘ N v
‘ r

a : Tendency to release electrons falls in more or less
the following order : Methyl >, Phenyl > H >

"
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13C-CHEMICAL SHIFT VALUES OF THIOHYDANTOINS.

‘i" ! > ~

These values are seen to fall into two noa#row rt;ngea correspondi
to the number of methyl groups at the C=5 position : 54.91 - 55.51
ppm for-the thxohydantoins with one (-5 methyl; and 59.49 - 61 58
ppm for C-5 dimethyl thiohydantoins. The C=5 30 chemircal shift
value for the hydantoih V1 is 52.%43 ’ppm.- ’

On the basis of their stereochemistry, the C-5 carbon‘ in
all the thiohydantoins with one 6-5 ;nethyl, which have diéstereL’meric
rotamers, can be expected to show double pealés. It is notewort
that even at a very large expansion of the spectrum, on]fy rather
sharp Qingl'e peaks appeared for the C-5 carbon, It is possible j_that
the elevated temperature of the probe did not permit the observation

of separaté peaks corresponding to diastereomeric rotamers because

of internal rotation, but it ia more lﬁkely that the chemical shift
\ ,
difference between the C-5 carbon atomsg in didete:‘ceomeric rotamers

is too small for resolution éo be possible,

Downfield g—Methxl Substitution Shifts On C-5. >

2 =~ '
The observed emethyl substituent shifts on the C-5 carbon

for the addition of a methyl group at C-5 vary over the range

4,48 - 6,27 ppm ax}d are presented in Table 1-17.. For similarly
Bubstituted hydantoins, the substituent shifts for the additzon of
a second methyi“group !h C-5, as reported by Williams (12), are

5.7 + 0.2 ppm. .




e e ST

t.
/‘} ’ \ ” \
TABLE. 1-1

The Downfield a@-Methyl Substitution Effect on.the

=~ 150 Chemical Shift Values of the C-5 Carbon in

Thiohydantoins,

Aryl Moiety
\

~

O-Tolyl

2, 3-Dimetﬁyipheny1
&-Naphthyl
OoFluorop'hen'yl

2-Methyl-4-Ni trophepyl

o

11

1M

v

.and

and

aml~

" and

X1
X1

X111

" 4.48

ZN

5.7

5.47
5,90
6.27

T b s s S e+ Wi kS A St R T
P e
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Gomtrary to ‘the proposal by Williams (12) and Icli (11), i

\:

the trend in, the C-5 carbon chemical shift values is unhkelay to be

. caused by the..va;'ying degree of conjugation between the aryl and the

hetero rings, for the dihedral angle between these two rings has

been observed to be about 820(29) in one compound and\ is likely to

/

" be lai'ge in all compounds in the series.

“It should be pointed out, as in the case of downfield, B-
a‘nd lupfield‘ ¥-methyl substitution effects, that the d-methyl
substitution effects as reported in Table 1-17 are ti{e 'n‘et' effects
of various fact.ors, the a~offect being the major one, Possibly,the .
variation in degree of solvation around the C-4 ca.rb/on is also
1m_porta.nt to some extent (about 1-2 ppm). The resonance and inductive -

effects, if any, are expected to contribute very little to the

observed a-effects.

a- 2,3-Dimethylphenyl Thiohyfiantoir@. 11 & X,

The C-5 chemical shift values for the 0-Tolyl, 1, and
2,3-Dimethylphenyl, 11, thiohydantoins with one C-5 methyl group "
are 55.01 and 54.91 ppm, respectively. The methyl group at the 3-
aryl position exercises its buttressing influence upon ‘the ortho
methyl group and affects shielding of the (-5 carbon by 0.10 ppm. P
The magnitude of this shiclding is low. However; in the C-5 dimethyl
thiohydanté;lns, the C-5 carbon in X is de.shielded: rather than
shielded, bﬁr 1.19 ppm as compared to the corresponding ca.rbon in 11X,
The C-5 dimethyl groups are quite remote from the ortho methyl |

substituent and any direct steric interaction between them is highly~ ’ o

t

¢ ) 9
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/ .
improbable. As mentioned earlier under the discuesion of ciecud' &nd_

~

'transoid' conformers, the solvation at the ca.rbomrl ca.rbon, C-4, in ) - b

1 f\ N P
the C=5 dimetm'l compounds is not expected to occurj tv any eignifica- ' :
nt level. In the absence of an effective solvent shell around C~4,

b the steric ‘pressure' of "the ortho subetituent is unlikely to be

transmitted to the 0-5 carbon via. its interaction with the C-5 ’ '
'cisoid' methyl group. This is expected to deshield the C-5 ca.rbon

in. X, as is observed. . '

. - £ o o
. » b= Para Substituted-2-Methyl Thiohydantoins, V, Vi, Vi1 & X111. ~ a . ;
o ‘ . - BN - , - .:
” j‘ ‘\‘ ..r .( - ' - . ’:
) . In Ahe C-5 methyl series, the c-5 carbon in the 2—Methyl-

4-Nitropheny1 thiohydantoin. V is deshielded by 0.30 pypm as
~compared w:..thuthe C-5 carbon in the O-Tolyl compound. .From the | . e
PR .  comparison of ehielding caused by the 'enhanced' steric bulk of
"“ortho methyl in the 2 y 3~dimethylphenyl compound, 11, it is clear
Lz thaf{ the emaller ahielding of the C=5 carbon in V 'cannO'.t be atiributed - ’ A
to, the steric bulk of the' aI.yI ortho substituent alone, but the polq.i' T . i~
dubstituent in the para position on the aryl ringfey claima B
g’/ sigr;iflcant contribution” in’ the deshielding. That the polar substi- - .
~ ' tuent in the para poai‘\tion on the aryl ring has an important role to ..

s play in de;temininq the shielding of the C-5 carbon, is evident from

. {
3 the exa.mination of,V and V11, Using the 0-tolyl compound, 1, as
reference, the C- 5 carbon in V i.e.the 2-methyl- A-nitrOphenyl compound

is deshieldec#‘by 0.30 ppm, wherea.s the C=5 ca.rbon in V11 {.e. 2-methy1-

. A-me"thoxy'phenyl coempound isoelded by 0.10 ppm. Since conjugation |

”

> a
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| between the aryl and the hetero rings is nct'likeljr to be important
' - - 1

" the shielding or deshielding effects are not transmitted to the C-5

> - cw— - e

- carbon via changes in electron dehsity over the hetero rings

thrcuép resonence. The aryl”ortho or the para substituent is too N c
far away from the C-5 carbon ’to affect it‘ in any direct way.. One may

imagine that ;raria.tiona in dihedral angle between‘the two i‘ingc, '
‘which are expected to depend on the nc.ture of the aryl group substi- '

tuent, could affect the 0-5 carbon through disturbing the solvent

\ T

- shell around the C-4 carbonyl carbon. Apparently, the dlffyrences

in the solvent shells around the C-2 and C~4 carbons in V and V11
-are expected to be negligible and therefors, may not be conasidered.

to account for shielding of the C-5 carbon in V11 ’\a\md deshielding

L} : ~\'

. of C-5 in' V, ' .
. Perhaps the observed shieldings of the p~nitrophenyl and
the p-methoxyphenyl thiohydantoing, V and V11, respectlvely, can be
better rationalized on the basis of the inductive effect, In this,
\ ~ connection, the’ resona.nce structures C to F (page 94) may be consider-
ed, The 1nductive effect in’ atructures D and F is greater as compared
. - to C and E. Moreover, D would be expected to enha.nce and F to reduce
the shielding of the C-5 carbon through induction. The observation of
& .5mall shielding of the C-5 ca.z;bon in V11 \an\d deshielding of the
C-5 carbon in V lends support to this auggegtic?;?.‘\‘; o ’}
It‘is interesting 1;0 note that the 2,3-dimethylphenyl- and ’
tpe 4-methoxy-2-methylphenyl thiohydantoins, 11 and V1 ,1 respectively,

show identical chemical shift values at the C~5 carbon i.e. 54.91 PPY. '
- X - \ r ', ;

.~
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This observation may suggest that the shielding effect arising

from the inductive effect (resonance structure D) in the thio-
hydantoin V11 is equivalent to the slight variﬁtions in the. . '
dihedral angle in the thiohydantoin 11 ariaing‘ from the steric E
bulk effect of the meta methyl group, which in turn may cause
variations in the solvent shells around the C-2 and C-4 carbons. | 2o
The C-5 carbon in the 2-methy1-'4-nitrophényl hydantoin

V1, is deshielded by ,0'14 ppn as compared to the 0-tolyl hydantoin.
Apparently, the difference in the solvation of C-2 and C-4 carbons
in the thiohydantoins 1 s.nd{V is similar to that in the correspon-
ding hydantoins., Moreover, c\onjugatioﬁ between the aryl and the
hetero rings is p;obably negiigible in both the thiohydantoins and ‘
the r,:yda.ntoins. Also the inductive effects of substituents are
expected to be similar in the thiohydantoins and the hydantecins.,
Therefore, the greater deshielding,‘O.BO ppm, of the C-~5 carbon in
V (with rei:erence to the O-tolyl thi,ohyda.ntoin,ﬂ as compared to
" the deshﬁ.eld:l‘ng‘(O.M ppm) of t}:e C-5 carbon in the hydantoin V1
(with reference to the O-tolyl hydantoin) is apparently attributable
to the prea'ence of sulfur atom in the C-2 thiocarbonyl carbon.

/ A deeper look into the C-5 carbon chemical shift values
in the C-5 dimethyl thiohydantoins ig interesting. The C~5 carbon
in the 2-methyl-4-nitrophenyl compound, X111, is strongly deshielded
(2.09 .ppm with rggpect to the 0-tolyl co@omd, 1X, compared witﬁ
‘0,30 ppm in the C-~5 methyl aeriea.). Thqis observation cannot be
ratiornalized on the i)aa;.a of the steric bulk of the ortho substituent

alone. The resonance spread over both the aryl and the hetero rings

\\ -

¥
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is almoetvnﬁgligible because 'of the large dihedral angle between
the two rings. The indquive effeoct of the para nitro groﬁp on the
aryi’ri;;, even in the stricture like ?'is not likely to-be the
qnly factor responsible for such a large deshielding. It is
conceivable .that the reduced extent of solqéfion around C-4 is

largely responsible for the deshieldirig of the-C-5 carbon in the

C-5 dimethyl thioh;ﬂantohr;’xf 1", - )

"

— \

¢~ Naphthyl Thiochydantoins, 111, V111, X1 and XVi.

o

The C-5.carbon in the ac-naphthyl-s'-(me;myl thiohydantoin,

111, is deshielded by 0.50 ppm as compared to the O-tolyl compound,
1; whereas the C-5-carbon in the p-naphthyl compound, V111, is
deshielded by only .20 ppm. In the C-5 dimethyl series, the C-5
carbon in the qznaphthyl coﬁpound, X1, is déaﬁiélded by 1.h9 ppm
as compared to the'0O-tolyl compound, 1X. This‘large di;ference in
deshielding i.e. 1.49 vs 0.50 ppm is censidered Qg be mainly due to
variations in the solvation pattern a;oﬁnd the C-4 carbonyl group
because the resonance and inductive effects in the C-5 dimethyl
series are expected not to be considerably different from those in
, the C-5 %ethyl series, |

" When the C-5 chemical shifts of the C-5 disubstituted
€-naphthyl compounés, X1 and XV1, are compared, the C-5 carbon in
}V1, with 5-phenyl~5-methyl subspituenta, is 0.30 ppm more shielded
than that in X1 with C-S'&imethyl groups, possibly because of the

greater elgctron releasing tendency of the C-5 phenyl ring in XV1
. R

as compared to that of the C-5 methyl group in X1,

s gtlooR

< sl
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d~ Ortho Halogen Substituted Thiohydantoins, 1V, X11, X1V and XV.

In the C-Sﬂ methyl series, the C~5 carbon in the b-fluoro-
Phenyl c;ompouqd, 1V, shows absorption almost ’similar to the
O=-tolyl compound4,1; but in the C-5 dimethyl series, 'the C-5 carbon
in thé 0-fluorophenyl compound, X11, is 1.51 ppm deshielded as

compared to that in the O-tolyl compound, 1X. The C-5 carbon in the

‘O-cﬁlorophenyl compound, X1V, is still more strongly deshielded,

1.75 ppm as compared with the 0-Tolyl compound, 1X. However, the

C=5 carbon in the O-bromophenyl thiohydantoin, XV, is less

. strongly deshielded i.e, by 1,11 ppm. It is i)ossible that the -

electronic repulsion between the ortho halogen substituent and the
oxygen atom of the C-4 carbonyl g;:'oup and/or the oxygen of IMSO
solvating the C~4 carbonyl group may change the dihedral angle
between the aryl and the hetero.rings significantly, resulting in
variatio;lf in solvetion around the carbonyl groups. The greater
deshielding in\the 0-chlorophenyl thiohydantoin as compared with the
0-fluorophenyl \c.';ompound may 'be.due to larger ?ovalen’c radjus of the
chlorine atom as compa;red. to the fluc;rine atom, resulting in

larger interaction with the C-4 carbonyl group and/or the solvent
shell around it. Although fhe bromine atom ha; larger covalerﬁ;
atomic¢ radius than the chlorine atom, its samaller electronegativity,

and theref or e interaction, may cause alightly less

deshielding of the C-5 carbon as com.pared to the O-chlorophenyl

compound, as has been observed,

o
r

e e
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Comparison. of C-5 3(3 Chemica.l bhifts of Thiohydantoins w;t
Those of Hydantoins. -f

- . . [
<

~—

-

In (-5 methyl hydantoins with e&-naphthyl, 0O-tolyl,
O-tr_ifluorométhylpheny‘l and O=-chlorophenyl as aryl moieties, the
C-5 chemical shifts are in the range of 50,67 - 52,83 ppm, and the
doub’l,e. peaks coi'resl;onding to the two (=5 carbon chémical shifts in ,
diastereomeric rotamers have b\een reported (1é). In C~5 dimethyl
hydantoins, the C-5 carbons have been reported to absorb dver ‘ghe '
range 57.6 - 58.4 ppm, Table 1-18, .

In the C-5 methyl thiohydantoins, t};e C-5 carbons absorbs
over the region o‘f 54.91 « 55.51 ppm, approximately 4 ppm downfield.
The striking feature is that the double peaks corresponding to the '
C-5 carbons in diastereomeric rotamers were not obser\{abié, even-
with hiéher number of scans (4000-8000), higher commapds to the t
computer for plotting the Spectra; at hig)%er~ intensities and at very
large expanded scale (about 4 feét)\. This is unexpected, since the
'C-2 thiocarbonyl group in thiohydantoins, because of its larger ‘
steric bulk than that o?‘ the C-2 carbonyl groﬁ}: in hydantoina. ‘
would be expected to force the aryl moiety to adapt’a more \. ' ‘
restricted ground‘ state conformation, hence rendering the diastereo-
meric rotamers to be observable more distinctly. The failure to
obaserve sgparate peaks corresponding to the diastereomeric rotarﬁers |
ma:y possibly be due to sligﬂtly ﬁigher temperature of the probe, )

.

about 55-60 C°, but it is more probable that the chemical shift , }
difference of the diastereomeric C-5 carbons:- is too small for 1

resolution to be poasible,

/ ' .\
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The C-5 dimethyl aér:_Les gave chemical shift values for ‘
the C-5 carbons over the range ?9.49 - 61,58 ppm, a'pproximately
a range of 2.1 ppm as compared to the range of 0.8 ppm in
comgspond:ipg hydantoins, Table 1-18, This absorption is about

\

2,3 ppm downfield compared to the hydantoins. The deshielding

of the C-5 carbon by aboit 4 ppm in the C-5 methyl series and by

about 2,3 ppm in the C-5 dimethyl series may be attributed to the

presence of the C-2 thiocarbonyl gro;.xp in thiohydantoins
instead of the C-2 carbonyl gro'up in the hydantoins/ and to the
variations in the~ degree of solvation around the thiocarbonyl
carbon, : ) ‘
In hydantoins, lsltudied by Williams (12), the et-methyl
substitution effect on the C-5 carbon is 5,8 + 0.1 ppm for both

the polar and non-polar orthosubstituents, For 2-thiohydantoing,

the a-methyi substitution effect is 5.4 + 1.0 ppm.

N

It has been suggested (12) that the trend in.the C-5
carbon chemical shifts in the hsrglantoins may be due directly to
the paldr effects of the aryl substituents or to their steric

effects. The C-5 carbops‘in the hydantoins with polar ortho

substituents are deshielded over the range 0.4 - 0.6 ppm in the .

C-5 methyl series and 0,2 - O.t{ ppn in the C-5 dimethyl series;
whereas in the thiohydantoins, the*C-5 carbons are deshielded
over the range 0.1 - 0.5 ppm in the C-5 methyl series an&

1.1 = 2.1 ppm in the (};-5 dimethyl series, Table 1-18,

/ .
In summary, the C-5 carbon chemical shift-values in g

)

thiohydantoins are found te be dependent on the polarity of the

-
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Comparison of Regions of.Absorption of C-5 e

2-Thiohydantoins,

AN

’

Type of Compound

Chemicsl Shifts (PPM) in Hydantoins (12) and ' - .~

Region Range

’ ‘C-S methyl hydantoin

c-S methyl thiohydantoin

L

C~5 dimethyl hydantoin |

| 6-5 dimethyl thiohygan- _

* toin.

© 50.67-52,83 2.16

54.91-55,51 0,60
57.60-58,40 0.8
59.49-61,58 2.1

.

R

Range of deshiel-
ding compared with
corresponding -

0-Tolyl compoundg

il
’

0.4 - 0.6
0.1 = 0.5

002 - 004

101 - 201

T 2 T MIPIR- I TSNS
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, ortho substituents and their steric effects, experienced by the
$ ) - , g '
C-5 carbons possibly through the perturbed and re-oriented - I
. ungyrmnetrical .8o0lvent shells around the C-4 carbonyl carbons. ' ?
The large dihedral angles between the two rings do not allow the -
** -5 chemical shifts to be affected by variations in conjugation ' v
between the aryl and the hetero rings. ‘2 y N\ T
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o chemical shift of 16,04 and 16,34 ppm for the diaatercomeric c-5

N\ sﬂ'cct .of tHe ropla.cemont/o‘f the oxygen atom is clearly observed -

- 2 A ~— , n
C-5 METHYL 130 CHEMICAL Sw VALUES Oﬁ\‘THIOHYDANTOIN . : :
o ’ ) N B - ‘ ‘

4

: . B
L The C=5 met)&l’%chemical shift values are’ Qhown in
Table 1-9, These values are see 79-4611 in-two °diat1not regionsx

e
. 15' 54—17 54.ppm for the thiohygantoins 1-V a.nd V11-V111 in the ) ¥ o
* & '
. C-5 methyl peries; a.nd 22, 701@ 32 ppm for the thiohydantoins .
. kl
1X-XV1 in the C-S dimethyl series, The only hydantoin, vi! showed ' .

3 ~ i

¢
4

mcthyl carbona.

. v ‘3' [

. 'Aa orpen.ted, all of the thiohydantoina in the C-5- methyl ) |

a'erieil shoved double peaks corrosponding ’cp the digstereomeric 'a

=5 methyl oafbons. In the case of the thiohydantoin Vi1,
N

p-naphthyl-s-methyl, the ddastereoneric C-5 methyl carbon, peaks -
appeared as® singlet at the probe temperature 55=60 c® )Atﬁ
1

L =
. temp&ra.ture, a.fter the achievement of efficienf probe
. ]
two pea&a were distinotly @baemblo at 15.35 and 16, 14 Ppm

B S s T

cdo

ui_ .

correa,ponding to the: diaatereomorio C-5 methyl ca.rbons in V111 .
Bocauae of the lq.rge:c uteric bulk of. the thiocarbonyl

-

\ Tgroup in thiohydantoins aa oompared 1to the C-2 carbonyl group in_
=

the hyda.ntoins. it is expeoted that the C-5 methyl peaks, corres- i
ponding to the diaqaroomeri,o JJ:o'c.a.me:m in the C-5 mothyl series

and ena.ntiomerio rotamers in the c-5 dimothyl‘oseries, may be well S
: i ! . C 1

upa.rated, since internal rotation is expooted to be slow. The

éf] the Fourier Transform 130 e spootra oflthe th:l.ohyda.ntoins ' Cy

v, M a.nd x111, F&g. 1-17, 1=18, and 1< <24, Tl'(e -5 methyl signals
W b
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for the féspective rotamers are ’sap‘nrated by only 0.30 ppm in Vi,
In thithioh.y?antoin V, C-5 methyl peaks separation is 0.80 ppm,
and in the thiochydantoin X111, it 18 1.20 ppn. In the Fr- 3 ¢
spectrum of thiohydantoin X111, all peaks shov & Qplittihg o‘_f 5 Hz
(0.20 ppm) due to 53¢ spin-spin interaction as a result of

>

incomplete decoupling. In this caae,'the oentre 'of sach doublet

’

Downfield P-Methyl Substitution Effect on thesC-5 Methyl Carbons.

-

L ~ N

- Because the C-5 methyl carbons show double peaks, the

was taken for the purpose of comparison with other cases.

~

experimental B-methyl ;ubutituant shifts are taken as the chemical
shift difference get.ween tlee upfield peaks of the corresponding
C-5 methyl and C-5 dimethyl\:thiohydantoina, and similarly for the
\‘/—- downfield peaks, This assumes no Aoroasover in relative aaaignment;
of the two peaks in each set of double peaks, i
In the thiohydmtoin-a, the average value of the downfield
3‘ p-math}l substituent shift is 7.4 + ﬁﬁ*r—e 4+ 0.5 ppm for the
high field’ and the low field -signals, roapo?\ively, and ia
¢ independent of relative assignments, and listed in Table 1=19,
In C-5 methyl and C-5 dimethyl hydantoins w:lth the aryl
. moleties ﬂ\naphthvl, O-trifluorometlwlphenyl " and O-chlorophpnyl—
the P—mothyl aubstituent shift on the C-5 methyl has been reported
,‘ ‘tobe76 76;73,70;and79y\71ppm,rospeotively,(12) 4‘

-

Theo\e results a.re\tnoluded in Table 1-19. It has been /suggeated (12)

‘that the unequal v;nluea of the B-methyl substitjent ahifta are dud
-

" to the polarity of the ortho aryl substituents. In the present

®
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study, the O-tolyl thiohydantoins show unequal p-methyl substitu-
ent shift differences of 7.28 and 8,28 ppm, for the high field

%

and the low field peaks, respectively. Similarly, the unequal L Y
values in the thiohydaﬁ;oins 11 and X, 2,3-dimethylphenyl compounds,
cannot be attributed to the polar effects Af the ortho augatituent,
though as a special ocase, the inoreased steric bulk effect can be
considered, Although the unequal P-methyl substituent shift vilues
for thg thiohydantoins V ;nd X111, 2-methyl-4-nitrophenyl compound,
can also be included in this discussion, the pres;noa of p-nitro
group on the aryl ring may need fur:per'considergtion for its
electron attracting character. -
N The difference between the P-methyl substituent shifts

for both the low and high fields) for f;ur sets o{ compounds,

relative to the low, and high field B-methyl effect in the

0=-tolyl thiohydantoins, 1 and 1X, are also included in.Table 1-19, @
IFor example, it is clear from this Table that oﬁe éf the C=5 / ‘;

methyl groups ih,the a&ﬁaphthyl compounds is atroggly shielded

(0.98 ppm) as compared to the corresponding C-5 methyl in the

0-tolyl compoundj whareas the remaining C-5 methyi in the &-naphthyl

compound is slightly shielded (0,16 ppm) as compared to the
aremaining C-5 methyl group in the O-@olyi compound,

. Since, as a genersl rule,, the 13C-ahieldings have Soon

observed to increase as the extent of sterioc cfbvding inoreases

(31), the greater shielding of orie of the C-5 dimethyl carbons

in the e=naphthyl compound (0.98 ppm) compared to 6.62 ppm of one
- ‘\ -
of the C-5 dimethyl carbons in thé 2,3-dimethylphenyl compound,

:

~—
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is not unexpected, because the a-naphthyl moiety should possess

a larger steric bulk than the 2,3-dimethylphenyl moiety. In the

_case of the a=-naphthyl compoﬁnd, the sterioc crowding caused. by

N
the &~naphthyl moiety is so great that not only one of the C-5

methyl carbons is shielded but the other C-5 methyl carbon also

, feels the presence of the &naphthyl group, since.it is ahielded‘

(+ 0.16 ppm, Table 1-19). )
In, the. 253-dimethylpheny1 compound, the steric
influence of the ort\xo methyl is experienced, via the solvent
shell, by only one of tha C-5 methyl groupa and hence only that\
carbon is shielded ; whereas the other C-5 methyl carbon ias
slightly deshielded. , | b

The buttressing effect of the aryl 3-methyl /on\*the ortho

\met’hyl in 2,3-dimethylphenyl compound is greater t}}an that of

aryl-}-}wdrogén on the ortho methyl in 2-methyl-4-nitrophenyl
oompdund, therefore, a smallox: value of ﬂ-methyl substituent

effect is expected for the latter compound. This is indeed

QA
_ observed. One of the C-5 methyl carbons is shielded by only

0.22 ppm in X111 relative to the O-tolyl compound, wheveas in

X, 2,3-dimethylphenyl compound, it is shielded by 0.62 ppm.

From these observations, one may conclude that the general
rule of inoreasing shielding with the inorease in steric orowd-

ing is also operative in the shieldings of the C-‘j’x};ethyl and

C-5 dimethyl thichydantoins, 9

-~

The greater shielding of one of the (-5 methyl carbons

A .

i




in the O-fluorophenyl compound, X11, as compared with that in the

thiohydantoin X111, 2-methyl-4-nitrophenyl, may be attributed to
the stronger electronegative character-of the fluorine atom, )
although {ts sterfo bulk is mich smaller than that of & methyl
group. ,The relati‘vely lower magnitude of shielding of the C-5 /
methyl carbon in X1\11 pight also result from the presence ofl an
electron withdrawing subutituen’lc in the para pqsition on th-e
-aryl ring. g / 4
Sinc:é fhe ortho substituent on the aryl ring i{ ’well
aeparate‘dﬁfrom the C-5 methyl groups so as'not tgahav"e a non-
bonded steric interaction between them, we may deduce that the
. affeot of the e'ter;c orowding on the aryl fin\g should be tfa.ns-'
mitted té the C-5 methyl groups via re-oriente\a.tion of the
unsymmetriocal solvent shell around the C-4 carbonyl carbon. |
IMSO is like a rod-shaped molecule (33) and is different .’
from‘ acetone in 'Laving a non-planar {onfimmatibn. It is well
known from 1H nmr measurements that the magnetic aniso';mpy in
y‘ahaped solvent molecules leads to low field shifts of the
solute molecules (26). The methyl group of the 5,5-dimethyls,
transoid to the ortho subutih'xent,‘ may“be\bonuidered‘aa lying in
close proximity to the solvent shell around the thiogarbonyl /
group, where solvation i’s expected to be more effective as
compared with the C-4 carbon. The variations in dihedral angiea,
ar_iéing from*xlirfelrent substituents in the orthg” positions, would
give rise to different extenis of interaction ‘between the 'transoid’

C-5 methyl group and the rod-,ghaped M50 solvent shellraround the

C-2 carbon, The magnitude of deshielding of the ‘*iransoid' C-5

-
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methyl carbon, relative to the 0-tolyl oompoun; and liated in
Table 1219;%3% expected to depend on the extent of such an
1nté;aotioﬁ.
Another point of ifterest may be noted. No attempt

seems to have been made so far to assign.a particular peak to

~ a-given methyl group on the C-5 carbons Fig. 1-5 shows P-methyl

substitution shift differences on the C-5 methyl c;rbona in
2-thiohydantoins with respect tosthe B-methyl shifts in the
0-tolyl compounds, 1 aid 1X. It shows that the C-5 methyl carbons
in the e-naphthyl compounds, 111 and X1, expefienoe the greatest
shieiding as compared to the other thiohydantoins, upon the
éddition of second methyl group at C-S.fFurther, it should be f
noted thai in the thiohydantoins, the.C=5 mefﬂyl carbons experience
shielding in the oxrder Naphthyl) 2,3-Dimethylpheny1> 2-Methyl=4-
N;trophenyl. ’ - v
) It is important to note that the low_fiaid signals . ';1'
corresponding:to one of the C-5 methyl carbons in thiohydantoina-
show more pronounc;d displacement to higher field than the high
field signals do to the lowe¥ field. Since steric crowdiﬁg has
been shown éo increase shielding of the carbon under consideration
(31) and the steric bulk is expected to increase in the order
Methyl ) 2,3-D1mthy1phenyi> (—Napht;byl
it may be inferred,“x’from Table 1-19 and Fig. 1-5 that the signals
on the low field side oorrespond to those C~5 methyl carbons

which are 'cisoid' to th’ortho‘ subatituent. This idea is

supported. by the obaervation.TabLe 1-9, that the high field signals

faox
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Fig. 1-5 3 p-Methyl Substitution Shift Differences ®
on the C-5' Methyl Carbons in 2-Thio- -
hydantoins With Respect To ‘the p-Methyl
Shifts in 0-Tolyl Thiohydantoins,
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corresponding to one of the C-fj methyl carbons consistently
appear at 24,10 =24,20 ppm in almost all of the C-5 dimethyl
thiohydantoins, whereas the iow field signals. show noticeable
variations with respeot to ;che aryl moieties. Thus, the
assignments made on this basis are presented in Table 1-20,
For the alkanes, the p-methyl substitm;nt shift can be
?a.lm%ted for the addition of a second methyl group to a
tertiary carbon (34). Using the notation of Grant and Paul :
A4 = B+1°(4°) -1°(3°) =17.220.7 ppm
In the thiohydantoins studied, the experimental p-substituent
shifta, T.78 + 0.5 ppm, coinoide with the result predicted from
Grant-Pa.ul parameters for the alkanes. Any change in conformation -
of the thiohydantoin ring upon addition of a secona metm,'l
group at the C-5 position might be expected to produce a
Di\rther alteration in the hybridiiation of the (-5 carbon and in
the bonding to the C-5 methyls, resulting in a shift from the
.pred'ioted C-5 methyl chemical shift values. Since the experimental
(7.78 £ 0.5 ppm) and the calculated 7.2 + 0.7 ppm, are in close
agreement, it may, be oconcluded that upon the addition of ;.
second methyl group at C-5, éither the thiohydeantoin ring ‘ ~
conformation does not cl;a.nge. pr alternatively, th_at ;che methyl
o

13 C=-chemical shifts are not sensitive to such a change in

t

conformation,
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TABLE.

Assigninent of Signals to anh Meth&l Carbon of

1-2

the 'C-5 Dimethyl Groups in 2-Thiohydantoins,

Aryl Moiety

Ne. Chemical Shift
CHs (A)  CH, ©)
5); 0-Tolyd R CR, 2442 2532
X '2,3-Dimethylphenyl o G, 25,40 24.10
X1 &-Naphthyl Naphthyl 23.44 24.10
X11 0-Fluorophenyl F ) 23,30 24, 1 0
X111 2-Methyl-4-Nitrophenyl oK, 23,00  24.20
XV 0-Chlorophenyl c1 23,10  24.10
XV 0-Bromophenyl Br 2'3.50. 24.57

-
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. C-5 Methyl Peak Separations in Diastersomeric Rotamers.

/ "\ 1t is interesting to compare the peak separation in the
diabtereomox;io.u well as enantiomeric rotamers in the thiohyda-
- > ntoins with those in the hydantoins, Table 1-21 shows the peak

. - separations in ppm of the isomeric rotamers in both the hydantoins

and the thiohydantoins, as well as the differences in the chemical

ghifts of the low and high field isomers in thiohydantoins”

relative to the hydantoins. . l

[, Table 1-21 shows that in the C-5 methyl thiohydantoins,’
the rotamers absorbing on the low ag well as the high 'field side,
are shielded by 0.2 - 0.9 ppm as compared to the corresponding
rotamers in the hydantoina. In the C-5 dimethyl thiohydantoins,

¢ 4the C-5 carbons in both the low and the high field rotamers are

shielded by 0,7 = 1.20 ppm, except in the O-tolyl compound, as
compared to the corr.es]zonding rotamers in the hydantoins,

.

‘ : a- 0-~Tolyl Compounds 3 '
: : P The .diastereomeric rotamers in the O-tolyl thichydantoin |
\ and the 0-tolyl hydantoin give rise to signals at 16,84, 17,04 ; '

and 17.10, 17.60 ppm, respectively, as shown in Fig. 1-6. It is i -

clear from Fig. f1-6 that the disstereomeric separation of peaks
for the C-5 methyl carbons in the O-tolyl thiohydantoin is

smaller (0.20 ppm) as compared to the corresponding hydantoin

2

* \
! (0.50 ppm). In the O-tolyl thio}wdantol.n,,the C-5 methyl carbon

4
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. ' TABL 1221 ’ ;

N
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C-%5 Methyl 130-Chnioa1 Shift Difference (PPM) in the
. Low and the High Field Isomerio Rotamers in 2-Thio-

hydantoins, Relative to the Corresponding Isomers in 3
. : 12 . .
the Hydantoirsj and Their Rospecti\r\’(?“a%k, Separations (PFM). .
-~ * ‘
X . - ’ - ;
o - . NH : T
o4 |
u \ R ‘ N\ : Ty
) 0 R Separation in : §
: , . Isomeric peaks i
‘Low  High X
‘ ARYL By Ry Rie1a Field 0 5 . }
q
. ' DIASTEREOMERIC ROTAMERS : ‘ v
© 0-Tqlyl © H CHy 40,56 40.26  0.50  0.20 i
) i
~ e~Naphthyl | H CHy +0.84  +0.74 0.60 0.50 v !
2-Me-4-NO, -Ph K OHy; 40,20 +0.70 0,30 0.80 o
' ENANTIOMERIC ROTAMERS: N ’
\ ‘ N
0~Tolyl  ° CH, CHy =0.20 40,30 . 0.70  1.20
e-Naphthyl ’ CH, CHy +1.20  +1.20  0.63  0.66
O-Chlorophenyl ~ CH, CHy +0.80  +1.00  0.80 _ 1.00,
0-Bromophenyl CHy CHy; +0.90 +0.74  0.76  0.60 |
ﬁ | \ E |
+.= Shielding L -
- = Deshielding Co ‘ -

™~




. / Fig, ]-6 ¢ Diastersomeric '0-5 Methyl Signals in the b T
L L : 0-Tolyl Hydsntoin and 0-Tolyl Thioh&dantoil‘\.. |

’

'
in the high field diasterebmer is shielded by 0326 ppm.; wherlas

E

&

i
in the low field diastereomer, it is shielded by 0.56 ppm. | | | %

\ -

. ‘ © b= 2-Methyl-4-Nitrophenyl Compounds t

¢

B e, en e A

With the 2-methyl-4-nitrophenyl moieties in the hydantoins

and the ‘thiohydantoins, the peak positions cprresponding to %he

e

~ diastereomerioc C;S\meuxyl carbons are ahowxi in Fig. 1-7. It ia

clear from Fig. 1-7 that the aepmtion in the peaku of the E B

S T itk e B

diantereomeric C-S methyl ca.r'bons in the hyda.ntoin is leau (0 30

ppm) than in the thiohydangoin (0.80 ppm). The C-5 methyl carbo§

——

in the high field diastereomer 18 shielded by 0.70 ppm vherdaa in

tho low field diastereomer, ':lt is shielded by 0.20 ppm.
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e~ d-ﬁaphthxl Cpppounds s

4 +
v

e 4 N . ‘
*- With the a-Naphthyl moieties in the hydantoin and the
thiohydantoin, the peak positions sorresponding to the dia~ .

stereomerio c-s methyr carbons are shown in Pigi|1-8. It can

<

_ be smeen “from this Pig. that in the hydantoin, thgf C=5 methyl
carbons in 4he diastersomers gre aeparated by 0. 69 ppm, wherc-
as in the corresponding thiohydantoin, they are aepa.rated by,
O 50 ppm. Furthermore, in the thiohydantoin, the C-§ methyl

/ /\ oarbbn k\ the high field diautereomer is shiolded by 0.74 ppm H

' whemqj in the low\fie j diastereomer, it is shieldad by 0.84

- T ) ’ 1 N ’ ‘ °
ppm ag compared to the corresponding oarbons’in the &-naphthyl

@ {

hydantoin, .

RN ,
'

PEAK SEPARATIONS IN

©
Ou e
N <

. The peak poggfions for the enantioneric C-5 methyl carbons’
i

*in th?hyda.ntoin and tho thiohydantoin with O-tolyl moieties are

shmm 1n Fis. -9. The enantiomerio C-5 methyl groupa in the

* hydantoin are seperated by 0.70 ppn, wherm in the corresponding
thiohydantoin, tllsy are sqpmted by 1.20 ppme In the thiohydmtoin
the 0-5 methyl oa.rbon in the high Iield enantiomer is shielded

by 0.30 ppm; vhereu in the low field emntiomr, it is

deahioldod by 0 20 py.

4
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b 5—1@‘;& 1 Compounds.

The peek positions for the enantiomeric C-5 methyl carbons
in the x-naphthyl hydantoin and the -naphthyl-thiohydantoins,
X1 and XV1i, ar; ‘shovm in Fig. 1-10, The C-5 methyl ocarbons :Ln.
the enantiomer ars almost equally separated in the e=naphthyl
h:vda;q;%in and the a-naphthyl thiohydantoin i.e. 0.63 and 0.66

, : : & ,
. ppm, respectively. The C-5 methyl cambon in each of the low and . °

“high field enantiomeric rq_tamer"s in thiohydantoin ims shielded by

1.20 ppm as comp;red to the corresponding hydantoin, ' 2

. The C=5 diast'ei'eomoric ngthyl ca.;b;a in the e-naphthyl
5-methyl-5-phenyl ‘tmohyaaniom. XV1, are separated by 1,00 ppm.
The C-5 methyl carbon in the high field diastereomer is -
shielded by 1.94 and 0.74 ppm compared with the 5,5-dimethyl e

~--
' . hydantoin and the thiohydantoin, respectively ; whereas the

C-5 methyl carbon in the low field diastereomer in XV1 ia\
shielded by 1.57 and 0.47 ppm compared to the 5,5-dimethyl

hydantoin and the thiohydantoin.

o~ Halosen Compounds.
\ . ‘ "\

The enantiomerioc C-5 methyl peak separations in the
hyﬁtoin and the thiohydantoin each with O-chlorophenyl and .
O-bromophenyl moieties are shown in Fig, 1-1 1\ snd 1-12,
respectively. The p?nk separations in the eﬁmtiom;ric C~5
"methyl ocarbons in, the O-chlorophenyl and the O-bromophcxzyl N

-

N - .




_0-Chlorophenyl

Hydantoin

.
— - —— — — a—

em-100___ ) |
R 0-Chlorophenyl-2-

¢--28.

24.1 23,1 Thiohydantoin,

- .
-

’
~

_ Fig. 1-11 : Enantiomeric C- Methyl Signals in the

.

;e 0-Chloxophenyl Hydantoin and the

kS

.
0= omphonyl-z-’rhj\.ohydmtoin.
-~ \' \
4
t
0.76 T+ 0.74 1 .
JQ-"----~~ ]é- ------ >i ‘O-Bromoph
‘25‘.00 24.24 7 \ Hydantoin
: ‘ : ~
| : .
| 0.90 060 -
SRl AN 72PN
|l<_ Y AR > \ -)/L O=-Bromoph
24,10 ~ 23.50 Thiohydant

Fig. 1-12 1 Enantiomeric C-5 Methyl Signals in the
O~Bromophenyl Hydantoin and the
O-Bronophonyi-2-’1'hiohjdantoiﬁ.
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.ppm to high field as compared to the corresponding hydantoins,

134

s ' i

hyda.ntoin; are 0,80 ahd 0.76 ppﬁ,respeotively; -whereas in the
corresponding thiohydantoins, they are 1.0 and 0.60 ppm, respect- :
ively. In the thiohydantoins, the C-5 methyl carbons in the high * :
field epantiomers are shielded by 1.0 and 0.74 ppm in X1V and
XV, respectively; wheream in the low field enantiomers, they are
shielded by 0.8 an 0.9 ppm, respectively, g '

Qi 3-aryl-5-methyl hydantoins, the C-5 methyl ocarbons ‘ .
absorb over the range 17,2 + 0.2 ppm ; and the §,5-dimethyl
carbons absorb over the rapge 24, 6+ 0. 6 ppa. The C-5 methyl '
carbons in the oorreaponding~~‘thiohydantoina show chemical shif% ‘
values over the range 16,3 + 1.0 ppm and the C-5 dimethyl cu[‘bons e

}m the range 24.0 + 1.3 ppm., Thus it is olear that in the T

.
et W e T a K el A S e AR

thiohydantoime, the C-5-methyl oa:rbons absorb about 1.1 + 0.6

ppm to high field and the C-5 dimethyl carbons about 0.5 - 1,0
fl‘

J

/
Table 1-21 shows that the chemical shift separations

7
‘e M.‘;Mfﬁm; v .

-

between the two isomeric rotamers of a given hydantoin are

generally ocomparable to those in the corresponding thiohydantoins.
" It is interesting to note that in the thiohydantoins, the r
high field shifts of the two isomeric rotamers of a given
compound relat}we to the ohomical shift of the similar 1;omoru ¥
in the hydantoin, are x;ot equal, exocept for the u—mpixthyl-‘j.‘j-
d;.methyl thiohydantoin, Xi. The eqﬁdl’diaplaoemont of the ol’iimkcal
shifts, to the high field, of both the isomers in the &-naphthyl .
thiohydantoin, X‘l, seems to be ‘asmociated with the equal peak : !

« r
separations of the isomers in both the hydantoin and the thio- Bl }»




~

R ¥ .
-hydantoin, since a similar trend is also observable in

other compounds , Table 1-21, ’

Fig. 1-9 for the enantiomeric C-5 methyl signals for:
the O-tolyl thiohydantoin shows deviations from the regular
pattern set by other thiohydantoins studied in this work. ‘

Generally, both the :}aomeric rotamers of a givgn thiohydantoi;a oo
ars ’ahielgled relative to the corresponding isomeric rotamers

in the hydantoins, I>1 the O-tolﬁl thi'ohyda.ntoin, the high field

enantiomeric rotamer is shielded by 0.30 ppm relative to the

corresponding high field rotamer in the hydantoin ; whereas

the low field rotamer is gga}iielde;l by 0.20 ppm relative to the

~ correapondifxg low field rotamer in the hydantoin.
\ /

-

ASSIGNMENT OF-THE ORTHO METHYL PEAXS IN THE THIOHYD&TOINS : Cae ‘
. p . .

" The methyl region of the C-13 F T NMR spectrum may contain - N
a number of peaks which may lee.d to confusion. Therefore, one
Y\uho :1 be oareﬁ;yl in t};e assignment of these peaks to a given /
methyl carbon.

In thiohydantoins 1X -XV1, which have 5,5-dimethyl groups,

a number of methyl signals Lppea.r. Fortunately, methyl signals
at the C-5 carbon are very well smeparated (by about 7-8ﬁppm) )
from the aryllmetlwl signals, In the case of X, the signals
foxr the 2,3-dimethy1 carbons on utho W}T_rim ‘oan easily be
recognized at 13.50 and 19.52 ppm, 1;15. 1-22, since in 2,3- ' \

dimethyl-aniline, these appear at 12,70 and 20.60 ppm and in the

. NyN=2,3-tetramethylaniline, these signals appear at 14.1 and
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<., ?
20.8 ppm (23). The «-naphthyl (Fig. 1-23), the 0-fluorophenyl,
the O-chlorophenyl (Fig. 1-25) and the O-bromophenyl thio- ';
hydantoins haveﬂ only C=5 dimethyl ;p'oups. which can be identified .
immediately. The O-methyl group in X111 can easily be recognized i
because 1t’ia much separated fn‘)m the double peaks of equal
intensities corresponding \to the C-5 dimethyl groups, Fig., 1=24, . s
The oﬂho tolyl peak in 1X is clearly well ﬁeparated from the
two peaks of equal intensity co;g'reapbnding’ to the C-5 dimethyl
groups, Fig.‘ 1-21, |

Thus in the case of the C-5 din;ethyl thiohydantoins, the
assignment of metfwl peaks is straightforward and simple, and
therefore, no ambiguity can arise from their spectra.

’ The complications may arise in the case of C-5 methyl

thiohydantoins 1-V a.nd Vi1-V111 and the hydantoin V1. The

«~naphthyl, 111, Fig. 1-15, 0-fluorophenyl, 1V, Fig. 1-16, and

the B-naphthyl, Vt11, Pig, 1-20, thiohydantoins do not i)rosent /\ v

any problem because they lack any ortho methyl substituent, and > ;"_\\

the peaks corresponding to their C-5 methyl diastereomers can |

easily be identified. Similarly, for the thiohydantein 11,

Fig. 1-14,\ the situation '—is simplified by considering the

highest and the lowes‘F fiold'pegka corresponding }o—\‘the \

2-methyl and the 3-methyl carbons on the aryl ring (23). Thus

the remaining' peaks should correspond to the diastereomeric - ’

rotamers of the C=5 mo{hyl carbons, . . .
The ortho methyl peak in X111, Fig. 1-24, appears at

16.84 ppm, therefore, in the corresponding C-5 methyl compounds

~

V, Fig. 1=17, and V1, Fig. 1-18, the methyl peaks at 16.94, 17.14 }




!

and 16,74, 16.94 ppm should correspond to the ortho methyl

carbons in V and Vi, rgspeqtively. ?‘he remaining peaks aﬁ °
15.34, 16.14 pym ; and 16,04, 16.34 ppm, then, should

correspond to the reapective C-é methyl carbon's in the diastereo-
mers of V and V1, respectively.

In Fig. 121, the O-tolyl peak in 1X appe.in at 16,14 ppm,
'l‘horei‘oro, in th,e thiohydantoin 1, Fig. 1-13, the tolyl peaks
(for the diastereomeric rotamers) wm;ld be at 15,94 and 16.44
ppm, and unlikely to be at 16,84 and 17.04 ppm. Simila:rljr, in

the thiohydantoin V11, Fig. 1=-19, the ortho methyl peak is

-aasigned to 16,34 and 13*74 ppa 'for the rotamers, since the

ortho methyl peaks have been generally found to absorb in the \
range 16,0 = 17.0 ppm, and the variations in their chemical

shifts are very small e.g. Icli (11) has reported the chemical

‘shift of 17.9 ppm for the ortho methyl groups in the hydantoins

regardless of the C-5 carbon bearing mono or dimef.hyl substitu- ™ >
ents. Similarly, Williams (12) has reported that the ortho
methyl substituents in hydantoins abkorb over the range 16.87 =

IR

16,90 ppm, - ;;

e

In summary, -a.lthough a number of metwy peaks appear in
the me:thy} region of the F T C-13 nmr speotra“, ;.t wvas found
relatively easy to assign these peaks to a given methyl carbon

with confidence. Thus, theré is no ambiguity in the assignment

_of peaks in the FT C-13 nmr apeotra of S-aryie?-_thiohydantoinl.

s
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, General Procedures :-
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-
L4

A Gallenkamp meltix{ point apparatus was ‘used for the
5etemination of melting points. The reported figures are
.uncorrected. ) ' . ’ k

All the Infrared spectra of the products that ax"e .eolid
were taken through fused KBr discs. The apectra of the liquid
products were taken through nea£ liqui;i films held between NaCl
plates. In all cases, the spectra were recorded on a Perkizn-.
Elmer 457 spectrometer. The peak positions reported are within

1

+5em  , '

7

1HNMR spectra 'yere rec'érded on Varian A-éO NMR spectrometer.
The concen’ation of the u;mplea were never noted but were always
adjusted to give a re;usonable S/N ratio, Usually Dimethyl s:xlfo-
xide-d6 was used as solvent but in some cases,  other soclvents e.g.
CX1, or Pyridine vere also used in addition to DMS0-d; « In such
cases, molvents are reported along with the NMR data.

130 NMR spectra were obtainegl by employing Varian-HA-100
NMR spectrometer in conju:xction with various auxiliaries e.g.
Hewlett-Packard (HP) 2114 A computer, HP 2020 Digital Tape Unit,
HP 7001 AM X-Y Recorder, HP 4204 A Oscillator (10 Hz - 1 MHz),

HP 5255 Frequency Converter (3 - 12,4 GHz), HP Oscill-oascope Model

- 120 B, COMPLOT Plotter, Tektronix Pulse Generator (2600 serie’),

Tektronix Oscill-oscope Type 561 A, Diei,tal to Analog Convertor, *

.Varian 3512-1 Heteronuclear Decoupler, Varian RF/AF Sweep Unit, '

Varian V-4311 Fixed Frequency RF Unit (25.1 MHz), Digilab Ra};o

@ e e barase ww
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’frequency Pulse Amplifier (Pulser 400-2) e.t.c,

The ohapter entitled "Modificationa ih Instrumentation"

briefly describes the improvements and modifications perfoi'megl in

the conventional Varian HA-100 NMR spectrometer 1in order to

carry

out faster and more accurate Fourier tra.nsfoi'm 130 NMR studié‘s.

In all cases, IMSO was used as solvent which also provided

the lock Bignal and the internal reference. The concentrations of

the aolutions of thiohyda.ntoins in DMSO varied in the ra.nge of

20-40 % v/v. The number of moans varied from 2,000 - 10,000,

each spectrum was run with at least two different analytical

.

frequencies.

Chemical shift values are reported relative to TMS and

AW

and

4

- were calculated by taking the chemical shift of DMSO to be 40,40

ppm downfield from TMS. All chemical shift values are estimated

to be accurate to 0,05 ppm (2.0 Hz) unless otherwise indicated.

[y

All the spectra wergQ measured by doubly irradiating either near
A

the aryl region or neg.r the methyl regioﬂ for noise proton -

N decoupling of 3C(H).

One of the compounds studied, 3-( 1-Naphthyl)~5, 5-dimethyl~

2= thiohydantoin, X1, ) also run in (:DCl3 to estimate the

direction and magnitude of solvent-induced chemical ‘ahirts on

the carbons in the thiohydantoin ring.

)




UNSUCCESSFUL _ SYNTHESES :

The syntheses of 3N-{2-chloro-4=niirophenyl)-5~methyl-
2-thiohydantoin (A) and 3N~(2-éhloro-'4-nitropheny1)-5,5-dimet}wl~
2-thichydantoin (B) did not turn out to be succeasful, but resulted

in the formation of thiocarbamate (C). Yellow crystals, mpl109'.0-

a <Q \
110.0 ¢°. Elemental Analysis : Calculated % : C, 41.46; H, 3.48;

[

]
C—1NH

. / g
‘OQNAQ—N\C_CI: g OZNQ—N—S—OCHQCH} _
. S— 5 S
‘ c1 8 1‘1 C1 .
(A) R=H (c)
() R= CHy

N, 10.75; 0, 18.413 C1, 13.60 and S, 12.27., Pound : €, 41.20;
H, 3.62; N, 10.9% 0, 18.04; Cl, 14.53 and S, 11.70.
1mm\(cm13, § ™S) 1,60 (1:2:1 triplet, 3H, methyl protons), 4.84
(1:313:1 quartet, 2H, methylene protons), 8.10-8,83 (multiplet, 4H,
phenyl protons and N-H), Fig. 1-26,
Yeonm (coc1,, § mes) 187.10 (thiocarbonyl carbon of predominant
isomer), 188.24 (thiocarbonyl carlfon of minor isomer), 143.85 (C-1),
140.10 (C-4), 125.4 (C-3), 124.06 (C-2), 123.40 (C-5) and 121.90
-(C-é), Pig. 1-27. These aasignnent-s were compared with the values
calculated from ' 13C-Subatituen£ Effects of Subatituted Benzenes',
(%0, pp 81), 68.95 (CH,) and 14.49 (cH,{.

The observation of two diastinct eigmila in the 13C-NMR
spectrum (Fig. 1-27)" corresponding to tvo. thiocarbonyl ou-!;ons

- suggests the prcaenée of syn- and anti- rothtional isomers,

The IR spectrum (KBr) shoyed the sbsence of carbonyl peak

in the region 1600 - 1800 Cm™ .

. ~3
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! \ ARYL ISOTHIOCYANATES
' ! N " I ( <
AN . -
The following aryl iuothigcyanaieu were commercially
\ available and used as such : .

»

a= O0-Fluorophenyl isothiocyanate (PFALTZ & BAUER, Inc.

N.Y.), M.Wt, 153,176 ) -

H

‘b= 0-Tolyl imothicoyanate (ICN, K & K Labs. Inc. )

M. Wi, 15Q.222

3

c- 1-Naphthyl isothiocyanate (Eastman), M. Wt. 185.24

+ ) .

d- 2-Naphthyl isothiocyanate (PFALTZ & BAUER) = ©

e

M. Wt, 185.24

T o A h ey et T ?.m.-.v«m,n. -
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The following aryl isothiocyanates were synthesised.,

. . ‘.
1- 2-Chlorophenyl Isothiocysnate (M. Wt. 169.633) . -

/

’l‘he method followed was that of Coghill and Johnson (36),,
2-ohloroani.line (B.D.H; M. wt. 127. 57) 8.292 g (0. 065 mole) was
added to 309 ml of dry ethyl acetate to w\h.ich 2:0.0 g (0.174 mqle)

. Yof thiophosgene (Baker, M. Wt, "114.98) was added little by littles

The reaction was carried out in a fume hood. The reaction mixture

“was refluxed for about one hour until the hydrochloride went into

14

the solution. The solvent was evaporated under reduce'd'p‘ressure

o
8

and 50 ml of hot toluene was added., It was fur%her evaporated X

employing reduced pressure, and the isothiocyanate so obtained
@ )

was used aé such for the preparation of the corresponding
thiohyaymtom. . -
IR spec’crum showed a broad band (CNS) centered at 2100

cm’". The yield of the isothiocyanate was 7.032 g or 63.77 % .

: e,y
' . YA ~ .
11- 2,3-Dimethylphenyl Isothiocyanate (M. Wt. 163.24) )
. ’.

This compound was prepared by the method described above.

Starting materials¥: 2,3-dimethylaniline (Eastman, M, Wt. 121.18)

(

- ‘ -
12,118 g (0.10 mole), thiophosgene (Baker, M. Wt. 114.98) 25.8 g™

(0.224 mole), dry efhyl acetate 100 ml, refiux time two hours.

The IR spectrum showed a broad band {CNS) centered at 2100 c:m"1 .
w .

The yield of the isothiogyihate was 6.982 g or 42,77 %.

k]

~
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1M -2 Methy1-4-NLtropheny1 soth ocyanate (M. Wt. 194 22)
X )

.

This’compou;d was, prepared by the method described above.
S{;artinf materials: ;t;!ethyl -4- N1troan1hne (Eastman, M Wt.. 152.1‘?6)
6.086 g (0.040 morle) Thwophosgene (Baker, M.Wt. 114. 98) 8.0g¢g
(0.069 mole) The JR spectrum ‘showed a broa,d band (CNS) centered at |
2075 cm'].' The yield of the isothiocyanate was 3.340 ¢ or\43.0%.

¥

V-2 MetHi]-lMéthoxypheny] I"sothiocyonate ) (Id. Wt. ]7@.24) ‘

f 4

- A , ’ AR I \1
1] -
.

1 ,on
;e
4 . . v s

9
-

' This"éompound was prepared by the method described above.

Startmg mater1a1s Q-Me'thoxy-%-Methy'lani'ljne Aldrich, M.Wt. 137.18)
10.0 g (0. 07‘3 mo1e)I Thiopgosgene (Baker, Wt. 114.98),15.0 ¢

(0.’1@ mo]e) The R spectrum showed a road °band (CNs) at 2100 -

. 2150 cm” Tile yield of the 1soth1ocyanate was 3. 82 g or 44. 5%.

» o .
-
L}

: . oy P
V- ‘2-Bromophenyl Isothiocyanate (M. Wt. 214.09)
. ‘/ ‘ /\
2 . ?ﬂvs cbmpound was prepared by the method described above.

Startmg mater1a1s 2 Bromoamhne (Baker M. Ht .172.03) 10.0 g .

(0.058 mole), Th1osphosgene (Baker, M. Ht 114. 98) 12 0g (0 104 mo]e)

.The IR -spectrum showed a broad band (CNS) centered at 2100 cm -1 The

y_1e1d of the 1soth1ocyanate was 7.242 g or 58.32%.

e
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\ ARYL ISOCYANATE -
.

\

Vi- 2-Methyl-4-Nitrophenyl Isocyanate (M. Wi, 178,154) ~  «

n~ 1 )
, The procedure followed is an adaptation of that used by
. f . \

e ¥ .

Shriner, Horne and Cox (37).

- R
.

Dry ethyl acetate (150 ml) was saturated with bhosgene
at room temperatui‘_e. A solution of 15l.216 g (0.1 mole) of -
2-methyl-4-nitrgeniline (Eastman, M/; Wt. 152,16) in 100 ml of

dry ethyl acetate was added alowly./ Toward the end of addition,

'
L g

the reaction mixture was }iea.ted gently to dissolve the l'umps of

aniline added. The ethyl acetate solvent was removed under

» ,r)educed pressure as much as possible and the remaining
; . 7 L -
| “dlsocyanate was kept overnight in a dessicator under vacuum at

. 4 room temperdture. It was then used for the prepaxjation of the

corresponding hydantoin. The yield of the isocyanate. was

6,79 & or 38.1 %,

B ——
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PREPARATION OF 3-ARYL THIOHYDANTOINS

S ~
>

1- 3—(0—T01y1)-S-Methyl-2-Thiq£ydantoin (M. Wt. 220.30)

v . ¥

The procedure followed was that of Pujari and Rout (38).
&

DL-A]anine (Aldrich, M. Wt. 89. 09) 1.336 g (0.015 mole)
was dissolved in 2 ml (0.191 mole) of watzr and 1.0 g (0.025 mole)
" of NaOH was added. To this solution, a solution of o-tolyl isothio-
cyanate (2.984 g, 0.020 mole) in 20 m) of absolute ethanol was
.added dropwise The resulting solution was refluxed kof 2 ﬁrs, tﬁen
25 ml o?'hot 6N HC1 was added. The th1onydantohp prec1p1tated and was('
crysta]llsed twice from 95% ethanol-water mixture. The y1e1d of the . .
thiohydantoin was 0.4 g or 12.12%; mp 213-16 ¢®. W mur (OMSO- dg »8) -
,Q 1.41 (3H, doublet, C-5imethy1 protons, J=7 Hz, each peak shows

. diastereomeric sp]ittihg_of 0.9 Hz i.e. 0.015 ppm), 2.07 (3H,
\

singiet, o-methyl protons, diastereomeric splitting of 2.4 Hz i.e..

(0.0& ppm), 4.5 (1HT/QUa;tet3 C-5 hydrogen),7.25 (4H, multiplet,

13

phenyl protons). C nme (DMSO, STMS) 182.77 (C-2 thiocarbonyl carbon),

174.41 (9-4 carbonyl carbon), 55.01 (C-5 carbon)’ 15.94 and 16.44
qdiastereomeric 0-methyl carbons), 16.84 and'17.04 (diastereomeric v

. €-5 methyl.carbons).
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11 - 3-j2,‘3-01‘methy1pheny15-5:Methy1-2—Thiohydantoin ‘.Nt. 234.32) ' 72

_
A |

This compound was prepared. by the method described above.
Starting materials: DL-Alanine (Aldrich, M. We. 89.09) 1.782 g
_'(0?020 mble), 2t3—Dimethy]pheny1 isothiocyanate (4.080 g, 0.025 mole).
The yield of tHe thiohydantoin was 0.425 g or 9.07%.

"W rimr (DMS0- -dg, §) 1.43 (3H, doublet, C-5 methyl protons, J=7 Hz),

‘ 1.93 (3H singlet, aryl methy] protons, d1astereomer1c splitting 6;
}f ’ “ 8.0 Hz i.e. 0.13 ppm), 2.30 (34, singlet, aryl methyl protons,
}? diastereomeric splitting of 4.0 Hz i.e. 0.066 ppm), 4. 46 (1H, quartet,
€-5 hydrogen), 7. 17 (3H, multiplet, pheny] protons)
"M nme (pyridine, §) 1.60 (3, doublet, C-5 Methyl protons, J=7 hz,
;- d1ast;¥eomer1c splitting of 1.5 Hz i.e. 0.025 ppm), 2.17 (34, singlet,
. ary] methyl protons), 2.52 (3H, singlet, aryl methyl protons)‘R ‘ '
: 5.83 (1H, quartet, C-5 hydrogen), 7.2 - 7.8 (mu1t1p1et phenyl and J
pyridyl protons) ., 13¢ nmr (DMSO, STMS) 182.77 (C-2 thiocarbonyl .
- carban), 174.73 (C-4 carbonyl cérﬁon), 54.91 (C-é carbon), 13.26 and

LT I

13.66.(diastereoheric 0-methyl carbons), 19.02, 20.02 (diastereomeric
%‘ . m-methyl carbons), 16.04, 16.44 (diastereomeric C-5 methyl carboqf).

-~ .
> 4

111 - 3-(<-Naphthyl)-5-Methyl-2-Thiohydantoin (M. Wt. 256.24)

~

-

e s

This compound was prepared by the method described above.
_ Starting 1ater1a]s DL-Alanine (A]dr1ch M. Wt. 89. 09) 2.4 g (0.027 -
mo]e) ¢ -Naphthy| 1soth1ocyanate (Eastman, M. Wt. 185.24) 4.631 g ‘
.(0.025 mole). The.y1e1d of the thiohydantoin was 4.30 g or 67.12%:

S mp 235-6 €05 )

H nmr (DMSO—d6,§—) 1.58 (3H, doublet, C-5 methyl




protons, J = 7 Hz, diaate’reomeric splitting is 1.8 Hz {.q, 0.03 ppm), *

7.58 ( 7 H, multiplet, Naphthyl protons ). B¢ omr (oS0, s'ms )
182,52 (C-2 thioca.rbomrl carbon), “175.41, 175.21 (diastereomerio
splitting of C-4 ocarbonyl carbon). 55,51 (C-5 Carbon), 16,30, 16,80

(diastereomeric splitting of C-5 methyl carbon).

1V~ 3-(0-Fluorophenyl)-5-Methyl-2-Thiohydantoin (M. Wt. 224.26)

This &ompound was prepared by. the method described above.
Starfcing materials : DL-Alanine (Aldrich, M. Wt. 89.09) 2,40 ¢

(0.027 mole); O-Fluorophenyl isothiocyanate (Pfaltz & Bauer, M. Wt.
i

153.?76) 3.83 g (0,025 mole). The yield of the tMOWtoin was

3.z“t'or 66,0 %, mp 170.0-171.0 c°,

'

(is0-dg , &) 1.33, 1,45 (36, doudlet, C-5 methyl protons,
J= fh Hz," diastereomeric splitting is 2,0 Hz i.e. 0.033 ppm), 4.55
(m,}’ quartet, C-5 hydrogen, diastereomeric splitting of 2.0 Hz {i.e.
0. 053 ppm) 7 4 (4H, multiplet, phenyl protons).

130]nmr (mso &ms ) 181,56 (C-2 thiocarbonyl carbon), 174.41,

'174ro1 (diastereomaric splitting of C-4 carbonyl carbon), 55.10

(c-5 carbon), 15.94, 16.34 (diastereomeric splitting of c-s me thyl AN

. ‘b 0 o M ”
This wwﬂnd was prepared by the methed described above,
but |instead of 2 ml of water, 5 ml of IMP was used, When-water ya.a

. used, the synthesis of this thiohydantoin was a}wayu unsucceaarul.
\ Wl
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. Starting materials : DL-Alanine (Aldrich, M. Wt. 89,09) 2.673 g -

(0.03 mole), 2-Methyl-4-Nitrophenyl isothiooyanate (M. Wt. 194.22)

. ‘ . 4 .
. 6.435 g (0.03 mole). The yield of the thiohydantoin was 0.337 g or ’
4.23 %, mp 206.,0-206.5 ¢°,
s Analysis. Calculated for C"H”N}O}S : C,49.80 %3 H, 4.18 %; N, 15.84 %;

: 0, 18.09 %; S, 12,09 %, Found % 1 C, 49.58 ; H, 4.87 ; ¥, 15.47;
0, 18.51 ; S, 11.73. |
9

diastereomerioc Splitting is 0.9 Hz i.e. 0,015 ppm), 2.25 (3H, singlet,

, a .
H nmr (MSO-d6 , &) 1.45 (3H, doublet, C-5 methyl protons, J = 7 Hz,

ortho methyl frotons, diastereomeric splitting is 2.5 Hz i.e. 0.04 ppm),

O 2 ianiich e
i

s, )4-53 (1H, quartet, C-5 hydrogen), 8.33 (3H, multiplet, phenyl frotons). i
"M nmr (Pyridine) 1.50, 1.63 (3H, doublet, C-5. methyl protons, J = 7 -

Hz, diastereomeric splitting of 2 Hz i.e. 0.033 ppm), 2.30 ( BH.I
! " singlet, ortho methyl px:otons), 7.33 (multiplet, phenyl and pyridyl

protons). . ’ . "

v kBl Gl e #s A

130 nmr (IMSO, s'ms ) 180,38 (C-2 thiocarbonyl carbon), 174.01 (C-4 i
' carbonyl carbon), 55.31 (C=5 cart;on), 16,94, 17.14 (hiastereomerio FEN
il \

s‘plitting of ortho me'thyl carbon), 15.34, 16.14 (diastereomeric !

splitting of C-5 methyl carbon), ’ .

’ ' V1- 3-(2-Methyl-4-Nitrophenyl)-5-Methylhydantoin : ) ;

' This compound was prepared by Alessandro Granata ( 9 )
Aeté:ploying the method of Wheeler et al ( 39).

mp 168.0-169.0 ¢°. 'H nmr (MS0-4¢ , § ) 1.4 (3K, doudlet, C-5

methyl protons), 2.2 (3H, doublet, ortho methyl protons), 4.5 (1H,



g

g

L)

quartet, C-5 proton) 2;' IR (KBr, Cm-:' ) 1705 (co0), 1760 (CO),

P {

3240 (NH).

Vi1~ 3-(2-Methyl-4-Methoxyphenyl)-5-Methyl-2-Thio toin (M. Wt. 250.32)
. This ’compound was prepared by the general method &eacribed

. e / ' '
earlier, Starting Materials : DL-Alanine (Aldrich, M. Wt. 89.09) 2.4 g
(0.027 mole) and 4-Methoxy-2-Methylpheriy1 isothiocyanate (M. Wt. 179.24)
4,8 g (0,027 mole). The yield of the thiohydantoin was 1.6 g or 23,8 %, .

mp 146.5-147.0 ¢,

H nmr' (IM50-d , & ) 1.46 (3H, doublet, C-5
methyl protons, J = 7 Hz, diastereomeric splitting is 0.6 Hz i.e.
0.01 ppm), 2.08 (3H, singlet, ortlio methyl protons, 'diastereomerio
splitting ia 2,5 Hz i.e. 0,04 ppm), 3.8 (3H, singlet, p-methoxy
protons), 4.3 (1H, qugtrtet.,c-s hydrogen, diastereomeric splitting of
2.0 Hz: i.e. 0.03 ppm)/, 7.0 (3H, multiplet, pher’xy.l protons).

B¢ nar (mso, 85 ) 182.07 (C-2 thiocarbonyl carbon), 174.61 (C-4
carbonyl carbon), 54.91 (C~5 carbon), 16.36,‘16.74' (diastereomerio
eplittifg of o-methyl carbon), 16,94, 17.34 (diastereomeric splitting
ofy C-5 methyl carbon), 55.11 (p—megloxy ca.;'bon). oo

3

Y y
(1}

v111- 3-(B -Naphthyl)-5-Methyl -2-Thiohydantoin

This compound was prepared by the general met‘hod described
earlier, Starting materials : Dl~Alanine-(Aldrich, M. Wt. 89.09) 2.4 g
(0,027 mole), f3 -Naphthyl isothiocyanate (Pfaltz & Bauer Inc.,
M. Wt. 185.20) 5.55 g (0.03 mole),

¢ nmr (ms0, &, ) 182.07 (-2 thiocarbonyl ce.:.;bon), 174.81 (C-4
carbonyl oarbon), 55.21 (C-5 carbon), 15.35, 16.14 (uutereomefi\

¥
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"1X= 3=-(0-Tolyl)=-5,5-Dimethyl-2-Thiohydantoin (M.Wt. 234.33)

B e e 2 S R

.

\ 150 -

splitting of C-5 methyl carbon).

\ . . L

$

This compound was prepared by t'he general method desoribed
earlier. Starting materials : Methyl alanine (Aldrich, M. Wi, 103,13)
3,10 g (B.—OBO mole), O-Tolyl isothiocyanate (ICN, K & K Ladb, Inc.
M. Wt, 150.22) 4.476 (0,030 mole). The 'yield of the thiohydantoin was
1,85 g or 26,31 %, mp 153.0-155.0 °, Elemental Analysis caloulated
for C,, H 14508, % : ‘c, 61.50 ; H, 6,02 ; N, 11.96
Found, % : C,61.24 ; H, 5.88 ; N, 12,08 ,
M e (Pyridine, §) 1f57 (3H, singlet, C-5 methyl protons), 1;60
(3H, singlet, C-5 methyl protons), 2.3 (3H, singlet, ortho methyl
protons), 7.08-7.83 (multiplet, phenyl and,pyridyl protons)
D¢ nar (50 , §, ) 178.79 (¢-2 thiocarbonyl carbon), 175.60 (C-4
carbonyl carbon), 59.49 (C-5 carbon), 16.14 (ortho methyl carbon),
24.12, 25,32 (C-5 methyl carbons).

a

=(2,3=Dimethylphenyl )=~5,5-Dimethyl=-2-Thio toin (M. Wt, 248,35)

. This oompq@i was prepared by the general metliod described earlier,

Starting materials : Methyl alanine (Aldrich, M. Wt. 103.13) 2.784 &

*. (0,027 mole) and 2,3-Dimethylphenyl isothiocyanate (M. Wt. 163.24)

4.897 g (0,030 moi‘o). The yield of the thiohyda.ntoin‘ was 0,21 g or
2,62 % . mp 130-191 ¢°. Elemental analysis calculated for

Cy3 Hyg Ny 054 %5 Cp 62,83 1 H, 6.49 5 N, 11,28, Pound % -

C, 59.82’ H’ 6-21 ‘. N. 10079.

o i A e o S Wl = bt

e . T Eu S

B




~

1H nmr (DMSO-d6 . 8 ) 1.37, 1.48 (3H, doublet, C-5 methyl protens,
1.95 (3H, singlet, ortho methyl protons), 2.32 (3H, ainglet,
meta methyl protons), 7.2 (3H, multiplet, phenyl protons).

o

"M nnr (Pyridine) 1,57 (3R,. singlet, C-5 methyl protons), 1.62 (3H,
singlet, C-5 methyl protons), 2.12 (3H, singlet, aryl methyl protons),
2,17 (3H, singlet, aryl mEthyl protons), 7.0- 7.8 (maltiplet, phényl
and pyridyl protons). . T
"¢ nme (w50 , 8, ) 180,38 (C-2 thiocarbonyl carbon), 176.80
(C-4 carbonyl carbon), 60.68 (C-5 carbon), 13.50 (O-methyl carbon),

19,527 (mmethyl carbon), 23.40, 24.10 (C-5 dimethyl carbons).
X1- 3-(c -Naphthyl)-5,5-Dimethyl-2-Thiohydantoin (M. Wt. 270.35) ,
This comﬁound wag prepared by the general method described

earlier, Starting materials : Methyl alanine (Aldrich, M, Wi, 103,13)

3,094 g (0.030 mole) and of-Naphthyl isothioocyanate (Eastman, M. Wt.

\85.24) 7.408 g (0.040,mole). The yield of the thiohydantoin was

. @
5.60 g ar 69,0 % . mp 188-190 °, Analysis calculated for

Cys Byy Np 0 S o % 3 C, 66.63 3 H: 5,22 3 N, 10.36 . Found % :

C, 66.99 5 H, 5.44 ; N, 10.28 . , -
My nmr (IMSO-d , §)o0.92 (3H, sinélet, c-5 meth}l protons), 1.33
(34, singlet, é-S'methyl protons), 7.42 (7H, multiplet, (-Naphthyl
protons). A1H nmr (CDCI3 , §) 0.97 (34, singlet, C-5 me?hyl protons),
1.40 (34, singlet, 0;5 methyl protons), 7.33 (7H, multiplet,

o¢ -Naphthyl protons). 'H nmr (Pyridine) 1.20 (3H, singlet, C-5

’

TR .
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1.47 (3H,; singlet, C-5 methyl pm%ns). 7.17

methyl protons),

multiplet,x-Naphthyl and pyridyl protons) : / N
150 nmr (IS0 , &I'MS ) 180.77 (C=-2 thiocarbonyl carbon), 176 44 (C-4

carbonyl carbon), 60.98 '(0-5 carbon), 23.44, 24.10 (enantiomeric C-5

dimethyl carbons). : . .

(M. Wt. 238,29)

v . This compound was prepared by the general method described i

earlier. Starting materials : Methyl alanine (Aldrich, M.Wt., 103.13)

. 2,062 g(0.020 mole)- and 0-Fluorophenyl isothiocyanate (Pfalts &
Bauer Inc. M. Wt. 153.176) 4.595 g (0.030 mole). The yield of the ' T
thiohydantoin was 1.2 g or 25.18 % . mp.248,0 - 251.0 C°,

Elemental analysis calculated for C, H11 N, OSF.%: C, 55.44 ;

R W S

H, 4.65 ; N, 11,76 .. ¥ound % : GC, 55.17 ; Hy; 4.60 ; N, 11,50 .
4 nmr (nmso-d6 , & ) 1.40 (3H, singlet, C-5 methyl protons), 1.45
(30, singlet, C-5 methy% protons), 7.4 (4H, multiplet phenyl protons)

'Y nor (Pyridine) 1.58 (6H, singlet, C-5 dimethyl protons), 7.1

(miltiplet, phenyl and pyridyl protons) 4
e nmr (IMS0 , &TMS ) 178,09 (C-2 thiooarbonyl carbon), 1T4.41 (C-4
carbonyl carbon), 61,00 (C-5 methyl carbon), 23.30, 24.10 (C-5

dimethyl carbons).




o T R

—— ————— 'Womr (mso-4; , §) 1.52 (6, singlet, -5 du]

e e ——— e i

~
Y
- ‘, v
- !’ e
153
Ed *y

This com;ound was prepared by the genéral method described
earlier. Starting materials : Methyl alanine (Aldrich, 103.13) 2.50 g

(0.024 mole) and 2-Methyl-4-Nitrophenyl isothioc te (M. Wt. 194.22)

* 4
6.435 g ( 0,033 mole), The yield of the thiohydantoin was 0.412 g
or 6,15 % . mp 217,0-218,0 C°, Elemental analysis calculated for
Cin H13 N‘3 03 Se%:0C, 51.60 ; H, 4.69 ; N, 15,04 . Found % :

€, 51.42 ;3 H, 4.53 3 N, 15,31 .
ethyl protons),

: 2,20 (35, singlet, ortho methyl protons), 7.4-8.0 (3H, multiplet,

thenyl protons). 'H nmr (Pyridine) 1.58'(3H, singlet, C-5 methyl -
protons), 1.68 (3H, singlet, C-5 methyl protons), 2,32 (BHJ singlet,
ortho methyl proton\s), 7.2 Smul let, phenyl and pyridyl pﬁtonq).
Ve nmr (Mso , S'I'MS )‘179.054 (c-2 Miocarbonyl| carbon), 176,43

' (C-4 carbonyl carbon), 61,58 (C-5 garbon), 16.84 (0-methyl caFbon),

23,00, 2420 (C-5 dimethyl carbons).
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