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nitrene and ethylene (Figure 10) or by hydrogen migration
and formation of methylmethylenimine. This step has not
been simulated, but by analogy with cyclopropane,® one
can consider that it is likely to occur through comparable
conditions. It leads to a molecule with a large internal
energy, which is likely to dissociate and to yield a methyl
radical. This sequence of elementary reactions may con-
stitute the first steps in the formation of the saturated
hydrocarbons experimentally obtained.

Other channels from the aziridine S, state are the for-
mation of carbene (path e) or nitrene (path h) by simul-
taneous two-bond scission. The first one involves a decay
from the S, to the S, surface under favorable conditions
(Figure 13). The second leads directly to the formation
of the fragments, following a PEC which has an inflexion
point but is continuously decreasing.

From the T, triplet state, every reaction path is likely
to occur, and no selectivity is predictable.

The second hypothesis assumes that aziridine is liable
to react only from its Rydberg states, experimentally more
easily accessible. In this case, only the CN bond rupture
appears likely to occur. It leads to the formation of the
intermediate I1I which can evolve as previously described.

In the condensed protic phase, the CC bond reactivity
is modified. The disrotatory mode involves an intersystem

(30) J. A. Berson, L. D. Pedersen, and B. K. Carpenter, J. Am. Chem.
Soc., 98, 122 (1976), and references therein.

crossing after overcoming a 0.3-eV barrier (point D, Figure
8). The conrotatory mode leads directly to the interme-
diate I in its Z; state after overcoming a 0.8 eV barrier
through a transition state which is near the products. It
appears that experimentally the first situation is more
favorable than the second. Let us note that intermediate
1 representes a stable species in its first singlet state,
contrary to the corresponding trimethylene in the opening
of the cyclopropane.?® This difference may explain why
the diradical can be trapped by cycloaddition in the case
of aziridine while it cannot in the case of cyclopropane.

In condensed protic media, the CC bond rupture ring
opening can thus compete with the CN bond rupture ring
opening, alone likely to occur in gas phase. Let us note
that the quantum yield of the former reaction can be
strongly reduced since the reverse cyclization reaction is
spontaneous, i.e., no barrier prevents it, contrary to the
CC bond rupture ring opening.

Registry No. Aziridine, 151-56-4.

(31) J. A. Horsley, Y. Jean, C. Moser, L. Salem, R. M. Stevens, and
J. S. Wright, J. Am. Chem. Soc., 94, 279 (1972).

(32) 1t is clear that our model overemphasizes the influence of hy-
drogen bonding in protic solvent. Indeed, in the water molecule, the local
charge on the hydrogen atom is only +0.3 eV [see, for example, M. S.
Gorden et al., J. Am. Chem. Soc., 97, 1326 (1975)] while we have taken
a +1.0 eV value. This crude model has been retained because a more
complicated one (several water molecules) should require calculations
beyond the scope of this paper in order to eliminate an arbitrary error
worse than the lack of precision of the present model.
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'H and ®C NMR shifts in Me,SO for molecules of type PhGX and F NMR shifts for molecules of type p-FPhGX
have been evaluated for measuring the direct effect of the substituent X on the contiguous group G (G = CH,,
CH(Ph), NH, O). The sensitivity of the substituent chemical shift (SCS) of the para monitor *C in a-substituted
benzhydryl derivatives Ph,CHX (2) is 0.9 times that of a-substituted benzyl derivatives PhCH,X (1), indicating
a negligible partitioning of the substituent effect between the two rings. Para monitor (:3C and '*F) substituent
chemical shifts in PANHX, where the X's are substituents capable of only polar-inductive (nondelocalizative)
interactions with the NH group, are linearly related with those of 1, but their sensitivities are more than 2 times
greater, indicating that the m-inductive effect plays an important role, together with a mesomeric component
effect inductively controlled by the substituent X. SCS’s in a-substituted benzyl derivatives 1 are linearly related
to the acidities of a-substituted p-toluic acids and to °F SCS’s in meta-substituted fluorobenzenes (6). SCS’s
of several substituents in substrates 1-3 are fitted by the reported o} values: there are, however, notable exceptions
(e.g., the CN substituent) which remain unaccounted for by the DSP (dual substituent parameter) treatment.
A basis set of reported o7 values which originate an excellent correlation for PhCH,X is defined: hitherto unreported
o1 values are then extrapolated together with new, adjusted o} constants for those substituents whose previously
reported values were unsatisfactory. The expanded, partially modified o5 scale gives excellent results with
benzhydryl derivatives 2 and with meta-substituted fluorobenzenes (6). Reasons for the deviance of the cyano
group and for the electron-withdrawing effect of the methy! group are proposed and discussed.

Molecules can be submitted to substituent-effect
treatment whenever they present a variable substituent
X, an involved (reacting) group G, and a monitor MON
as discernible entities.! Effects exerted on the group G
by a set of substituents X are evaluated by variations of
a detector, either a thermodynamic function connected to

(1) (a) L. P. Hammett, “Physical Organic Chemistry”, 2nd ed.,
McGraw-Hill, New York, 1970, Chapter 11; (b) R. W. Taft, J. Phys.
Chem., 64, 1805 (1960).

or a physical property of the monitor. In the thermody-
namic approach the detector for substituent effects is
represented by the ease (AG) or the barrier (AG*) of the
bond breaking or bond forming of the bond between the
involved (reacting) group G and the monitor, while in the
extrathermodynamic approach the detector is a property
(e.g., NMR chemical shift) of the same monitor eventually
bonded to the group G. Taft and co-workers presented
overwhelming experimental evidence for the usefulness of
o constants derived from °F NMR measures in predicting

0022-3263/80/1945-0105801.00/0 © 1980 American Chemical Society
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Table I. Substituent Polar-Inductive Parameters
entry substituent o1 ref o1 entry substituent o1 ref o1g?
1 H 0.0 b 0.0 18 PPh; f
2 Ph 0.10 b 0.10 19 2-pyridyl 0.12
3 CONMe, 0.14 20 3-pyridyl 0.15
4 CO,Me 0.26 b 0.30 21 4-pyridyl 0.18
c 0.18 22 CH=CHPh 0.10
5 COMe 0.20 b 0.28 23 CH=NPh
d 0.22 24 N=CHPh 0.25
6 COPh 0.21 25 N=NPh 0.19 g
7 CHO d 0.26 0.25 g )
8 COCF, 0.58 b 0.45 26 Me -0.04 b ~0.04" (0.04)
d 0.41 27 CH,CN 0.23 g 0.23
9 NO, 0.80 b 0.65 28 CH,COMe 0.10 j 0.06
10 CN 0.43 b 0.56 29 OH 0.25 b 0.22
c 0.45 0.16 c
11 SOMe 0.40 b 0.50 30 OMe 0.27 b 0.40
12 S0,Me 0.59 b 0.59 31 NH, 0.12 b 0.12
13 SOPh 0.46 32 NHCOMe 0.26 b 0.26
14 SO,Ph 0.62 33 NMe,' 0.92 g 0.92
15 S0 ,NMe, 34 Br 0.44 b 0.56
16 PO(OEL), 0.19 e 0.24 35 SPh 0.30
17 POPh, f e 0.37

¢ g1g are constants derived from benzyl systems 1:
¢ Me,SO-corrected values from ref 12.

values in italic form the basis set defined in the text.
Reference 23. ° Reference 24. ! Insolubility prevented determination of shifts

b Reference 2.

at the standard concentration. # Reference 12, * To be used when bonded to N, O, and C(sp?). ! To be used when
bonded to C(sp®). ’ Obtained from o*cqpme = 1.65 by assuming a methylene fall-off factor of 2.8 and oy = 0.450*,

reactivities:?> although the idea did not meet with general
consensus,’ recent results strengthen its validity.* Sub-
stituted phenols serve as a convincing example to show the
internal coherence of the thermodynamic and the extra-
thermodynamic approach: the O-H bond dissociation
constants (in H,;0)® are in fact linearly related to the 'H
chemical shifts (in Me,S0)® and to IR stretching vibra-
tions,” both of the O-H group.

Remoteness of the substituent from the involved (re-
acting) group G is the general, accepted constraint common
to Hammett, T'aft, and other classical systems.? To our
knowledge few and unsystematic attempts have been made
so far to account in terms of substituent effects for in-
teractions of contiguous functionalities.®

Using the extrathermodynamic NMR approach, we have
pursued the general possibility of accounting for direct
interactions between two adjacent functionalities. In this
series of papers we report results for molecules of type A

A
= 1ged® B L e
MON for 1-4 HC\,H C\,or FC\

1,G=CH,;2,G=PhCH;3,G=NH;4,G=0

(2) S. Ehrenson, R. T. C. Brownlee, and R. W. Taft, Prog. Phys. Org.
Chem., 10, 1 (1973), and references therein.

(3) W. Adcock and M. J. S. Dewar, J. Am. Chem. Soc., 89, 379 (1967).

(4) W. Adcock, J. Alste, S. Q. A. Rizvi, and M. Aurangzeh, J. Am.
Chem. Soc., 98, 1701 (1976).

(5) A. 1. Biggs and R. A. Robinson, J. Chem. Soc., 388 (1961), and
references therein for previous data.

(6) (a) M. T. Tribble and J. G. Traynham, J. Am. Chem. Soc., 91, 379
(1969); (b) R. J. Ouellette, Can. J. Chem., 43, 707 (1965).

(7) For a short but comprehensive review see: A. R. Katritzky and R.
D. Topsom, “Advances in Linear Free Energy Relationships”, N. B.
Chapman and J. Shorter, Eds., Plenum Press, New York, 1972.

(8) J. Hine, “Structural Effects on Equilibria in Organic Chemistry”,
Wiley-Interscience, New York, 1975, Chapter 3.

(9) (a) M. G. Hogben, R. S. Gay, A. J. Oliver, J. A. J. Thompson, and
W. A. G. Graham, J. Am. Chem. Soc., 91, 288 (1969); (b) D. R. Coulson,
ibid., 98, 3111 (1976); (c) W. A. Sheppard and R. W. Taft, ibid., 94, 1919
(1972); (d) J. W. Rakshys, R. W. Taft, and W. A. Sheppard, ibid., 90, 5236
(1968).

when submitted to substituent effect treatment by de-
tecting variations of remote magnetic monitors induced
by a set of substituents X directly bonded to the group G.
Evidence will be offered? that the para monitor’s response
depends on the nature of the interaction that the group
G is capable of sustaining with the substituent X: thus
where only polar interactions exist between the group G
and the substituent X, the para monitor will respond to
polar effects only, while when a resonance (delocalizative)
interaction between the group G and the substituent takes
place, the para monitor will respond to blended polar and
mesomeric effects of X.10

In this paper we will be concerned with the response of
various magnetic monitors to polar-inductive effects ex-
erted by substituents X. We have considered either
“formally” saturated groups G (G = CH,, CH(Ph)) bonded
to any substituent X or groups possessing available elec-
tron pairs (G = NH, O) bonded only to those substituents
X incapable of any delocalizative mesomeric interactions
with G. Effects of substituents in substrates 1-4 will be
compared with those found in a-substituted p-toluic acids
(5)!! and in meta-substituted fluorobenzenes (6).12 The

XCHZO_COOH x

5 £
6

acidity dependence of acids 5 as function of the « sub-
stituent provides the thermodynamic counterpart of the
present study.

Transmission of substituent effects in a-substituted
toluenes has been previously investigated as part of the
correlation of physical and chemical properties with mo-
lecular structure.®®'® The 3C, dependence of a-substi-

(10) (a) S. Bradamante and G. A. Pagani, J. Org. Chem., following
paper in this issue; (b) S. Bradamante and G. A. Pagani, unpublished
results; (c) for a very preliminary account see: S. Bradamante, F. Gianni,
and G. A. Pagani, J. Chem. Soc., Chem. Commun., 478 (1976).

(11) O. Exner and J. Jonas, Collect. Czech. Chem. Commun., 27, 2296
(1962).

(12) R. W. Taft, E. Price, I. R. Fox, 1. C. Lewis, K. K. Andersen, and
G. T. Davis, J. Am. Chem. Soc., 85, 709 (1963).
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Table I1.¢ F and *C Shifts (ppm) of PhCH,X and Ph,CHX
PhCH,X Ph,CHX
entry X ®Fp C, Cm Cp Cipso Co Ci Cp Cipso

1 H 44.43 130.38 129.69 126.81 138.82 129.85 129.85 127 .43 142.72
2 Ph 45.59 129.85 129.85 127.48 142,72 129.81 130.52 127.72 145.25
3 CONMe, 45,95 130.45 129.65 127.67 137.43 129.68 130.36 127.99 141.70
4 CO Me 46.87 130.78 129.83 128.28 135.84 129.92 129.92 128.53 140.45
5 COMe 46.41 131.04 129.78 128.01 136.39 129.97 130.33 128.34 140.42
6 COPh 46.42 131.25 130.23 128.04 136.54 129.99 130.51 128.28 140.88
8 COCF, 131.44 129.67 129.90 132.45

9 NO, 131.91 130.27 130.98 130.77

10 CN 48.07 129.61 130.47 129.13 132.86 128,95 130.70 129,51 138.15
11 SOMe 48.42 131.47 129.59 128.96 132,75 129.92 131.06 129.32 138.80
12 SO . Me 132.33 129.97 129.83 130.61 130.20 151.11 129.91 135.40
13 SOPh 48.64 131.89 129.56 129.28 130.54

14 SO,Ph 49.48 132.41 129.48 130.10 128.76 129.92 131.32 130.31 135.01
16  PO(OEt), 46.48 131.23 129.69 127.93 133.75

17 POPh, b

19 2-pyridyl 130.37 129.83 127.58 141.30

20 3-pyridyl 130.14 130.14 127.71 141.97

21 4-pyridyl 130.34 130.07 127.86 141.04

22 CH:=CHPh 129.98 129.98 127.49 141.53

24 N=CHPh c c 128.25 141.08

26 Me 129.29 129.85 127.16 145.29

27 CH.CN 129,92 129.92 128.18 140.34

28 CH,COMe 129.70 129.70 127.29 142.64

29 OH 46.49 127.88 129.48 128.08 143.98 127.81 129.60 128.22 145.68
30 OMe 128,97 129.71 128.97 139.73 127.98 129.80 128.72 143.90
31 NH, 128.44 129.51 127.57 145,73

32 NHCOMe 128.75 129.72 128.18 141.09

33 NMe,* d 134.33 130.32 131.70 129.98 130.71 132.60 131.40 134.52
34 Br 49.63 130.13¢ 130.73¢ 129.77 139.48

35 SPh 47.47 130.40°¢ 130.25°¢ 128.51 137.64 129.55 130.06 128.70 142.57

@ 13C shifts are relative to (trimethgflsilyl)propanesulfonic acid sodium salt; " F shifts are relative to C,F, (see text). b In-

soluble, ¢ Assignment uncertain. Bromide as counterion.
Table III. *H, "*F, and '*C Shifts (ppm) of PANHX
!3C
entry X 'H, YFp ortho meta para ipso
1 H 6.502 32.88 115.39 130.23 117.14 151.03
26 Me 6.514 32.66 113.05 130.04 116.69 150.69
27 CH,CN 6.725 114.53 130.55 119.36 148.07
29 OH 37.21 114.47 129.86 120.68 153.54
30 OMe 6.818 38.73 114.57 130.21 121.77 150.77
31 NH, 6.586 34.36 113.20 130.02 118.44 153.65
32 NHCOMe 6.700 36.19 113.62 130.10 119.87 150.85

tuted toluenes in CDCI; has been studied'* by the DSP
treatment and was interpreted to be dominated by the
polar term of the substituent accompanied by a resonance
contribution of opposite sign. Results of this analysis have
been recently rejected by Kitching and Adcock,!® according
to whom the CH,X substituent as a whole exerts compa-
rable polar-inductive and resonance contributions.
Table I reports the set of substituents!® which will be
considered in this and future papers'® concerning sub-
strates PhGX where G = Q,1% NH,%a¢ N-(Nat*),10
CH-(Met*),19%¢ and PhC-(Met*).!?* Their filing follows
chemical analogy, although it has been impossible to
consider all of them for each group G. Dimethyl sulfoxide
(Me,S0) was chosen as a solvent for recording NMR
spectra of all compounds because of its special merits!” and

(13) (a) W. Adcock, M. J. S. Dewar, and B. D. Gupta, J. Am. Chem.
Soc., 95, 7353 (1973); (b) W. Adcock, B. D. Gupta, and W. Kitching, J.
Org. Chem., 41, 1498 (1976); (¢) S. K. Dayal, S. Ehrenson, and R. W. Taft,
J. Am. Chem. Soc., 94, 9113 (1972).

(14) M. J. Shapiro, J. Org. Chem., 41, 3197 (1976).

(15) W. Kitching, V. Alberts, W. Adcock, and D. P. Cox, J. Org. Chem.,
43, 4652 (1978).

(16) We could not conform to Taft’s suggestion? of using his proposed
minimal basis set because in the cases of substrates 3 and 4 some of the
compounds are unknown (e.g., PhONO,) or too unstable (e.g.,, PANHBr).

in particular for the following reasons: (a) correlations of
o~ values with NH; or OH chemical shifts of substituted
anilines'® and phenols® are particularly successful in this
solvent and show higher sensitivities relative to other
nonpolar aprotic solvents;'® (b) in considering carbanions
as substrates having direct interactions with contiguous
substituents, Me,SO appears to be the solvent of choice,
and in fact cations are believed to be extensively coordi-
nated by Me,S0O,% thus causing alkali carbanides to be
present as solvent-separated rather than intimate ion pairs.
Disadvantages in the use of Me,SO as solvent arise from
the possibility of its specific interactions with polar (e.g.,
C=N)2 or proton-donating (acidic) groups (e.g., OH).?

(17) E. Buncel and H. Wilson, Adv. Phys. Org. Chem., 14, 133 (1977).

(18) B. M. Linch, B. C. Macdonald, and J. G. K. Webb, Tetrahedron,
24, 3595 (1968).

(19) {(a) W. G. Paterson and N. R. Tipman, Can. J. Chem., 40, 2122
(1962); (b) L. K. Dyall, Aust. J. Chem., 17, 419 (1964).

(20) (a) T. E. Hogen-Esh and J. Smid, J. Am. Chem. Soc., 87, 669
(1965); (b) ibid., 88, 307 (1966); (c) ibid., 89, 2764 (1967); (d) A. F.
Cockerill and R. T. Hargraves, J. Chem. Soc., Chem. Commun., 915
(1969); (e) A. J. Parker, Q. Rep. Sulfur Chem., 3, 185 (1968).

(21) (a) C. D. Ritchie, B. A. Bierl, and R. J. Honour, J. Am. Chem.
Soc., 84, 4687 (1962); (b) C. D. Ritchie and A. Pratt, ibid., 86, 1571 (1964);
(c) J. Phys. Chem., 67, 2498 (1963); (d) ref 12.
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Experimental Section

All new compounds were obtained commercially or were pre-
pared by using standard methods: unknown fluorinated com-
pounds were synthesized in analogy with their unlabeled coun-
terparts. All new compounds gave satisfactory analytical data.
The °F and 'H spectra were recorded on an HA-94-100 D Varian
spectrometer using 0.2 M sample solutions in Me,SO (3.3 mm
o.d. tubes). 'H spectra of substrates 4 were obtained on a WH
270 Bruker spectrometer. Shifts were measured relative to 3-
(trimethylsilyl)propanesulfonic acid sodium salt (TPS) as internal
reference. '°F shifts were measured relative to trifluoroacetic acid
(neat) as external reference and then converted into shifts relative
to hexafluorobenzene by using the relationship® é¢,p, = 5cpscozn
+ 84.4. 13C spectra were obtained on either an XL-100-15 or an
XL-100-12 WG Varian instruments at 25.18 MHz, using 0.33 M
sample solutions in Me,SO-dg (12 mm o.d. tubes): 16K data points
were collected over a spectral width of 5000 Hz, resulting in a
resolution of 0.05 ppm. Chemical shifts are relative to TPS as
internal reference. Assignments of aromatic carbons were based
on proton-coupled spectra.'?

Results

Tables II-1V report *C and °F data for substrates 1-4.
The number of substituents is necessarily limited to 6 or
7 for G = NH and 3 or 4 for G = O, because of the re-
striction we imposed to the nature of substituents. For
clarity, correlations are schematized as intermonitor, in-
terpositional, Hammett-type, and DSP correlations. In-
termonitor correlations are obtained by plotting shifts
induced by a set of substituents on a monitor at a fixed
position of one substrate vs. shifts induced on another
monitor at the same position of the same family of sub-
strates (e.g., °F, of p-fluoroaniline vs. 3C, of aniline).
Interpositional correlations are obtained by plotting shifts
induced by a set of substituents on one monitor at two
different positions (e.g., '"H, vs. 'H,,). Intersystem corre-
lations are obtained by plottmg variations of shifts,
thermodynam1c functions, etc. induced by a set of sub-
stituents in two different substrates (e.g., 3C, of 1 vs. pK,
of 5). Hammett-type and DSP correlations have the usual
significance. Results of the correlations are reported in
Tables V-VIII.

Entries 1-4 of Table V report intermonitor correlations
for 1°F, and *C,: the excellent fits show that fluorine is
more sens1t1ve by a factor of 1.2-1.6. Entries 5 and 6 report
fitting parameters for plots of 13C, shifts in Me,SO vs. 13C,
shifts in CDCly,* and an excellent correlation is found if
the point for X = OH is omitted; evidently, the OH group,
because of its hydrogen-bonding capacity, can be solvated
by Me,SO and CDCl; in widely different ways. Data here
available allow interpositional correlations only of *C, vs.
13C, and 18C,, for substrates 1-4. No correlation whatsoever
is found this result is in line with what is known in mo-
nosubstituted benzenes?®d but is in contrast with recent
findings of successful C,/C,, and F,/F,, correlations ob-
tained for 1-X-substituted 4- phenylb1cyc10[2 2.2]octanes.?e
Interpositional correlations will be further considered and

(22) (a) D. Gurka and R. W. Taft, J. Am. Chem. Soc., 91, 4794 (1969);
(b) R. W. Taft, D. Gurka, L. Joris, P. v. R. Schleyer, andJ W. Rakshys,
tbid., 91, 4801 (1969); (c) L. Joris, J. Mitsky, and R. W. Taft, ibid., 94,
3438 (1972)

(23) J. Bromilow, R. T. C. Brownlee, V. O. Lopez, and R. W. Taft, J.
Org. Chem., in press.

(24) W. Prikoszovich and H. Schindlbauer, Chem. Ber., 102, 2922
(1969).

(25) K. Jones and E. F. Mooney, Annu. Rep. NMR Spectrosc., 3, 262
(1970).

(26) (a) H. Spiesecke and W. G. Schneider, J. Chem. Phys., 35, 731
(1961); (b) T. K. Wu and B. P. Dailey, ibid., 41, 2796 (1964); (¢) G. E.
Maciel and J. J. Natterstad, ibid., 42, 2427 (1965); (d) G. L. Nelson, G.
C. Levy, and J. D. Cargioli, J. Am. Chem. Soc., 94, 3089 (1972); (e) W.
Adcock and T.-C. Khor, tbid., 100, 7799 (1978); (f) S. K. Knudson and
J. P. Idoux, J. Org. Chem., 44, 520 (1979).
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commented on in the accompanying paper.i®

Entries 1-10 of Table VI report fitting parameters of
NMR intersystem correlations (chemical shifts vs. chemical
shifts), while entries 11~20 report chemical shifts vs. pK,
and pK, vs. pK,. Before the results are analyzed, it is
convenient to recall that least-squares treatments confer
a strong weight to initial and final points:?” small varia-
tions in the positions of these points induce large differ-
ences in the fitting parameters of the equation. This
consideration is in order since a significant discrepancy of
the effect of the methyl group relative to hydrogen is ob-
served in series 1-4, and indeed these points are our initial
ones. In substrates 3 the methyl SCS is negative (high field
shift = methyl electron donor) while in substrates 1 and
4 the SCS is positive (low field shift = methyl electron
withdrawing). The positive methyl SCS in series 4 is,
however, fictitious since the 13C,, shift of phenol (X = H)
is at abnormally high field due to the partial proton
transfer to Me,;S0.22 The methyl SCS indeed becomes
negative on using the extrapolated!®® value for phenol
predicted in the absence of any solvent interaction. If the
opposite sign of the methyl SCS in substrates 1 relative
to 3 and 4 is retained, a considerable uncertainity is in-
troduced in every correlation (intersystem, Hammett type,
etc.) in which data of the benzyl derivatives 1 are used.
This consequence would be quite annoying, since the
toluene series 1, because of the availability of its numerous
substituents, has the requisite for being considered a
reference series, analogous to that represented by meta-
substituted fluorobenzenes (6). To avoid this, we assumed
arbitrarily, in analogy with series 3 and 4, a negative
methyl SCS for toluene derivatives 1 and corrected the
experimental ®C, shifts of toluene (X = H) and of
ethylbenzene (X = Me) on the basis of results of inter-
system correlations of 1 vs. 2 and of 1 vs. 3, having in mind
the reservation of discussing later the “‘exceptionality” of
the methyl substituent. An excellent fit is obtained for
the intersystem correlation of substrates 1 and 2: com-
parison of entries 2 and 3 (Table VI) shows that the point
for X = OMe is slightly deviant. The correlation in which
the point X = H has been omitted (entry 1) is sufficiently
determined and precise enough to be used for extrapolating
the calculated chemical shift for X = H in substrates 1
(toluenes): such a value (127.01 ppm) is very close to the
experimental one and indicates that it is in ethylbenzene
that some special effect occurs. To extrapolate the cor-
rected value of the 3C,, shift in ethylbenzene, we used the
intersystem correlatlon between substrates 1 and 3. There
are available seven experimental points (entry 4), and it
appears that the OH group is deviant, since its omission
(entry 5) increases considerably the correlation coefficient.
Use of the correlation in entry 6 of Table VI, in which the
Me and OH points have been omitted and the H point has
the corrected value (to maximize the precision of the
correlation), gives an extrapolated value of the *C, shift
in ethylbenzene of 126.85 ppm: the difference w1th the
experimental value (0.3 ppm) is larger than that found for
the H substituent. Entry 7 of Table VI reports the good
fitting parameters of the intersystem correlation of sub-
strates 4 vs. 1, showing a sensitivity ratio of about 1.5: the
correlation, however, has a limited significance because of
the paucity of data and because corrected '3C, chemical
shifts both for ethylbenzene (126.85 ppm) and for phenol

(27) (a) H. H. Jaffé, Chem. Rev., 53, 191 (1953); (b) O. Exner in
“Advances in Linear Free Energy Relationships”, N. B. Chapman and J.
Shorter, Eds., Plenum Press, New York, 1972.

(28) A. R. Katritzky and R. D. Topsom, J. Chem. Educ., 48, 427
(1971).



J. Org. Chem., Vol. 45, No. 1, 1980 109

Interactions between Contiguous Functionalities G-X

11 29uRaa)ey ; "GT dudIsdy , (H = X) punodwod jussed ay) Jo jetf} 0} POIL3Fax 2)RIISANS PIININSGNS € UT JOJIUOW PdJEIIPUL 3Y} JO SYIYS
are synduy , “UOIIE[ALL0D O} UY LSSIOS(E S Pajiodal st (X UWN[0D) JOJIUOW dSOYM WIISAS , "UOIIB[2II00 BY) UT IJBUIPLO S pajrodal st (£ UWNjod) I0JUOW dSOYM WIBSAS ,
‘syndul s pasn aur JIYS [BITWDYD JO seNjes [jusawiLiddXa Jo peajsul paje[nd(ed ‘X ‘HOYd 10J 12y} 91ed1pul (O ‘ x11) SIUaNISqNS PoySLIdISY  ")Xa] 3} 995 UOTUIJaP 10 ,

‘HNOD + 8T A&xjud se L 2060 68T 020 *¥6°0 07
HO + 81 Anjus se L 3L6°0 £8°0 IT0 90T 61
SWODHN °WO ‘NDd‘Uud'H 9 0660 980 LO0 TE0T JSOWTyd  HOW ™ yd H'OOUd'HOX-d  H'ODUd'HOX-d 81
NO + G Anjuo se L 6060 €C' LT £€0°0 +9T°0— LT
ag + g7 Axjuo se L 6.6°0 6795 100 +ST°0- 91
HO + %1 Anjuod se 9 £€86°0 SLVE 100 + $1°0 - . 61
Ud oS OWODHN WO ‘Ud'H S ¢86°0 19'%3 100 7%¥L0-  4SOWTyd o ¥1
NO + 1T Arpusse 9 0£6°0 8E°LT £€0°0 7 L1°0- €1
HO + IT Anjuase g ¥86°0 61°¥3 10°0 *¥1°0— ) 31
ig OWODHN WO ‘Ud‘H ¢ L66'0  ¥V'¥T 100 i yro— [ HOMTyd 9Dex X'HOUd  HOOUd'HOX-d  TT
O ‘«H Ynm g Anjue se 8 3860 ¥5°0 LO'0 F L6°0— o1
NO + g Anjuo se 6 1¥6°0 980 11°0 7680~ 6
A0 WO WO ‘19 D00 ‘TON ‘ud °W 8 0L6°0 98°0 600 F360— Pt e, pX“HOUd pXudd-w 8
SINOD*HD ‘NO'HO ‘«dW ‘«H ¥ 886°0  ¥8EL- Q10 *¥S'T e Der X*HOUd Xoud L
9N O ‘OWODHN ‘“HN ‘ND°HD ‘+H g 1660 €9°9LI— 810 +1€'% 9
HO - ¥ &xua se 9 0L6°0 FT'OLT— 6%°0 7 T€'Q G
HO ‘OO0 °INOOHN ‘“HN ‘ND*HD °W ‘H L Y960 60 L8T— LE'0 685 ex o X HOuUd XHNud 14
SO + g A1juo se 1 886°0 eI LT $0°0 *98°0 g
H + 1 Anjus se €1 ¥66°0 08°9T 300 7 L8O r4
HO ‘4dS ‘FoIN PINOS ‘4d 08 PN 08
‘NO ‘UdOD PWOD PN 0D ““PBINNO0D ‘ud gl 766°0 gO¥1L €00 ¥ 68°0 Dex ey X HOud XHOud 1
sjuanjIIsqns u a jdaoiequl adols £ x >g wa)shs qV woyshs A1jua

,SUOITE[RLIO)) WIISASIDIU] TA 2Iqel

WTIOAO W SYIYS ,  (CTI 219RL) OSTRI Ul SIIYS ,  "1X3) 8Y} 238 Uoiiulysp 104 ,

HO + ¢ fnjuase 9,60 1%3%- 0107101 9

ig oW “ON‘ND‘Ud‘H 9 ¥660 €3G 900 *€0T  >%a %  XHOWd ¢

dINO °INODHN ‘‘HN ‘HO®W‘H 9 L660  ¥SLOT— G0'0 7031 e o XHNUd ¥

ig ‘4ds ‘4dOS PWOS + g Ayuese  §I 1660 $ST191- 900 391 t

H+14Anuase (0l 8660 €9G6¥T— F$00+091 g

HO ““(10)0d ‘4d*0S ‘ND ‘Ud0D

OWOD OW 0D ‘PMNNOD ‘Ud 6 6660 VE6ET - €00 ST T 9 X'HOWd T

sjuoanIIISqNs u 4 jdeoaajur adojs £ x wasAs Axpue

pSUOIIR[III0)) IOHUOWI] ~ A d[qe],

T'6ST 93¢°G¢1 06°0¢1 G6'G1T SOOI HD R¢
68 LST I6°€31 9z 181 REATI {RO°L NOHD LT
97’191 16°13G1 06°0¢1L 9¢°GT1L 16°Q¢ 0669 o 9%
8G'8SGT GG 0G1 08°0¢1 N \llmhlmwﬁ GG9¢ £€8L°9 H 1

osdi exed vlow oyuo &hz QE_ X A1juo
Des

XO0ud yo (wdd) syiys O, pue ‘J ‘H: Al 2l9eL



110 J. Org. Chem., Vol. 45, No. 1, 1980

Hammett-Type Correlations?®

Table V1I.
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Ph,CHX
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as entry 9 + CONMe,, COPh, SO,Ph, SPh

as entry 10 + OMe

H, Me, CH,CN, OH, OMe, NH,, NHCOMe
H, Me, CH,CN, OMe, NH,, NHCOMe

Ph, CO,Et, COMe, COCF,, CN,° NO,, Me, OMe, Br

as entry 14

3
4
7
6
9
9

0.995
0.989

127.38
127.36

446+ 0.19

4.49 + 0.14
13.25+ 2.17

=
—

0.939

117.07

PhNHX

0.996

117.08

11.17 + 0.52

13
14
15

0.970

1.57
0.53

—-6.36 = 0.60
-5.04 + 0.36

m-FPhX

0.982

¢ For asterisked substituents see footnote a in Table VI.

b The op 1 set is formed by Taft’s? polar-inductive constants reported in Table I; the oy corr set contains “Me,SO cor-

rected”’ constants for CN, CO,Me, and OH; the oy set is the new adjusted and complemented set proposed in this work.

¢ Using og = 0.56.
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(122.08 ppm)® have been used. Entries 8-10 of Table VI
report fitting parameters for plots of '°F shifts in meta-
substituted fluorobenzenes (6)2 vs. 1*C,, shifts of substrates
1, both in Me,SO solution. Considering all the available
nine substituents, only a fair correlation is found (entry
9): upon the exclusion of the deviant cyano group (entry
8) and inclusion of the predicted values for X = H and Me
for toluenes 1 (entry 10), good fits are obtained. Entries
11-18 of Table VI report fitting parameters for plots of
pK, values of a-substituted p-toluic acids (5) determined!
in 50% (by volume) aqueous ethanol and 80% (by weight)
aqueous methyl Cellosolve (MCS) vs. 13C, shifts of sub-
strates 1. The results show a satisfactory linear correlation
provided that the deviant CN and OH points are omitted.
Although the OH substituent decreases the r values of
correlations 11 and 14 (Table VI), its influence on the
slopes, unlike the CN group, is negligible. Entries 18-20
report fitting parameters for plots of the pK, values de-
termined in the two solvents: these correlations show that
groups capable of different hydrogen bonding with the two
solvents (X = OH and CONH,) decrease considerably the
goodness of the correlations.

Entries 1-11 of Table VII show correlations of '3C,, shifts
relative to substrates 1-2 with previously reported o;
constants. Of the overall 29 substituents considered for
substrates 1, there are available only 18 ¢1 values, and for
the overall 14 substituents considered for substrates 2 there
are available only nine o; values. The 18-point lines ob-
tained for substrates 1 by using either experimental or
predicted shifts for X = H and Me (entries 1 and 2, re-
spectively) are fair but not completely satisfactory:
somewhat deviant points appear to be X = OH, OMe, Br,
CN, COMe, and NO,. Although statistically imprecise, the
p; value obtained with the 18-point line of entry 1 is
physically significant: in fact the ratio of pr’s for substrates
1 and 2 is very close to the slope of the intersystem cor-
relation of substrates 1 and 2 (4.36/5.15 = (.85, to be
compared with the experimental value 0.87 £ 0.2 of entry
2 of Table VI). Instead, 1*C,, shifts of substrates 2 respond
linearly to o7 values with an appreciably high degree of
precision (entry 7, Table VII). Exclusion from correlations
1 and 2 of substituents either apparently deviant (X =
OMe, Br) or with possibly solvent-dependent o7 values (X
= QH, CN, CO,Me, COMe, SOMe, NO,) originates very
good eight-point lines whose fitting parameters are re-
ported as entries 3 and 4 (Table VII). Introduction of the
CN, CO,Me, and OH points, with either normal or “Me,SO
corrected” oy values!? (entries 5 and 6, Table VII), de-
creases the slope and the r values but in the latter case less
than in the former. Instead, comparison of entries 7 and
8 (Table VII) shows that for substrates 2 the goodness of
the fit is insensitive whether normal or “Me,SO corrected”
o1 values are used. Because of its imprecision, the 18-point
correlation of entry 1 (Table VII) cannot be used to ex-
trapolate any new o7 value: however, the eight-point
correlation reported in entry 4 (Table VII) appears suf-
ficiently determined and precise enough to extrapolate
adjusted o7 values for those substituents excluded from the
correlations and for the nine substituents with hitherto
unreported ¢y values. Table I reports such new values
anchored to the Taft o7 values of eight substituents chosen
as a basis set (NH,, NHCOMe, Ph, CH,CN, SO,Me,
NMe,;*, H, Me). Systems 2 and 6 have been used to check
in a stepwise fashion the validity of the adjusted and of
the new o; constants. Experimental data thus have been
treated either with Taft’s or with the newly calculated o;
constants, and the results are reported in entries 12-15 of
Table VIL. 13C, shifts of substrates 3 correlate poorly with
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Table VIII. Fitting Parameters for DSP Treatment of PhCH,X
entry x y z P1 PR f SD n substituents
1 oy UC, oge 5,55 -0.06 0.17 0.32 8  Ph,CO,Me, COMe, NO,, Me, NH,, NHCOMe, Br
2 o1,T ‘3Cp CRBA 5.55 0.05 0.17 0.32 8 as entry 1
3 opr PC, oRe 497 -0.66 0.22 043 11 asentry 1+ CN, SOMe, OMe
4 oy “Cp, ogpa 495 -039 023 043 11 asentry3

Taft’s o7 values (seven points, entry 12); an almost perfect
six-point line is obtained, however, by changing the ¢; value
of the OMe from the tabulated 0.27 to the aforedetermined
0.40 and by omitting the OH point (entry 13). The slope
of the line is in accord with that predicted from the in-
tersystem correlation between substrates 1 and 3
(11.17/5.03 = 2.22, to be compared with the experimental
2.31 + 0.18 of entry 6 in Table VI). Entry 14 of Table VII
reports the good fitting parameters obtained from the
correlation of '3C, vs. o7 values in system 4: phenol is a
coherent point provided that the extrapolated value is
used.!%

Entries 1-4 of Table VIII report fitting parameters for
DSP treatment of '3C,, shifts induced by 11 substituents
in system 1. Both og. and oggs sets have been checked:
in both cases the f and SD values are out of the range of
acceptability defined by Taft and co-workers.? No im-
provement in the fitting parameters is obtained on omit-
ting the OMe, SOMe, and CN points (Table VIII, entries
1 and 2).

Meta 13C shifts in substrates 1-4 are considerably less
sensitive than '*C,, to the effects induced by substituents
X. The SCS of this monitor are not accounted for by any
type of correlation (intersystem, e.g. vs. °F,, in meta-
substituted fluorobenzenes; Hammett type, e.g. vs. a;
values). Even intersystem correlations obtained by plot-
ting 1®C,, of one substrate vs. 13C,, of another substrate are
unsuccessful.

Discussion

Resuits here reported clearly show that para monitors
(H, 9F, 13C) of substrates 1-4 respond linearly to polar-
inductive interactions that the substituent X sustains with
the group G. This is manifested by the good quality of
intersystem relationships which afford relative sensitivities
of different substrates and of different monitors. As a
corollary, the para monitor SCS’s respond to ¢ constants
defined by Taft, although a number of deviances are found.
The Discussion section will treat different substrate’s
sensitivities in connection with mechanisms of transmission
of effects, plausible reasons for variance of substituent
effects of some groups, including that of the methyl group
bonded to a saturated carbon.

Transmission of Polar-Inductive Effects. Several
mechanisms of the polar category have been proposed for
the transmission of effects. o-Inductive effects are the
consequence of the transmission through ¢ bonds of the
inductive electron withdrawal or repulsion exerted by the
X substituent. Direct- (electrical) field effects arise by
through-space polarization, induced by the polar X group,
of the bonds by which the monitor is linked (e.g., the C-¥F
bond): their magnitude depends upon angle and distance
factors., m-Inductive effects are due to the benzene = cloud
polarization and cause aromatic charge redistribution:
their magnitude depends upon the nature of the inter-
vening dielectric material. Hyperconjugative effects arise
because of C-X and/or C-H hyperconjugation with the
benzene 7 cloud. Taft® and Stock®® suggested that =-in-

(29) S. K. Dayal, S. Ehrenson, and R. W. Taft, J. Am. Chem. Soc., 95,
5595 (1973); (b) J. Fukunaga and R. W. Taft, ibid., 97, 1612 (1975).

ductive effects play an important role: Reynolds,!
Brownlee and Topsom,?? and others?® have stressed, on
grounds of firm experimental and theoretical evidence, that
7 effects can even be dominant, depending upon the
substrate.

Recently Utley,?* using one single framework alterna-
tively substituted at two different positions, was able to
directly compare sensitivities to field and to field plus
m-inductive effects of substituents. The substituent effects
exerted by CH,—X groups, either present as a side chain
or embedded in a ring fused onto a benzene or naphthalene
nucleus bearing the magnetic monitor, have been inves-
tigated by both Dewar’s and Adcock’s group. Dewar has
concluded that the s-inductive effects are unimportant®
for 1°F chemical shifts compared to electrostatic polari-
zation of the C—F bond and to hyperconjugative effects.!%
Hyperconjugative charge transfer to the aromatic rings is
favored by Sheppard® and McBee? in the case of halo-
methyl groups and by Adcock®® even for the tricyano-
methyl group. Cooperation of both w-inductive and di-
rect-field effects is elsewhere admitted by Adcock,!3%3
while direct-field effects are predominant in substrates in
which the substituent is very remote from the monitor as
in 1-substituted 4-(p-fluorophenyl)bicyclo{2.2.2]octanes.*
It has been pointed out that the controversy is semantic.’°

If substituent effects were transmitted to '3C, of sub-
strates 1 and 2 by the =-inductive and/or the direct-field
effects exclusively, one would expect equal monitor sen-
sitivities in the two cases; if, however, substituent effects
were transmitted by the s-inductive mechanism exclu-
sively, one would expect the sensitivity of system 2 to be
half of that of system 1 as a result of equal partitioning
of the effect between the two rings. This is not found, and
the actual response in 2 is 0.9 times that in 1. We interpret
this result as evidence that negligible partitioning of the
effect occurs, and thus w-polarization and/or the direct-
field effect are predominant mechanisms of substituent-
effect transmission.

Substituent chemical shifts for substrates 3 are nicely
related in a linear way to those of substrates 1: their
sensitivity however is more than two times greater. Besides

(30) G. L. Anderson, R. G. Parish, and L. M. Stock, J. Am. Chem. Soc.,
93, 6984 (1971).

(31) W. F. Reynolds, L. R. Peat, M. H. Freedman, and J. R. Lyerla,
Can. J. Chem., 51, 1857 (1973); W. F. Reynolds and J. K. Hamer, J. Am.
Chem). Soc., 98, 7296 (1976); (c) W. F. Reynolds, Tetrahedron Lett., 675
(1977).

(32) R. T. C. Brownlee, G. Butt, M. P. Chan, R. D. Topsom, J. Chem.
Soc., Perkin Trans. 2, 1486 (1976).

(33) A. Ricei, F. Bernardi, R. Danieli, D. Macciantelli, and J. H. Ridd,
Tetrahedron, 34, 193 (1978).

(34) J. P. H. Utley and S. O. Yeboah, J. Chem. Soc., Perkin Trans. 2,
766 (1978).

(35) (a) M. J. S. Dewar and P. J. Grisdale, J. Am. Chem. Soc., 84, 3548
(1962); (b) M. J. S. Dewar and A. P. Marchand, ibid., 88, 3318 (1966); (c)
M. J. S. Dewar, R. Golden, and J. M. Harris, ibid., 93, 4187 (1971).

(36) W. A. Sheppard, Tetrahedron, 27, 945 (1971).

(37) E. T. McBee, L. Serfaty, and T. Hodgins, J. Am. Chem. Soc., 93,
5711 (1971).

(38) W. Adcock and D. P. Cox, Tetrahedron Lett., 2719 (1976).

(39) W. Adcock and B. D. Gupta, J. Am. Chem. Soc., 97, 6871 (1975);
see also previous papers.

(40) W. Adcock and T.-C. Khor, Tetrahedron Lett., 3063 (1976).
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the aforeoutlined mechanism of transmission of effects in
CH,X-substituted benzenes, another important mecha-
nism can be envisaged in NHX-substituted benzenes. The
substituent X can operate an inductive electron withdrawal
(or donation) on the = electrons of nitrogen: the reduced
m-electron availability on nitrogen reduces the extent of
7 interaction with the adjacent 7 cloud of the benzene ring.
Thus, through a polar mechanism the substituent X would
interfere with the mesomeric interaction of the NH group
with the aromatic ring, and since °F, and '3C, shifts are
related to w-electron charge density at C,26™ it would
ultimately affect '°F and !°C shifts. Conversely, the =
aromatic cloud in substrates 3 (and 4) is more electron rich
than in toluenes 1 and hence more polarizable: the effi-
ciency of the 7-inductive effect depends upon the extent
of polarizability of the dielectric material intervening be-
tween the substituent and the monitor. The enhanced
inductive mechanism of transmission and the polar in-
terference with mesomeric charge distribution outlined
above are in our opinion responsible for the exalted sen-
sitivity of systems 3 relative to 1. An analogous situation
has been recently discussed in the case of N-alkylacet-
amides.f

In view of the fact that both 13C,, and *C, do not linearly
respond to any treatment discussed herein, their usefulness
as monitors for substituent effects has not been further
considered.

Variance of Substituent Effects. Para monitors (I°F
and 13C) of benzyl derivatives 1 respond linearly with °F
shifts of meta-substituted fluorobenzenes (6) and with
pK.,’s of a-substituted p-toluic acids: the correlations have
fair to good fitting parameters if the deviant point relative
to the cyano substituent is omitted. This substituent is
less electron withdrawing in benzyl derivatives 1 than in
meta-substituted fluorobenzenes (6) and a-substituted
p-toluic acids (5). Since it is well accepted that the 1°F
monitor in meta-substituted fluorobenzenes®?™ and the
acidity of a-substituted p-toluic acids®!! respond to po-
lar-inductive effects only, it follows that also in benzyl
derivatives 1 °F,, and '3C,, are sensitive to polar-inductive
effects only. The deviance of the CN group is real since
it cannot be accounted for by resonance components
present in the DSP treatment. Fitting parameters (f and
SD) of the DSP treatment of 13C data for benzyl deriva-
tives 1 are unacceptable by the suggested Taft standards.
The small value of py relative to p; and the fact that pg
assumes either a positive or a negative value depending
upon the set of substituents chosen clearly indicate that
pr has zero as the limiting value, the nonzero value ori-
ginating as a mathematical artifact of the regression. In-
tersystem correlations between systems 2 and 5 or 6 for
comparing directly the effects of substituents cannot be
used because substituents common within the series are
too few: substituent effects must thus be compared
through the intermediacy of o; constants. There is no
detectable deviance for the CN substituent in series 2, and
the precision of the fit is almost insensitive to the intro-
duction of solvent-corrected o; values. We believe, how-
ever, that the deviance for X = CN between series 1 and
5 and series 1 and 6 is real and finds explanation in
physical phenomena occurring in either case.

Aryl cyanides are known?! to interact strongly with
Me,SO0, and 1:1 complexes have been proposed and evi-
denced. In such complexes the nitrogen of the cyano group
acts as a base toward the positive pole of the sulfur atom:
the net result is that both w-inductive effects and mesom-
eric interaction of the cyano group with the aromatic ring
are greatly exalted, because of the charge transfer and

Bradamante and Pagani

Table IX. Effects of Methyl Substitutions on **C,, Shifts
of Monosubstituted Benzenes

substrate R=H R =Me ref
PhR 128.7 125.6 a
PhCH,R 125.6 125.9 b
PhCOR 134.7 131.8 a
PhCOCH,R 131.6 131.1 a
PhC(R)OH* 148.9 145.3 ¢
PhC(R)CH,* 161.6 155.9 ¢

@ Reference 45. ® Reference 44. © Reference 50.

charge redistribution in the aromatic ring. The meta
fluorine monitor therefore is affected by the partially
positive cyano group and not by the neutral uncomplexed
substituent. Complexation would undoubtedly take place
in the case of benzyl cyanide: this complexation, however,
would affect the para monitor through space only and not
by charge transfer. It is easy to anticipate that the effect
of the complexation in this case is considerably weaker
than in the case of aryl cyanides. Different ¢; constants
are anticipated for these two considerably different elec-
tronic situations.

+

/N E=NereeiMe,SO) == Q:C:N"“(MGQSO)—

F F

+ -
@'CHZ—CzN""(MeZSO)

It seems somewhat more difficult to account for the de-
viance of the cyano group between systems 1 and 5. It
seems logical to assume that the cyano group shows similar
coordinating properties toward protic solvents and Me,SO.
This seems reasonable in view of the fact that, e.g., mal-
ononitrile has similar pK, values in water*! and in Me,SO.*

Another substituent with a variable effect is the methoxy
group, which appears to be more strongly electron with-
drawing in benzyl derivatives 1 and N-substituted anilines
(3) (o7 = 0.40) than in benzhydryl derivatives 2 where the
reported o (=0.27) is inistead quite satisfactory. It appears
difficult to envisage specific interactions with the solvent:
it should be recalled, however, that aromatic methoxyl
shifts are extremely sensitive to concentration in CCl,.%

The fact that the 13C, shift of ethylbenzene is actually
to low field of that of toluene, although not unprece-
dented,* is certainly interesting because it shows a feeble
electron-withdrawing capacity of the methyl group when
considered a substituent at a saturated sp? hybridized
carbon.*® There is considerable confusion about the po-
lar-inductive effects exerted by alkyl groups originated by
their inconstant and often opposite behavior dependent
upon the substrate, the site of substitution, the monitoring
property, and the phase (gas or condensed) under which
the effect has been evaluated.’” The status of under-
standing of the polar-inductive effects of alkyl groups on

(41) R. G. Pearson and R. L. Dillon, J. Am. Chem. Soc., 75, 2439
(1953).

(42) W. S. Matthews, J. E. Bares, J. E. Bartmess, F. G. Bordwel], J.
F. Cornforth, G. E. Drucker, Z. Margolin, R. J. McCallum, G. J.
McCollum, and N. R. Vanier, J. Am. Chem. Soc., 97, 7006 (1975).

(43) C. Heathcock, Can. J. Chem., 40, 1865 (1962).

(44) R. W. Woolfender, Ph.D. Thesis, University of Utah, 1965; cited
in ref 45, p 97.

(45) J. B. Stothers, “Carbon-13 NMR Spectroscopy”, Academic Press,
New York, 1972, Chapter 3.

(46) W. Adcock and T.-C. Khor, J. Org. Chem., 43, 1272 (1978).

(47) J. F. Sebastian, J. Chem. Educ., 48, 97 (1971).
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acidities of carbon and oxygen acids has been recently
reviewed and thoroughly discussed:*® it has been even
proposed,?*® authoritatively, that small positive or small
negative oy values for the methyl group would indifferently
accommodate existing data. Table IX shows that methyl
substitution for hydrogen at a trigonal carbon « to a
benzene ring invariably causes a shielding of the para 1*C
resonance: the methyl group in such instances thus works
as an electron-releasing substituent. Theoretical calcula-
tions have suggested® that the methyl group bonded to
an sp?-hybridized carbon is ¢ electron withdrawing but
electron releasing by hyperconjugation and that ¢ electron
withdrawal increases as hyperconjugative donation in-
creases. When bonded to an sp-hybridized carbon, methyl
hyperconjugative donation is negligible: if, indeed, in a
o-bond framework the methyl group has a negative in-
ductive effect both toward an sp? and sp®-hybridized
carbon, the total effect on the sp®-hybridized carbon, in
the absence of hyperconjugative effects, would still be
negative, in accord with results here reported. This pic-
ture, however, does not seem to be supported by STO-3G
minimal basis set calculations®® for toluene and ethyl-
benzene which predict equal charge densities at the para
carbon. Once again the polar effect of the methyl group
appears dominated by the mesomeric charge delocalization
involving the groups to which the alkyl is bonded, in
analogy both with N-alkylacetamides® and with the
previously discussed case for the transmission of the polar
effect through the groups G = CH, and NH.

Toluene Model for Polar-Inductive Constants. A
number of substituents induce on para monitors shifts
which are very precisely accounted for by Taft’s o; con-
stants. This set is taken as a basis set to extrapolate new
o1 values. Both the nature of the points of the basis set
and the validity of the calculated oy constants deserve
comment. Points of the basis set cover a large span of oy:
they are rather evenly spaced, although admittedly most
of them are between 0.2 and 0.3. Hine recommends® great
care in using charged substituents, and this certainly ap-
plies to the trimethylammonium group, NMe;*, we used
as the extreme point in the basis line. We included it for
two reasons: (a) to have a point in the upper positive
region and (b) because it seems that the NMe;* group is
quite well-behaved since it shows identical oy values both
in weakly protic and in aprotic dipolar media; {urthermore,
it has been successfully used® to define a line in Me,SO
with much fewer points. The check of the calculated oy
values (o), anchored to the eight-point basis set, has been
performed on substrates 2 and 6: results are highly sat-
isfactory. Entries 7 and 9 of Table VII consider for sub-
strates 2 the same set of points but the former with Taft’s
and the latter with calculated oig values: the good fit
already obtained with Taft’s constants is furthar improved
with the calculated oy values and remains unct.anged upon
expansion of the set to 13 substituents (entry 1)): the ratio
of pr’s for 2 and 1 gives precisely the value of the slope
found for the intersystem correlation of 1 vs. 2 (4.49/5.03
= (.89, to be compared with 0.89 £ 0.03 of entry 1 in Table
VI). The use of calculated® instead of Taft’s ¢; values in

(48) F. G. Bordwell, J. E. Bartmess, and J. A. Hautala, J. Org, Chem.,
43, 3095 (1978).

(49) (a) M. Charton, J. Am. Chem. Soc., 97, 3691 (1¢75); (b) F. G.
Bordwell and H. E. Fried, Tetrahedron Lett., 1121 (197').

(50) (a) G. A. Olah, P, W. Westerman, and D. A. Fcrsyth, J. Am.
Chem. Soc., 97, 3419 (1975}); (b) G. A. Olah and D. A. Forsyth, ibid., 97,
3137 (1975).

(51) W. J. Hehre, L. Radom, and J. A. Pople, J. Am. Chem. Soc., 94,
1496 (1972).

(52) F. G. Bordwell, M. Van der Puy, and N. R. Vanier, J. Org. Chem.,
41, 1883, 1885 (1976).
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Hammett-type correlations of meta-substituted fluoro-
benzenes improves considerably the fit: furthermore, while
the ratio of p;’s for 6 and 1 (5.04/5.03 = 1.002) compares
favorably with the experimental value (0.97 % 0.07 reported
in entry 10 in Table VI), the ratio obtained by using Taft’s
o1 values does not (6.25/5.03 = 1.24).

Our analysis of substituent effects in «-substituted
toluenes is in general accord with Shapiro’s results.!*
Adcock’s!® and Shapiro’s'* DSP analyses of a-substituted
toluenes differ because for the former the substituent is
the whole CH,X moiety, while for the latter the substituent
is represented Ly the X group alone. Adcock rejects
Shapiro’s analysis since resonance constants (oge,0gga)
were used for substituents X not directly bonded to the
aromatic ring, as the og definition would require.? The
CH, moiety, thanks to hyperconjugation, is a sort of un-
saturated cavity: hence, in analogy with substituted
ethylenes and acetylenes,* the use of o constants for X
substituents of the CH,X groups should be legitimated.?
The fact is that, although the CH, can conjugate, the ex-
tent of such a conjugation is almost insensitive to the
nature of X.* This is not unprecedented: Taft? analyzed
acidities of a-substituted p-toluic acids in terms of ¢y and
og (oge and/or ogpa) constants of groups X, pointing out
that “the interposed CH, moiety does eliminate conjuga-
tion of the substituent X with the ring system (but not
necessarily that of the CH, group)”.

Values of g1 constants, anchored on the toluene model,
may differ considerably from Taft’s values, relative to
which some are enhanced (COCF;, NO,;, OMe, Br) and
some decreased (CO,Me, COMe, CN, SOMe, PO(OEt),).
It is gratifying to note that the adjustments relative to
normal Taft ¢; values for CO;Me, OH, and CN are in the
same sense as corrections Taft suggested because of in-
teractions with Me,SO as solvent. Some of the o7 constants
proposed in the set of Table I differ also from the values
obtained from aliphatic substrates:® the trimethyl-
ammonio group can serve as an example since it requires
a value of o7 = 0.73 in substituted acetic acids, while the
enhanced value of o1 = 0.92 accounts for the effect in
aromatic substrates. We believe that such discrepancies
can be ascribed to the different components contributing
to the total polar-inductive effect in aromatic and aliphatic
substrates: the m-inductive effect, shown to have a strong
weight in aromatic systems,”®3 vanishes in aliphatic
substrates where the field effect becomes instead pre-
dominant.

Conclusion

Magnetic monitors para to groups G interacting with
adjacent functionalities X by nondelocalizative mecha-
nisms, respond linearly to polar-inductive effects exerted
by such substituents X: the response of extrathermody-
namic (NMR) monitors is coherent with that of a ther-
modynamic monitor represented by the ionization of «-
substituted p-toluic acids. Coherence of effects is also
found with meta-substituted fluorobenzenes: a-substituted

(53) The ¢{CN) = 0.56 has been retained because it was felt that
m-cyanofluorobenzene constitutionally requires such an enhanced value;
see foregoing discussion.

(54) See, e.g., A. R. Katritzky and R. D. Topsom, Chem. Rev., 77, 639
(1977).

(55) Adcock himself analyzed 1-substituted 4-(p-fluorophenyl)bicy-
clo[2.2.2]octanes?¢*’ in terms of the DSP treatment by using the o; and
ag of groups X and not of groups CgH;,X.

(56) Proposed!®™ values for age of CH&X substituents are remarkably
small, with the exception of X = metal.

(57) (a) W. Adcock, D. P. Cox, and W. Kitching, JJ. Organomet. Chem.,
133, 393 (1977); (b) W. Adcock, B. D. Gupta, W. Kitching, and D. Dod-
drell, ibid., 122, 297 (1975).

(58) M. Charton, J. Org. Chem., 29, 1222 (1964).
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toluenes serve thus as alternative models for extrapolating
new ogig constants whose values may differ from those
obtained from aliphatic systems. These differences are
expected to depend upon the relevance of w-inductive
effects induced by the substituent on a monitor bonded
to an aromatic framework.

Registry No. 1 (X = H), 108-88-3; 1 (X = Ph), 101-81-5; 1 (X =
CONMe,), 18925-69-4; 1 (X = CO,Me), 101-41-7; 1 (X = COMe),
103-79-7; 1 (X = COPh), 451-40-1; 1 (X = COCFy), 350-92-5; 1 (X
= NO,), 622-42-4; 1 (X = CN), 140-29-4; 1 (X = SOMe), 824-86-2;
1 (X = S0,Me), 3112-90-1; 1 (X = SOPh), 833-82-9; 1 (X = SO,Ph),
3112-88-7; 1 (X = PO(OEt),), 1080-32-6; 1 (X = 2-pyridyl), 101-82-6;
1 (X = 3-pyridyl), 620-95-1; 1 (X = 4-pyridyl), 2116-65-6; 1 (X =
CH=CHPh), 5209-18-7; 1 (X = N=CHPh), 780-25-6; 1 (X = Me),
100-41-4; 1 (X = CH,CN), 645-59-0; 1 (X = CH,COMe), 2550-26-7;
1 (X = OH), 100-51-6; 1 (X = OMe), 538-86-3; 1 (X = NH,), 100-46-9;
1 (X = NHCOMe), 588-46-5; 1 (X = NMe;*Br), 5350-41-4; 1 (X
Br), 100-39-0; 1 (X = SPh), 831-91-4; 2 (X = Ph), 519-73-3; 2 (X

CONMe,), 957-51-7; 2 (X = CO,Me), 3469-00-9; 2 (X = COMe),
781-35-1; 2 (X = COPh), 1733-63-7; 2 (X = CN), 86-29-3; 2 (X =
SOMe), 2863-45-8; 2 (X = SO,Me), 25195-40-8; 2 (X = SO,Ph),
5433-76-1; 2 (X = CH,COMe), 5409-60-9; 2 (X = OH), 91-01-0; 2 (X
= NMe;*Br), 71964-91-5; 2 (X = SPh), 21122-20-3; 3 (X = H),
62-53-3; 3 (X = Me), 100-61-8; 3 (X = CH,CN), 3009-97-0; 3 (X =
OH), 100-65-2; 3 (X = OMe), 32654-23-2; 3 (X = NH,), 100-63-0; 3
(X = NHCOMe), 114-83-0; 4 (X = H), 108-95-2; 4 (X = Me), 100-
66-3; 4 (X = CH,CN), 3598-14-9; 4 (X = CH,COMe), 621-87-4; 5 (X
= H), 99-94-5; 5 (X = Ph), 620-86-0; 5 (X = OMe), 67003-50-3; 5 (X
= NHCOMe), 1205-58-9; 5 (X = Br), 6232-88-8; 5 (X = OH), 3006-
96-0; 5 (X = CN), 50685-26-2; 5 (X = SO,Ph), 71964-92-6; 5 (X =
CONH,), 52787-17-4; 6 (X = Me), 352-70-5; 6 (X = Ph), 2367-22-8;
6 (X = NO,), 402-67-5; 6 (X = COCF;), 708-64-5; 6 (X = Br), 1073-
06-9; 6 (X = OMe), 456-49-5; 6 (X = COMe), 455-36-7; 6 (X =
CO,Et), 451-02-5; 6 (X = CN), 403-54-3; 6 (X = H), 462-06-6; benz-
ene, 71-43-2; benzaldehyde, 100-52-7; 1-phenyl-1-ethanone, 98-86-2;
1-phenyl-1-propanone, 93-55-0; a-hydroxybenzylium, 3441-73-4; 1-
hydroxy-1-phenylethylium, 3441-74-5; 1-phenylethylium, 25414-93-1;
1-methyl-1-phenylethylium, 16804-70-9.
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“Direct”, phenyl-mediated interactions between groups G = -0- and -NH- and substituents X in Hammett
systems p-XPhGH are linearly related to direct and contiguous interactions present in iso-Hammett systems
PhGX; in fact shifts induced on O'H and N'H, of p-XPhOH and p-XPhNH, by a set of substituents X are linearly
related to shifts induced by the same set on para monitors (*H, *C, and '°F) of PhOX and PhNHX, respectively.
Thus para monitors in PhGX detect the type and extent of interactions between contiguous functionalities G
and X, respectively regarded as the involved (reacting) group and the substituent. A number of ¢,” values valid
for true Hammett systems (Hine’s compilation) accounting precisely for interactions between G and X in PhGX
are taken as a basis set to build up the o, scale valid for contiguous and direct interactions. Gross total contiguous
interactions have been dissected into polar-inductive and mesomeric components by the DSP treatment of the
data: the usefulness and limitations of Taft’s DSP treatment are discussed. The response of monitors present

at positions other than the para one is also evaluated.

In an attempt to describe interactions between conti-
guous functionalities in terms of substituent effects, we
have proposed! for investigation substrates of the general
type 1-4, in which the two functionalities are X and G,
respectively, the former viewed as the substitutent and the
latter as the involved (reacting) group (or “cavity”).? We
first focused our attention on substrates where only po-
lar-inductive interactions could occur between the group
G and the substituent X:'# thus G was either a saturated
group flanked by a substituent of any kind as in 1 and 2
or, alternatively, a group possessing available electron pairs,
as in 3 and 4, flanked by properly chosen substituents X

) S=— X 6—H
~-

1,6 = CH. nezo
g, (3 = CHPh ’
3,G=NH
4,G=0
= = =
MON = 'HC” , HI3 , or'®
~ C\ or FC\

(1) (a) S. Bradamante and G. A. Pagani, J. Org. Chem., preceding
paper in this issue; (b) S. Bradamante, F. Gianni, and G. A. Pagani, J.
Chem. Soc., Chem. Commun., 478 (1976).

(2) S. K. Dayal, S. Ehrenson, and R. W. Taft, J. Am, Chem. Soc., 94,
9113 (1972), and references therein.
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incapable of r-delocalizative interactions with G. We have
shown that polar-inductive interactions exerted by a va-
riety of substituents X are satisfactorily accounted for by
the response of a spin-active monitor present at the para
position of the substrates.

In this paper we consider in substrates 3 and 4 the ef-
fects of substituents X capable of mesomeric interactions
with groups G (G = —-O- and -NH-).!* Evidence will be
offered that shifts induced by a set of substituents X on
a certain para monitor of 3 and 4 are linearly related to
those induced on 'H monitors of the G-H moiety of the
true Hammett systems 5 and 6. Also, we will show that
the response of the para monitor accounts properly for the
blend of polar-inductive and mesomeric components of the
total interactions, the choice of the monitor (*H, 13C, ¥F)
being independent of the type of interaction considered.
The response of monitors present at the ortho and meta
positions of 3 and 4 will be further explored.

Results

Table I reports the set of substituents under consider-
ation in this and in the preceding paper,'? together with
four sets of available ¢~ constants, chosen among the
multitude reported in the literature.®. These sets are
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