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STERIC ENHANCEMENT OF RESONANCE
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Abstract—-The rate constants and the activation euergies for the alkaline hydrolysis of some substituted ethyl
bonzoates fernish evideoce for the pbemomenor of steric enhancement of resomance. For 3-swbetituted-4-
alkoxybenzoic esiers the rate comstants calculated on the basis of the principle of additivity of substitueat cffects
are appreciably higher than the observed values, indicating that the 3-substitwent does not sterically inhibit the
resonance interaction of the alkoxy and ester groups but actually eabances it. The cause of this steric enhancement
of resooance is explained. The rates of quateraization of some N N-dimethylanilines with methyl iodide bave also
bees determined. The observed rate constants of 4-alkoxy-3-methyl-N N-methylasilines are significantly bigher
thaa the values prodicied on the basis of additivity of group effocts. Thus there is eabanced resonance interaction
of the alkoxy growp with the dimethylumino group iscreasing the sucieophiticity of the dimethylamino group. A
u&rme&mﬂofwaWn&deMMNﬁmmm
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Though steric inhibition of resomance is well-known,
steric enhancement of resonance was almost unknown
until this phepomenon was discovered by Balish and
Uma' while studying the electric dipole moments of
some substituted anisoles. Convincing evidence for steric
enhancement of resonance may also be seen in the rate
data given by Balasubramanian® and Baddeley of al®
for the solvolysis of substituted benzyl chiorides (Table
1). 4Maethoxy-3-methylbenzyl chioride undergoes
solvolysis at a much higher rate than p-methoxybenzyl
chloride indicating steric enhancement of resonance,
while 4-methoxy-3,5-dimethyibenzyl chloride undergoes
solvolysis at a much slower rate than p-methoxybenzyl
chioride indicating steric inhibition of resonance. With a
view to studying this phenomenon further, the present
investigation was undertaken. The work reported in this
paper is a continuation of what we published earlier as a
brief communication.’
RESULYS AXD DESCUSERON

In the rate data of Jones and Robinson® for the al-
kaline hydrolysis of substituted ethyl benzoates (Table 2)
it is found that if the entropy factor is sssumed to be
constant, the change in the energy of activatioa produced
by a substituent or substituents may be calculated by
means of the relation:

m--wmr;o.-:f

Mk.andk.mthevdoatymmofm

eoergy due to two substituents will be the sum of incre-

ments due to each substituent alone, ie.
AE%y = AE% + AEy.

The difference of 100 or less than 100 calories between
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Table 1. Soivolysis of substituted bewzyl chlorides in 90%
squeous ethanol: Rate constants

4 Nelative

Bubstituents 10 25 oimins 1 rate

8 s.3" 1.0

e 10.8* 1.3

p-Cote 130® 15.7

3-Ne, 4-OMe s10® 61.4

3-Me, 4-OMa, S-Me 3.70° 0.4
Apet.2a. Bpet.2b

4

AE(steervets 000 A peescanny is considered to be well
within the probabie deviation which could occur without
infringement of additive relationship. The additive rels-
tionship exists in the case of esters where the possibility
of group interaction is at a minimtxm. On the other hand,
in the case of 3-substituted-4-alkoxybenzoic esters, the
dﬂmnm&emﬂadmmmm
the additivity relationship is not applicable here,
presumably due to the fact that the 3-substituent en-
hances the resomance interaction of the alkoxy groups
with ~-COOEt.

For the disobstituted esters of the above type
XYCH, COOE for which the cootributions to activa-
tion energy of the groops X and Y are additive, the
following relationship holds good:

Kx ky
g“...._Ax:_.Aai\_Y
ky
Ay
where kyy, kx, kv and ky; are the velocity coeficients of

the akatline hydrolysis of the esters XYC.H,-COOEL,
XCeHsCOOBt, YCH,COOEt and C.H,COOEt,
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Table 2. Observed and calculatod rate comstants and activation emergies for the alkaline hydrolysis of substitwted

ethyl beazoates
1. A -

bt ftumnts 1035,.:1.-91- wec. ) :::( obeerved) . ;gﬂs_

obe. calc. (pmict:d’ obe
-1, 4O 0.709 1.02 0 1.43°
3-Br, -Ooie 0.728 1.08 +210 1.48°
3-w0,, 4-Coe 6.3 9.09 +210 1.43°
3-Cl, 4-Omt 0.649 0.923 +200 1.42
>, OB 0.663 0.981 4230 1.48
3-C1, G-th 0.701 0,900 +150 1.328
3-pr, e-cor® 0.699 0.957 *190 1.37
w0, 4~oer! 5.08 8.07 +280 1.60
3-Me, 4-Me 0.19% 0.197 + 20 1.02
3-Me, S-Mm 0.302 0.308 +10 1.01
3-Cl, 4-Me 1.97 2.12 + 40 1.08
3~-Br, S5-B 39.6 39.9 + 10 1.0
3-Br, S5-M 3.48 3.49 +10 1.01
3-OMe, 5-C0» 1.04 1.07 4+ 20 1.03

s R Dret.s.

respectively, and Axy, Ax, Ay and Ay are their respec-
tive Arthenius factors.

On the assumption’ that () Axy = Ax and (ii) Ay = Ay
the above equation reduces 10 Xy = [(kxky¥ky). The
rates may then be calculated using this reduced equation
and compared with the obeerved values.

The data given in Table 2 indicate that 3-substituted-
4alkoxybenzoic esters violate seriously the additivity
rule of group effects. The rule is, however, obeyed by the
olhermwhnthehmt:o(expumdm The

¥y
\f

of the alkoxy and ester groups is cansed by
substitoent, it is clearly a case of steric enhancement of

momncehtmctionol&uloxywdumm

humglmmnﬁondN,NMyhnﬂmuwh

sample kinetic ros is givea in Table 4.
p-Akoxy-N N-dimethylanilines react about 4 times

®eme, gt or m
X:Ct, B of WOy

G

faster than N N.dimethylaniline (Table 3). The reaction
rates are still higher (oearly 6 times) for 4 - alkoxy - 3 -
methyl - NN - dimethytanilines and this increase in rate
does not seem to be solely due to the 3-methyl group
because the observed rate constants of 4 - alkoxy - 3 -
methyl NN - dimethylanilines are 14% higher than the

values predicted on the basis of the additivity of group
effects (see Table 3). The 3-Me group, thesefore, does
pot sterically inhibit the resomance teraction of the
alkoxy group with the aromatic ring but sctusily en-
hances it. The expected steric inhibition of resomance,
bowever, does exist in 4 - methoxy - 3,5 - dimethyl - NN

- dimethylaniline as may be seea from its rate of quater-
nization—the rate is oaly balf of what it is for 4 -
methoxy - 3 - methyl - NN - dimethylaniline.

It is of interest 1o note that there exists steric en-
bancement of resonance in 3 - methyl - 4 - methylthio -
NN - dimethylaniline also. p - Methyfthio - NN -
dimethylaniline has a lower rate constast than NN.
dimethylaniline. mwwuw
::mth&the 3d-orbital resonance

ect of pswmummmm
releasing mesomeric effect in  p-methyithio-N,N-



Steric enhancement of resopance
Table 3. mmfaumdmn.xmmmm”m

lﬂ‘kob‘ (1.mole teec. ™y 10‘@?0- o X
Substituent z {1.mole “sec.”) ;.22:_.
35° 45° 45° Oﬁg:_
R 1.20 2.7
2.m%
- 5.29 10.6
s.12P 11.4°
p-Sie 0.87 1.87
p-Ont 5.80 11.2
e 1.64 3.45
1.75° 3.74%
My, 4-OMe 7.70 15.4 13.8% 1.14
3-Me, 4-ORC 7.78 16.2 14.3 1.14
3-Ma, 4o 1.62 3.45 2.38 1.48%
2-Me, 4-CMe - 0.103
I-Me, 4-CHm, S-Me 3.96 8.13
“net.5. Prat.6.

Table 4. Kinetic ren 0o p-ethoxy-N N-cieethylaniline

[Q!3I] - {Mim] = 0.09895N: {wa] = 0.010150: temp. = 35°

Tim . e

-mc. l.m0le “sec.

2387 0.01147 0.08748 5.55

3645 0.01639 0.08256 5.50

56139 0.02324 0.0757) 5.50

7012 0.02730 0.0716% 5.49

8452 0.03115 0.06780 5.49

9925 0.03473 0. 06422 5.51
11660 0.03830 0.06055% 5.47
14530 0.04378 0.05517 5.52

Mean = 5.50 ¢ 0.0z
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dimethyianiline.” However, it is interesting that 3 - methyl -
4 - methylthio - NN - dimethylaniline reacts 45% faster
than what is predicted on the basis of substituent effects.
This indicates that the -SMe group, which functions as an
electron-acceptor in p - methytthio - NN - dimethylaniline,
becomes an electron-donor in 3 - methyl - 4 - methyithéo -
N.N - dimethylaniline owing to enhancement of the
electron-releasing resonance of the ~-SMe caused by the
orthbo methyl group.

A similar evidence for steric eanhancement of
resonance is found® in the rate data of Crocker and
Jones® given in Table S for the reaction of N,N-
dimethytaniline with allyl bromide. The observed reac-
- tion rates of 3,5 - disubstituted - N,N - dimethytanilines
are very close to the predicted values indicating a strict
additivity of substituent effects. For the 34-disubatituted
compounds the observed rates are, however, 55-120%
higher than the predicted values. Indeed the velocity
ratios increase for the 3 - halogeno - 4 - methoxy - NN -
dimethylanilines in the order 3-F < 3-Cl1 <3-Br< 31, in-
dicating that there is greater steric enhancement of
resonance with increasing bulk of the 3-substituent.

EXPRRIMENTAL
p-Methoxy-* p-methytthio-® and m - methyl - NN -
dimethylaniline® were prepared and parified® as described in the
literatwre.
p—DhoxyN.NMyhl&‘!‘hmM&up-

Table 5. Obeerved and cakculated rate constants for the
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filsered off, washed with water, yield: 48%, m.p. 168-70° (MeOH)
(. 165-70).

4 - Methoxy - 3.5 - dimethyl - | - nitrobenzene. Methylation of
the forogoing phemol as daaiedwtud«dcdlhh
co-vomd.mldmu -2 (E1OH) (i." 91%).

was obtaimed by the
reduction of the foregoimg nitro eow with hydrazine
hydrate and Raney Ni, yield: 95%, m.p. 60-61° (H,0) (kt.* 61°).

4-W-SJ-MWMMM

4 - Methoxy - 35 - dimethyl - NN - dimethylgaiine. The
foregoing methiodide, when perfectly dry, was decomposed ua-
der reduced pressure. The tertiary amine was purifiod through its
hy&odlomle yielll 60%, b.p. 140°120 e (Wt."” 125-6"/15 mm).

- Ethoxy - 3 - methyl - | - nitrobenzeme. 4 - Hydroxy - 3 -
-1- m"momw\uum
(150 ml) and amhyd K,CO, (20g) was added. The mixture was
wmmu.mmmmmomm
MyAfur 0br, the mixture was dilted with water, yield:
95%, m.p 3 (¢ BtOH) (tt.** 71°).

reaction of disubstituted N N-dimethylaailines with ally!

&

Substituente 10&20'(1°m.-1“°'-1’ :ob..

obs. calc. calc.
3-CQ1, 5-Cie 0.438 0.441 0.99
3~Br, 5-QMe 0.410 0.424 0.99
e, S-O0e 4.92 4.08 1.01
3P, 4OMe 5.99 3.8 1.57
3-Cl, 4-Cite 5.93 3.17 . 1.88
3-Br, 4-Ote 5.90 3.04 1.94
3-1, 4-Om 7.04 3.42 2.08
3-M0_ , 4-OMe 1.53 0.703 2.18

Spet.5.
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4-Ethoxy-3-mathyleniline. This was obtained in 93% yield by

purified through its hydrochloride.

4-&»:,-3-mmwmmmw
terniration of the above amine afforded this methiodide, yield:
9%, m.p. 1814,

4 - Bthoxy - 3 - mathyl - NN - dimethyloniline. When the
above quatersary jodide was decomposed in vacsum, the amine
was obtaimed, yield: 34%, b.p. 108-111°72.5 mm (Fousd: C, 73.50;
H. 10.00. C,;H,NO requires: C, 73.35; H, 10.00%).

4 Amino-3-methyl-1-nitrobensene. This was accord-
ing to Samielevici and Plorw,™ m.p. 129-31° (tie. " 130-319.

3-Methyl-4-metkyithio-1-aitrobenene. The procedure adopted
by Balsens f ol.™ was followed to prepare this compouad from
the sbove amine, m.p. 77-9 (Petroleum spirit 40-607 (it ™
)

3-Methyl-4-methyithiosniline. Raney Ni-hydeazioe hydrate
(98%) reduction of the foregoing nitro compownd gave this
amine, yield: 9%, m.p. 66-7* (E1OH) (" 67

3 - Mahyl - 4 - methytthio - NN - dimethylaniline. To »
suspension of the {oregoing amine (7.5 g) in waler (100 ml) were

E

was
R usder redeced . The
amine distilied at 129-132°/3 men, yiold: 4#%. The total yield of
- methyl - 4 - methyRhio - NN . dimethylanidine was 78%
(Found: C, 6645, H, $42. C\H NS requires: C, 6.; H,
8.36%).

4 Hydroxy-2-methyl-1-aitrobenzene. A well-cooled sobn of m-
cresol (70g) in ghacial AcOH (70g) was added dropwise to a
mechasically-stired mixture of HNO, (sp. gr- 1.5, moq ud

crusbed ice (about | kg). Next day the solid was collected and
subjected 1o steam-istillation watd so more § - hydroxy - 2 -

4 Methoxy-2-methylaniling. This was obtained by the reduction
ammmwmmwm)m
Rancy Ni, yield: 9%, b.p. 170-72/20 me (L.

4 - Mathoxy - 2 - methyl - NN - dimethylaniine. Dinethylation
of the foregoing amine with Me,SO, and NaHCO, yielded this
compound, yield: S0%, b.p. 89-91*/3mm. (Foasd: C, 73.00; H,
9.31. C\H;NO requires: C, 72.64; H, 9.16%).
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Purifcation of the commercial samples of N N-dimethyl
agiline,’ Mel,* MeOH, AcOH was done by methods described in
the literature. The commercial variety of petrolewm spirit 60-80°
mdkﬂdw“mmm

and the velocity coeficieats were calculated as described.®

Ackmowiedgement—One of the authors (V.M.K.) thanks the
Ancamahi University for giving fisancial assistance during the
course of this work.

REPERENCES
'V, Baliah and M. Ums, Tetrshadron Letters No. 25, 21 (1960).
“Theymoli Balsssbramacian, Steric  Enheacement of
Resonence, Ph.D. Thesis, Asnamalsi University, 1976; *G.
Baddeley, N. H. P, Senith and M. A. Vickars, J. Chem. Soc.
2485 (1956).
V. Baliab and V. M. Kanagasabepathy, Indiex J. Chem. $, 122
(1971).
“B. Joses and J. Robinson, J. Chem. Soc. 3845 (1955).
*H. P. Crocker and B. Jomes, /bid. 1008 (11959).
“D. P. Evans, H. B. Watson and R. Williams, /hid. 1345 (19%9).
V. Balish and V. M. Kasagasabepathy, Indion J. Chem. I6A,
72 (1978).
*D. G. Thomas, J. H. Billman aad C. E. Davis, /. Am. Chem.
Soc. €8, 995 (1546).
*V. Baliah and M. Uma, Tetrahedron 19, 455 (1963).
“A. Mangiai and R. Passerini, J. Chem. Soc. 4954 (1956).
G, P. Gibson, Iid. 42 (1925).
"K.!;)’m and W. A, Jacobs, J. Am. Chem. Soc. 41, 1450
(191
Y. Balish and V. M. Kanagassbapathy, Indian /. Chem. com-
ounicated,

“0. Cervinks and F. Kavka, Chem. Abstr. 82, 1093 (1958).

UK. Anwers and Th. Markovits, Ber. Dtsch. Chem. Ges. 41, 332
(1908).

“A. W. Baldwia aad R. Robinson, J. Chem. Soc. 1264 (1934).

"]. Degani, A. Mangini, A. Trombetti and C. Zanbi, Spectrochim.
Acta A, 1351 (1967).

. L. Spicgel, N. Musblit and H. Kaufmaza, Ber, Disch. Chem.

Ges. 39, 3240 (1906).

H. Sasielevici and F. Floru, Chem. Abstr. 38, 603 (1963).

®]. Bolseas, J. A C. TH. Browwers, J. H. Choufoer, A. Kats, P.
E Verkade and B. M. Wepster, Recnell Troo. Chim. Poys-Bas
73, 819 (1954).

"Pﬁeﬂu and H. Jiger, Ber. Disch. Chem. Gas. 718, 1888

194Q2).

-—

ZK. G. Blaikie and W. H. Perkin Jr., J. Chem. Soc. 296 (1924).
PG. P. Cibeos, Iid. 1269 (1923).
MR D. Haworth and A. Lapworth, [bid. 2982 (1923).

&

l#:&hmd\f. M. Kasagasabapathy, Indisa J. Chem. 168, 64
).

-



