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The dipole moments of diaryl carbonates I— ¥ in benzene solution are consistent with the Z,Z-
-conformation (A4) in which the conformation of simple esters is repeated in the two moieties.
The E,Z-form (B) was not detected; it may be either present as a quite small fraction or only
with specific, overcrowded structures.

The conformation of the title compounds is a particular case of a broader problem
we have been approaching by the dipole moment method! ~*, viz. the conforma-
tion around two equivalent single bonds linked to one central atom. Two simple
rules were suggested®: 1) The conformation of the corresponding monofunctional
compound is repeated in each moiety of the bifunctional derivative unless it is pre-
vented by a strong steric hindrance. 2) Symmetrical conformations are generally
favoured; if there are two possibilities, then the C, symmetry has preference to C,.
For diesters of carbonic acid only the rule (I) is operative and predicts the Z,Z-con-
formation (A4), which corresponds to simple esters® but is sterically more crowded
than E, Z (B):
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The form A is actually present in crystals of bis(trichloromethyl) carbonate’
and was inferred from dipole moments of dialky! carbonates both in the gas phase®
and in solution®; informative is the comparison with ethylene carbonate!®-!! having
the fixed conformation E, E (C). The IR spectrum of dimethyl carbonate in the gase-
ous state was interpreted in terms of conformation'? A4, possibly slightly distorted"?
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(C, symmetry) while in the liquid the presence of another conformer, probably B,
was claimed'®. All these results were challenged by Oki and Nakanishi'® who believe
that the form B (possibly not quite planar) is strongly populated with all carbonates
and mostly even prevails; some evidence was in fact presented only for methyl
tert-butyl carbonate and similar overcrowded derivatives. This general claim was
criticized?''# but the conformation B was recognized'? in the case of di-tert-butyl
carbonate.

We were of the opinion that the dipole moment measurement can contribute
significantly to the problem if — in contradistinction to previous work®~ 1115 —
advantage is taken of introducing polar substituents. Therefore, we investigated
the aromatic derivatives I—V (Table I) and evaluated the results by the well-tried
graphical method!'®. Our intention was to establish the conformation of aromatic
carbonates, hitherto little studied'®, and to get posibly some indirect evidence con-
cerning the other derivatives.

TasLE I
Polarization Data of Diaryl Carbonates (bznzene, 25°C)

a
No Compound M.p., °C * P

o . 3 u(5%)° 10-30¢

P R sy "
I (CgH;0),CO 79 0-95 93-1 414
—0-286 593 37
1 (4-CH,3C¢H,0),CO 13 0-64 947 35
—0238 687 29
1l (4-CIC4H,0),CO 151 1-03 1123 474
: —0:463 691 42
IV (4-NO,C4H,0),CO 140 12:57 781 19-6°
—0:455 72:7 19°5
vV (1-C,4H;0),CO 130 1-23 1469 51/
—0352 94-8 45

“Slopes of the plots e, vs w, and uf;_‘ vs w,, respectively; b calculated from incremeuts“,
valid for 20°C; exaltations of 0-3 cm® were added for each O—CgHy conjugation and in addition
0-4 cm® for each conjugation NO,—CzH,—O (the latter is quite insignificant due to the large
dipole moment of the nitro derivative I1); the increment of 1-naphthyl seezs; ¢ correction for the
atomic polarization 5% or 15% of the Ry, value, respectively; 4 these figures are more reliable
than 2:2 and 4-3 . 10~ 3° Cm, as given for 1 and III respectively, in the Thesis?%; € in agreement
with ref.2%; / the values of ref.?% are in error.
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EXPERIMENTAL

Diaryl carbonates /—IV (Table I) were prepared {from the respective sodium phenolate and phos-
gene in toluene solution!’, di-1-naphthyl carbonate (V) was made available to us from the col-
lection of the Institute of Chemical Technology, Pardubice. The melting points agreed with the
literature! 7 =21, The technique of dipole moments measurement was described in some detail?2,

Theoretical dipole moments, anticipated for conformations A—C, were calculated from
standard bond moments?* (1073° Cm): H—C,, 1, H—C,, 0, C=0 833, C—O0 247, C, —Cl
5:33, C,,—NO, 150 (including the conjugation with a para-standing oxygen), the bond angles
used were O0=C—O0 125° and O—C—O 113°. (The angles in bis(trichloromethyl) carbonate” are
not typical since they are evidently broadened by the strong repulsion between the carbonyl oxygen
and chlorine atoms.) The calculated dipole moments are plotted in Figs 1 and 2.

RESULTS AND DISCUSSION

Our results illustrated in Figs 1 and 2 are in agreement with the Z.Z-conformation A
and do not yield any support either for its supposed distortion (see the full curves
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Comparison of Squared Dipole Moments Comparison of Squared Dipole Moments
of Diaryl Carbonates I and IV, Calculated of Diaryl Carbonates I and 11
and Experimental See Fig. 1 for descriptive details.
Empty points — calculated for the con-
formations 4—C; full curve — C,-con-

formations intermediate between 4 and C
(the dihedral angle O=C—O—C is given);
broken straight lines — mixtures of the con-
formations 4 and B, or Band C, respectively;
hatched circle — experimental values.
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in the Figs 1 and 2) or for the presence of form B (the direction of the broken
straight lines). Note that the precision of the approach is limited, in particular the
small dipole moments of I and II are determined with a large relative uncertainty
because the correction for atomic polarization is of significant importance. These
values are somewhat larger than calculated for the form 4. In our graphical repre-
sentation, however, the values of p* are plotted so that a true picture of the variable
accuracy is obtained. It follows that the nitro derivative IV is of decisive importance
among our compounds, illustrating once again the significance of proper substitu-
tion in dipole moment work. Our conclusions may be worded that the same con-
formation was found for diaryl carbonates as previously for the aliphatic derivati-
ves” "' It agrees also with the ab initio calculations on the simplest model com-
pound carbonic acid?” — at least in a qualitative sense.*

The dipole moment of III seems too low as compared to the calculated value
of 8:56.107%° C.m corresponding to the conformation A. This anomaly is not
without precedence, compare the low dipole moment of 4-chlorophenyl acetate?®.
In general, however, the 4-chloro substituent is well-tried in dipole moment work
since it does not interfere with para-standing groups. The dipole moment of ¥,
enhanced with respect to I, may be due to steric crowding. It follows that the deter-
mination of conformation is actually based on the nitro derivative IV on the one
hand, and on the two similar low moments of I and II on the other.

As regards the possible presence of the E,Z-form (B), it is in our opinion not suffi-
ciently evidenced. Diphenyl carbonate exhibits three not well resolved maxima of the
carbonyl band, one of which was tentatively assigned!® to Fermi resonance and the
remaining two to the forms A4 and B, respectively, the latter being more populated
in clear contradistinction to out results. With dimethyl carbonate the presence
of 1—2% of an additional form, probably B, was claimed'* on the basis of tempera-
ture dependence of two IR bands whose assignment is questionable'**#. Such a small
amount is hardly detectable by another approach and the phencmenon may be
also specific for the condensed liquid phase. On the other hand, the claim'® — based
mainly on the carbonyl overtone — that the form B prevails in solution of dimethy]
carbonate and of other aliphatic carbonates is unsound. Composite carbonyl bands
do not prove a conformational equilibrium since they were found even in rigid
molecules'?; in addition, the temperature dependence has never been investigated.
Similar reasoning of the same authors®® leads to erroneous conformations even
in the case of other esters and were already criticized?®. It is true that the conforma-
tion of carbonates may be less rigid, i.e. the barrier of rotaticn lower than with other
esters. This is suggested by the temperature dependence of dipole moments®?
and of IR spectra'® as well. Furthermore, methyl t-butyl carbonate and similar

* The conformation A is, however, at variance with the so-called rabbit-ear effect®. This

principle is in our opinion not so generally valid to deserve a particular name.
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sterically hindered molecules may behave differently but even in this case the proofs'>
of the conformation B are not quite conclusive: Variation of the dipole moment

wi

th temperature was followed in a narrow interval only and broadening of the

'H-NMR signals may have various grounds, compare a different behaviour of tert-
-butyl formate3! existing actually in equilibrium of the Z- and E-forms.

Thanks are due to Mrs M. Kuthanovd (Prague Institute of Chemical Technology) and Mrs P. Ma-

resovskd (Institute of Organic Chemistry and Biochemistry) for technical assistance, and to Dr J. Slo-
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