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Reliable ¢ Values for Some Strong Resonance Donor Substituents
By Sergio Clementi and Paolo Linda,” Istituto di Chimica Organica, Universita di Perugia, 06100 Perugia, ltaly

Reliable 6+ constants for some strong resonance donor substituents are evaluated by the Extended Selectivity
Treatment leading to the following values: 6%,.0x = —0:92, 6%5.0pn = —0-56. 6, xucome = —0°69. 6% pxm, =

~1-31, and 6+ p.xye, = —1°50.

¢ VALUES can be obtained either from a reference re-
action or by a statistical approach applied to the avail-
able data. A complete statistical framework of the
Hammett equation was recently developed,! and
suggested as the best way of estimating substituent con-
stants, since no reaction is theoretically better suited
to be a standard. On the other hand, statistical values

a statistical approach should be reliable when a large
amount of data is available, which is probably not the
case for the time being, at least for some substituents in
individual ¢ scales.

For the case of aromatic electrophilic substitution,
o* values were determined by Brown and his co-workers
from the solvolysis rate data of 2-arylpropy! chlorides 2

TABLE 1
log (Partial rate factors) for electrophilic reactions of phenol, diphenyl ether, acetanilide, aniline, and NN-dimethylaniline
No. Reaction ¢ OH OPh NHCOMe NH, NMe,
1 Pyrolysis of 1-arylethyl acetates, 327° —0-66 = 0-35°
2 lonisation of AryCOH, aq. H,SO,, 25°° —354 2-87¢ 1-62 ¢ 47371 5337
3 Protodegermylation of ArGeEt,, HCIO,;, MeOH-H,0, —3-97¢ 3-44¢ 1-59¢ 6-48¢
50°
4 Solvolysis of benzhydryl chlorides, EtOH, 25° —4-0h 2-33 %
5 Mercuriation, Hg(AcO),, AcOH, 25° —4-07 2-2974 2-447
6 Protodesilylation of ArSiMe,, HCIO,, MeOH-H,O, —4-34 4-03 * 1-95¢ 7-48% |
51°
7 lonisation of Ar,CHOH, aq. H,SO,, 25 ¢ —4:73 1:73¢ 9-467
8 Solvolysis of 1-arylethyl acetates, 309, EtOH, 25° —5T7m 2-80 ™ 9-81 m :
9 Solvolysis of 1-arylethyl chlorides, 50%, EtOH, 25° —57n 3-40°
10 Hydrogen exchange, aq. H,SO,, 100°, pH = 0 —757 7-00 7 9-76» 11-08 2
11 Protodetritiation, CF,CO,H, 70° —8:5m¢ 449"
12 Chlorination, Cl,, AcOH, 25° —10-0¢ 6-40 ¢
13 Bromination, Br,, H,0, 25° —11:6¢ 10-18* 13-91 %
14 Bromination, Br,, AcOH, 25° —12-11 11-82* 7-60 v 9-08 ¥ 19-50 v
¢ R. Taylor, G. G. Smith, and W. H. Wetzel, J. Amer. Chem. Soc., 1962, 84, 4817. & Ref. 8. ¢ ApK Values. ¢ Ref. 2. ¢ Ref.
9. 7 Ref. 10. 7 Ref. 11. #» Ref. 12. # Ref. 4. 7 Ref. 13. * Ref. 14. ! Ref. 15. ™ Ref. 16. » Calculated from data in
ref. 17, exlcuding OMe. ° Ref. 17. 7 Ref. 18. ¢ R. Baker, C. Eaborn, and R. Taylor, J.C.S. Perkin II, 1972, 97. r Ref. 19
* Ref. 20. ! Ref. 21. * Ref. 22. v Ref. 23. » This value was reported in ref. 4 without correction for the statistical factor.

are always dependent on the body of knowledge at the
time of evaluation and can never be ‘ final’. Therefore

t In the EST the statistical framework is involved twice,
since p valucs are by themselves statistical parameters. They
were first evaluated ® by plotting log f for the reaction
concerned against log f for the standard reaction; only the
data available at the time were obviously used, whereas they
might be now recalculated to include many more data.

and then tested statistically by the ‘ Extended Selec-
tivity Treatment ’ (EST).%t

The results from the EST obviously depend on the

1 S. Wold and M. Sjéstréom, Chemica Scripta, 1972, 2, 49.

2 H. C. Brown and Y. Okamoto, J. Amer. Chem. Soc., 1958,
80, 4979.

3 H. C. Brown and L. M. Stock, J. Amer. Chem. Soc., 1962,
84, 3298.
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number of available data; nevertheless good agreement
was found between the figures obtained from these
two approaches.t

The o, values for some strong resonance donor
groups (OH, OPh, NHCOMe, NH,, and NMe, are dealt
with in this paper) were not evaluated by the standard
reaction, mostly because of the °facile’ hydrolysis
of the chlorides involved. They were reported in later
reviews %7 as inaccurate, referring to a roughly weighted
average of a few electrophilic reactivity data as 6%, ox =
—0-92, G+p-01’h = —05, G+p-NHOOMe = —0-6, °'+p-NE[, =
—1-3, and otpNme, = —17.2* Since more reliable
values are needed for our studies in electrophilic sub-
stitution of heteroaromatic compounds, the EST was
applied to all the available data for these substituents.

RESULTS AND DISCUSSION

All the log (partial rate factors) listed in Table 1 were
available in the literature or were calculated from
reported data 82

The regression data, summarised in Table 2, were
evaluated by an equation restricted to go through the
origin. %

The values obtained for OH and NH, are coincidental
with those used so far, 7.e. —0-92 and —1-31 respectively,
whereas the o,* constants for the phenoxy- (—0-56)
and the acetamido- (—0-69) groups are slightly more
negative than the old averages, the correlation co-
efficients always being satisfactory.

* Moreover, unfortunately,
printed in ref. 5 as 0-00.
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°'+p~NKOOMe is probably mis-

J.C.S. Perkin II

On the other hand o*,.xue, is calculated as —1-50
instead of —1-70. The actual figure is significantly
less negative, thus becoming closer to o*,xu,, However,
this smaller value appears to be more reliable, since
the additional activating effect due to the methyl

TABLE 2

o¥, Values and regression data from EST

Group oty ne v
OH —0-92 6 0-999
OPh —0-56 10 0-990
NHCOMe —0-69 4 0-994
NH, —1-31 2 1-000 ¢
NMe, —1-50 8 0-989

¢ Number of points. ? Correlation coefficient. ¢ This

value, rounded to the third decimal place, is really less than
unity, since a theoretical origin treatment involves one more
point.

groups cannot be expected to be very large because of
incomplete resonance through the nitrogen atom.

Although we realize that these figures are only better
estimates of the substituent constants and not the
‘true’ values we do believe that they may be used with
more confidence than the older averages and hence-
forth they may be treated together with ot values
derived from the standard solvolysis reaction.

We thank Professor G. Marino for helpful discussions.
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