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ABSTRACT

Donald Frank Williams., A CARBON-13 NMR STUDY OF SOME 3-ARYL HYDANTOINS.

The spectra of a series of 3-aryl hydantoins, with various
ortho substituents, are interpreted in terms of the ground state
rotamers. |

The chemical shift values for carbons in the hydantoin
moiety depend essentially on the number of methyls at the C-5 position.
The trends in these values with the nature of the ortho substituent
cannot be attributed to only one factor.

The carbonyl carbon chemical shift values may constitute
confimatory evidence that in the 3-aryl hydantoin series, a chlorine
ortho substituent is effectively larger than a methyl ortho substituent.

The magnitude of the C-5 methyl peak separation indicates
no important steric interaction with the ortho substituent. This peak
geparation for the diastereomeric C-5 methyl carbons is only slightly
less than for the diastereotopic C-5 methyl carbons, for corresponding
3-aryl hydantoins, The C-5 methyl peak separations are about an order of

magnitude larger ( in ppm ) for carbon-13 than for proton resonances.
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INTRODUCTION .

-Hydantoins are of interest in pharmacology, and they have
been used in the treatment of epilepsy and as anticonvulsants (1, 2 ).
The 3-aryl hydantoins investigated in the present work have
an ortho substituent on the aryl ring. There is restricted rotation
about the aryl C-N bond because of steric interaction between this

ortho substituent and one or both of the hydantoin carbonyl groups:

) Ry
A\ |
/C-‘—‘—“SC —Rz
Ry = H, CHj.
N3
N\ . 1 R, = H, CAs.
c*—'NH
X /



Fehlner ( 3 ) has determined the thermodynamic activation
parameters of a number of 3-aryl hydantoins, by a complete iineshape
analysis of the temperature dependent proton nuclear magnetic
resonance ( nmr J spectra.

It was considered useful to seek further information on
this series of compounds, from their carbon-13 nmr spectra. For a
given hydantoin, the thermodynamic activation parameters reflect the
differences between ground state rotamers and the transition state.
The present work deals essentially with the ground state rotamers.

A number of Fehlner's 3-aryl hydantoins were chosen, with
an assortment of polar and non-polar ortho substituents, and several
new hydantoins were synthesised to complete the serles.

The usefulness of proton nmr is often limited because many
organic compounds contain too few non-equivalent protons. Also, the
main center of interest in organié chemistry is not the protons, but
the carbon skeleton of these compounds,

There are several advantages in the use of carbon-13 nmr
as a probe for the elucidation of chemical structures., Carbon-13
chémical shift values cover a total range of about 250 ppm, and the
peaks which correspond to non-equivalent carbons are usually resolved.
Compounds with natural abundance carbon-13 ( about 1.1 atom % ) do not
show carbon-carbon spin coupling because of the low probability
( of the order of 1 in 10000 ) of having two adjacent carbon-13 atoms
in the same molecule. Coupling to protons gives rise to first order

spectra, and this provides a valuable assignment aid.



In the series of hydantoins studied, there are carbon
atoms at several positions in the molecule which are of stereochemical
interest.

The carbonyl carbon chemical ;hift values should be of
interest because of the steric interaction between the aryl ortho
substituent and the carbonyl groups. Furthermore, there is a
possibility of conjugation between the hydéntoin ring 7 -system,
including the carbonyl groups, and the 3-aryl ring. |

The C-5 methyl carbon chemical shift values may show
effects due to steric interaction with the aryl ortho substituent. Of
particular interest is the comparison of the methyl carbon resonances
of diastereomeric and diastereotopic methyl groups, of corresponding
5-methyl and 5,5-dimethyl hydantoins, respectively, which have the
same 3-aryl substituent, The stereochemistry and spectra of the

hydantoins are more fully discussed below.

GENERAL INTERPRETATION OF CARBON-13 SPECTRA .

Agsignment,

Assignment of the peaks in a carbon-13 spectrum can often

be made on the basis of the chemical shift values, as in the case of
many proton nmr spectra. Typlcal carbon-13 chemical shift values, for

various classes of organic compounds, are given in several review
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articles ( 4-9 ). The chemical shift values of suitable model compounds

can often be used to resolve any remaining ambiguities in assignment.

The coupling constants between carbon-13 atoms and directly
bound hydrogens are of the order of 100-250 Hz, and the {nterpretation
of carbon-13 spectra is frequently difficult because of overlapping
multiplets. In order to simplify the spectra, proton decoupling is
commonly used.

With broad-band or noise modulated proton decoupling, all
the protons in the molecule are {rradiated at a high RF power at thelir
resonance frequencies. Each non-equivalent carbon will thus give rise
to a single peak. The added advantage of noise proton decoupling is an
{ncrease in sensitivity as a result of multiplet collapse and also by
the nuclear Overhauser effect., A maximum nuclear Overhauser effect
enhancement of approximately three-fold can be obtained in suitable
cases ( 10 ). The disadvantage is the suppression of the valuable
1nformat16n for assignments provided by the nature of the multiplets.

With off-resonance proton decoupling, the decoupling
frequency is typically a few hundred Hz removed from the resonance
frequency of the protons in the molecule, and the proton decoupler RF
power output is lower than for noise proton decoupling. The resulting
carbon-13 spectrum consists of perturbed multiplets, corresponding to
the multiplets of the non-decoupled carbon-13 spectrum. The residual
splitting or " reduced coupling constant ", Jr, 18 related to the
coupling constant J by the expression C11):

J Af

J_ = —

YHo/ 2=



where Af is the frequency separation between the proton decoupler
frequency and the resonance frequency of the proton which is being
partially decoupled, and YHy/ 2= is the effective spread in Hz of the
proton decoupler frequency. With off-resonance prot.'« decoupling the
nuclear Overhauser effect is still operative and thus some signal
enhancement is provided without undue loss of spectral information.

In cases of multiplet overlap the assignment of peaks to a given
multiplet can be made by comparing spectra with different proton
decoupler power output settings. This corresponds to different values
" of Hy and hence Jy.

The comparison of the carbon-13 spectra run under conditions
of noise proton decoupling, and off-resonance proton decoupling,
provides a valuable assignment aid. In the present work, quaternary
aryl carbon peaks were identified in this way since they remain unsplit
with off-resonance proton decoupling. Also all assignments were
confirmed by the nature of the multiplets obtained with off-resonance

proton decoupling.

Additivity and Substituent Parameters.

The carbon-13 spectra of a wide variety of compcunds have
been reported in the literature, and also the shielding effects of an
assotment of substituents have been evalﬁated. A general finding 1is
that within a related series of compounds, the chemical shift values

tend to follow additive relationships( 7 ).



The prime example is the work by Grant and Paul on the
alkanes ( 12 ) where methyl substitution o or @ to a carbon causes
a downfield shift of about 9 ppm for the peak of that carbon. Similarly
v substitution causes an upfield shift of about 2.5 ppm. The carbon-13

chemical shifts of the alkanes obey the Grant-Paul additivity relation:

5oC k) =B+ A ngy

where 5. ( k ) is the carbon-13 chemical éhift values of the kth
carbon atom, B is a constant, e is the number of carbon atoms in
the 1th position relative to the kth carbon, and A; is the additive
chemical shift parameter assigned to the 1th carbon atom.

For highly branched systems, sizable refinement parameters
are required to allow for tertiary and quaternary carbon atoms. Thus
for a methyl group adjacent to either a tertiary or quaternary carbon,
the refinement parameters 10 ( 3° ) and 19 (4° ) are required, and

similarly 4° (1° ) for a quaternary carbon adjacent to a methyl group.

The parameters used in the present work are listed in table I.

Table I. Grant-Paul Additivity Parameters for the Alkanes®.

Carbon poéition A Refinement Coefficient
parameter

o -9.1 + 0.1 1o ( 30) 1.1 + 0,2

B -9.4 + 0.1 10 ( 40 ) 3.4 + 0.4

Y 2.5 + 0.1 40 ( 10 ) 1.5+ 0.1

& Upfield shift in ppm.



The additivity parameters A can equally be regarded as
methyl substituent shift parameters. Similar parameters have been
reported for other substituents ( 7 ).

Substituent parameters have geen successfully applied to
a series of amino acids by Horsley, Sternlicht and Cohen { 13 ).
Because of the similarity in the structure of amino acids and
hydantoins, similar relationships betweenAsubstituents and chemical
shifts should also apply to the present series of cdmpounds. The
chemical shift values of the carbonyl carbons, the C-5 carbons and
the C-5 methyl carbons should be related to the number of methyls at
thé C-5 position,

Although additivity or substituent parameters are determined
empirically, the nature of the interactions have inevitably been
rationalized. The current view {s that the a -effect is largely
inductive with some steric contribution. The B-effect has not been
satisfactorily explained ( 9 ), The original explanation by Grant
and Paul that the 7v-effect {s caused by steric perturbation caused by

coiling is still accepted.

Carbonyl-Carbon Chemical Shifts and Conjugation.

Stothers ( 14 ) has derived an empirical expression to
estimate the angle of twist of the aryl ring relative to the carbonyl
group in a series of ortho substituted acetophenones. Because of steric

inhibition, the aryl ring and carbonyl group are not coplanar in these



compounds. The extent of the conjugation between the aryl ring and the
carbonyl group depends on the anzle of twist. An increase in angle of
twist and consequent decrease in conjugation ié reflected by a
downfield shift of the carbonyl carbon peak. This effect is readily
rationalized as caused by a decrease in the electron density at the

carbonyl carbon with decreasing conjugation.

Carbon Chemical Shifts and Steric Perturbation.

The chemical shifts of sterically perturbed carbon atoms
are generally found at higher magnetic fields than for similar carbons
that are not sterically crowded ( 15 ). The initial observation of
this phenomenon was by Grant and Paul in the case of the 7 methyl
substituent shift in the alkanes ( 12 ).

A striking example of the stereodependence of carbon-13
shielding is in the low temperature study by Roberts of
1,1,3,3-tetrame€hy1 cyclohexane ( 16 ). The chemical shift difference
between axial and equatorial methyl protons ( at -91°C ) is 0.075 ppm,
whereas the corresponding shift difference for the methyl carbons
( at -10750 ) is 8.8 ppm. This shift difference is attributed to
steric interaction of the two axial methyls.

Similarly Anet ( 17 ) has measured the carbon-13 spectrum
of methyl cyclohexane ( at -110°C ), and the chemical shift of the
methyl group of the less preferred axial methyl conformer is 6 ppm

to higher field than for the equatorial methyl conformer. The



steric interaction in this case is between the axial methyl and the
axial hydrogens at C-3 and C-5.

The effect of steric perturbation of the carbon-13 chemical
shift has been rationalized by Grant and Chemey ( 15 ) on the basis of
a sterically induced change in polarization in the perturbed c#rbon-
hydrogen bond associated with non-bonded hydrogen-hydrogen repulsive
{nteractions. Perlin and Koch ( 18 ) have found that for isomeric
cyclohexane derivatives, the sum of the carbon-13 shieldings ( shift
values ) increases additively with an increase in repulsive non-bonding
{nteraction and thus with decreasing enthalpy in the series, By
contrast, an inverse shielding pattern is found for the protons. This
observation lends support to the proposed charge polarization

mechanism for upfield steric shifts.

STEREOCHEMISTRY AND NMR SPECTRA OF THE HYDANTOINS .

For the 3-aryl hydantoins studied, the hydantoin ring is
considered to be essentially planar. The crystal structure of
5,5-diphenyl hydantoin has been determined by Camerman ( 19 ). The
five ring atoms and the two carbonyl oxygen atoms are coplanar: the
average deviation from the plane through C-5 is 0.044 X, the maximum
being 0.1 . The small thermal parameters indicate that the calculated
atom positions are not an average for several puckered conformations.

Similar results were obtained for 2-thiohydantoin by Walker (20).
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In the 3-aryl hydantoins, there is steric interaction
between one or both of the hydantoin carbonyl groups and the aryl
ortho substituent, and this causes restricted rotatifon about the aryl
C-N bond. Because of this interaction, éhe hydantoin ring and the

aryl ring are not coplanar in either of the two possible ground state

rotamers:
R R
é H ! H
¢ N I N’
RY Y
S |
<, % ALY
2 T 0 N T
‘ X 11 X

Case 1: With two identical C-5 substituents R; and Ry, the two ground
state rotamers are enantiomers and have indistinguishable spectra. The
dihedral angle between the two rings must be the same for both
rotamers, and similarly for the hydantoin ring conformation. For efther
ground state rotamer, the two identical C-5 substituents are
diastereotopic and hence are magnetically non-equivalent.

In the present study the enantiomeric rotamers have elther
two diastereotopfc hydrogens or two diastereotopic methyls at C-5, For

carbon-13 spectra run witk the protons fully decoupled ( noise proton
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decoupling ), each carbon of the hydantoin should give rise to a single
peak and in principle the two C-5 methyl carbons should give separate
peaks. With the protons partially decoupled ( off-resonance proton
decoupling ), carbons directly bound to hydrogen will show the
predictable first order splitting. In practice, long range coupling

was not observed.

Case 2, With two non-identical C-5 substituents Rj and R,, the two
ground state rotamers are diastereomers, and in principle these have
distinguishable spectra. The dihedral angle between the aryl and
hydantoin rings is not necessarily the same for both rotamers, and
similarly for the hydantoin ring conformation. One of the diastereomers
will be thermodfnamically preferred, and at equilibrium in solution
the diastereomers will not be present in the ratio of 1:1, although
" this was found to be nearly so for the series of hydantoins studied
( 3 ). It should be noted that because C-5 is an asymmetric carbon, it
can exist in either R or S configurations, and there are, therefore,
two possible pairs of diastereomeric ground state rotamers. However,
these four species also form two pairs of enantiomers, so that only
two diastereomeric forms are, in principle, distinguishable in the
spectra,

In the present study, the diastereomeric rotemers have one
hydrogen and one methyl at C-5, For carbon-13 spectra run with noise
proton decoupling each 5-methyl hydantoin should, in principle, show

double peaks for each carbon, although these may not be resolved in
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all cases. With off-resonance proton decoupling, carbons directly bound
to hydrogen will show the predictable first order splitting, In

practice, long range coupling was again pot observed,

DIFFICULTIES IN INTERPRETATION OF THE SPECTRA .

There are several interdependent.variables in the ground state
structures of the aryl hydantoins:

- the nature of the aryl ortho substituent

- the dihedral angle between the aryl and hydantoin rings

- the conformation of the hydantoin ring

the site and importance of solvation,

In the absence of any large effect clearly attributable to
only one of the above factors, the interpretation of the spectral data
for the series of hydantoins will depend on an often subjective
evaluation of the relative importance of these factors.

The direct variable in the study is the nature of thg ortho
substituent: fincrease in the steric bulk or polarity of this group can
‘be expected to increase the dihedral angle and will have qualitatively
predictable effects on the spectrum. It is not known if there are
significant differences in the dihedral angles of corresponding
5,5-dimethyl and 5-methyl hydantoins. The conformation of the hydantoin
ring is thoughtto be planar, but the effects of the 3-aryl substituent

or an asymmetrically substituted Cr5 carbon could conceivably change
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the conformation. Any change {is expected to be small, hOWever, because
the eight nr-electron Zydantoin w-system must be planar for maximum
orbital overlap, and consequent lowest energy. The C-5 carbon does not
formally take part in the hydantoin w-system and may be above or below
the planeof this r-system. The greatest unknown in this study is the
extent and importance of solvation. All the measurements were carrcied
out in the same solvent ( DMSO ), however, differences in solvation
within the series of hydantoins may have appreciable effects on the
spectra, and may invalidate any conclusions drawn from small trends in
chemical shift values. An indication of the_importance of solvation
effects is obtained from the proton nmr spectrz of the hydantoins: in
general the C-5 methyl proton peak separations for solutions in
pyridine are greater than in DMSO, where they are often zero, There may
also be important differences i1n solvation between diastereomers: after
several recrystallisations from ethanol, a pure diastereomer of
3-a—naphtﬁy1-5-methy1~2—thiohydantoin has been obtained ( 21 ). The
difference in solubility implies a difference in solvation, and this

probably applies to DMSO as well as to ethanol solutions.



EXPERIMENTAL

GENERAL REQUIREMENTS FOR CARBON-13 SPECTROSCOPY.

In addition to the usual high-resolution requirement of
magnetic field homogeneity and field/frequency stabilization, a

carbon-13 spectrometer will require:

Wide Sweep_Capability.

Carbon-13 chemical shifts cover a range of 250 ppm,
compared to protons where the usual range is 10 ppm, and in order
to obtain a spectrum it will often be necessary to sweep over a

considerable range, typically 1000 Hz or more.
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Frequency-sweep _Mode of Operation.

This will allow the use of proton spin-decoupling, which
may be necessary for signal enhancement by multiplet collapse and
nuclear Overhauser effect, for spectrum simplification by the

elimination of coupling to protons, and for spectral assignment.

Signal-to-noise Enhancement.

This {s necessary because of the low natural abundance of
carbon-13 ( 1.1% ) and the inherent low detection sensitivity of
carbon-13 relative to protons ( 1.59 x 102 at constant field for

equal numbers of nuclei ).

THE SPECTROMETER.

The present spectrometer is a Varian HA-100 continuous
wave ( C.W. ) instrument operating at 25.15 MHz, equipped with a
V-3530 wide sweep accessory and V-4335-1 probe, double-tuned to allow
for proton spin-decoupling by means of a V-3512-1 heteronuclear
decoupler, Spectra are recorded in the frequency-sweep mode using

internal lock, and are accumulated in a C-1024 time average computer.
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Principle of the Conventional JA-100 Spectrometer.

The HA-100 spectrometer operation is based on audio
modulation of the applied magnetic field. With a transmitter radio
frequency ( RF ) of w and an audio frequency (AF ) of m, the RF
resonance signal obtained consists of a centerband together with
upper and lower sidebands. The first upper sideband has frequency
components w + m, and on RF phase detection gives rise to an AF
signal of frequency m. This signal is actually a complex quantity,
and is a mixture of absorption and dispersion mode signals, 90 degrees
out of ph;se. An AF phase detector is used to select only signal
components of frequency m, and also to discriminate between absorption
and dispersion mode signals,

The HA-100 spectrometer fn fact uses modulation at two
different frequencies mj and mg, one fixed, the other swept. This
provides two separate signals, one for field/frequency stabilization
( lock ), the other recorded as the nmr spectrum. A simplified block
dihgram of the HA-100 operating in the frequency-sweep mode is shown
in figure 1 .

The two AF oscillators provide field modulation via the
modulation coils, and supply reference signals to the AF phase
detectors. The RF signal from the probe is amplified and phase
detected to yield AF signals which are then applied to the comtrol
and analytical channels, where they are amplified and phase detected.

In the frequency-sweep mode, the control channel AF phase detector 1is
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set to detect only signals in phase with the fixed frequency and the
analytical channel phase detector is set to detect only signals 90
degrees out of phase with the swept frequency.

The phase of the RF phase detector can be varied to give
a dispersion mode signal output from the control channel and an
absorption mode signal from the analytical channel. The dispersion
mode signal provides a dc error voltage to the flux stabilizer which
adjusts the magnetic field to compensate for any change in the position
of the lock signal due to fileld or frequency fluctuations. The swept
AF provides frequency sweep, and the output from the analytical
channel phase detector will be a series of absorption mode signals

corresponding to the peaks in the nmr spectrum.

Principle of the Carbon-13 Spectrometer.

The combination of wide sweep capability and frequency-
sweep operation introduces a serious problem in the case of the
conventional spectrometer described above: as the observing AF 1is
swept, the phase of the analytical channel phase detector also
changes, fesulting in an unacceptable spectrum, This problem is
evident on proton spectra run with a frequency sweep of 1000 fz.
With proton spectra, frequency sweep is normally only used in
decoupling experiments where a particular multiplet, extending over
a small range, is observed. However in carbon-13 spectra, because of
the large chemical shifts involved, sweeps of the ovder of 1000 Hz

are common.
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The solution adopted in the wide sweep accessory is as
follows: instead of the conventional fixed RF and swept AF for the
observing frequency, there {s a fixed AF and a swept RF: the change
in RF during the sweep is negligible compared to the value of the RF,
and no problem arises at the RF phase detector stage.

In order to have a constant upper sideband frequency for
the control channel, given a swept RF, it 1s necessary to have an AF
vhich is swept by the same number of Hz as the RF, but in the opposite
direction., The simultaneous AF and RF sweeps are generated in the
V-3530 wide sweep accessory which consists of a Wavetek model 111 AF
waveform é;nerator and a Hallicrafter voltage controlled RF oscillator.
These two units are both driven from the C-~1024 time averaging
’ computer ( CAT ) by the staircase ramp output which has 1024 discrete
steps corresponding to the 1024 memory channels.

The Wavetek output is an AF whose start frequency is set
on the Wavetek and whose positive going frequency sweep is controlled
by the positive going ramp voltage. The staircase ramp also drives
the Hallicrafter XVCO whose output is a negative going RF frequency
sweep. The relationship between the RF, the two AF and the resultant
upper sideband frequencies for the control and analytical channel
signals are shown in figure 2 ., The block diagram of the carbon-13
spectrometer is shown in figure 3 .

The C-1024 time averaging computer ( CAT ) settings
control the sweepwidth, the sweeptime and the number of scans

accumulated. The staircase ramp from the C-1024 CAT simultaneously
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serves to locate consecutive memory adresses for the spectral
accumulation and drives the AF and RF sweeps as discussed above. As
fn the case of conventional HA-100, the AF oscillators provide field
modulation and reference signals to the AF phase detectors, and the
dispersion mode signal from the control channel is used for the lock.
The absorption mode signals from the analytical channel are accumilated
in the C-1024 CAT: for n scans, the signal-to-noise ratio is increased
by a factor of‘\k. In order to provide a further signal enhancement,
but at the expense of lower resolution, 8 mm diameter sample tubes
are used instead of the 5 mm tubes used for protons.

The V-3512-1 heteronuclear decoupler can be used either
{n the coherent mode ( single frequency irradiation ) to decouple
gspecific protons, or with a variable bandwidth noise modulation to
decouple multiplets or all protonms.

Two further features of the spectrometer are necessary
because of the small signals obtained from natural abundance carbon-13:

- the C-1024 interlock, a sweep interrupt circuit which
monitors the presence of a lock signal. When switched in, the interlock
automatically prevents the C-1024 CAT from accumulating 1f there is no
lock present. Thus data collected before the lock is lost are not
destroyed by numerous additional scans of noise.

- for carbon-13, the conventional sine wave lock signal
presentation on the cscilloscope 1s not observed above the noise,but
a more sensitive lock dc level can be used to find the lock signal and

to optimize homogeneity.
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Choice of Audio Frequencies.

For proton nmr the HA-100 control and analytical channels
operate at frequencies in the range 1.5 to 3.5 kHz, For carbon-13
operation the AF range used must extend from 1.5 to 8 kHz {in order to
cover the whole range of chemical shifts for one magnetic field
setting. The audio frequencies chosen for locking onto or observing a
series of compounds are given in table II ,The audio frequencies used
in this work are plotted.as a function of carbon-13 chemical shifts in
figure 4,

When locking onto a given resonance, the Wavetek AF start
is selected according to table IT or figure ¢4 , Choosing the AF start
In this way ensures that the magnetic field will be the same for all
samples, and hence the proton decoupler calibration will also remain
constant for all samples,

Since the RF sweep Is towards lower frequency, the
analytical channel fixed AF 1s chosen from figure 4 to correspond to

the upper frequency limit .of the required sweep range,

SETTING UP THE SPECTROMETE&L

Finding the Signal.

All setting up is done using a 607% carbon-13 enriched
sample of methyl fodide in a 5 mm tube. This sample gives a signal

large enough to be observed on the oscilloscope.



Table II. Carbon-13 Reference Compounds with their Chemical Shifts
from Carbon Disulfide and the Audio Frequencies Used.

Compound Chemical shift® AF AF (VARTIAN)

Methyl ifodide 213.9 3220 2500
™S 192.8 3770

Cyclohexane 167.2 4400 3676
DMSO 152.9 4780 4032
Dioxan 126.9 5430 4685
Benzene 65.7 6970 6220
Carbon disulfide 0 8600 7870

a8 ppm upfield from carbon disulfide, from Refs.22, 23.



(kHz)

12 4 %

- "  esesess PPM FROM CARBON DISULFIDE

* PPM FROM BENZENE

10 4

-100 o 100 200 PPM

Figure 4 . Audio Frequencies Used, as a Function of Chemical Shift
in PPM Upfield from Benzene or Carbon Disulfide.
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In order to obtain maximum signal-to-noise, the probe
receiver circuit is tuned for each sample at equilibrium temperature,
and the probe leakage is balanced to & mimimum.

The signal displayed on the oscilloscope is from the
control channel, and for methyl fodide the AF start frequency of the
Wavetek is selected from table II to be 3220 Hz.

The first upper sideband signal from the methyl iodide is
centered on the oscilloscope by adjusting the magnetic field, and the
magnet homogeneity is maximized while observing the ringing from the

peak of the methyl iodide quartet.

AF/RF Tracking.

It is necessary to ensure that the AF and RF sweeps are
both of exactly equal magnitude, otherwise the upper sideband lock
signal frequency will not be constant and calibration errors will be
{ntroduced. The AF/RF sweep check is made by observing a peak of the
methyl iodide quartet on the oscilloscope, and then sweeping the
AF/RF frequencies ffom the C-1024 CAT. If the AF/RF sweeps are of the
same number of Hz, then the peak position will not move laterally om
the oscilloscope during the sweep. A small lateral displacement is:most
easily detected by observing the peak position just before the end of
a 1000 Hz sweep, and then again the beginning of the next sweep. The

AF/RF tracking is adjusted with the RF sweep width calibration.
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Homogeneity.

The final adjustment of the magnetic field homogeneity 1is
carried out after locking on one peak of the methyl iodide quartet, by

optimizing the RF phase detector and shim coil setting for a maximum

lock dc level.

Spin Decoupler.

The proton spin decoupler operates at 100 MHz variable over
a range of * 0,045%. The output can be noise-modulated with a bandwidth
adjustable between 0.1 and 8 kHz.

To set the exact frequency of the decoupler, the methyl
lodide quartet {is observed on the oscilloscope, with a noise modulation
of 1-2 kHz and maximum output, The frequency is adjusted to collapse
the quartet to a singlet. The spectrometer is locked onto this
decoupled line and the final adjustment of the decoupler frequency is
carried out in the coherent mode with a low output by obtaining a
maximum for the lock dc level. A low level coherent output is necessary
for this adjustment because the audio field modulation produces an
effect equivalent to audio sidebands of the decoupler frequency: methyl
iodide protons can be decoupled by such a " sideband " at high coherent
output levels, but on reducing the output or switching to noise
modulation there is no longer sufficent power at the proton resonance

frequency to provide decoupling.
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This method of optimising the proton decoupler frequency
by means of the decoupled methyl iodide lock dc level was found to be
very sensitive and was used in calibrating the fine frequency dial
against protons decoupled in ppm downfield from TMS. Protons that
absorb 1 ppm downfield from methyl iodide protons will absorb at a
frequency 1 ppm higher on frequency sweep. A method was found to
increase the decoupler frequency by exactiy 1 ppm, using the carbon-13
enriched methyl fodide sample. The lock signal AF was increased by
1 ppm ( 25 Hz for carbon-13 ) and to observe the methyl iodide
resonance, the magnetic field had then to be increased by 1 ppm. The
decoupler frequency also had to be increased by 1 ppm ( 100 Hz for
protons ) to collapse the quartet to a singlet. The spectrometer was
locked onto thig decoupled line and the decoupler frequency adjusted
for maximum lock dc level as described above. Carrying out this
process at several lock signal audio frequencies, the decoupler fine
frequency dial ;as calibrated: the most useful range of protons is
covered with the fine frequency dial set at 2,00 for methyl iodide
using an AF of 3220 Hz,

By means of the calibration graph shown in figure 5,
protons whose chemical shift is known can be selecively decoupled, or
using noise modulation, the decoupler can readily be set to cover a
given range of protons. For each new sample the decoupler fine
frequency setting is optimized for the lock resonance used, and the

setting is taken as the reference in using the calibration graph.
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SPECIFICATIONS AND TESTS,

Wavetek ( AF ),

The specifications of the Wavetek AF sweep are as follow:

- ramp linearity > 997

- amplitude and frequency stability * 0.05% for 10 min,
+ 0.25% for 24 hours

- Jitter ( cycle to cycle stability ) + 0.025%

( For an AF of 5 kHz, + 0.05% = + 2.5 Hz )

'The AF stability was found experimentally to be better
than specified: the AF start was counted before and after each
accumulation and did not vary by more than * 1 Hz, The AF start was
sometimes checked during a long accumulation and if necessary

readjusted to the correct value,
Sweepwidth.

The AF start is counted on an HP 5512A counter, the sweep
is triggered from the C-1024 CAT, and the highest frequency counted 1is
recorded. The measurement was repeated several times, sweeping at the
slowest possible rate towards the end of the scan, and the AF sweep
determined in this way is estimated to + 1 Hz, which is about the
frequency stability of the Wavetek during an accumulation. There is a
provision for reading the sweep end point directly, but this only

worked intermittently and was not trusted.



31

Resolution.

The resolution for the carbon-13 enriched methyl fodide
sample in a 5 mm spinning tube was determined by locking onto one
peak of the quartet and observing one of the other peaks. The
resolution was measured to be 1.5 Hz for a single scan. For samples
in an 8 mm spinning tube, the resolution was measured by locking onto
decoupled benzene and observing decoupled dioxan. The sample contained
80% benzene and 20% dioxan, both with natural abundance carbon-13, and
the accumulated spectrum gave a peak width of 2.5 Hz. Typically,
“carbonyl groups in the hydantoins gave peak widths of 2.5 Hz., Over
long accumulations, the resolution stability sometimes proved
troublesome, but the resolution could be optimized between scans using

the lock dc level.

AF/RF Tracking.

The AF/RF tracking as set up using the oscilloscope
presentation can be estimated to be correct to within % of the peak
width as seen on the oscilloscope, or + 0.5 Hz. This was checked
using the methyl iodide sample by locking on one peak of the quartet
and observing one of the other peaks: the observing fixed AF was first
chosen to display the signal near the start of a sweep; and then
changed to display the signal near the end of a sweep. for a change in
position of 950 Hz along the sweep, the calculated peak frequency was

the same to within + 1 Hz which is the precision of the reading.
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It was concluded that the AF/RF tracking as set up using

the oscilloscope is adequate.

Hallicrafter ( RF ),

The specifications were not supplied, but it can be seen
that the absolute frequency and jitter stability are taken care of by
the field/frequency stabilization . Only the RF sweepwidth stability
is critical and as the AF/RF tracking and the AF sweep stabilities are
both of the order of *+ 0.5 Hz over a day, then the RF sweep stability
must also be of the same order,

The frequency of the Hallicrafter was measured on a HP 5255A
counter to be 25.144126 MHz, thus the effective upper sideband
frequency with AF modulation in the range 1.5 to 10 kHz 1s 25.15 MHz.
The V-4311 RF receiver was tuned to the Hallicrafter RF in order to

ensure maximum signal-to-noise.

Readout.

The accumulated spectra are read out of the memory and
displayed on the HA-100 recorder. The readout time can be adjusted in
the C-1024 CAT and this was attempted in order to calibrate the
readout with the graph paper, using the known coupling constant of
methyl iodide. However, it was found that the C-1024 CAT readout times

were very temperature dependent and also varied from day to day.
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The solution adopted was to start the recorder pen sweep
before the C-1024 memory readout: the 1024 channels were taken to
extend over the reglon displaying noise, and the peak bositions vere
calculated by interpolation, knowing the frequencies corresponding to
the sweep start and sweep end,

Readout tests were rum by accumulating the carbon-13
methyl iodide quartet, and then reading out the memory at different
speeds. It was found that a sweep time of 250 seconds was necessary
to allow the pen to follow the signal without distortion. Successive
scans gave {dentical separation between firgt and fourth peaks, within

the precision of reading the peak positions ( 0,2 Hz in 453 Hz ),

Sweep Linearity.

Overall sweep linearity was tested for by locking on one
peak of the methyl iodide quartet and measuring the frequencies of the
other peaks, with a range of sweep AF values selected so that a given
peak appeared at different positions on the sweep.

The peak frequency was calculated to be constant over the
whole range of the 1000 Hz sweep to within * 1 Hz, the precision of

the measurements,

Sample Temperature.

With the heteronuclear decoupler in operation, ice-cold

air is passed through the probe to avoid heating damage. The sample
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temperature was measured under operating conditions using an iron-
constantan thermocouple in a non-spinning sample tube containing DMSO,
the solvent normally used. The sample temperature was found to depend
markedly on the decoupler output level but not on the noise modulation
bandwidth. The maximum change in the flow of the cooling air produced
a change of only + 20 C. With an RF attenuation of 20 dB and the usual
settings for AF modulation, the temperatures recorded for different

decoupler output levels are given below:

output level sample temperature °C + 2°C,
3.00 ( maximum ) ' 55
1.00 ' 35
0.80 34
0.60 ‘ 32
Conclusion,

It was shown that the readout {s reproducible and the
overall sweep is linear for the sweep widths employed.

With the AF/RF tracking correctly set, the calculated peak
positions can therefore be estimated to within the stability of the
audio frequencies ( + 1 Hz ) and the error of reading the peak position,

which will depend on the peak width and the sweep range.
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PROCEDURE FOR RUNNING SPECTRA.

General Conditions,

The combination of low sensitivity and relatively long spin-
lattice relaxa;ion times, T1, for carbon-13 causes the experimental
conditions for obtaining carbon-13 spectra to be critical, particularly
in the case of natural abundance samples.

For a maximum signal-to-noise a high RF power level is
desirable, but if too high, the Boltzmann distribution will be
disturbed, leading to saturation of the signal.

The RF power level, the AF ‘modulation levels and thé sweep
rate were determined for maximum signal-to-noise without saturation.
Typical conditions used for setting up and for running spectra are

given in tables III and IV,

Lock Signal.

For the lock signal a capillary containing 86.5% carbon-13
enriched methyl fodide can be used, held coaxially in the 8 mm tube by
means of a Teflon insert. In order to allow non-decoupled spectra to
be obtained, it was originally intended to lock onto one peak of the
quartet from this sample., However this was found to be unfeasible,

probably due to spinning wobble of the capillary, The proton decoupled
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Table iV.. Typical Instrument Parameters for Spectra with Natural
Abundance or Capillary Locka.

To find lock To record spectrum

RF attenuation (dB) 20 20

AF start (mG) 1 | 0.1

Fixed AF (mG) o

RF phase detector 26 | 26

Spectrum amplitude 3000 3000

Sweeps ( Hz ) off 200, 1000
Sweep time (sec ) off 10 50

’

8 Proton decoupler frequency centered on lock sample protons. Noise
decoupling: Bandwidth 1.5 kHz, output setting 3.00. Off-resonance

proton decoupling: coherent, output setting 1.00.
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signal from the capillary sample is strong enough to use for the lock
but it was found more convenient to lock onto the natural abundance
carbon-13 of the solvent, DMSO in the present work.

To lock onto the decoupled sélvent or capillary resonance,
the instrument conditions are set as given in table IV . Using the
slow sweep unit, the field is swept until the lock dc level, observed
with maximum sensitivity, gives a positivé excursion. The Instrument

is then immediately locked and the AF sweep level is reduced.

Final Adjustments with the Sample.

The decoupler frequency, the RF phase detector and the
field homogeneity shim coils are successively adjusted for maximum
lock dc level,

The'modulation audio frequencies are counted and the
sweepwidth determined for accurate spectrum calibration. The RF phase
detector is set for the correct spectrum absorption mode phase, as
previously determined by trial and error, and finally the accumulation

is initiated at the C-1024 CAT.

Readout,

The accumulated spectrum is read out of the memory onto
the recorder with readout and pen sweep times of 250 seconds. The
spectra included in this thesis were obtained directly with

appropriately chosen readout and pen sweep times,
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PREPARATIONS .

’

Proton nmr spectra were recorded on Varian HA-100 and
Varian A-60 Spectrometers. The chemical shifts are reported in ppm
relative to TMS, the coupling constants are in Haz. Infrared spectra
were obtained from KBr pellets on a Perkin Elmer Model 457. Melting
points were measured on a Gallenkamp melting point apparatus, and are
un.corrected. The elemental analyses were performed at the Alfred
Berhart Microanalytisches Laboratorium, Elbach-uber-Engelskirchen,
West Gérmény. Yields are calculated on the basis of the amino acid,

since the isocyanate was present in excess in all preparations,

o-Trifluoromethylphenyl isocyanate:

The procedure followed was that of Shriner, Horne and Cox
( 24 ),This reaction involved the use of phosgene and was carried out
In a hood in the presence of test paper to detect phosgene ( 25 ).
The apparatus was maintained under reduced pressure by means of a water
pump.

Phosgene ( Matheson ), dried by passing through concentrated
H2804, was bubbled through ethyl acetate ( Baker )( 30 ml ), previously
dried over molecular sieves. The excess of phosgene was destroyed by
bubbling through a 20% solution of NaOH.

g-Aminobenéotrifluoride ( Aldrich ) € 6.2 g, 0.038 mole )
dissolved in dry ethyl acetate ( 50 ml ), was added dropwise to the

saturated phosgene soiution, The amine hydrochloride precipitate, kept



in suspension by means of a magnetic stirrer, was allowed to react
before more amine was added.

After complete reaction of ail of the amine, phosgene was
passed through the solution for another 15 minutes. The ethyl acetate
was then removed by distillation at atmospheric pressure and the crude
trifluoromethylphenyl isocyanate was used, without further purification,
in the preparation of the hydantoin. The ir spectrum of the isocyanate

showed a characteristic strong broad band at 2260 em-1,

3-o-Trifluoromethylphenyl-5-methyl hydantoin:

The procedure followed was that of Bekr and Clarke ( 26 )
D,L-Alanine ( Eastman ) ( 2.0 g, 0.0022 mole ) was dissolved in 0.4 N
NaOH sblution ( 80 ml ). The o-trifluoromethylphenyl isocyanate
prepared above was added, and the suspension was stirred with a
magnetic stirrer for one hour,

The insoluble urea, formed by reaction of the isocyanate
with water, was filtered off and the filtrate was acidified to Congo
red with 6N HC1l, During the acidification the hydantoic acid
precipitated from solutfon., The solution was cooled, and the hydancoic
acid was collected by filtrationm.

The hydantoic acid was dissolved in a hot solution of water
( 350 ml ) and 12N HC1 ( 100 ml ). This solution was refluxed for 1%
hours, was reduced to about 200 ml, and was partially neutralized with
solid sodium carbonate.

The hydantoin, which precipitated upon cooling, was collected

by filtration and was recrystallised from an ethanol-water mixture,
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Yield 2.4 g ( 41% ), mp 135.5-136.50C, 1it. 139,5-141,00C
¢ 3 ). Proton nmr ( 60 MHz, DMSO-dg ) & 1.40 ( doublet, J =7 Hz )
and 1.47 ( doublet, J =7 Hz ) ( 3H ), 4.15-4,50 ( multiplet centered
at 4.32, 1 H ), 7.40-8.00 ( multiplet, 4H ), 8.40 ( 1H ). Analysis
calculated for CjjHgF3N,0, : C, 51.17; H, 3.51; N, 10.85. Found:

¢, 50.97; H, 3.49; N, 11.04,

The procedure was the same for.the following compounds:
3-o-Trifluoromethyl-5,5-dimethyl hydantoin:

The starting materials were 2-methyl alanine ( Baker )
(1,0g, 6.010 mole ) and o-trifluoromethylphenyl isocyanate.

Yield 1.2 g ( 46% ), mp 178.0-180.0°C. Proton nmr ( 100 MHz,
DMSO-dg ) 6 1.37 ( 3H), 1.44 ( 3H), 7.47-7.84 ( 4H ), 8.60 ( 1H ).
Analysis calculated for CyoH;{F3N20p: C, 52.95; H, 4.07; N, 10.29.

Found: C, 52.83; H, 4.,10; N, 10,43,

3-0-Tolyl-5-methyl hydantoin:

The starting materials were D,L-alanine ( 2.7 g, 0.030 mole)
and otolyl isocyanate ( Eastman ) ( 5.4 g, 0.041 mole ).

Yield 1.3 g ( 21% ), mp 112.0-113.0°C. Proton nmr ( 100 MHz,
DMSO-dg ) . & 1.37 ( doublet, J = 6 Hz , 38 ), 2.09 and 2.12 ( 3H),
4,20-4,40 ( multiplet centered at 4.30, 1H ), 7.06-7.36 ( multiplet,
4H ?, 8.40 ( 1H ). Analysis calculated for CyjHjoN20,: C, 64.69; H,

5.92; N, 13,72, Found: C, 64.71; H, 5.90; N, 13.72.
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3-0-Tolyl-5,5-dimethyl hydantoin:

The starting materials were 2-methyl alanine ( 3.1 g,
0.030 mole ) and otolyl isocyanate ( 4.3 g, 0.032 mole ).

Yield 1.1 g ( 1772 ), mp 165.0-166.0°C, 1lit. 168.0-169.2°C
(3) Proton nmr ( 100 MHz, DMSO-dg ) § 1.42 ( 6H ), 2,10 ( 30),
7.10-7.37 ( 4H ), 8.55 ( 1H ), Analysis calculated for Cj2H;4N02:

C, 66.04; H, 6.47; N, 12,90. Found: C, 66.03; H, 6.42; N, 12.92.

3-Phenyl-5,5-dimethyl hydantoin:

The starting materials were 2-methyl alanine ( 3.0 g, 0.030
mole ) and phenyl isocyanate ( 4.9 g, 0.041 mole ).

Yield 2.4 g ( 39% ), mp 160:0-161.500, 11t, 1719C corrected
(27 ) Proton nmr ( 100 MHz, DMSO-dg ) & 1.42 ( 6H ), 7.41 ( 5H),
8.54 ( 1H ). Analysis calculated for CyiHjgN202: C, 64.69; H, 5.92;

N, 13.72. Found: C, 64.52; H, 5.82; N, 13.66.

For all the above hydantoins the ir spectra showed a broad
N-H band between 3180 and 3310 cm~l. The carbonyl group gave rise to

a weak band at 1780-1790 cm-l, and a strong broad band at 1720 cml.

The solvent and the model compounds were reagent grade
chemicals, unless otherwise indicated, and were ohtained from standard
sources: DMSO ( Fisher ), hydantoin ( Eastman ), urea ( Fisher ),
acetamlde ( Eastman ), 2-thiohydantoin ( Eastman, practical grade ),

thiourea ( Eastman, practical grade ), phehyl urea ( Baker ),
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1,3-diphenyl urea ( Aldrich ), o-tolyl urea ( Eastman ), m-tolyl urea

( Eastman ).

The hydantoin was recrystalli;ed from ethanol, and the
2-thiohydantoin was recrystallised three times from water. The other
compounds were not further purified.

With the exception of the arylihydantoins for which the
preparations have been given above, the aryl hydantoins investigated
fn the present work were donated by J. Fehlner and were measured

without further purification.



RESULTS AND DISCUSSION.

Carbon-13 nuclear magnetic resonance spectra were measured
for a series of model compounds listed in table V and for the series
of 3-aryl substituted hydantoins listed in table VI. The hydantoins
are divided into three groups corresponding to the number of methyls
at the C-5 position. The relationship between the rotamers formed by
rotation about the aryl C-N bond 1s shown for each hydantoin.

The peaks of the carbon-13 nmr spectra of the hydantoins
were assigned by comparison of their chemical shift values to the
values measured for model compounds,

In order to compare the chemical shift values for a given

carbon position throughout the series of hydantoins studied, the



Table V

Carbonyl Carbon-13 Chemical Shifts of Hydantoin (I) and some Model Compounds®.

Compound Concentration Cc-2 C-4
mole7% in DMSO

Hydantoin (I) 20.6 34.8 19.4
Urea 21.4 33.0
Acetamide 24,5 ‘ 21.4
2-Thiohydantoin 17.3 9.8 19.1
Thiouféa' 21.3 9.6
Phenylurea 13.9 37.1
1,3-Diphenyl urea 8.5 39.9
o0-Tolyl urea 9.8 37.2
m-Tolyl urea 14.0 37.2

2 ppm upfield from carbon disulfide.



Table VI |
The Series of Hydantoins Studied, with the Relationship Between Rotamers.

QQs Tl
///2 sc-__-RZ
PN é—‘!m
V4
Hydantoin R Ry R2 Rotamers
I H H H a
I1 - . a-Naphthyl H H enantiomers
111 o-Chlorophenyl H H enantiomers
v a-Naphthyl H CH; diastereomers
v o-Tolyl H CHy diastereomers
Vi o-Trifluoro-
methylphe.ayl H CH3 diastereomers
VII o~Chlorophenyl H CH3 diastereomers
VIIL- a-Naphthyl CHy CHy enantiomers
X Phenyl CHy CH3 a
X o-Tolyl CHj CHy enantiomers
XI o-Trifluoro-
methylphenyl CHj CH3 enantiomers

X11 o-Chlorophenyl CHg CH, enantiomers
XIT1I o-Bromophenyl CHg CHq enantiomers
Xiv o-Nitrophenyl CHy CH3 . enantiomers

8 Not applicable
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results are tabulated and discussed according to the carbon position,

The solvent used was dimethyl sulfoxide ( DMSO ) which
also provided a lock signal and internal reference., Concentrations
expressed as mole% in DMSO, are listed in table V for the model
compounds and in table VII for the hydantoins.

Chemical shift values are reported relative to carbon
disulfide, and were calculated by taking the chemical shift of DMSO
to be 152.9 ppm upfield from carbon disulfide. All chemical shift
values are estimated to be internally accurate to + 0.1 ppm unless
otherwise indicated. For spectra measured with off-resonance proton
decoupling, the chemical shift corresponding to the center of a
multiplet is reported, followed in parentheses by J, the residual
splitting or " Reduced Coupling Constant ' ( 28 ) expressed to the

nearest 1 Hz,

ASSIGNMENT OF THE PEAKS OF HYDANTOIN (I).

The carbon-13 nmr spectrum of hydantoin (I) is shown in
figure ¢ ; Three peaks are observed with noise proton decoupling: two
of these peaks remain unsplit with off-resonance proton decoupling and
are assigned to the two carbonyl carbons.

The carbonyl carbon-13 chemical shifts of hydantoin (I)
and some model compounds are listed in tablg V ., The two carbonyl

peaks of hydantoin (I) have chemical shift values of 34.8 ppm and
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19.4 ppm and are in or near the amide carbonyl region of 19 to 33 ppm
{6).

In order to assign each of these two peaks specifically to
the C-2 or C-4 carbonyl carbon, the model compounds urea and acetamide

were chosen respectively.

0
¢ — cHy HoN—C —CH3  acetamide
n-u< l (D)
,C—NH HaN—C —NHp urea
0 6

The spectrum of acetamide with noise proton decoupling
shows two peaks, one from the methyl carbon, the other from the
carbonyl carbon. With off-resonance proton decoupling, the peak at
171.2 ppm gives-a 1:3:3:1 quartet with J. = 7 Hz and 1s assigned to
the methyl carbon. The peak at 21.4 ppm remains unsplit and is
assigned to the carbonyl carbon ef acetamide. The spectrum of urea
shows one peak at 33.0 ppm.

The chemical shift values of these model compounds agree
closely with the valuas for the carbonyl peaks of hydantoin (I) at
34.8 ppm and 19.4 ppm which are accordingly assigned to thé C-2 and
C-4 positions, respectively, as shown in table V . This assignment {is
confirmed by a comparison of the thiocarbonyl and carbonyl peaks of
2-thiohydantoin at 9.8 ppm and 19.1 ppm, with the peak of thiourea at
9.6 ppm and the peak assigned to the C-4 carbonyl of hydantoin (1) at

19.4 ppm.
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The remaining peak in the spectrum of hydantoin (1)
observed with noise proton decoupling must be due to the C-5 carbon.
With off-resonance decoupling this peak is split to give a 1:2:1
triplet, thus jdentifying it unambiguously as the C-5 carbon resonance
by the coupling to the C-5 geminal hydrogens. Furthermore, this peak
occurs at 145,8 ppm, within the 135-150 ppm region expected for a

methylene carbon adjacent to nitrogen €6 ).

ASSIGNMENT OF THE PEAKS OF THE ARYL HYDANTOINS .

The peaks corresponding to the C-2 and C-4 carbonyl carbons
and the C-5 carbon are readily assigned from a comparison of their
chemical shift values with the values for the previously assigned peaks
of hydantoin (Iz.

Chemical shift values for the peaks assigned to the
carbonyl carbons of the hydantoins are shown in table VII. The values
for the C-2 carbonyl carbons of the aryl hydantoins vary over a range
of 36.8 to 40.6 ppm, and agree quite closely with the value of 34.8
ppm for hydantoin (I). Similarly the values for the C-4 carbonyl
carbons of the aryl hydantolins vary over a range of 16.2 to 23.2 ppm,
and again agree quite closely with the value of 19.4 ppm for hydantoin
(1).

Chemical shift values for the peaks assigned to the C-5

carbons of the aryl hydantoins are shown in table VIII.These values
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are seen-to vary over & range of 135.0 to 147.2 ppm, and agree well
with the vaiue for the C-5 carbon of hydantoin (I) at 145.8 ppm,
particularly if amethyl substituent effects are taken into
consideration.

A series of peaks corresponding to the aryl carbons occurs
within the expected 60-80 ppm region ( 6 ). The number of peaks
observed both with noise proton decoupling and with off-resonance
proton decoupling are as expected except in cases of unresolved peak
overlap.

For the hydantoins IV to XIV the remaining peaks in the
spectrum with noise proton decoupling must correspond to the C-5
methyl carbons, and are shown in table IX. The chemical shift values
are seen to vary over a range of 167.9 to 176.3 ppm, within the
expected 164 to 190 ppm region (6 ). Assignment of these peaks to
methyl carbons is confirmed as each peak corresponds to a 1:3:3:1
quartet in the spectrum with off-resonance proton decoupling.

In summary, it can be seen that throughout the series of
h&dantoins studied, the chemical shift values for a given carbon
position vary over a narrow region, and that the regions for different
carbon pdsitions are well separated, There is thus no ambiguity in the
assignment of the peaks in the spectra. However, the individual aryl
carbon peaks cannot be assigned with confidence to a particular aryl
carbon, Also, in the case of 3-o-tolyl-5-methyl hydantoin VII, there

1s an overlap of the C-5 methyl and the tolyl methyl peaks.
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DEPENDENCE ON CONCENTRATION OF THE CHEMICAL SHIFT VALUES FOR THE

HYDANTOINS .

It might be expected that the carbon-13 chemical shift
values, particularly of the polar carbonyl groups, could be dependent
on the concentration of the hydantoin in a polar solvent such as DMSO
¢ 29).

The dependence on the concentration in DMSO of the
carbon-13 chemical shift values of hydantoin (I) is reported in
table X and the data are plotted in figure 7. It can be seen that
this dependence is a small downfield shift with increasing
concentration of about 0.035 ppm per mole7, for the two carbonyl
carbons and 0.036 ppm per mole? for the C-5 carbon.

Carbon-13 spectra of the hydaantoins VI and X were each

obtained at two different concentrations: VI at 6.6 and 12,3 mole7,
X at about 6 and 9,9 mole7., The concentration dependence of the
chemical shift values of the C-2, C-4 and C-5 carbons was essentially
the same as for hydantoin (I). The dependence on concentration of the
C-5 methyl carbon chemical shift values was of the same order of
magnitude as for the C-5 carbon of hydantoin (I), and the separation
of the two C-5 methyl peaks remained constant. The two values of A
measured for VI were 0.39 and 0.38 ppm, and similarly for X they were
0.68 and 0,70 ppm.

The concentrations of the aryl hydantoins studfed varied

only over a small range, as seen in table VII, and the chemical shift



Table X .

Lo Dependence on Concentration of the Carbon-13 Chemical Shifts of Hydantoin(I)a.

Concentration C-2 C-4 C-5
mole7 in DMSO

20.6 34.81 19,44 145,83
15.1 34,94 19.64 146.00
11.6 35.10 19.73 146.07
7.8 35.28 19.89 146. 22
3.8 35.36 20.06 146,27

8 Ppm upfield from carbon disulfide + 0.05 ppm.
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values are comparable. Errors in the chemical shift values due to
concentration effects are rarely more than the precision of the
measurements of these chemical shifts, and in no case is there a

change in the order of a trend in chemical shift values.

DEPENDENCE ON TEMPERATURE OF THE CHEMICAL SHIFT VALUES FOR THE

HYDANTOINS .

An examination of the chemical shift values throughout the
tables shows that there is a consistent downfield shift of about
0.2 ppm on going from noise proton decoupling to off-resonance proton
decoupling. |

No direct measurement of temperature effects on the
chemical shift values for the hydantoins can be made because the
instrument is not equipped with a variable temperature probe for
carbon-13. However, the chemical shift values of the C-5 carbon of
hydantoin (I) measured at the three different proton decoupler output
power settings given in table XI , show that these values vary
directly with the proton decoupler output power setting and the
temperature of the sample. Furthermore the values are independent of
the decoupler mode ( noise modulated or coherent ). The temperature of
the sample was previously found to be independent of decoupler mode.

For a given proton decoupler output power setting, the magnitude of a

Bloch-Siegert shift would be dependent on the decoupler power at the



Table XI. Dependence on Proton Decoupler Output Power Setting of the
C-5 Carbon-13 Chemical shift of Hydantoin (I)2.

Proton decoupler Sample Noise proton Off-resonance b
power output temperature decoupling proton decoupling
setting °C + 2°C
3.0 55 145,78 145,80 (9)
2.0 c 145.73 145.72 (11)
1.0 35 145.65 145.62 (19)

8 Pom upfield from carbon disulfide * 0.03 ppm.
b Center of triplet ( Jr in parentheses ).

€ Not measured.
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frequency of the decoupled protons (30) , and thus on the
bandwidth of the noise modulation. 1t is deduced that the small shifts
cannot be due to a heteronuclear Bloch-Siegert shift.

1t is, therefore, concluded that the small consistent
downfield shift observed throughout the tables on going from noise
proton decoupling to of f-resonance proton decoupling must be due to a
temperature effect governed by the proton decoupler output power

getting.

STABILITY OF THE HYDANTOINS IN DMSO .

The temperature of the samples during the accumulation of
thg spectra was often about 55°C, but between measurements the samples
were kept refrigerated. Over the course of more than a year the
solutions showed no obvious color change. Repeat measurements of
gseveral samples showed no significant changes in chemical shifts and
no appearance of extra peaks was observed. All the peaks in the spectra
were accounted for by the hydantoin and it is concluded thgt the

hydantoins were stable in DMSO.



61

CARBONYL CARBON-13 CHEMICAL SHIFT VALUES OF THE HYDANTOINS .

Chemical shift values are shown for both the C-2 and C-4
carbonyl carbons in table VII.

The C-2 carbonyl carbon-13 chemical shift values of the
aryl hydantoins are seen to fall into three overlapping ranges
corresponding ﬁo the number of methyls at the C-5 position: 36.8 and
37.9 ppm for the hydantoins II and III with no C-5 methyls, 37.7 to
39.0 ppm for the hydantoins 1V to VILwith one C-5 methyl, and 38.7 to
40,6 ppm for the hydantoins VIII to XIV with two C-5 methyls.

Similarly, the C-4 carbonyl carbon-13 chemical shift
values of the aryl hydantoins fall into three ranges: 22.2 and 23.2
ppm for the hydantoins II and III with no methyls at C-5, 18.8 to
19.8 ppm for the hydantoins IV to VII with one methyl at C-5 and 16.2
to 18.1 ppm for the hydantoins VIII to XIV with two methyls at C-5,

The C-2 and C-4 chemical shift values for hydantoin (I)
are 34.8 and 19.4 ppm, about 3 ppm lower than for the aryl hydantoins
with no methyl at the C-5 position. This discrepancy is readily
rationalized as due to an upfield aryl substituent shift. The carbonyl
carbon-13 chemical shifts of urea and some aryl ureas are given in
table V and similarly show an upfield aryl substituent shift of about
4;2 ppm.

On the basis of their stereochemistry, the hydantoins IV
to VII, which have diastereomeric rotamers, can be expected to show

double peaks for both C-2 and C-4 carbonyl carbons, However, only
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the hydantoins VI and VII, with polar ortho substituents, show double
peaks for the C-2 carbonyl carbon, and in no case are double peaks

observed for the C-4 carbonyl carbon.

Upfield y Methyl Substituent Shifts om C-2.

The observed substituent shifts on the C-2 carbonyl carbon
for the addition of two successive methyls at C-5 are both about 1.0
ppm. From the @-naphthyl hydantoins II, 1V and VIII the values are
0.9 and 1.0 ppm. From the ortho chlorophenyl hydantoins 111, VII and
XI1 they are 1.1 and 1.2 ppm. Similarly from the hydantoins V and X
the value for the addition of a second methyl {s 1.1 ppm, and from the
hydantoins VI and XI it is 1.2 ppm.

Although the shift is in the correct direction and of
about the same value as observed in the alkanes, it is difficult to
attribute this formal vmethyl substituent shift to steric crowding as

{n the case of the alkanes.

Downfield BMethyl Substituent Shifts on C-4.

The observed substituent shifts on the C-4 caréonyl carbon
for the addition of two successive methyls at C-5 are about 4,4 and
2.3 ppm. From the a-naphthyl hydantoins IIL, IV and VIII the values
are 4.4 and 2.6 ppm. From the ortho chlorophenyl hydantoins III, Vi1

and XI1 they are 4.4 and 2.0 ppm. Stmilarly, from the hydantoins V and
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X the value for the addition of a second methyl at C-5 is 2,4 ppm,

and from the hydantoins VI and XI it {s 2.3 ppm. The discrepancy of
about 2 ppm between the substituent shift on C-4 for the addition of
the first and second methyls at C-5 can probably be attributed to
refinement terms such as are found to apply to the highly branched
alkanes ( 12 )There is, however, a possibility that it reflects a change
in conformation of the heterocyclic system involving a displacement

of C-5 from the plane of the hydantoin ring.

Carbonyl Carbon-13 Chemical Shifts and the Dihedral Angle between the

Aryl and Hydantoin Rings.

It has been shown ( p.7 ) that the angle of twist of the
aryl ring relative to the carbonyl group can be estimated for a series
of ortho substituted acetophenones, from the carbonyl carbon chemical
shift values. For the series of ortho substituted acetophenones with
the same ortho substituents as in the present study, the carbonyl
carbon-13 chemical shifts varied between -3.2 ppm for acetophenone
and -6.5 ppm for ggghg—bromoacetophenone, a total range of 3,3 ppm.
¢ 31 ). . In the case of the aryl hydantoins the aryl group is not
@ to the carbonyl group as with the acetophenones. However, both of
the carbonyl groups take part in an extensive eight m-electron system
which includes the lone pairs on N-1 and N-3. It can be expected that
the extent of the conjugation between the aryl ring and the hydantoin

m-system will depend on the dihedral angle between these two rings.
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The C-2 énd C-4 carbonyl carbon-13 chemical shifts may show a
dependence on the extent of this conjugation as was found for the
acetophenones and for similar systems ( 32, 33 ).

The largest group of hydantoins suitable for a similar
study are the 5,5-dimethyl hydantoins VIII to XIV, which have
enantiomeric rotamers. The phenyl hydantoin IX is taken as the basis
for comparing the ortho substituted aryl hydantoins. This is because
the unsubstituted phenyl ring can be considered to be most nearly
coplanar with the hydantoin ring and will show consequent maximum
conjugation with the C-2 and C-4 carbonyls. The & -naphthyl hydantoin
VIII is considered a special case because the naphthyl ring could be
expected to provide more extensive conjugation with the carbonyls for
a8 given dihedral angle than woﬁld be the case for the other aryl
substituents.

From the data in table VII it is seen that the carbonyl
carbon chemical shift values show a trend which may correspond to an
increase in steric hindrance to conjugation between the two rings, The
moét striking feature of this trend is that with decreasing conjugation
there 1s an upfield shift of both C-2 and C-4 carbonyl carbon peaks,
contrary to the downfield shift observed for the acetophenones, This
discrepancy is, however, rationalized by a consideration of the
electron shifts involved in the process of conjugation, for the two

cases:
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C—CHy ortho substituted acétophenone
i
0o
X
0  CHj
W
//C —_— C--—CH3
(:) N ortho substituted 3-aryl-5,5-
AN dimethyl hydantoin.
¢ N
X Il
0

In the case of the acetophenones, two electrons from the
polar carbonyl group form an extended r-system with the aryl ring, and
the resultant electron density at the carbonyl carbon is increésed,
causing an upfield shift with increasing conjugation.

In the case of the hydantoins, the two carbonyls are
already {nvolved in an eight m-electron conjugated system. Further
conjugation with the aryl ring results in sharing of the two
p-electrons of N-3 with the aryl ring. The result is less overall
electron density in the hydantoin m-system, and inparticular at the
carbonyl'carbons, causing a downfield shift with increasing
conjugation,

Excluding the %-naphthyl hydantoin VIII, the C-2 aﬁd Cc-4
hydantoin peaks vary over a range of 1,4 and 1.0 ppm, respectively,
about one third the range for the corresponding acetophenones. The

upfield peak shifts relative to the phenyl hydantoin IX for the C-2
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and C-4 carbonyl carbon, respectively, are in the same ratio of 1.4:1.0,
within experimental error, for each of the 5,5-dimethyl hydantoins,
with the exception of the «-naphthyl hydantoin VIII, The observation
that the upfield shift of the C-2 peak is consistently larger than

the upfield shift of the C-4 peak lends support to the proposed
x-electron displacement with increasing conjugation, The C-2 carbon
may be expected to have a greater w-electron density than C-4, because
the C-2 carbonyl can share p-electrons with N-1 and N-3, whereas the
C-4 carbonyl can only share with N-3. An overall decrease in
m-electron density in the hydantoin ring wpuld then be expected to
affect the relative electron density at C-2 more than C-4,

Both the C-2 and C-4 carbonyl carbon-13 peaks are shifted

to successively higher fields for ortho substituents in the or&er:

-H, -CH3, -CF3, -Cl, -Br, -NO2. This appears to be a reasonable order
of increase in effective bulk size of the ortho substituents, and
cqnsequenﬁ fncrease in dihedral angle. The same order is found within
experimental error for the other aryl hydantoins studied. The order
found for the carbonyl shifts of similar ortho substituted acetophenones
was somewhat different: -H, -NOg, -Cl, -Br, -CH3, and the corresponding
estimated angles of twist were O, 20, 22, 24 and 24 degrees ( 31)
This order corresponds to the Van der Waals radii (36) . However,
the values given for -Cl, -Br and -CH3 are very similar (1.8, 1.95,
2.0 2 ) and it is difficult to estimate a value for the -NOz group. It
ig also not certain that Van der Waals radii are an accurate measure

of the steric hindrance between the ortho substituents and the carbonyl

groupe,



67

It is Interesting to note that for a series of 3-aryl
hydantoins, the thermodynamic activation parameters indicate that the
hindrance to free rotation about the aryl C-N bond 1s essentially an
effect of the ortho substituent ( 35). Furthermore, from the free
energles of activation, it has been deduced that a chlorine atom is
effectively larger than a methyl group in this series, and similarly
for the corresponding 2-thiohydantoins ( 21 ) . Howewer, for the
l-aryl hydantoins a methyl group is effectively larger than a
chlorine ortho substituent, as was observed for the acetophenones
( 36 ).These conclusions are based on the assumption that the energies.
of the ground state rotamers are very similar for either a chlorine or
a methyl ortho substituent,

The C-2 and C-4 chemical shifts of the ortho tolyl
hydantoin X do not differ significantly from those of the phenyl
hydantoin IX. This indicates that efther the coﬁjugation is about the
same in both cases, or alternatively that the carbonyl shifts are not
sensitive to the extent of conjugétion, but rather to some other
factor. The ortho methyl substituent is clearly not polar, and the Van
der Waals radii of -H and -CH3 are 1.2 and 2.0 X, respectively (34), It
appears from a comparison of these two hydantoins that the carbonyl
carbon peak shifts observed for the other hydantoins may be caused
directly by polar effects rather than by steric inhibition to
conjugation between the aryl and hydantoin rings.

Even {f it is assumed that the observed C-2 and C-4

carbonyl carbon-13 peak shifts relative to the values for the phenyl
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hydantoin IX are & measure of the dihedral angle in the series of
5,5-dimethyl hydantoins, it has not been found possible to evaluate
this dihedral angle. The reason is that an empirical equation cannot be
obtained for the hydantoins as was possible in the case of the
acetophenones. The difficulty lies in evaluating the C-2 and C-4
carbonyl carbon shifts for an aryl 5,5-dimethyl hydantoin with no

conjugation between the aryl and hydantoin rings.

Other Attempted Correlations of the Carbonyl Carbon-13 Shifts.

The C-2 and C-4 carbonyl carbon shifts do not correlate
with efther meta or para Hammett substituent constants. Thisis hardly
surprising since the aryl group is ortho substituted. Also the Hammett
equation is particularly unreliable in the case of ortho substitution
because of proximity effects near the site of reaction ( 37 ).

The carbonyl carbon chemical shift values may correlate
with the polarities of the ortho substituents. For the acetophenones,
Stothers (31) found a total variation of the carbonyl carbon chemical
shift for polar para substituents covering the range para-N(CH3), to
para-NOy of only 1.2 ppm. He concluded that the carbonyl shielding in
the acetophenones is relatively insensitive to through bond polar
effects of the substituents. The carbonyl shifts in the present study
showed a variation of this same order, but for a far more restricted
range of polar ortho substituents. It is assumed that the carbonyl

shieldings are similary insensitive to through bond polar effects of
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substituénts in the hydantoins. However with ortho substituents, polar
effects are more likely to occut through space than via the bonding
electrons of four bonds. Carbon-13 chemical shifts are affected by
both the magnetic anisotropy and electric field effects of neighboring
groups.

The two S-methyl hydantoins VI and VII with polar ortho
substituents showed double peaks for the C-2 carbonyl carbon and only
single peaks for the C-& carbonyl carbon.‘lf this is due to a through
space effect it 1s probable that in the ground states of these
hydantoins, the ortho substituent is mearer to the C-2 than to the C-4
carbonyl éroup. However, it was noted earlier that the range of the
C-2 carbonyl carbon shifts is larger than that of the C-4 carbonyl
carbon shifts, and any C-4 carbonyl carbon double peak may not be

resolved,

Overall Information Provided by the Carbonyl Carbon-13 Chemical Shifts.

In summary, the observed carbonyl carbon chemical shifts
are consistent with 8 and Y methyl substituent shifts, and there is no
strong evidence of a change in conformationm of the hydantoin ring on
the addition of successive methyls at C-5.

The aryl ortho substituent appears to be located near to
the C-2 carbonyl carbon in the ground states. The carbonyl carbon
shifts of the 5,5-dimethyl hydantoins probably reflect either an

{ncrease in the dihedral angle between the aryl and hydantoin rings
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with the effective bulk of the ortho substituent, or alternatively
these shifts may be directly a function of the polarity of these

substituents,

THE C-5 CARBON-13 CHEMICAL SHIFT VALUES OF THE HYDANTOINS .

These chemical shift values are shown 1nktab1e VI1I. The
C-5 chemical shift values for the aryl hydantoins are seen to fall
into three narrow ranges corresponding to the number of methyls at the
C-5 position: 147.1 and 147.2 ppm for the hydantoins II and III with
no C-5 methyls, 140.6 to 141.2 ppm for the hydantoins IV to VII with
one C-5 methyl, and 135.0 to 135.8 ppm for the hydantoins VIII to XIV
with two C-5 methyls. The chemical shift of the C-5 carbon of
hydantoin (I) af 145.6 ppm is a little lower than for the hydantoins
I1 and III, and this is attributed to an aryl substituent shift,

On the basis of their stereochemistry the hydantoins IV to
VI1, which have diastereomeric rotamers, can be expected to show
double peaks for the C-5 carbons., Double peaks were observed except
in the c&sa of the ortho chlorophenyl hydantoin V which shows an
unresolved broad peak.

The C-5 peaks of the hydantoins were also recorded with
off-resonance proton decoupling. Residual coupling was observed
between the C-5 carbon and the C-5 hydrogens. Triplets, doublets and

singlets, respectively were observed for the C-5 carbons, according to
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the number of hydrogens at .the C-5 position, and the values of J,. are
shown in tableVIII.Residual coupling between the C-5 carbon and the
C-5 methyl protons was not observed for any of the 5-methyl or
5,5-dimethyl hydantoins. The reason for this is attributed to a small
value of Jocy, below the resolution of the spectrometer.

In order to estimate a value fpr the expected residual
splitting between C-5 and the C-5 methyl hydrogens, the model compound
ethane is considered. The coupling constants Jcg and Jccg for ethane
have been measured from the carbon-13 satellite spectrum to be
-129,9 Hz and -4,5 Hz respectively ( 38 ). For the hydantoins, the
values of J. will be proportional to JAf in each case, where Af is the
difference between the proton decoupler frequency and the resonance
frequency of the particular hydrogen ( 11 ). The proton decoupler
frequency is set to decouple DMSO hydrogens at 2.48 ppm, and the C-5
hydrogen and C-5-methyl hydrogens are found at about 4.3 and 1.4 ppm
respectively. Since the observed residual splitting J,. corresponding to
Jcr 1s about 24 Hz, then the expected value éf Jy corresponding to Jqch
will be of the order of 0.6 Hz, at the limit of resolution of the
spectrometer.

i With off-resonance proton decoupling, the C-5 carbons of
the hydantoins IV to VII showed doublets with very broad peéks. The
peak separation is Jy, the residual coupling to the C-5 hydrogen, and

each peak must be an unresolved double quartet,
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Downfield @aMethyl Substituent Shifts on C-5.

The observed substituent shifts on the C-5 carbon for the
addition of two successive methyls at C;S are about 6.2 and 5.8 ppm.
From the a-naphthyl hydantoins II, IV and VIII the values are 6.3 and
5.8 ppm. From the ortho chilorophenyl hydantoins III, VII and XII they
are 6.1 and 5.9 ppm. Similarly from the hydantoins V and X the value
for the addition of a second methyl at C-Svis 5.7 ppm, and from the
hydantoins VI and XI it i{s 5.6 ppm.

For the alkanes, the calculated downfield amethyl
substituent shifts for the addition of two successive methyls to a
secondary carbon are 9.1 and 6.1 respectively. The difference between
these two values is due to a refinement term, found necessary for the
highly branched alkanes ( 12 }.

For the hydantoins, the observed amethyl substituent
shifts are somewhat smaller but this can readily be attributed to the
difference between alkanes and hydantoins, Also, the ratio of the

refinement term to the substituent shift is about the same in both

cases.

The C-5 Carbon-13 Shifts and Correlation with Structure.

The range of chemical shift values within each of the
three groups of hydantoins is small, and the order in the trend of

these values with the ortho substituent is not the same for
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corresponding S-methyl and S,S-dimethyl hydantoins. The separations of
the C-5 carbon double peaks of the 5-methyl hydantoins IV to V1 are
small and not significantly different.

For the 5,5-dimethyl hydantoins, the C-5 chemical shift
values do show a downfield trend, similar to the carbonyl cagbons but
in the opposite direction. The highest value, 135.8 ppm, is for the
phenyl hydantoin 1X: this cannot be attributed to maximum conjugation,
and Is probably due to an absence of either steric or polar effects.
The hydantoins with polar ortho substituents all have low C-5 carbon
chemical shifts, around 135.1 ppm. The non-polar ortho tolyl
hydantoin X has a C-5 carbon shift of 135.4‘ppm, half way between the
values for phenyl hydantoin IX and for the hydantoins with polar
ortho substituents. The ¢ -naphthyl hydantoin VIII is agailn considered
a special case: the C-5 carbon chemical shift has a low value, 135.0
ppm, and this could be attributed to either a steric effect or to the
ring current from the a-naphthyl.group.

In summary, the & methyl substituent shifts show no
evidence of conformational changes in the hydantoin ring. The trend in
the C-5 carbon chemical shifts cannot be caused by the variation in
conjugation between the aryl and hydantoin rings. 1f real, this trend
1s probably due directly to the polar effects of the aryl ortho

substituents, or to their steric effects.
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THE C-5 METHYL CARBON-13 CHEMICAL SHIFT VALUES OF THE HYDANTOINS. .

The C-5 methyl carbon-13 chemical shift values for the
hydantoins IV to XIV are given in table IX . These values are seen to
fall clearly into two narrow ranges: 175.8 to 176.5 ppm for the
hydantoins IV to VII which all have one C-5 methyl, and 168.1 to
169.4 ppm for the hydantoins VIII to XIV which all have two C-5 methyls
The 5-methyl hydantoins have diastereomeric rotamers and thé
5,5-dimethyl hydantoins have enantiomeric rotamers.

The other striking feature of the results is that the
hydantoins IV to XIII all show double peaks for the C-5 methyl carbons.
The phenyl hydantoin IX showed only one C-5 methyl carbon peak as
expected from the stereochemistry sincé it has no égghg substituent to
restrict rotation about the aryl C-N bond and cause non-equivalence of
the two C-§ methyl groups. In the case of the ortho tolyl hydantoin VII,
three peaks are observed due to an overlap of the C-5 methyl and tolyl
methyl peaks. The ortho nitrophenyl hydantoin XIV showed only one
singlet for the C-5 methyl carbons, in accord with the proton spectrum
of the C-5 methyl protons measured by Fehlner ( 3 ). This could be
attributed to unresolved peaks, or to collapse of the two peaks because
of fast rotation about the C-N bond.

In all cases where the data are shown for the C-5 methyl
spectra run with off-resonance proton decoupling, a quartet was
observed to correspond to each peak of the spectrum with noise proton

decoupling. Overlapping 1:3:3:1 quartets were submitted to first order
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analysis to yield the chemical shifts corresponding to the centers of
the quartets, and also the residual splittings J,. as shown in table IX.

Although the 5,5-dimethyl hydantoins VIII to XIV show, as
expected, one quartet for each peak in tﬁe noise proton decoupled
spectrum, the 5-methyl hydantoins IV to VII would be expected to show
twice this number of quartets because of coupling to the C-5 hydrogen.
That this further splitting i{s not observéd is attributed to the
small value of Jgcg.

As before, in order to estimate the value of the expected
residual spiitting J. due to the hydrogen at C-5, the model compound
ethane 18 considered. Since the observed residual splitting J,
corresponding to Jog is about 15 Hz, then the expected value of Jp
corresponding to Js.g Will be of the order of 0.9 Hz, which is at the

1imit of resolution of the spectrometer.

Downfield BMethyl Substituent Shifts on the C-5 Methyl Carbons.

Because the C-5 methyls show double peaks, the experimental
B methyl substituent shifts are taken as the chemical shift difference
between the upfield peaks of corresponding 5-methyl and 5,5-dimethyl
hydantoins, and similarly for the downfield peaks. This assumes no
crossover in relative assignments of the two peaks in each doublet.

The average value of the downfield gmethyl substituent
shift is 7.4 ppm and is independent of relative assignment, The

values obtained from the @-naphthyl hydantoins IV and VIII are 7.6 and
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7.6 ppm. From the ortho trifluoromethylphenyl hydantoins VI and XI
they are 7.3 and 7.0 ppm. From the ortho chlorophenyl hydantoins VII
and XII they are 7.5 and 7.1 ppm. The average value from the
overlapping peaks of the ortho tolyl hyd;ntoin V and the two peaks of
the ortho tolyl hydantoin X i{s 7.5 ppm.

It can be seen that for the two hydantoins with polar
ortho substituents, there are discrepanciés of 0.3 and 0.4 ppm
between the two Bmethyl substituent shift values, whéreas.for the non-
polar a-naphthyl substituent, two equal values are obtained. It is
unfortunate that the overlap of the C-5 methyl and tolyl methyl peaks
for the hydantoin V so drastically reduces the statistical validity of
this observed trend. Crossover of relative peak assignments in the
three possible cases give discrepancies of 1.0 to 1.3 ppm between the
two Bmethyl substituent shifts,

For _the alkanes, the Bmethyl substituent shift can be
calculated for the addition of a second methyl to a tertiary carbon

( 12), Using the notation of Grant and Paul:
Ad =+ 10 (49) - 10 (30) = 7.2 + 0.7 ppm

Thus in all cases, the experimental substituent shift
coincides with the result predicted from Grant-Paul parameters for the
alkanes. These same parameters were used with success by Sternlicht in
a study of the amino acids ( 13 ) and they may be considered to apply

to the C-5 methyls of the hydantoins.
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Any change in conformation of the hydantoin ring on
addition of a second methyl at the C-5 position might be expected to
produce & further alteration in the hybridisation of the C-5 carbon
and in the bonding to the C-5 methyls, r;sulting In a shift from the
predicted C-5 methyl chemical shift values. Since the experimental
and calculated substituent shifts coincide, {t is concluded that, on
addition of a second methyl at the C-5 poéition, either the hydantoin
ring conformation does not change, or altefnatively,'that the methyl
carbon-13 shifts are not sensitive to such a change in conformation.
It was noted that the &methyl substituent shifts on the C-5 carbons
likewise showed no evidence of change in conformation of the hydantoin

ring.

The C-5 Methyl Carbon-13 Chemical Shifts and Correlation with Structure.

The range of the C-5 methyl chemical shift values is small.
This 1s true for the 5-methyl hydantoins, which have diastereomeric
rotamers, and also for the 5,5-dimethyl hydantoins, which have
enantiomeric rotamers. The order of the trend of the average value for
each doublet with the ortho substituent {s the same for
corresponding 5-methyl and 5,5-dimethyl hydantoins, within experimental
error. The same 18 true for all the corresponding upfield peaks and
similarly for the downfield peaks.

The upfield trend in the chemical shift values with the
ortho substituent is simflar to the carbonyl carbons, and in the same

direction, This trend is investigated from a consideration of the
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average chemical shift values of the 5,5-dimethyl hydantoins VIII to
XLV, which have enantiomeric rotamers. The q-naphthyl hydantoin VIIIL
18 again considered a special case and has the lowest C-5 methyl
chemical shift value at 168.5 ppm, attributed to the ring current of
the a&naphthyl‘group. The phenyl and ortho tolyl hydantoins IX and X
have similar values at 168.7 and 168.6 ppm. The hydantoins with polar
ortho substituents all have shifts of about 168.9 ppm with the
exception of the ortho nitrophenyl hydantoin XIV at 169.3 ppm.

1f real, this observed trend in chemical shift values is
probably dite directly to the polar effects of the aryl ortho

substituents.

Assignment of the Methyl Peaks of the ortho Tolyl Hydantoin V.

On the basis of the consistency in trend of the C-5 methyl
carbon-13 chemfcal shifts a very tentative assignment could be made
for the three methyl peaks of the hydantoin V. The double intensity
peak at 176.30 ppm is assgned to the tolyl methyl carbon, and the
other two peaks to the C-5 methyl carbons of the two diastereomers.
The separation of these two peaks would then be 0.74 ppm. However,
there is a very serious objection to this assignment. In the proton
nmr spectrum run in DMSO-dg the tolyl methyl peaks of the two
diastereomers are resolved and show a separation of 3 Hz or 0,03 ppm.

‘It is considered unlikely that the corresponding carbon-13 peaks

should not be resolved, so the three observed peaks must rather
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consist of two overlapping doublets, The final possibility, the
assignment of the double intensity peak at 176.30 ppm to the C-5
methyl, i{s discounted because the C-5 methyl peaks in the corresponding
ortho tolyl hydantoin X were resolved in‘the carbon-13 spectrum. The
question remains which doublet to assign to the C-5 methyl and tolyl
methyl carbons, respectively. On the basis of the tendency for the C-5
methyl peak separations of the 5-methyl hydantoins to be approximately
30% less than for the corresponding 5,5-dimethyl hydéntoins, the
upfield doublet with a peak separation of 0.51 ppm is assigned to the
C-5 methyl of the ortho tolyl hydantoin V. Support is lent to this
assignment by the average chemical shift value of 176.4 ppm for the
tolyl methyl doublet: the tolyl methyl carbon chemical shift of the
corresponding 5,5-dimethyl hydantoin, X, is 176.5 ppm. The contrary
assignment of the two doublets would, however, only introduce a

discrepancy of Q.5 ppm between these tolyl methyl chemical shift

values.

Steric Perturbation of the C-5 Methyl Carbon-13 Shifts,

It has been shown ( p.8 ) that the chemical shifts of
sterically perturbed carbon atoms are generally found at hfgher
magnetic fields than for similar carbons that are not sterically
crowded.

In the case of the aryl hydantoins, a large shift due to

steric interaction can be expected for one of the C-5 methyl peaks,
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providing that one of these C-5 methyl groupsis sterically crowded by
the aryl group as a whole, or by the ortho substituent on the aryl
group.

Of the aryl hydantoins studied, the 5,5-dimethyl hydantoins
provide the best examples to test for steric interaction of the C-5
methyl groups with the aryl group or the ortho substituent. This 1is
because the rotamers are enantiomeric. The anisotropy associated with
the aryl ring and the aryl ortho substituent and also the hydantoin
ring conformation must be the same for the two rotamers. In addition,
the C-5 methyl group farther from the aryl ortho substituent provides
a suitable reference for a non-hindered methyl at the C-5 position:
the presence or absence of steric interaction can thus be determined
from the magnitude of the peak separation of diastereotopic c-5 methyl
carbons.

However, for a meaningful discussion of the C-5 methyl
pesak separations in terms of the stereochemistry of the aryl
substituted hydantoins, it is necessary to establish for each hydantoin
that the observed spectrum corresponds to the two ground state rotamers
That 1{s, that the observed peak separations do not correspond to a
reduced value caused by partial collapse of the doublets at

{ntermediate rates of rotation about the aryl C-N bond.

Ground State Rotamers and C-5 Methyl Carbon-13 Peak Separationms.

Fehlner ( 3 ) has determined the thermodynamic activation

parameters of some of the hydantoins of this study, by complete
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lineshape analysis of the temperature dependent proton nmr spectra.
These parameters were found to be solvent independent for the hydantoin
VI ( in 2-chloro pyridine and 1,1,2,2 tetrachloroethane ) and for the
hydantoin VIII ( in pyridine and 1,1,2,2 tetrachloethane ).

Except for the hydantoins V, IX and X the C-5 methyl
protons of the hydantoins IV to XIII all showed doublets ( or pairs of
doublets ) collapsing to singlets, with coalescence temperature near
or above 100°C.

For a doublet collapsing to a singlet, the rate of rotation
k at the coalescence temperature, can be determined ( 39 ) by the one-

point kinetics expression:
Av
k= —
\2

where Av is the separation in Hz of the two peaks under conditions of
slow rotation, which corresponds to the spectrum of the two ground
states. This expression i1s valid for equal lifetimes of the two
rotamers, and large transverse relazation times T): these conditioms
are probably met in the present case.

Table XI1 shows the separation between the two C-5 methyl
peaks for some of the hydantoins. For each hydantoin this peak
separation in ppm is an order of magnitude larger in the carbon-13
spectrum than in the proton spectrum, but is only two or three times
larger in Hz. Nonetheless, from the above expression for k, it is clear
that with a larger peak separation Awv, k should be larger at the

coalescence temperature in the carbon-13 spectrum than at the
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coalescence temperature in the proton spectrum. Since the rate of
rotation increases with temperature, then the coalescence temperature
should be higher in the carbon-13 spectrum than in the proton spectrum,
providing the natural linewidths have comparable effects on the
coalescence points. This appears to be true.

The carbon-13 spectra were measured at 55°C or less, and it
{s probable that this is well below the coalescence temperature of
the C-5 methyl carbon-13 peaks of all the 5-methyl and S,S-dimethyl
hydantoins in table XII except possibly X and XIV. The spectra are
thus obtained under conditions of slow rotation so the chemical shift
values of the observed peaks should-correspond closely to the spectra
of the ground state rotamers for these seven hydantoins.

It can be seen in table IX that in all cases where the
C-5 methyl carbon-13 peak separations were measured both with noise
proton decoupling ( 55°C ) and with off-resonance proton decoupling
( 35°C ), these separations were equal within experimental error. This
indicates that the observed separations correspond to the ground state
rotamers except possibly for the ortho tolyl hydantoin V. In particular
this will be true for the ortho tolyl hydantoin X, whose methyl proton
spectrum showed a coalescence temperature of about 50°C ( 3 ).

There is one further qualitative and fairly subjective
{ndication that the peak separations observed correspond to the ground
state rotamers. This is that in all cases, including the ortho tolyl
hydantoin V, the observed peaks are not noticeably broadened and thus
do not correspond to the spectra run &t {ntermediate rates of rotation

about the aryl C-N bond, near the coalescence temperature.
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It should be emphasized that the above analysis of the
evidence for spectra corresponding to the ground state rotamers
applies only to the C-5 methyl carbon-13 peaks. For the hydantoins IV
to VII, corresponding carbon atoms of the.two diastereomeric rotamers
may have chemical shifts which are very nearly equal. The coalescence
temperature for a smaller peak separation Ay will be lower than for
the C-5 methyls, and the observed peak Seéarations may not correspond
to the spectra of the ground state rotamers,

In summary, it can be said that the spectra of the C-5
methyl carbons of the hydantoins correspomd to the ground state
rotamers, with the possible exceptions of 3-0-tolyl-5-methyl hydantoin,

V, and 3-o-nitrophenyl-5,5-dimethyl hydantoin, XIV.

The C-5 Methyl Carbon-13 Peak Separations and Steric Interaction.

An attempt can now be made to determine the presence or
absence of steric interaction at the C-5 methyls from the magnitude of
the C-5 methyl carbon-13 peak separations of the enantiomeric
hydantoins VIIL to XIII whose C-5 methyl carbon-13 spectra have been
shown to-correspond to the ground state rotamers.

From table XII it is seen that the C-5 methyl carbon-13
peak separations for these hydantoins fall in the range 0.6 to 0.8 ppm,
an order of magnitude less than the separations observed for the methyl
cyclohexanes., It is concluded that any steric interaction between the

C-5 methyls and the aryl ring as whole, or the ortho substituent on
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the aryl ring, must be substanclally less than in the case of methyl
cyclohexane where the steric repulsion energy of the axial methyl
conformer 1s estimated to be 1.8 kcal/mole ( 40 ).

It should be noted that the upfield shift of sterically
perturbed carbons has been determined for methyl groups interacting
either with other methyls or with hydrogens ( 15 ). In the present
study many of the ortho substituents are other than methyl or hydrogen
and, depending on the mechanism of this shift, steric crowding might
fail to induce an upfield shift on one of the C-5 methyl carbons.
However a shift would certainly have been induced in the case of the
two g-naphthyl hydantoins, IV and VIII, and of the two ortho tolyl
hydantoins, V and X.

The conclusion of the absence of steric crowding of‘the C-5
methyls also assumes that separate factors are not causing compensating
shifts in opposite directions. Since the magnitude of the peak
Separatioﬂs 1s of the same order for either polar or non-polar ortho
substituents, a compensating shift due to polar effects is ruled out.
The same cannot necessadly be said for any effects due to the
conformation of the hydantoin ring. No evidence has been found of
changes ifn the conformation of the hydantoin ring on the addition of

successive methyls at C-5, but this provides no information on the

actual conformation of this ring.
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The C-5 Methyl Carbon-13 Peak Separations and Changes in Conformatiom

of the Hydantoin Ring.

The C-5 methyl ca%bon-lB peak separations for the 5-methyl
hydantoins IV to VII, which have diastereomeric rotamers, fall in the
range 0.4 to 0.6 ppm, hardly less than in the case of the 5,5-dimethyl
hydantoins VIII to XIII, which have enantiomeric rotamers. It is more
fnteresting to compare the C-5 methyl carbon-13 peak separations of
corresponding 5-methyl and 5,5-dimethyl hydantoins having the same
aryl subst?tuent.

The 5,5-dimethyl hydantoins have enantiomeric rotamers,
which must both have the same conformation of the hydantoin ring. The
S-methyl hydantoins each have two diastereomeric rotamers which may
take up different hydantoin ring conformatioms.

It i{s conceivable that for a given 5-methyl hydantoin, the
diastereomeric rotamer with the ortho substituent nearer the C-5 methyl
group will experience steric interaction which will cause the C-5
meéhyl group to be bent away from the ortho substituent. The consequent
conformation of the hydantoin ring should be essentially the same as
for the cérresponding 5,5-dimethyl hydantoin.

In the case of the rotamer of the 5-methyl hydantoin with
the aryl ortho substituent nearer the C-5 hydrogen, any steric
{nteraction is expected to be reduced, so that the C-5 hydrogen would
probably be bent away from the ortho substituent through a smaller

angle if at all. The hydantoin ring conformation may therefore be
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expected to be different from the case of the other diastereomeric
rotamer and the corresponding 5,5-dimethyl hydantoin.

The determination of possible conformational changes of
the hydantoin ring by a comparison of thé chemical shift values for
corresponding 5-methyl and 5,5-dimethyl hydantoins involves the use
of empirical substitution parameters. The comparison of the C-5 methyl
peak separations for this determination eliminates the uncertainties
associated with these parameters. The peak corresponding to the methyl
carbon nearer to the ortho substftuent can be taken as the reference
for the conformatfon of the 5 5-dimethyl hydantoin and the appropriate
rotamer of the 5-methyl hydantoin. The effect of steric interaction on
these reference peaks has been shown to be most likely small, and
should be about the same in the two cases.

Any difference in peak separations of corresponding
5-methyl and 5,3-dimethyl hydantoins can then possibly be attributed
to a difference in the conformation of the hydantoin ring for the two
diastereomeric fotamers of the 5-methyl hydantoin. This assumes that
the dihedral angle between the aryl ring and the heterocyclic ring is
about the same for the two diastereomers and for the corresponding
5,5-dimethyl hydantoin. It also assumes that solvation effects on the
C-5 methyl carbon chemical shift values are negligible or constant for
a given aryl substituent.

The observed peak separations for the a-naphthyl hydantoins
1V and VIII are 0.60 and 0.63 ppm, identical within experimental error,

For the hydantoins with polar ortho substituents the separations are
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smaller for the 5-methyl tham for the corresponding 5,5-dimethyl
hydantoin. For the hydantoins VI and XI the separations are 0.38 and
0.64 ppm, for the hydantoins VII and XI1 they are 0,48 and 0.80 ppm.
The separation for the ortho tolyl hydantoin X is 0,70 ppm. The
separation for the ortho tolyl hydantoin V is either 0.73, 0.51 or
0.23 ppm, depending on the chosen assignment.

1f the unlikely separation of 0.73 ppm is chosen, then the
conclusion from the trend in peak separations must be that only with
polar ortho substituents is there a difference in the hydantoin ring
conformation of the two diastereomeric rotamers of the 5-methyl
hydantoins, Alternatively, the difference in peak separations could be
attributed directly to the effects of the polar ortho substituents.

If a more likely smaller separation is chosen, then the
_conclusion from the peak separations must be that for all the 5-methyl
hydantoins, there is probably a difference in the hydantoin ring
conformation of the two diastereomers, and that the o-naphthyl

hydantoin IV is possibly a special case.

Comparison of the Carbon-13 and Proton C-5 Methyl Peak Separatioms.

These peak separations are given in table XI1 for a
number of the hydantoins. The proton values are from Fehlner (3)
and were obtained from line shape analysis: the directly observed

separations may have been slightly smaller.
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For each hydantoin, the peak separation in ppm is an
order of magnitude larger for the carbon-13 spectrum than for the
proton spectrum. This apparent advantage for the resolution of two
peaks is however greatly reduced for a small peak separation because
on the present instrument the peak widths are about four times greater
for carbon-13 than for proton spectra.

Only an order of magnitude comparison can be made of the
carbon-13 and proton peak separations. This is because the solvent was
not the same for both measurements. In general the proton peak
separations were greater for solutions in pyridine than in DMSO-dg,
where theé were often zero. Even from the order of magnitude comparison
of the carbon-13 and proton peak separation however, it is clear that

these separations are not a function of only magnetic anisotropic

effects ( 41 ).

The trifluoromethyl Carbon-13 Peaks.

The thermodynamic activation parameters for the hydantoin VI
were obtained from a line shape analysis of the trifluoromethyl
doublet in the fluorine-19 nmr spectrum ( 3 ). The separation of the
fluorine-19 peaks from the two diastereomers was 0.15 ppm, rather
similar to the separation of 0.23 ppm between the peaks assigned to
the ortho tolyl carbon from the two diastereomers of the hydantoin V.

A comparison of the peak separations of the carbon-13 and

fluorine-19 doublets from the trifluoromethyl group of the hydantoin V
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would ha?e been interesting. However the peaks from the trifluoromethyl
carbon peaks could not be detected for the hydantoins V or XI, nor for
a concentrated solution of the model compound M,14a-trifluorotoluene.
This fatlure rmay perhaps be attributed to a large coupling constant
Jc.f of the order of 300 Hz ( 42 ), which would give a widely spaced

quartet. Another possibility may be a long relaxation time T; with

consequent saturation of the signal.

Overall Information from the C-5 Methyl Chemical Shifts.

The observed trend in chemical shift values is most
likely due directly to the polar effects of the ortho aryl substituents
There 1is no evidence from the Bmethyl substituent effecﬁs
of a change h conformation of the hydantoin ring for the addition of
successive methyls at the C-5 position. There is, however, some
evidence of a change in the hydantoin ring conformation for the two
diastereomeric rotamers of the 5-methyl hydantoins,
The magnitudes of the C-5 methyl carbon peak separations

indicate no steric perturbation of the C-5 methyls.
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THE ARYL CARBON-13 CHEMICAL SHIFT VALUES OF THE HYDANTOINS .

These chemical shift values are shown in tables XIII to
XVI1I. Hydantoins with the same 3-aryl substituent are reported
together in the same table for purposes of comparison. Aryl carbon-13
chemical shift values for the series of model compounds are shown in
table XIX.

Very little information is available from the aryl carbon-
13 chemical shift values, and they are reported principally for the
sake of completeness.

With noise proton decoupling each non-equivalent aryl
carbon will in principle show one peak. With off-resonance proton
decoupling, an aryl carbon directly bound to one hydrogen will show
a doublet, The chemical shift corresponding to the center of the
doublet 1is repo;ted, followed in parentheses by the residual splitting,
Jr, to the nearest 1 Hz, Chemical shift values not followed by a value
of Jr correspond to quaternary aryl carbons, since these give single
peaks. The method used to assign the peaks to a particular doublet was
to run the spectrum with several different proton decoupler output
power settings. Successively lower output settings produce successively
larger values of J.. This is {1lustrated by the data for 3-o-naphthyl-
S;S-Gimethyl hydantoin, VIII, listed in table XIII and shown in figure
8. The quarternary aryl carbons are immediately identified at 59.8,

63.6 and 64.9 ppm since they do not show doublets with off-rescnance
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Figure 8.

(b) With off-resonance proton decoupling.

(a) With noise proton decoupling.



Table XILV.

Aryl Carbon-13 Chemical Shifts of 3-Phenyl-5,5-dimethyl hydantoin IX 8

Noise proton decoupling Off-resonance proton decouplingb

61.3 61.3

65.1 » 64.9 (75)
66.1¢ 65.9¢ (72)
67.0 66.9 (75)

8 Ppm upfield from carbon disulfide.

b Center of doublet ( J, in parentheses ) except for carbon not
directly bound to hydrogen.

€ Carbon in para- position.



Table XV, Aryl Carbon-13 Chemical Shifts of 3-(ortho- Bromophenyl)—
5,5-dimethyl hydantoin XIII.

Noise proton decoupling Off-resonance proton decouplingb
3.0¢ 2.0¢ 1.5¢
60.7 60.7 (49) 60.8 (60)
62.1 62.1 62.2
62.3 62.3 (47 62.3 (54)
62.5 62.6 (46) 62.6 (57)
65.0 65.0 (48) 65.1 (55)

70.6 70.6 70.6

8'ppm upfield from carbon disulfide
Center of doublet ( J. in parentheses ) except for carbons not
, directly bound to hydrogen.
€ Proton decoupler output power setting.



Table XV .

Aryl Carbon-13 Chemical Shifts of the 3-0-Tolyl hydantoins Vv and X8,

Noise proton decoupling Off-resonance proton decouplingb
v X \'4 X
57.6 57.6 57.4 | 57.5
62,4 62.5 62.3 62.5
63.2 63.2 63.0 (68) 63.0 (68)
64.9¢ 64.8¢ 64.69 (65) 64.64 (67)
67.2 67.2 66.9 (67) 66.9 (69)

2 pPpm upfield from carbon disulfide,
Center of doublet ( Jr in parentheses ) except for carbons not
directly bound to hydrogen.
¢ Two unresolved peaks,
d Two unresolved doublets,
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Figure 9. Aryl Carbon-13 Spectra of the 3-Q-Naphthyl hydantoins II,
IV and VIII.

(a) With noise proton decoupling.
(b) With off-resonance proton decoupling.
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proton decoupling. These three peaks correspond to the aryl carbon at
the point of attachment to N-3 and to the two naphthyl bridgehead
carbons, not necessarily assigned in that order.

Similariy, the quaternary aryl carbons throughout the
series of hydantoins can be identified as they show single peaks with
off-resonance proton decoupling. The specific assignment of these
quaternary aryl carbons is only possible in two cases.

For 3-phenyl-5,5-dimethyl hydantoin, IX, the aryl carbon
data are listed in table XIV. There is only one quaternary aryl carbon,
at the point of attachment to N-3 and this is easily identified at
61.3 ppm. The aryl carbon at the para position can also be
distinguiched, since the peak intensity is about half that observed
for the two equivalent ortho position carbons or the two equivglent
meta position carbons,

For 3-(ortho bromophenyl)-5,5-dimethyl hydantoin, XIII,.the
aryl carbén data are listed in table XV. The peak at 70.6 ppm is
assigned to the quaternary aryl carbon at the point of bromine
substitution, from the characteristic chemical shift value ( 43.).

The peak at 62.1 ppm is then assigned to the quaternary aryl carbon at
the poinf of attachment to N-3.

In a similar way for the model compounds listed in table XIX,
some aryl peaks can be assigned with confidence. For phenyl urea, the
peak at 53.4 ppm is assigned to the aryl carbon at the point of
attachment to N-3, and the peak at 72,4 ppm to the aryl carbon in the

para position. The corresponding peaks of i,3-dipheny1 urea are at
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54,0 and 71.8 ppm, respectively.

For the ortho tolyl hydantoins V and X, the aryl carbon
chemical shift values are listed in table XVI. The quaternary aryl
carbons give peaks at 57.6 and 62.4 ppm for both hydantoins, however,
ft is not possible to specifically assign these peaks.

Similarly, the three ortho chlorophenyl hydantoins III, VII
and XIL listed in table XVII have corresponding qdaternary aryl carbon
peaks with essentially identical chemical shift values. The same is
true for the three cnaphthyl hydantoins II, IV and VIII, listed in
table XVIII.

The one point of stereochemical interest in the aryl carbon
chemical shifts of the hydantoins is to be found in the data for the
arnaphthyl hydantoins listed in table ‘XVIII, and shown in figu?e 9,

For the hydantoins IIL and VIII which both have enantiomeric
rotamers, a maximum of ten aryl carbon peaks 1is expected, corresponding
to the ten non-equivalent o-naphthyl carbons. The hydantoin III shows
ten peaks, the hydantoin VIII only niné resolved peaks.

For the hydantoin IV which has diastereomeric rotamers, a
maximum of twenty peaks is expected, two for each of the ten non-
equivaleht o-naphthyl carbons. Since eleven aryl carbon peaks are
observed, the peaks corresponding to the two diastereomeric rotamers
are resolved for the carbon of least at one position of the a-naphthyl
group.

The two peaks corresponding to this carbon can be identified

with confidence as the peaks at 70.9 and 71.5 ppm. These peaks are
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nearly three ppm upfield from the other aryl carbon peaks, and they
correspond to similarly isolated peaks at 70.9 and 71.4 ppm for the
hydantoins II and VIII respectively.

With off-resonance proton decoupling, these two peaks of
the hydantoin IV and the corresponding peaks of the hydantoins II and
VIII all give doublets. Therefore, the carbon which shows resolved
peaks for the two diastereomeric rotamers must have one attached
hydrogen. This carbon is tentatively assigned to the 8-position of the
l-naphthyl group, as this position must have the hydrogen nearest to
the C-5 asymmetric center,

It is noteworthy that the isolated upfield aryl peak for
the 5,5-dimethyl hydantoin VII1I is at 71.4 ppm, 0.5 ppm upfigld from
the peak at 70.9 ppm of the hydantoin II with no C-5 methyls, This is
attributed to am upfield shift caused by steric perturbation in the

"case of the 5,5-dimethyl hydantoin VIII, and also for the corresponding
diastereomeric rotamer of the 5-methyl hydantoin IV.

In the case of the aznaphthyl hydantoin IV, it is
interesting to compare the magnitude of the peak separations for the
C-5 doublet ( 0.20 ppm ), the C-5 methyl doublet ( 0.60 ), and the
aryl carbon doublet ( 0.68 ppm ). A fairly large neighbor groué
anisotropy is expected from the ornaphthyl ring current, but less
would be expected to be associated with the C-5 asymmetric carbon,
Because the peak separations for the C-5 methyl &nd for the aryl carbon
are similar, and three times as large as for the C-5 carbon, the
mechanism is probably attributed to steric perturbation rather than

only neighbor group anisotropy effects.
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No other aryl carbon of a hydantoin with diastereomeric
rotamers was resolved into two peaks. In the case of the 3-ortho-tolyl-
5-methyl hydantoin, V, however, the tolyl methyl carbon peaks of the
two diastereomers were probably resolved, according to the previous
analysis of the spectrum,

The aryl carbon peaks of the ortho nitrophenyl hydantoin
XIV were not recorded, because of the low concentration of this
compound, The aryl carbon peaks of the 2££h2 trifluoromethylphenyl
hydantoins VI and XI were not fully resolved, and the spectrum could

not be analysed.

In summary, the aryl carbon chemical shifts of the
hydantoins provide little useful information with the exception of the
o-naphthyl hydantoins. Resolution of the two peaks from corresponding
aryl carbons of‘the diastereomeric rotamers of the 5-methyl hydantoin
1V is attributed to steric perturbation, and probably indicates a

large dihedral angle between the oL -naphthyl group and the hydantoin

system,



CONCLUSION .

————————————

For the series of 3-aryl hydantoins studied, the carbon-13
chemical shift values for a given carbon position in the hydantoin
moiety are found to depend essentlally on the number of methyls at the
C-5 position.

Predictable methyl substituent shifts are observed, and the
magnitudes of these shifts show no evidence of changes in conformation
of the hydantoin ring with methyl substitution.

With a fixed number of methyls at the C-5 position, the
chemical shift values of the carbon at a given position only varies
over a range of about 2 ppm or less, for the different 3-aryl

substituents. None of the trends in chemical shift values with the
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nature of the ortho substituent can be attributed with confidence to
only one factor.,

The trend in the carbonyl carbon chemical shift values with
the nature of the ortho substituent may be due to a variation im the
dihedral angle between the aryl and hydantoin rings. If this is the
cagse, this trend constitutes further evidence that in the 3-aryl
hydantoins, a chlorine ortho substituent is effectively larger than a
methyl ortho substituent., However this trgnd might be due directly to
the polarity of the ortho substituent,

The trend in C-5 methyl carbon chemical shift values is
most likeiy due directly to the polar effects of the ortho substituent,

For the 5,5-dimethyl hydantoins, which have enantiomeric
rotamers, the magnitude of the C-5 methyl peak separation between
diastereotopic C-5 methyl carbons indicates no important interactions
with the ortho substituent.

The C-5 methyl peak separations for the 5-methyl hydantoins,
which have diastereomeric methyl carbons, are slightly less than for
the corresponding 5,5-dimethyl hydantoins, which have diastereotopic
methyl carbons. The small differences in peak separations might be
attributed to differences in conformation of the hydantoin ring, or
alternatively to differences in solvation or ifn the dihedral angle
between the aryl and hydantoin rings,

The C-5 methyl peak separations are &bout an order of

magnitude larger ( in ppm ) for carbon-13 than for proton resomnances,
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APPENDIX .

Elucidation of the Structure of 1-Pheny1-4-ani11nourazolea.

Two possible structureshave been proposed for this compound:

/ o=’c/N H{c=o
\N__. /
@/ m
>
(1) (1D

8 J,A, Lenoir, L.D. Colebrook and D.F. Williams, Can.J.Chem., in press.
A sample of this compound was provided by J.A.L.
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A distinction between these two possible structures may
be made on the basis of the number of peaks appearing in the carbon-13
nmr spectrum, |

With noise-modulated proton decoupling, all magnetically
distinct ( non-equivalent ) carbon atoms must gi#e rise to Iindividual
single peaks. |

With off-resonance proton decoupling, only those carbons
not directly bound to hydrogen will give rise to single peaks: these
correspond to the carbonyl carbons and the aryl carbons at the points
of attachment. The other aryl carbons in these compounds are all
directly bound to one hydrogen. Because of céupling to the hydrogen
they will give rise to perturbed doublets, with separation Jr.

In structure (I) both carbonyl groups and both aryl groups
are equivalent since the molecule has a center of symmetry. Providing
that accidental peak overlap is absent, five peaks ( one carbonyl and
four aryl ) are predicted for the spectrum with noise proton decoupling.
Two of these peaks should remain unsplit in the spectrum with off-
resonance proton decoupling, for which eight peaks are predicted.

Structure (II) is less symmetrical, and ten peaks are
predicted for the spectrum with noise proton decoupling. Four of these
peaks should remain unsplit in the spectrum with off-resonance proton
decoupling, for which a maximum of sixteen peaks 1s predicted.

The observed spectrum is shown in the figure, and the data
are summarized in the table. Seven peaks are observed in the spectrum

with noise proton decoupling. Of these peaks, four remain unsplit in
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Table .

Carbon-13 Chemical Shift Values of 1-Phenyl-4-anilinourazole®,

Peak Noise proton decoupling Off-resonance proton decouplingb

1 39.3 ’ 39.1

2 42.0 ‘ 41.9

3 - 43.6 43,4

4 _ 56.4 56.3

5 64.5 64.3 (47)

6 68.7 68.6 (46)

7 75.0 75.0 (49)

a

Ppm upfield from carbon disulfide + 0.1 ppm.

b Center of doublet (Jr in parentheses) except for carbons not
directly bound to hydrogen.
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the spectrum with off-resonance proton decoupling, which shows ten
regolved peaks. No further peaks were observed in the 10-140 ppm
region which extends well beyond the usual 60-80 ppm aryl carbon
region.

The data are consistent only with structure (II). Fewer
peaks are observed than are predicted for this structure because of
overlap between peaks from corresponding carbons of the non-equivalent
aryl groups: only the peaks from the carbon atoms at the points of
attachment are fully resolved. However, four of the peaks in the
spectrum with noise proton decoupling remain ungplit in the spectrum
with off-resonance proton decoupling.

Structure (I) must be excluded because both the spectrum
with noise proton decoupling and the spectrum with off-resonanée

proton decoupling show more than the predicted maximum number of peaks.

~ Of the two possible structures (I) and (II), the symmetrical
tetrazine structure (I) is quite inconsistent with the experimental
spectra, whereas the five-membered ring 1,2,4-triazole structure (II)

i8 fully consistent with these spectra.





