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INTRODUCTION s

No definite molecular configuration of diphenylethers has
ever been subsﬁantiated by experimental proofs

Due to the free rotation of the benzene rings about the oxy=-
gen linkage, the diphenylether can take any number of spatial con-
figuratiohs. Some theoretical work has been done in trying to deter-
mine the molecular structure, but it was felt that careful examin-
ation of the high resolution nuclear magnetic resonance spectra of

the ethers would be useful in determining a structure, (Figure I)






HISTORTICAL BACKGROUND :

Several groups have studied the configuration of dimethyl=-
diphenylethers and several possible formulations have been proposed.
Much of the study has been purely theoretical with supplementary

dipole moment study, Besides dipole moment investigations, possible
configurations of diphenylethers have been proposed to explain
certain chemical mechanisms,

The first model under consideration is knowm as the Smyth
and Walls configuration, This configuration places the two benzene
rings perpendicular to the plane of the oxygen valence angle, This

configuration is shown in Figure IT with®=9¢",§ =9¢°, (1)

This configuration is ﬁhysically possible assuming the car=
bon - oxygen - carbon bond angle to be the accepted 120°.

Another configuration under consideration was proposed by
Sutton and Hampson, but because it deals with electron orbitals, it
is known as the Pauli model, in recognition of the electron orbital
work done by Pauli, With this configuration the two benzene rings
are coplanar and are stabilized by resonance by way of the lone -

pair orbital in the oxygen atoms, Thie configuration is shown in
Figure ITT, With this shape®=0",§=0°,

One discrepancy realized in this configuration is the devi=-
ation in the carbon - oxygen = carbon bond angle from the accepted
1203. In order to form the required in plane configuration of the
benzene rings, the carbon - oxygen - carbon bond angle would have to

o
be 180 o There is no evidence to support the 180 angle, therefore




acceptance of the Pauli model is restricted, (1)

Y, Morino, L. Higasi, and T. Uyev proposed the third model
under consideration. In this model the two benzene rings are placed
at non-equivalent positionss One ring is placed in the pléne of the
oxygen Vaglance angle and the other is placed perpendicular to the
plane, (Figure IV) In this model©= 90ﬁ,¢ ao". This model is con=
sistent with the 120° carbon - oxygen - carbon anglee (1)

The three preceeding models have been the most widely accepted
of the theorectically proposed molecular structure of diphenylethers,

A great deal of nuclear magnetic resonance work on the con-
figuration of dimethyldiphenylethers has been done by He Shimizu,

Se Fujuwara, and Y. Morino at the University of Tokyo. (2) They

have attempted to identify certain characteristic splittings found

in the spectra of dimethyldiphenylethers with nonequivalent protens
in the benzene ring, They found that liquid di-e-tolyl ether existed
in a stable asymmetric skewed conformation having nonequivalent methyl
groupse The doublet methyl group spectrum had a peak separation

of 1,35 cps, at 56,L Me/sec,

This work was later refuted in this country by a group led
by G.V.D. Tiers of Minnesota Mining and Manufacturing Co. (8)

Tiers contended that the splitting was due to methyl protons of co-
existing isomers, It is not important to this paper whether the

point made by the Japanese group is valid, but the procedure they



used to prove their theory is also used in this worke The Japanese
group ran spectra of what may be called the monomer of a dimethyl-
diphenylether, that is a cresols By examining the resulis of the
cresol studies they made a comparison with the spectra of the ether,
Since the cresol can not possibly have a rotational isomer, since

it has no point of rotation, the nuclear magnetic resonance spectrum
of the cresol would show no splitting due to a rotational isomer,
Therefore any splitting found in the ether also found in the cresol
can not be attributed to the rotation that the ether can undergoe
With this logic the Japanese group correlated the splitting not

to rotational isomers, but to nonequivalent protons in the benzene
ring.

This is a stable theoretical base to start the nuclear mag-

netic resonance investigation of the spatial configuration of diphenyl~-

etherse



-

FIGURE II =~ SMYTH and WALLS MODEL
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FIGURE III - PAULI MODEL
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FIGURE IV - MORINO, FUJUWARA, and

UYEV MODEL




EXPERIMENTAL ¢

Apparatus
The ethers under investigation are dichlorodiphenylethers,

They are:
(1) 2,2%~dichlorodiphenylether
(2) 3,3'~dichlorodiphenylether
(3) Lyht-dichlorodiphenylether
(k) 3,h=dichlorodiphenylether

The ethers were synthesized and purified by Dominic Poccia
during his research work, June 1966 to June 1967, The synthesis and
the procedure used to justify the purity can be found in his thesis. (k)

Following the example set by the Japanese group at the Unie
versity of Tokyo, the monomer of each dichiorodipherxylether was studied,
and in this ecase they were chlorophenols,

The apparatus used was a Varian A-60 Nuclear Magnetic Reson-
ance Spectrophotometer with a variable temperature probe. The probe
allows the sample to be investigated under both elevated and rednced
temperature conditions, For this work, reduced temperatures were
needed,

On the outside of the magnet's console was mounted a dewer
flask containing liquid nitrogen, Gaseous nitrogen is pumped through
and into the area of the probe, (Figure V) The liquid nitrogen is
-197°C and the gas exiting from the flask is approximately =100°C,

This chilled gas is pumped up and around thersample, The desired
temperature is selected beforehand and a therm:;ter contained in
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the probe controls the heater to adjust to the desired temperature,

The actual temperature of the sample can be determined by
placing a methanol sample in the probe, The distance between the
methyl hydrogen peak and the hydroxy hydrogen in cycles per second
is correlated with temperatures in degrees centigrade, (Figure VI)
Continuous monitoring with the methanol sample showed the actual
temperature to be within one degree of the desired temperature preset
on the thermostat,

The reason for the necessity of the low temperature probe
is due to the complexity of the spectra of diphenylethers at room
temperatures, (Figure VII) Any attempt to assign certain hydrogens
in a structure to a certain chemical shifts would be impossible,
This complexity of splitting is due to the interaction of the multi-
tude of hydrogens available in the freely rotating diphenyletherse
Tn order for any study to be made, the spectrua must be simplified,
The most conv‘a':ant way to accomplish this simplification would be to
reduce the interaction of the nuclei by reducing the motione The
best way to remove energy in order to slow the molecular rotation
is to cool the compound, Since these ethers have relatively high
melting points, cooling the neat compound would be very unsatisfactory
for there would be a very small temperature range between a suffi-
cently slowed compound and the formation of crystalse The formation
of any number of crystals is very intolerable in nuclear magnetic

resonance work because of the long relaxation time of these solidse



] D

¢ = oz ol

JAVH9ILNID S33893Q
Ol= O OF~

o

SeeEaisas : : 2% 383
H fpe i 3823 +
1 108
z H 8! H -+ H S 4 L 8 H 3 H L H g i {
a5, H HHH ] t EsiEies T
- i L bt H3 F-bg pd b L age L 4 8 -1
lwmrilj [ 8 g H SEEHERS N H 8388 | H i o @ .‘ 50 SESERSE RN Iy 11\ = o3 [ M 11
R n N R B : H
SEEsiistarsiineetenstinasiagin EH : :
= 1" Ly H 1
8 sswas8e an g it T BB Bt 1 sRazal
H . e 00
s 14 5 B B L SRES 4 H HH w\ e -k H i H H F-H 9
aiasRan: R FE TR sHasagigialanies CEiH 3 au 55 81 + g S 8 HH Hy
B H . Siks e T HHHH HHE HHH
: R : . 0
& Ll 4 L 111 5 i ERREEE 8 i
H as 5 ERERER 8 s LI
g susuus ] 1 8ga a PR s H H SEssats .L 8| ] SeERaEs &
£ HaNgUnadnnuNs Sunanaanas . 0 8 13 S - ‘Y_ i o B 8 o aad
aEsen JHH g . SIisks 1H o Sees HHERRG S 3 i - g
: 4] £
d i P _, 1 : ozl
4 2 L HAH g s ias 3 L £ - f:l'll‘tvy 1 g s HH -4 44 I8 H b 4
saa gidas: = - i san o9 wai H H 1 H H 8 s a1 Baga & t tHt By Hn HHH
e ¥ gresas (‘1 b 4 HH 9 u i1 BEn e ST I} K
& | BREEs 1] HH BERE| 1 o H 8 L 1 8RB L
: | i ‘ i
e o HEHE : esssiaze: B e e - o¢gi
L Hi HH
desdakic R s S HE :
! Egadiak fuan H e g Y T
i s : : o i : e Ol
i S : il HEHEHRE A
EEH R 2558 H FE _7. HH
HINLVIAIdNAL Y : : H
: : HEHEHE
om> : ;i : + ssseis Tt ogi
5 5 iR el SESRERS
! LATHS TONVHLIIN :
;

09I

&

LITHS

Sdd NI

VI Methanol Shift vs. Temperature (5)

Figure £3




] ¥ T .l T -13-1 4 T l L I } ¥ ¥ ¥ ¥ ¥ T I L) - B T‘.‘“-\"‘“'

FIGURE VII =~

.5\

400  y,M,R. SPECTRUM
: DIPHENYLETHER

by

-
T
T

———GrT Tl

-

Bres

————r
-
-
i b
S———
S——

&f{‘i %8 7 1

Wi 21N s RS 18 :
V,i‘/\,ff}! tn.w’w )"J'nrn}l ,\.‘ \5,"‘,{;1




The long relaxation time produces low resolution spectra which are
of no analytic value, Therefore the approach used was to cool an
approximately 10% solution of the ethers in a low melting solvent,
The low temperature spectra in this work were run in carbon disulfide
which is liquid down to i Ce The room temperature spectra were
run neate

Results and Conclusions:

Figure VIII is the spectrum of lL,l'~dichlorodiphenylether

at room temperature, Figure IX is the spectrum of l,lt=~dichloro-
diphenylether obtained at ~60°C, Changes in the chemical shifts
of the ether at the two temperatures is very slight. Both spectra _
conform very well to a standard spectrum known as an AZB o This
designation is an arbitary one inwhich different nuclei are given
letter desighations depending upon their enviromment., A nuclefis
of designation A would have an environment very close to that of one
with designation B, but much more different than a nucleus of designe
ation X or Z, With this information, all that is necessary is to
find the ether configuration inwhich the hydrogens confirm 'bo‘ an
A,B, pattern,

The first configuration to consider is the Symth and Walls
model (Figure II)s In this the two chlorobenzene rings are perpen=
dicular to the plane of the oxygen atom,. Here an A232 pattern exists
with the hydrogens near the oxygen, the A's, and the hydrogens next
to the chlorines the Bt's, Only two different types of hydrogens
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e.ndj\ﬂnfoming to the A2B2 designation, Therefore the Symth and
Walls model is a distinet possibilty.

The next model is the Pauli model (Figure III), In this
model, the benzene rings lie in the same plane as the oxygen valance

bond, With this model an AZB spectrum is possible only if the carbon-

2
oxygen=carbon bond angle is different than the 1209 it is believed
to be,

The third possibility is the model of Morino, Fujuwara, and
Uyev (Figure IV). In this model, they place the rings in nonequi~-
valent positions inwhich one lies in the plane of the oxygen valance
bond and the other lies perpendicular to this plane. This configur-
ation would not give a simple A232 spectrum, Although the out of the
plane ring would give an A2B2, the in plane, with its shielded hydro-
gen, would give a much more complex spectrum with at least four add-
itional nonequivalent hyrogens than an AZB .

The evidence in this case would favor the Smyth and Walls
model (Figure II).

Figure X is the monomer of l,l?=dichlorodiphenylether, p-
chlorophenol, As would be expected, because of the symmetry and the
lack of interaction of the chlorines, the phenol is very similar
to the ether and displays the same A232 pattern.

Figure XI is the spectrum of 3,3%~dichlorodiphenylether at
room temperature and Figure XII is a spectrum of the same compound
diluted in carbon disulfide at ~60°C. With this pair of spectra,
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the effect of the lower temperature can be noted..The room temperature
spectrum is an average of each configuration of the molecule as it
rotates about the oxygen bond. As the temperature is reduced, the
molecule will tend to favor its equilibrum position and the lower
temperature spectrum will reflect this. Although it is not apparent
in Figure XIT, the lower temperature chemical shifts are moved 20
cycles per second upfield compared to the room temperature spectrum,
This movement would indicate a greater shielding in the equilibrium
position than in an average of all possible positions, This movement
could be explained by the model proposed by Morino, Fujuwara, and
Uyev (Figure IV), In the nonequivalent positions taken by the two
rings, a hydrogen adjacent to the oxygen bond is shielded by the other
benzene ring, This position would produce a spectrum of greater shield=
ing than a model with the rings in a position of equivalences There~
fore, the configuration of 3,3%=-dichlorodiphenylether is favorably
represented by the model of Morino, Fujuwara, and Uyev,

Figure XIII is the spectrum of 2,2%~dichlorodiphenylether
at room temperature, Figure XIV is a spectrum of the same compound
in a carbon disulfide solution at =60°C, The most striking difference
to be noted in the two spectra is the shift of the center peaks with~
in the two outer chemical shifts, This was a shift of six cycles
per second toward a more deshielded position in relation to the room
‘temperatnre spectrum, Deshielding in relation to the difference
between the average spin spectrum and a lower temperature equilibrum
would tend to refute the model of Morino, Fujuwara, and Uyev with

its aspect of greater nuclear shielding, This model propose by the
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Japanese group with its greater incidence of shielding would con-
tribute the least to a compound that undergoes deshieldinge There~
fore the Japanese model can be discarded for this compounds

Another aspect of the low temperature spectrum of this compound,
is the similarity of the outside peaks to an A232 pattern. Going
to the Smyth and Walls model (Figure II), the inner hydrogens could
account for the center peaks and the two outer hydrogens would account
for an A2B2 pattern,

A great deal of symmetry can be noted in the center peaks
of the reduced temperature spectrum, This aspect would favor the
Smyth and Walls model (Figure II), which has greater symmetry than
the Japanese model of Morino, Fujuwara, and Uyeve, (Figure IV)

With all the factors weighed, the Smyth and Walls model
(Figure II) is justified for 2,2t'=-dichlorodiphenylether,

Figure XV is 3,L~dichlorodiphenylether at room temperatire
and Figure XVI is the same compound in a 10% carbon disulfide solution
at ~60°C. A difference with the change in temperature and a vauge
A2132 pattern can be noteds Other than this, no conclusion about this

compound could be drawne
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SUMMARY 2

Low temperature nuclear magnetic resonance has been used
in this work to propose spatial configurations for the dichlorodi-
phenylethers examineds The model suggested by Smyth and Walls (FigureIT),
is found compatible with the nuclear magnetic resonance studies of
Lyl =dichlorodiphenylether and 2,2!~dichlorodiphenylethers The
353" dichlorodiphenylether spectra was most easily explained by the
Morino, Fujuwara, and Uyev model (Figure IV),

These models not only fulfill the nuclear magnetic resonance

spectra aspects, not also the problem of steric hinderence,
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