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Dipole moments of sixteen substituted peroxybenzoic esters ///, 1V were measured in benzene
solution and interpreted in terms of the conformation around the O—O bond. The dipole moment
of the CO4R group is different for R = methyl and R = tert-butyl, viz. 90 and 104 . 1073°¢c m,
respectively. Its resolution into components was carried out making reference to the dipole
moments of substituted benzoic esters as model compounds. As a result the dibedral angle
7 = C—0—O0-—C was estimated to 160— 180° in the case of tert-butyl peroxy esters 7V and to
110—150° in the case of methyl peroxy esters I71.

The mesomeric dipole moment expressing the conjugation within the ester group was estimated
to 08 or 1:5. 1073 C'm for methyl or tert-butyl esters, respectively.

The stereochemistry of organic peroxy compounds I—IV is dominated by. the
conformation around the O—O bond. Since the potential energy curve is usually
flat, the dihedral angle © = C—O—O—C varies in different compounds and at
different conditions. On the other hand, the instability of many of the compounds has
prevented them from being studied in the gas phase or even in crystal. For these
reasons the dipole moment measurement in solution has proven to be an important
approach in spite of its rather limited accuracy. It revealed the non-planar conform-
ation of dialkyl peroxides I with 7 estimated to 123 — 126° for di-tert-butyl peroxide' =3,
and of diacyl peroxides®** IT with  approximately 90° (in benzene) while the pertinent
value for di-tert-butyl peroxide in the gas phase® is 166°. The parent compound,
hydrogen peroxide, has a conformation with 7 = 120° in the gas phase® and with 90°
in crystal’,
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* Part IV in the series Mesomeric Dipole Moments; Part III: This Journal 45, 2410 (1980).
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The unsymmctrical derivatives, peroxy esters III, IV present a more difficult
problem sincc the range of anticipated dipole moment values atising by rotation
around the O—O bond is more narrow, from 5 to 10 instead of from zero to 7 or to 9
in the case of compounds I and I1, respectively. (All dipole moment values are given
in the unijts 1073° C m.) This is one reason why a previous attempt® to determine the
conformation of IV was not successful, resulting in three possible solutions; as the
most probable a conformation with the-angle r between 10 and 150° and with a slightly
non-planar carboxy group was claimed. There is, however, an ample evidence® that
the carboxy group is planar — within the accuracy of several methods — in esters of
various types. In our opinion, the most important shortcoming of the paper quoted®
is the restriction to aliphatic and unsubstituted aromatic compounds; without any
polar substituent the dipole moments are not sufficiently different and two unknown
geometrical parameters cannot be estimated from one experimental number. On the
contrary, the present study is based only on aromatic peroxy esters (Table I) bearing
substituents with defined bond and group moments*®, Comparison of experimental
and calculated moments was made using the well-tried graphical representation’!.
Since the methyl peroxy esters III are mostly insufficiently stable, we preferred tert-
butyl peroxy esters IV like the previous authors®. In order to estimate a possible
effect of the tert-butyl group, we undertook a comparative study of aromatic tert-butyl

@76004@‘1-1,
R

V; a—f, see Table T

esters Va—f (Table I) as model compounds. At this opportunity the problem of the
mesometic effect within the ester group*?'!* was reinvestigated. Our approach is thus
restricted to aromatic derivatives and we cannot ascertain whether the aliphatic ones
possess exactly the same conformation.
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TasLe T
Polarization and Dipole Moments of Substituted Peroxybenzoates and Benzoates (25°C)

ot P, cm? u(5)°
Compound Solvent ra Ré”, em®  u(15)°  Henre
4-CICgH,CO;CHy Bz 2:84 150 75 7:3¢
llla —0-238 459 73
4-NO,C¢H,CO5CH,4 Bz 633 277 112 110°
i) —0-420 473 11
CgH;CO;—t-C,H, Bz 602 274 1097 1029
IVa —0:211 54-9 108
4-CH;CgH,CO5—t-C Hy Bz 559 267 106 1087
s —0370 586 105
3-CIC4H,CO;—t-C,H, Bz 417 239 98 10:40*
Ve —0-268 599 97
4-CIC4H,CO3;—t-C4H, Bz 457 256 103 909
1vd —0-273 59:9 101
3-BrCgH,CO3—t-C Hy Bz 300 213 89 104%h
IVe —0:416 628 88
4-BrCgH,CO;—t-C,H, Bz 312 241 98 9:0¢
vr 0155 62:8 96 -
3-NO,CgH,CO3—t-C4Hy Bz 7-62 402 136 1479
Ivg —0312 613 135
4-NO,C¢H,CO;—t-C,H, Bz 651 351 125 1239
IVh —0:331 613 12:4
C¢H3CO,—t-C,Hy Bz 2:45 135 66 65/
Va —0147 519 64
Diox 320 145 70
0-022 51-9 68
4-CH3C¢H,CO,—t-C,H, Bz 2:67 154 72 68/
Vb —0134 565 70
Diox 334 161 75
0-030 56'5 72
3.CIC4H,CO,—1-C,H, Bz 2:59 160 74 78"
ve : —0-256 568 72
Diox 333 171 78
—0:086 568 76
4-CICgH,CO,—t-C4Hy Bz 2:67 163 75 72
vd —0253 568 73
Diox 316 165 76
—0:090 568 74
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TasLe [
(Continued)
o Pem®  u(5)°
Compound Solvent 5 RDb! o’ (15 e lnd
3-BrCgH,CO,—t-C,H, Bz 2-10 158 72 7-8hJ
Ve —0-406 59-7 7.0
Diox 2-70 169 76
—0236 59-7 74
4-BrCgH,CO,—t-C,H, Bz 2:14 162 74 720
—0-383 59-7 71
Diox 2:79 173 78
—0230 597 76

9 Slopes of the plots ,, vs w, and d,"z‘ vs wy, respectively; b calculated from increments, see
Experimental; © in units 10~ 2% C m, correction for the atomic polarization 5% or 15%, respectively,
of the R, value; ¢ calculated from bond moments, see Experimental (units 10 ™3 C m); © dibedral
angle C—0—0—C = 120°, mesomeric moment within the COO group 0-83; 7 ref.® gives
105 at 30°C; ¢ dihedral angle C—0—0—-C = 180°, mesomeric moment within the COO group
0-83, the O—t-C,Hgy group moment enbanced to 4-13; h assuming equal population of the two
coplanar conformations of the benzene ring;  mesomeric moment within the COO group taken
as 1'5, the 0—t-C,Hy group moment as 4-13.

EXPERIMENTAL

Materials. Methyl peroxybenzoates I1/ were prepared as proposed by Brenner and coworkers!4,
The corresponding diaroyl peroxide was converted into the sodium salt of peroxybenzoic acid
by the action of sodium methoxide in dichloromethane at —10°C, and subsequently alkylated
with trimethyloxonium fluoroborate, yield 50—70%. Tert-butyl peroxybenzoates were prepared
according to the literature! 5. All peroxybenzoates investigated were found to be over 98% pure
by iodometry. Tert-butyl benzoates V were obtained by the standard procedure! 6. All derivatives
investigated in this paper are known compounds and their physical propertics agreed with the
literature.

Physical measurements. The procedure of measurement'” and the properties of dioxan used
as solvent'® were reported recently. Even a slight decomposition of a compound in solution
prevented to obtain reliable results and such measurements were omitted. The values of molar
refraction for peroxy esters were based op the experimental determination on tert-butyl peroxy-
benzoate® (1Va) from which the values for the remaining compounds were calculated using
standard increments!®. The starting experimental value is unexpectedly high but this is not mani-
fested in the final dipole moments. In calculating the molar refraction Ry, for the esters ¥ only
an exaltation2® of 0:7 cm® for the conjugation of the carboxyl group with the benzene nucleus
was applied in addition to the standard increments*®. The dipole moments and the auxiliary data
are listed in Table I.
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Calculations. The dipole moments assumed for individual conformations were calculated using
the following set of standard bond moments'® (1073° C m): H—C,, 1, H- C,, 0, C—0 2:47,
C=0 833, C,—Cl 533, C,,—Br 523, C, —NO, 13-33, in addition a mesomeric correction of
0-83 for the conjugation CgHs—CO (my); another mesomeric moment (m,) cxpressing the con-
jugation within the carboxy group will be discussed in the next part.

For the molecule of peroxy esters we used the bond angles: C—C==0 127°, 0=C—O0 124°,
and C—O0—O 114°, discussed previously*, in addition the angle O——O—R 115°. For the ester
molecule the standard values C—C=0 124°, and C—O—-C 115° were applied. The final resuits
are not scnsitive to the uncertainly inherent in these quantities.

RESULTS AND DISCUSSION

Of the data in Table I let us consider first the five para-substituted tert-butyl
peroxybenzoates (IVa, IVb, IVd, IVf, IVh) which may serve to derive the group moment
CO;—t-C,H, from the known bond moments of the substituents (construction of
a triangle). The coincidence of the results is quite good, considering the unstability
of the compounds. The resulting vector has the valuc of 104 at an angle of 66° to the
C(1Y—C(0) bond. The measurements on the meta derivatives (IVc, IVe, 1Vg) are
essentially in agreement with this group moment if equal populations of the two
coplanar conformations are assumed. Nevertheless, this assumption might be only
approximate since the calculated valucs (Table I, last column) are always somewhat
higher than the experimental ones. In a similar way the group moment CO,CH, can
be estimated to 9-0 (57°) from the two methyl derivatives I11a, II1b but the uncertainty
is of consequence. The direction of these vectors in space is not known; only if the
functional groups were planar (t = 0° or 180°), the vectors would be situated in its
plane. In any case, however, the absolute values can be compared with the calculations
from bond moments which are in the range between 5:0 for the sp-conformation

t-BulDx) ra

NO,
|

Fia. 1
The Dipole Moment of the COOR Group and Its Analysis into Components

Shown are experimental group moments for the COO—t-C4Hg group (in benzene and in
dioxan) and for the COOCHj group (in benzene) by heavy arrows, the bond moments for the
conformations Z and E, and the mesomeric corrections m, and m,.
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(r= 0°) and 9-3 for the ap-conformation (t = 180°). The comparison suggests that
the calculation with standard bond moments is not sufficiently precise for our purpose
and we tried to refine it by referring to tert-butyl esters as model compounds.

The dipole moment data (Table I) of substituted tert-butyl benzoates V' were pro-
cessed in the same manner as in the preceding paragraph. Again the para derivatives
were of deciding importance, but even the meta derivatives were in agreement. The
group moment CO,—t-C,H, was found to be 65 or 6:8 in benzene or in dioxan,
respectively, in any case at an angle of 74° to the C(1)—C(O) bond. Similarly we derived
the value of 6-2 (64") for the CO,CH, group from the published data in benzene®!.
The latter value agrees with our previous estimatc!® and does not differ significantly
from those tabulated by Minkin and coworkers??, viz. 6:1 (70°) for methyl esters
and 6-3 (62") for ethyl esters. The experimental group moments are pictured in Fig. 1
and compared to the vector sum of bond moments. Evidently, only the Z-conforma-
tion comes into consideration but the agreement is not perfect. An improvement is
possible through two additional mesomeric corrections. One of them (denoted m,)
expresses the conjugation of the functional group with the aromatic nucleus and is
well substantiated by the comparison of aliphatic and aromatic esters. The other (m,)
corresponds to the conjugation within the ester group (4 <> B) and has to be estimated
from Tig. 1. Since it is certainly small and depends on all the bond moments intro-
duced, there has been no agreement about its value and even about its necessity. We
offered previously the opinion that it is not well evidenced!?, while in the literature!2+23
the estimates of 1-3 or 2-2 are reported; in either case the direction from the ether
oxygen to the carbonyl oxygen was a priori assumed, as suggested by the mesomeric
formulae 4 < B. From Fig. 1 the value of m, = 0-8 can be inferred for methyl

FiG. 2
Comparison of Squared Dipole Moments of
Peroxy Esters, Calculated and Experimental 5-

Shown arc experimental values by hatched !
circles, calculated values for varying angle 7 |
by full points with their connecting lines; |
on the x-axis compounds //7a and [Va, on o‘»
the y-axis 1116, 1Vd, 1Vf, 1Vh, respectively. 0} 5 10

b
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esters, its direction is, however, from the ether oxygen to carbon. There are, of course,
doubts about the physical meaning of this small value but the comparison with
amides?* is encouraging in this respect. The mesomeric moment increases from
esters (0-8) to amides (approximately 2) and N,N-dimethylamides (4-7) while its
direction is the samc in all the compounds, i.e. from N to C in the case of amides.
Irrespective of its physical meaning the vector m, can be introduced as an empirical
correction into the bond moment scheme. In the case of tert-butyl esters a greater
value is necesgary (m, = 1-5) which is understandable in terms of the enhanced
basicity of oxygen and parallels the difference between amides and N,N-dimethyl-
amides®*. In addition, another minor correction is requisite: rising the R—O group
moment by 0-7. This second correction is not easy to explain, it is e.g. just the opposite
of what would be expected from a deformation of C—C---C bond angles. It is also
not connected with solvent effects since the dipole moments in dioxan are very little
changed. We will regard it as purely empirical for the present purpose.

O Ol‘)

I
No— Noz

A B

We can now teturn to the peroxy esters and recalculate the anticipated dipole
moments with the above corrections. It means that the enhanced group moment was
introduced in the case of tert-butyl derivatives IV but the mesomeric moment m, = 0-8
was applied for both JIT and IV since we believed that the remote tert-butyl group in IV
cannot affect the mesomeric interaction in the same way as in V. The calculated
values are compared with experiment in Fig. 2 and in the last column of Table I.
The comparison reveals that the actual conformation is not far from planar, with ©
near to 180°. Unfortunately, the dipole moments are little sensitive to changes of
this angle just in this region so that even T = 160° must be admitted for tert-butyl
derivatives IV and the range of possible values for methyl derivatives I1I is approxi-
mately from 110° to 150°. Compared with the previous study® our results are some-
what more definite, the angle 7 found by us is larger and last but not least we assume

VI

no deformation of the carboxy group. With the large value of z the conformation of
peroxy esters is entirely different from that of the parent peroxy acids VI which is
controlled by an intramolecular hydrogen bond'®:?*. A common feature of both
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compounds might be, however, a flat potential energy curve since the angle 7 in VI
can attain as much as 170° inthe crystalline state?® when the intramolecular hydrogen
bond is replaced by an intermolecular one.

The measurement of dielectric constants and densities was carried out by Mrs M. Kuthanovd.
Department of Physical Chemistry, Prague Insti of Chemical Technology, Prague, under the
guidance of Dr V. Jehlitka. The aid of both is gratefully acknowledged.

REFERENCES

. Rogers M. T., Campbell T. W.: J. Amer. Chem. Soc. 74, 4742 (1952).

. Lobunez W., Rittenhouse J. R., Miller J. G.: J. Amer. Chem. Soc. 80, 3505 (1958).

. Aroney M. J., Le Févre R. J. W., Pietens R. K.: Aust. J. Chem. 20, 2251 (1967).

. Jehligka V., Plesnicar B., Exner O.: This Journal 40, 3004 (1975).

Kiss D., Oberhammer H., Brandes D., Blaschette A.: J. Mol. Struct. 40, 65 (1977).

. Oelfke W. C., Gordy W.: J. Chem. Phys. 51, 5336 (1969).

. Busing W, R., Levy H. A.: J. Chem. Phys. 42, 3054 (1965).

. Verderame F. D., Miller J. G.: J. Phys. Chem. 65, 2185 (1962).

. Exner O. in the book: The Chemistry of Double-Bonded Functional Groups (S. Patai, Ed.)
p. 1. Interscience, London 1977.

10. Exner O.: Dipole M in Organic Chemistry, p. 33. Thieme, Stuttgart 1975,

11. Exnper O., Jehlitka V.: This Journal 30, 652 (1965).

12. Lumbroso H., Schuijl P. J. W.: C. R, Acad. Sci., Ser. C, 264, 925 (1967).

13. Exner O., Jehlitka V., Firl J.: This Journal 36, 2936 (1971).

14, Brenner J. E., Knudsen G. A., Greene F. D.: International Symposium Chemie der Organischen

Peroxide, p. 100. Berlin-Adlershof 1967,

15. Milas N., Surgenor D.: J. Amer. Chem. Soc. 68, 642 (1964).

16. Wagner R. B., Zook H. D.: Synthetic Organic Chemistry, p. 481. Wiley, New York 1953.

17. Plesnidar B., Smolikova J., Jehlitka V., Exner O.: This Journal 43, 2754 (1978).

18. Exner O., Plesniar B.: This Journal 43, 3079 (1978).

19. Vogel A. I.: J. Chem. Soc. 1948, 1842.

20. Ref.!?, p. 14.

21. McClellan A. L.: Tables of Experimental Dipole Moments. Vol. 1 and 2. W. H. Freeman,
San Francisco 1963, and Rahara Enterprises, El Cerrito 1974.

22. Minkin V. L, Osipov O. A., Zhdanov Yu. A.: Dipole Moments in Organic Chemistry, Chapter
I11. 1. Plenum Press, New York 1970.

23. Huisgen R., Otto H.: Tetrahedron 6, 253 (1959).

24. Exner O., Papouskova Z.: This Journal 45, 2410 (1980).

25. Kavéié R., Plesnitar B., Hadzi D.: Spectrochim. Acta Part A 23, 2483 (1967).

26. Kim H. S., Chu S. - C., Jeffrey G. A.: Acta Crystallogr. Sect. B 26, 896 (1970).

I N N N

Collection Czechoslovak Chem. Commun. (Vol. 46] [1981]





