JOURNAL OF PHYSICAL ORGANIC CHEMISTRY
J. Phys. Org. Chem. 2001; 14: 764-769
DOI:10.1002/poc.429

Angular group induced bond alternation (AGIBA). Part VI —
Competition between the AGIBA and through resonance

effects’

Edyta Pindelska, Tadeusz M. Krygowski,* Romana Anulewicz-Ostrowska, Michal K. Cyranski and Jacek

Nowacki

Department of Chemistry, University of Warsaw, Pasteura 1, 02 923 Warsaw, Poland

Received 15 April 2001; revised 6 June 2001; accepted 15 June 2001

ABSTRACT: Analysis of the molecular geometry of three experimental model compounds, 2,3-dimethyl-p-
anisaldehyde, 2,5-dimethyl-p-anisaldoxime and 2,3-dimethyl-p-anisaldoxime, and eight compounds (p-nitrosoani-
line, p-nitroanisole and two conformers each of p-nitrosoanisole, p-anisaldehyde and p-anisaldimide) whose
molecular geometry was obtained by optimization at the B3LYP/6-311G** level of theory, where both the AGIBA
and through resonance effects were present, led to the conclusion that the competition between these effects does not
reduce any of them significantly. Copyright © 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

Angular groups substituted on monocyclic 7-electron
systems cause substantial structural consequencesH‘
known as angular group induced bond alternation
(AGIBA).>”" These effects are illustrated in Scheme 1:
the single- and double-bonded groups cause a shortening
and a lengthening, respectively, of the cis-CC bond in the
benzene ring.
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Scheme 1

The local structural changes are then propagated over
the whole aromatic rings such as benzene or s-triazine
and even non-aromatic rings such as borazine and
boraxine.®’ However, in many cases the n-electron ring
may be substituted by various groups which in addition to
the AGIBA-like interactions also exhibit the usual
electronic effects, which may be typically described by
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the Hammett substituent constants, ¢.'° In the case of a
through resonance between the substituent and the group
in question (often named the reaction site), their
modifications, ¢ or ¢, have to be used (for reviews,
see Ref. 11). A typical representation of these two kinds
of substituent effects may be given by canonical
structures K1, K2 and Q as shown in Scheme 2, where
D and A denote the electron-donating and accepting
substituents, respectively.
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Scheme 2

For weakly interacting A and D substituents, the
weight of the canonical structure Q is low. It increases
when through resonance operates in a system, as it was
observed, e.g., in VB computations for p-nitrophenol and
p-nitroaniline.'> A similar picture'® was also found for
these cases if the empirical model HOSE' was applied.
The AGIBA effect leads to a substantial imbalance of the
weights of K1 and K2, whereas the through resonance
causes an increase of the weight of Q. The consequences
of the joint action of the two effects are unknown. Some
preliminary results have been obtained in this regard by
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Table 1. Crystal data and structure refinement of 2,3-dimethyl-p-anisaldehyde (1), 2,5-dimethyl-p-anisaldoxime (2) and 2,3-

dimethyl-p-anisaldoxime (3)

1 2 3
Empirical formula C]()H]zOz C10H13N02 C10H13N02
Formula weight 164.20 179.21 179.21
Temperature (K) 293(2) 293(2) 100(2)
Wavelength (A) 0.71073 0.71073 0.71073

Crystal system, space group
Unit cell dimensions

Monoclinic, P2/c
a="7.1480(10) A
b=8.039(2) A,
c=15.257(3) A

o =90.0°
B =102.39(3)°
. ~v=90.0°
Volume, V (A%) 856.3(3)
Zz 4
Calculated density (mg m ) 1.274
Absorption coefficient (mm’l) 0.088
F(000) 352
Crystal size (mm) 0.2 x 0.2 x 0.25
Theta range for data (°) collection 3.87-22.48
Index ranges —9<h<9,
—10<k <10,
-20<1<20
Reflections collected/unique 10540/1120

Refinement method

[R(int) = 0.0462]

Data/restraints/parameters 1119/0/158

Goodness-of-fit on F> 1.050

Final R indices [/ >2sigma(/)] R1=0.0362,
wR? = 0.0950

R indices (all data) R1=0.0381,
wR? =0.0979

Extinction coefficient 0.029(6)

0.187 and —0.180

Monoclinic, P2/c
a=6.8400(14) A
b=8.0100(16) A
c=17.8004) A

Triclinic, P-1
a="7.4494(15) A
b=17.7594(16) A
c=9.0504(18) A

o = 90.0° o = 82.64(3)°
B=99.00(3)° B =69.103)°

v =90.0° v =70.59(3)°
963.2(3) 460.9(2)

4 2

1.236 1.291

0.086 0.090

384 192

0.2 x 0.22 x 0.25 0.25 x 0.25 x 0.3
3.44-19.99 3.45-20.00
—6<h<6, —T<h<7,
~7<k<7, —7<k<7,
_17<1<17 —8<1<8
8895/896 4362/851

[R(int) =0.0730]
Full-matrix least-squares on F~

[R(int) = 0.0350]

896/0/171 851/0/171
1.083 1.092
R1=0.0537, R1=0.0346,
wR?=0.1524 wR?=0.0878
R1=0.0604, R1=0.0366,
wR? =0.1640 wR? =0.0909
0.013(9) 0.024(8)

0.175 and —0.181

0.241 and —0.167

Largest diff. peak and hole (e A3

analysis of the geometry in 3,4-dimethoxybenzalde-
hyde(4-methylphenyl)sulphonythydrazone.'> Depending
on the conformation of the C=N group in the para-
position to one of the two-methoxy groups, a substantial
difference in imbalance between K1 and K2 appeared,
while the weight of Q was practically unchanged.

The aim of this paper is to show how the competition
between the AGIBA and the through resonance sub-
stituent effects can interfere with each other. In order to
do so, experimental geometries of 2,3-dimethyl-p-
anisaldehyde (1), 2,5-dimethyl-p-anisaldoxime (2) and
2,3-dimethyl-p-anisaldoxime (3) were determined by
x-ray diffraction and in order to extend the field of study
a collection of eight p-disubstituted benzene derivatives
were optimized by ab initio computation at the B3LYP/
6-311G** level of theory. Substituents of these systems
were chosen in order to follow the AGIBA effect and to
exhibit a varying scale of the through resonance effect.

EXPERIMENTAL

Preparations. For 2,3-dimethyl-p-anisaldehyde (1), a

Copyright © 2001 John Wiley & Sons, Ltd.

crystal of the commercially available compound (Al-
drich) was used. The oximes 2 and 3 were prepared
according to the general procedure'® for conversion of
aldehydes insoluble in water from 2,5-dimethyl-p-
anisaladehyde and 2,3-dimethyl-p-anisaladehyde, re-
spectively. A mixture of 0.5 g of an aldehyde, 0.5 g of
hydroxylamine hydrochloride and 5 cm® of pyridine in
10 cm® of ethanol was refluxed for 0.5 h. After evapora-
tion of the solvent the solid residue was mixed thoroughly
with 5 cm? of water, filtered and washed on the filter with
an additional portion of water. The crude product was
recrystallized twice from 95% ethyl alcohol. By this
method both 2,5-dimethyl-p-anisaldoxime (2) and 2,3-
dimethyl-p-anisaldoxime (3) were obtained with >90%
yields as colourless crystals, m.p. 137-138.5 and 116—
117°C, respectively.

Crystal structure determination. Crystal data regarding
the structures of 1-3 are given in Table 1, together with
refinement details. All measurements of the crystals were
performed on a Kuma (Wroctaw, Poland) KM4CCD k-
axis diffractometer with graphite-monochromated Mo
Ko radiation. The crystal was positioned at 65 mm from
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the KM4CCD camera and 888 (1), 796 (2) or 708 (3)
frames were measured at 1.5° (1), 1.6° (2) or 1.8° (3)
intervals with a counting time of 15 s. The data were
corrected for Lorentz and polarization effects. No
absorption correction was applied. Data reduction and
analysis were carried out with the Kuma Diffraction
programs.

The structure was solved by direct methods'’ and
refined using SHELXL.'® The refinement was based on
F? for all reflections except those with very negative F~.
The weighted R factors wR and all goodness-of-fit S
values are based on F2. Conventional R factors are based
on F with F set to zero for negative F?. The Fy> >2s(Fy?)
criterion was used only for calculating R factors and is
not relevant to the choice of reflections for the
refinement. The R factors based on F* are about twice
as large as those based on F. All hydrogen atoms were
located from a differential map and refined isotropically.
Scattering factors were taken from Tables 6.1.1.4 and
4.2.4.2 in Ref. 19.

Crystallographic data (excluding structural factors) for
the structure reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre and
allocated the deposition numbers CCDC 161453 (1),
CCDC 161454 (2) and CCDC 161452 (3). Copies of the
data can be obtained free of charge on application to
CCDC (E-mail: deposit@ccdc.cam.ac.uk).

Computations. All optimizations were carried out at the
B3LYP/6-311G** level of theory by use of Gaussian
94.%

RESULTS AND DISCUSSION

Structural deformations due to the AGIBA effects are
similar to some extent to those observed for benzene
rings anneleated with small rings and underlying the
Mills—Nixon effects.”! Undoubtedly one of the compo-
nents operating in the AGIBA effect is that due to the
rehybridization,"® which is the main factor causing

Copyright © 2001 John Wiley & Sons, Ltd.

deformations in typical Mills—Nixon affected sys-
tems.”"?* It is worth noting that the AGIBA effect
depends clearly on the conformation of substituents;** on
varying the conformation, say, from cis to trans, one
changes the AGIBA effect from a maximum to a
minimum (or conversely depending on the nature of the
angular substituents), whereas the electronic substituent
effects remain practically unchanged in both cases.

Experimental geometry

The molecular geometry of 1-3 (Scheme 3; for labelling
of the geometrical parameters, see Scheme 4; for all data,
see Table 2) allowed us to estimate canonical structure
weights by use of the HOSE model,'* which led to the
conclusion that in two cases (1 and 3) when the methoxy
and C=N groups act one against another in a cis
orientation, the imbalance of K1 and K2 is small,
30.1:34.0% and 32.6:31.5%, respectively, with the high-
est weights for the quinoid structure, Q, 35.9 and 36.0%,
respectively. In the case of 2, where both substituents
work in line, the imbalance K1:K2 becomes large
(26.6:41.4) with a reduction of the Q value to 32.07%.
Locally, these global effects are not so clearly observed:
the cis bonds in the ring are always shorter for the
methoxy group, but the effects due to the double bonded

T1

Scheme 4
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Table 2. Canonical structure weights and valence and torsion angles for molecules 1, 2 and 3 (for labelling, see Scheme 4)

Compound K1 (%) K2(%) Q (%) 1 () ¢2(°) ¢3() w4 (") ) () 2l () a2() TI1() T2()
1 30.14 3398 3588 1229 1157 1219 1183 1213 1198 1176 1242 —62 7.2
2 26,57 4136 3207 1244 1154 1215 1204 1202 1181 1175 1233 1.7 0.
3 3258 3147 3595 1210 1160 1182 1201 1230 121.7 1179 1218 —49 —1.0

groups, C=0 or C=N, are not always in line with
expectations. This is probably due to a steric effect
caused by the methyl group introduced in order to obtain
a proper conformation. These might affect in some way
the picture leading to the above-mentioned irregularities
observed in the local picture. Therefore, in the next
section the optimized geometry of some model molecules
is subjected to deeper analysis.

If there is one angular group attached to the ring in K1
in Scheme 2, the cis CC bond in the ring is a single bond.
If there are two such groups, and one of them is double
bonded in K1, the cis-CC bond to this group is a single
bond. All weights were calculated applying the HOSE'
model only to the ring CC bonds.

1.383

Ab initio optimized geometry

Systematic analysis of the joint action of the through
resonance and AGIBA effects was carried out in two
series since two kinds of AGIBA substituents have to be
taken into account: single- and double-bonded, X—Y and
X=Y. As a typical angular substituent with a single
bond, the methoxy group was chosen. It exhibits a large
structural effect® and is assumed to represent only one
mechanism of interactions, the rehybridization at the ipso
carbon atom. The other kind of the angular substituents,
those with a double bond, X=Y, are assumed to interact
with the ring via a mechanism composed of two
effects:*> the rehybridization and a through space =-

11 12 13
1.420 _CH 1214 1)
1.411 3
o~ N&
1.368 1.365 442
1.401 1.397 1.395 1399
1.464
1.387 1397 1391 1.386
H™ 1.027 1.397 1.390 Laga~"T400
14 15 16 17
Scheme 5

Copyright © 2001 John Wiley & Sons, Ltd.
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Table 3. Canonical structure weights and geometrical parameters optimized by B3LYP/6-311G** for molecules 4-17, (for
labelling, see Scheme 4)

Compound K1 (%) K2 (%) Q (%) ¢l (°) ©2() ¢3() 04 ) ) () ol ) a2 T1() T2(°)
4 2.50 250 9500 1188 1188 121.7 121.7 1224 116.6 180.0 - 0.0 -
5 5.45 5.09 8946 1179 1174 1253 116.8 1232 1179 1377 1126 945 —-03
6 3208 2678 41.14 1242 116.2 1207 1202 119.7 119.0 1157 1184 00 17.6
7 30.80 31.6 376 1239 1159 1173 1222 1202 1202 1155 109.8 0.0 0.0
8 37.80 2564 36.56 1241 1158 1245 1152 1201 1202 1155 119.1 180.0 180.0
9 37.75 2666 3559 1246 1154 1207 1203 120.0 119.0 1189 125.1 180.0 180.0

10 3298 3046 36.56 1244 1156 1200 120.6 120.0 119.0 1189 125.1 00 -0.1

11 37.84 2732 3484 1249 115.6 123.1 119.1 1195 117.8 1187 1299 0.0 0.0

12 3459 3020 3521 1246 1159 119.0 1232 1195 117.8 1188 1299 0.0 0.0

13 29.58 36.58 33.84 1245 1156 1194 1193 1199 1213 1190 1178 0.0 0.0

14 1127  11.27 7746 - - 1209 1209 1242 1183 - - - -

15 13.77 15.17 71.06 - - 1248 1162 1232 119.0 - 112.7 - 0.0

16 3027 3834 3139 1246 1157 - - 1197 1192 1185 - 0.0 -

17 3644 30.84 3272 123.6 1153 - - 121.1 1197 1153 - 0.0 -

electron effect. For this group of AGIBA substituents we
chose the nitroso, formyl and imino groups, which are
also known as strongly electron-accepting groups. Some
strong electron-donating and accepting substituents
which do not cause the AGIBA effect were used as
references.

Scheme 5 and Table 3 present molecular geometries
and canonical structure weights for nitrosobenzene (17)
and anisole (16) and their para-substituted derivatives.

In order to study the resonance effects in the para
position of nitrosobenzene, derivatives with typical
electron-donating groups (O™, NH™, NH,, OMe) were
chosen. Of those, the methoxy group was studied in two
conformations with respect to the nitroso group. In the
case of strongly electron-donating substituents (O~ and
NH™), for molecules 4 and 5 the nitroso group exhibits
unusual behaviour as it becomes linear and not angular
with a substantial shortening of the CN and NO bonds,
respectively. In these cases no AGIBA effect is expected,
although in the case of the angular NH™ group a slight
AGIBA effect is observed just from this substituent; the
imbalance is 5.45:5.09%. In the case of a weaker
electron-donating substituent, the amino group (6), the
imbalance of K1 and K2 is substantial (32.1:26.8%),
indicating that the through resonance (41.1% of the Q
structure) affects the AGIBA effect only slightly. This is
supported by the value of the imbalance that resembles
the case of unsubstituted nitrosobenzene (17),
36.4:30.8%. This similarity is even clearer if we compare
the differences between K1 and K2: they are 5.3 and 5.6%
for 6 and 17, respectively. The p-methoxynitrosobenzene
is presented in two conformations. In molecule 7 where
both groups are in cis-positions the substituents act one
against another, and the AGIBA effect may be cancelled
out. The observed imbalance of the canonical structure is
very small here (30.8:31.6%), in line with our expecta-
tions. For the frans conformer (8), where the AGIBA
effects from both substituents sum up, the imbalance is

Copyright © 2001 John Wiley & Sons, Ltd.

substantial: K1:K2 = 37.8:25.6%. In both cases (7 and 8)
the weight for Q is similar: 37.6 and 36.6%.

This last kind of case was studied with para derivatives
with two angular substituents, formyl and imino groups.
In both cases the trans conformers (9 and 11) exhibit a
substantial and similar imbalance, 37.7:26.7% and
37.8:27.3%, respectively. Both cis conformers (10 and
12) do not exhibit clear structural trends. For all four
cases (9-12), the weight for the quinoid structure, Q, is
almost unchanged, between 34.8% (for 9) and 36.6% (for
10).

All the above results were obtained for planar or
almost planar systems, with torsion angles (7 in Table 3)
below 10°, except 6, where this angle for the amino group
is greater (17.6°), owing to the known non-planar
structure of the amino group.

CONCLUSION

AGIBA effects, despite their low energetic conse-
quences,”* are observed when competition with through
resonance is present. However, the competition between
these effects does not reduce any of them significantly.

Acknowledgements

E.P. acknowledges the Interdisciplinary Centre for
Mathematical and Computational Modelling (Warsaw
University) for computational facilities. KBN grant
3TO9A 114 18 provided financial support for this study.

REFERENCES

1. Krygowski TM, Anulewicz R, Jarmuta A, Bak T, Rasata D,
Howard ST. Tetrahedron 1994; 50: 13155-13164.

J. Phys. Org. Chem. 2001; 14: 764-769



11.

12.
13.

14.

COMPETITION BETWEEN AGIBA AND THROUGH-RESONANCE EFFECTS

. Howard ST, Krygowski TM, Gtéwka ML. Tetrahedron 1996; 52:

11379-11384.

. Krygowski TM, Howard ST, Martynowski D, Gléwka ML. J.

Phys. Org. Chem. 1997; 10: 125-127.

. Krygowski TM, Anulewicz R, Hiberty PC. J. Org. Chem. 1996;

61: 8533-8535.

. Krygowski TM, Wisiorowski M, Howard ST, Stolarczyk LZ.

Tetrahedron 1997; 53: 13027-13036.

. Howard ST, Krygowski TM, Ciesielski A, Wisiorowski M.

Tetrahedron 1998; 54: 3533-3548.

. Krygowski TM, Pindelska E, Cyranski MK, Grabowski SJ.

Tetrahedron 2000; 56: 8715-8719.

. Boese R, Polk M, Blaser D. Angew. Chem., Int. Ed. Engl. 1987, 28:

245-247.

. Maulitz AH, Stellberg P, Boese R. J. Mol. Struct. 1995; 338: 131—

140.

. Hammett LP. Physical Organic Chemistry. McGraw-Hill: London,

1st edn, 1940; 2nd edn, 1970.

(a) Jaffe HH. Chem. Rev. 1953; 53: 191-261; (b) Chapman NB,
Shorter J (eds). Advances in Linear Free Energy Relationships.
Plenum Press: London, 1972; (c¢) Chapman NB, Shorter J (eds).
Correlation Analysis in Chemistry. Plenum Press: London; (d)
Zalewski RI, Krygowski TM, Shorter J (eds). Similarity Models in
Chemistry and Related Fields. Elsevier: Amsterdam, 1991.
Hiberty PC, Ohanessian G. J. Am. Chem. Soc. 1984; 106: 6963—
6968.

Krygowski TM, Maurin J. J. Chem. Soc., Perkin Trans. 2 1989;
695-698.

Krygowski TM, Anulewicz R, Kruszewski J. Acta Crystallogr.,
Sect. B 1983; 39: 732-739.

Copyright © 2001 John Wiley & Sons, Ltd.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

769

Krygowski TM, Pigtka E, Anulewicz R, Cyrariski MK, Nowacki J.
Tetrahedron 1998; 54: 12289-12294.

Vogel’s Textbook of Practical Organic Chemistry (4th ed).
Longman: London, 1978.

Sheldrick GM. Acta Crystallogr., Sect. A 1990; 46: 467—473.
Sheldrick GM. SHELXL93. Program for the Refinement of Crystal
Structures. University of Gottingen, Gottingen, 1993.

Wilson AJC (ed). International Tables for Crystallography, vol. C.
Kluwer: Dordrecht, 1992.

Frisch MJ, Trucks GW, Schlegel HB, Gill PMW, Johnson BG,
Robb MA, Cheesman JR, Keith T, Peterson GA, Montgomery JA,
Raghavachari K, Al-Laham MA, Zakrzewski VG, Ortiz JV,
Foresman JB, Cioslowski J, Stefanov BB, Nanayakkara A,
Challacombe M, Peng CY, Ayala PY, Chen W, Wong MW,
Andres JL, Replogle ES, Gomperts R, Martin RL, Fox DJ, Binkley
JS, Defrees DJ, Baker J, Stewart JP, Head-Gordon M, Gonzales C,
Pople JA. Gaussian 94. Gaussian: Pittsburgh, PA, 1995.

(a) Stanger A. J. Am. Chem. Soc. 1991; 113: 8277-8280; (b)
Maksié ZB, Eckert-Maksi¢ M, Hodoscek M, Koch W, Kovacek D.
In Molecules in Natural Science and Medicine, Maksi¢ ZB,
Eckert-Maksi¢ M (eds). Ellis Horwood: Chichester, 1991; 334; (c)
Siegel J. Angew. Chem., Int. Ed. Engl. 1994; 33: 1721-1723.

(a) Koch W, Eckert-Maksic M, Maksic ZB. Int. J. Quantum Chem.
1993; 48: 319-332; (b) Stanger A. J. Am. Chem. Soc. 1998; 120:
12034-12040.

Krygowski TM, Pindelska E, Anulewicz-Ostrowska R, Grabowski
SJ, Dubis A. J. Phys. Org. Chem. 2001; 14: 349-354.

Krygowski TM, Cyranski M, Wisiorowski M. Pol. J. Chem. 1996;
70: 1351-1356.

J. Phys. Org. Chem. 2001; 14: 764-769



