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A Kinetic study of the title reactions has allowed an interpretation of the higher efficiency of an
o-carboxamido group with respect to an o-carbomethoxy group in activating the benzenethiolate-
dehalogenation reactions in methanol (kconn,/Kcome 2.2—3.0) as due to an interaction between the
anionic nucleophile and the hydrogen atoms of the carboxamido group. An inversion of the
activating power of the two groups (Kconn,/Kco,me 0.14) in the reactions with the same nucleophile
has been observed when they are in a para-position. Moreover, for piperidino-dehalogenation
reactions in methanol Kconn,/Kco,me ratios less than unity (0.2—0.6) have been observed indepen-
dently of the position (ortho or para) of the carboxamido and carbomethoxy groups with respect to

the reaction center.

Recently, in a study of the reactivity of some 2-bromo-
5-nitro-3-X-thiophenes (1) and of 2-bromo-3-nitro-5-X-
thiophenes (2) with sodium benzenethiolate or piperidine
in methanol, we observed! that a carboxamido group in
an ortho-like position with respect to the reaction center
in the reaction with the anionic nucleophile exerts an
activating effect that is not observed either with a neutral
nucleophile (piperidine) or when this group is in a para-

like position. This behavior could be evidenced by
X NO,
LK 3
O,N s Br X" Ng Br
1 2

nucleophile: sodium benzenethiolate
(k)coNHy/(K)H: 919
(k)copMe/(k)n: 419
nucleophile: piperidine
(k)CONH,/(K)n: 150
(k)cooMe/(k)H: 488

nucleophile: sodium benzenethiolate
(kyconHy/(F)H: 91
(k)copMe/(k)H: 536
nucleophile: piperidine
(k)coNH,/(k)n: 62.4
(k)cooMe/(k)u: 204

comparing the activation determined by carbomethoxy
and carboxamido groups.? Thus, at 20 °C for 1 and 2
reacting with sodium benzenethiolate, kconn,/Kco,me ratios
2.2 and 0.17, respectively, were observed, while for both
1 and 2 reacting with piperidine kconn,/Kco,me ratios less
than unity (ca. 0.3) were measured.
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This peculiar effect of an o-carboxamido group was
related! to some “interactions between the ortho-carbox-
amido group and the benzenethiolate anion causing a
local increase in the effective concentration of the an-
ionic nucleophile which would, in turn, increase the
reactivity”.

This interaction could be a hydrogen bond interaction
between benzenethiolate ion and the hydrogen atoms of
the o-carboxamido group. In fact, when the hydrogen
atoms are substituted by methyl groups (in 1: X =
CONMe,) a dramatic reduction of reactivity is observed
in benzenethiolate-debromination (Kconn,/Kconme, €a. 500),
“which can, only in part, be related to a steric effect
similar to that observed in piperidino-debromination
(Kconm,/Kconme, 8.1)".1

These kinetic data proved useful in giving a new
interpretation of the results obtained by Miller and
Williams* in a study of the methoxydechlorination reac-
tion of some 1-chloro-4-COR-2-nitrobenzenes (3: L =Cl;
Kconn,/Kcome 0.17 at 50 °C) and of some 1-chloro-2-COR-
4-nitrobenzenes (4: L = Cl, Kconn,/Kcome 2.7 at 50 °C].
As a matter of fact, from the observation of a lower and
a larger effect of carboxamido compared to the car-
bomethoxy group from the para- and the ortho- positions,
respectively, these authors claimed that “some specific
effect is seen to be required and it is here ascribed to
Cl---H---N hydrogen bonding. This, together with the
absence of O---O repulsive forces, more than counterbal-
ances the effect of greater displacement of the whole
group from the ring plane, when the NH; rather than
the C=0 is toward the Cl atom” and “the hydrogen
bonding enhances the electronegativity of the Ar—CI bond
resulting in acceleration, and also weakens the Ar—ClI
bond with the same result”.*

(3) Exner, O. In Correlation Analysis of Chemical Data; Plenum
Press: New York and London, 1988; p 61.

(4) Miller, J.; Williams, V. A. 3. Am. Chem. Soc. 1954, 76, 5482—
5484.
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The results obtained by us by studying the kinetic
effects of carboxamido and carbomethoxy groups in
thiophenes 1 and 2 induced us to question this interpre-
tation. Indeed, the hydrogen bonding suggested by Miller
and Williams would be effective in activating SyAr with
both anionic (e.g., methoxide or benzenethiolate) and
neutral (amines: e.g., piperidine) nucleophiles. In con-
trast, the greater effectiveness of the o-carboxamido
group with respect to the o-carbomethoxy group was
observed only with anionic nucleophiles, i.e., with re-
agents that can give in some manner a local increase of
nucleophile concentration, eventually via a hydrogen
bond formation between the hydrogen atoms of carbox-
amido group and the anionic nucleophiles.

In order to gain further information on the relative
activating power of carbomethoxy and carboxamido
groups we have extended our studies in this field on the
basis of the following considerations. Firstly, the inter-
pretation of data offered by Miller and Williams makes
no differentiation between anionic and neutral nucleo-
philes, while our data with thiophene derivatives give a
different response; therefore, we have studied an anionic
and a neutral nucleophile to ascertain this point. Sec-
ondly, since these authors explain their results on the
grounds of Halg---H---N hydrogen bonding, which would
weaken the Ca—Halg bond, we have extended the
investigation to bromine and iodine in addition to chlo-
rine, because the three halogens have different hydrogen-
bonding forming abilities®® as well as different bond
strengths® and different polarizabilities® of the relevant
Car—Halg bonds. Finally, Miller and Williams assumed
that the O---O repulsive forces, particularly important
in the case of carbomethoxy group, disfavor the reactions
where this substituent is involved with respect to those
of the corresponding carboxamides: to lessen these
interactions we have tested an anionic sulfur nucleophile
instead of an anionic oxygen nucleophile.5

Thus, we have studied the reactivity with sodium
benzenethiolate (in methanol) and with piperidine (in
methanol and benzene) of 1-halogeno-4-COR-2-nitroben-
zenes (in 3: L =ClI, Br, I; R = NH,, OMe) and 1-halogeno-
6-COR-2-nitrobenzenes (in 5: L = CI, Br, I; R = NHj,
OMe). Substrates 5 have been preferred to 4 in order to
make a more homogeneous comparison. In fact, both
compounds 3 and 5 contain a nitro group ortho to the
reaction center which assures the occurrence of compa-
rable proximity effects, particularly in the case of neutral
nucleophiles (e.g., piperidine, see below).

Results and Discussion

Benzenethiolate- and Piperidino-Dehalogenation
Reactions of 3 and 5 in Methanol. Kinetic data

(5) Isaacs, N. S. In Physical organic chemistry; Longman Scientific
& Technical: Harlow, 1987; (a) pp 62—64; (b) pp 36—37; (c) pp 246—
247; (d) pp 456—457; (e) p 31; (f) pp 171—-172.
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measured at three different temperatures together with
the relevant thermodynamic data are collected in Tables
1and 2.

The reactivity ratios measured for benzenethiolate-
dehalogenation reactions in methanol of compounds 3
and 5 furnish results similar to those obtained by Miller
and Williams in the methoxy-dechlorination of com-
pounds 3 and 4. Moreover, the ratios are practically
independent of the halogen present [at 35 °C in 5: Kconw,/
Kco,me 2.2, 3.0, and 2.5 for L = Cl, Br, and I, respectively;
in 3: Kconn/Kco,me 0.14 for all the three halogens].
Bearing in mind the differences in the electronegativities,>
in the abilities to give hydrogen bonding,%® in the
strengths®® and in the polarizabilities® of the Ca,—Halg
bond and in the volumes of the halogens used, the results
obtained can hardly agree with the hypothesis of Miller
and Williams.*

However, to gain information on the peculiar activation
of the o-carboxamido substituent we have extended our
study to the piperidino-dehalogenation reactions of sub-
strates 3 and 5 in methanol. The reactivity ratios
obtained, always less than unity [at 35 °C, in 5: Kconm,/
kcone 027, 059, and 0.29 in 3: kCONHZ/kCOZMe 020, 022,
and 0.24 for L = CI, Br, and I, respectively], are not
consistent with the hypothesis of Miller and Williams*
on the general activation of the o-carboxamido group.

Indeed, in the piperidino-dehalogenation reactions in
methanol, the carboxamido and carbomethoxy groups
show the same sequence of activating ability in both the
ortho- and the para-positions (the carbomethoxy group
is more activating than the carboxamido group), in
contrast with the proposed occurrence of a L:--H--*N
hydrogen bonding suggested by Miller and Williams,
which should be operating with both anionic and neutral
nucleophiles in 5. In every case, the activation by the
carboxamido group with respect to the activation by the
carbomethoxy group should be favored.

The ortho/para ratios® (ks/ks) at 35 °C in methanol for
the two activating groups are consistent with our indi-
cations: indeed, they indicate a peculiar activation by
the o-carboxamido group only with sodium benzenethio-
late (R = NHz: Kks/ks 0.22—0.30; R = OMe: ks/k; 0.013—
0.018) and not with piperidine (R = NH,, OMe ks/ks
0.03—0.08).

Piperidino-Dehalogenation Reactions of 3 and 5
in Benzene. Kinetic data measured at three different
temperatures together with the relevant termodynamic
data are collected in Table 3.

The kinetic data obtained show that in piperidino-
dehalogenation reactions the reactivity of o- and p-COR
halogeno compounds 3 and 5 is affected by the nature of
the solvent used. Thus, the reactivity ratios calculated
for 3 in benzene (i.e., for the p-COR compounds) are
always less than unity (at 35 °C: Kconm,/Kco,me 0.27, 0.29,
and 0.21 for L = CI, Br, and I, respectively), which is
analogous to the situation observed in methanol. In
contrast, reactivity ratios near unity are observed for 5
(i.e., for 0-COR compounds, at 35 °C: kconn,/Kcome 1.1,
1.3, and 1.5 for L = CI, Br, and I, respectively] that show
that for the 0-COR compounds the ratios are significantly
solvent-dependent. Usually, on going from a protic and
polar solvent (e.g., dioxane/water, methanol) to an aprotic

(6) It must be noted that all of the ortho/para ratios are lower than
unity, indicating the occurrence of a significant kinetic primary steric
effect (e.g., see: Miller, J. Aromatic Nucleophilic Substitution; Elsevi-
er: Amsterdam, 1968; pp 95 and 350 and references therein) in the
ortho-isomers because of the 2,6-disubstitution.
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Table 1. Kinetic Constants and Activation Parameters for the Reactions of 3a, 3b, 5a, and 5b with Sodium
Benzenethiolate in Methanol

compd 103%k/M-1 571 (°C) AH*2/kJ M1 —AS*HIK-1 M-t
3a,L=Cl 2.04 (15.05) 5.33 (25.20) 12.3 (35.00) 64.0 74
3a, L =Br 12.8 (25.03) 29.6 (35.11) 63.0 (45.00) 60.4 78
3a,L=1 12.1 (24.95) 28.9 (35.05) 67.3 (45.02) 64.9 64
3b,L=Cl 16.7 (15.20) 38.8 (25.15) 90.1 (35.10) 60.0 70
3b,L=Br 40.0 (15.12) 91.3 (25.04) 203 (35.10) 575 72
3b,L=1 36.9 (14.92) 91.4 (24.93) 205 (35.04) 60.4 62
5a,L=Cl 1.30 (25.20) 3.46 (35.00) 8.65 (44.93) 733 54
5a, L= Br 3.57 (25.02) 8.92 (35.14) 22.9 (45.12) 70.4 56
5a, L=l 2.68 (24.98) 6.38 (35.03) 14.7 (44.88) 64.9 76
5b, L=ClI 0.622 (25.03) 1.61 (35.12) 3.86 (45.84) 66.8 82
5b, L =Br 1.27 (25.03) 3.09 (35.12) 7.45 (45.90) 64.5 84
5b,L=1 0.975 (24.98) 2.59 (35.03) 6.28 (44.87) 713 63

a At 20 °C; the maximum error is 2.1 kJ M1, b At 20 °C; the maximum error is 7 JK™1 M1,

Table 2. Kinetic Constants and Activation Parameters for the Reactions of 3a, 3b, 5a, and 5b with Piperidine in

Methanol
compd 105k/M~1 571 (°C) AH¥a/kJ M1 —AS¥b[JK-t M~?
3a,L=Cl 24.5 (20.02) 54.8 (29.99) 123 (40.12) 58.7 132
3a,L=Br 32.9 (19.95) 74.2 (30.05) 164 (39.98) 58.6 130
3a,L=1 8.02 (20.03) 20.1 (30.03) 47.4 (40.03) 65.3 119
3b,L=ClI 137 (19.98) 293 (30.02) 592 (40.10) 53.0 138
3b, L =Br 168 (19.98) 361 (30.02) 725 (39.96) 53.3 135
3b,L=1 38.0(19.98) 82.1 (30.10) 198 (39.96) 60.4 123
5a,L=Cl 0.698 (20.00) 1.90 (30.02) 5.24 (40.10) 74.0 110
5a, L =Br 2.15 (20.00) 5.67 (30.05) 14.9 (39.95) 715 109
5a,L=1 0.351 (20.00) 1.11 (30.05) 2.97 (40.02) 78.9 99
5b, L =ClI 2.76 (20.00) 7.71 (30.02) 18.7 (40.10) 70.2 111
5b, L=Br 4.09 (20.00) 10.9 (30.05) 23.0 (39.98) 63.5 131
5b, L =1 1.42 (20.00) 3.97 (30.05) 9.74 (40.10) 70.6 115

a At 20 °C; the maximum error is 2.1 kJ M1, b At 20 °C; the maximum error is 7 JK"1 M1,

and apolar solvent (e.g., benzene, toluene) the effective-
ness of the solvent to delocalize the charges in the
transition state (e.g., by hydrogen bonding, dipolar sol-
vation) is reduced. On the other hand, an ortho-
substituent with large electron-withdrawing effects
(e.g., NO;, or COR) is able to assist the course of the
reaction by the so-called “built-in solvation”.” In aprotic
and apolar solvents this effect can result in a large
increase in the reactivity with respect to the situation
observed when the same substituent is in a para-posi-
tion because in the ortho-isomer it decreases “the need
for participation of solvent molecules in the transition
state formation”.” Thus, in the piperidino-dechlorination
reactions in 75% methanol o- and p-chloronitrobenzene
show similar reactivities (at 102 °C, k./k, 1.7), while in
benzene the ortho-isomer is much more reactive than
the para-isomer (k./k, 46), probably because of the
formation of a transition state having the structure
reported below:

The structure of the transition state for the ortho-
isomer shows that the higher the negative charge on the
ortho electron-withdrawing substituent (e.g., a nitro
group), the stronger are the electrostatic or the hydrogen-
bonding interactions, and this favors the course of the
reaction.

(7) Bunnett, J. F.; Morath, R. J. 3. Am. Chem. Soc. 1955, 77, 5051—
5055.

In 5, there are two ortho-substituents (NO, and COR)
able to exert “built-in solvation”. Interestingly, the
carbomethoxy group (with a lower internal conjugation
with respect to carboxamido group) is more effective than
the carboxamido group in increasing the reactivity
because of its higher electron-withdrawing effect, but vice
versa, the carboxamido group is more effective than the
carbomethoxy group in increasing the reactivity on the
grounds of its higher ability to assist the course of the
reaction by “built-in solvation”. Thus, the two effects
exerted by the two groups [electron-withdrawing effect
(higher for carbomethoxy group) and “built-in solvation”
(higher for carboxamido group)] counterbalance each
other in benzene in the case of the piperidino-dehaloge-
nation reaction of 5, and similar reactivity ratios are
observed (kCONHzlkCOZMe 11_15)

Conclusions

The kinetic data collected for benzenethiolate- and
piperidino-dehalogenation reactions of 3 and 5 in metha-
nol allow the exclusion of the interpretation offered by
Miller and Williams* concerning the course of the meth-
oxy-dechlorination reactions of 3 and 4.

The special effect exerted by an o-carboxamido group
with anionic nucleophiles can be better interpreted
according to the reaction scheme reported below. The
interaction between an anionic nucleophile and the
hydrogen atoms of the o-carboxamido group favors the
course of the reaction by carrying in some way the
nucleophile on the reaction center (the transition state
can thus be directly formed or a hydrogen-bonded adduct
can be formed along the reaction coordinates), and this
effect counterbalances the higher electron-withdrawing
effect of the o-carbomethoxy group.

The structure of the transition state 7 explains why
6-carboxamido-1-halogeno-2-nitrobenzenes (5a) react faster
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Table 3. Kinetic Constants and Activation Parameters for the Reactions of 3a, 3b, 5a, and 5b with Piperidine in

Benzene
compd 10*k/M~1s71 (°C) AHF3/lkJ ML —AS*PJK-1 M1
3a,L=Cl 3.27 (25.00) 6.08 (35.10) 9.98 (44.90) 41.7 171
3a,L=Br 5.31 (25.06) 9.86 (35.10) 16.8 (45.03) 43.0 163
3a,L=1 1.10 (25.04) 2.14 (35.03) 4.07 (45.02) 49.1 156
3b,L=CI 13.2 (25.06) 21.7 (35.10) 34.8 (45.03) 35.8 180
3b,L=Br 20.1 (25.06) 33.8 (35.10) 55.2 (44.98) 375 171
3b,L=1 5.97 (25.00) 10.3 (35.00) 17.7 (45.02) 40.3 171
5a,L=Cl 1.04 (25.03) 2.03 (35.03) 3.74 (45.15) 47.7 161
5a,L=Br 2.55 (24.98) 4.88 (35.00) 8.37 (45.03) 44.3 165
5a,L=1 1.09 (24.95) 2.25 (35.35) 4.10 (45.00) 49.6 154
5b, L=CI 1.02 (25.03) 1.92 (34.98) 3.34 (44.98) 44.4 172
5b, L =Br 2.00 (25.03) 3.85 (35.00) 6.70 (44.98) 45.3 164
5b, L =1 0.717 (24.98) 1.47 (34.98) 2.85 (45.03) 51.8 150

a At 20 °C; the maximum error is 2.1 kJ M1, b At 20 °C; the maximum error is 7 JK™1 M1,

than 6-carbomethoxy-1-halogeno-2-nitrobenzenes (5b)
with sodium benzenethiolate. Indeed, in the first case
the nucleophilic substitution is anchimerically-assisted
by hydrogen-bonding formation via a six-membered-
ring transition state. This situation can be depicted as
“inverted built-in solvation” with respect to that pro-
posed by Bunnett and Morath,” as a comparison between
6 and 7 makes evident: in fact, in the two cases the host—
guest (substrate—nucleophile) interactions are inter-
changed.

L
NH,
Ak
O,N C\\
o
+ Nu
5a

reaction
products

c-complex

In the case of 4-carboxamido-1-halogeno-2-nitroben-
zenes 3 an analogous interaction does not favor the
course of the reactions; in this case, it lowers the effective
concentration of the anionic nucleophile.

Of course, this kind of interaction is much less mean-
ingful with a neutral nucleophile. Thus, both o- and
p-carbomethoxy groups are more effective than the cor-
responding carboxamido groups in activating the piperi-
dino-dehalogenation reactions in methanol.

The piperidino-dehalogenation reactions of 3 and 5 in
benzene show a different pattern because of the role now
exerted by the “built-in solvation”.

Experimental Section

Materials. Methyl 4-chloro-3-nitrobenzoate® (3b, L = CI),
methyl 2-chloro-3-nitrobenzoate® (5b, L = CI), methyl 4-bromo-
3-nitrobenzoate® (3b, L = Br), methyl 2-bromo-3-nitrobenzoate®
(5b, L = Br), 4-iodo-3-nitrobenzoic acid,'® 2-iodo-3-nitroben-
zoic'* acid, methyl 2-iodo-3-nitrobenzoate'? (3b, L = 1), 4-chloro-
3-nitrobenzamide® (3a, L = Cl), 4-bromo-3-nitrobenzamide®

(8) Dictionary of Organic Compounds; London: Eyre and Spottis-
woode, 1953; Vol. I, p 536.

(9) Dictionary of Organic Compounds; London: Eyre and Spottis-
woode, 1953; Vol. I, p 530.

Table 4. Physical and Spectroscopic Data of
Compounds 8 and 9

crystallization

compd Nu solvent mp (°C)  Amax (log €)
8a SCeHs ethanol 199 364 (3.69)2
8b SCeHs methanol—dioxane 114 362 (3.67)2
9a SCeHs methanol—dioxane 199 360 (2.99)2
9b SCeHs light petroleum 60 360 (3.17)2
8a N(CHy)s ligroine—benzene 118 412 (3.28)2
414 (3.35)P

8b N(CHy)s light petroleum 41 408 (3.34)2
408 (3.35)0

9a N(CH,)s ethanol 158 386 (2.92)2
360 (2.95)°

9b N(CHy)s light petroleum 61 370 (2.92)2
370 (3.00)°

a In methanol.  In benzene.

(3a, L = Br), piperidine,'® benzenethiol,** methanol,'> and
benzene!® were prepared and/or purified according to the
methods reported.

2-Chloro-3-nitrobenzamide (5a, L = Cl; mp 147—8 °C from
aqueous methanol), 2-bromo-3-nitrobenzamide (5a, L = Br; mp
164 °C from benzene), 2-iodo-3-nitrobenzamide (5a, L = I; mp
225 °C from methanol), methyl 4-iodo-3-nitrobenzoate (5a, L
= I; mp 105—-6 °C from methanol), and 4-iodo-3-nitrobenz-
amide (3a; L = I, mp 157—8 °C from methanol) were prepared
from the corresponding acids by the same methods used for
the analogous chloro and bromo derivatives.

Sulfides and piperidino derivatives 8 and 9 were prepared
according to the general methods reported, respectively, in refs
14 and 13. The relevant physical data are shown in Table 4.
All the new compounds gave correct analyses.

Nu ﬁ Nu
NO C NO.
2 R/ 2
C.
R” o

8 9
Nu = SC(,HS, N(CH2)5 Nu = SC6H5, N(CH2)5
a:R=NH; a:R=NH;
b:R=0Me b:R=0Me

(10) McRae, J. A.; Moir, R. Y.; Uraprung, J. J.; Gibbs, H. H. J. Org.
Chem. 1954, 19, 1505.

(11) Withmore, F. C.; Culhane, P. J.; Neher, H. J. Organic Syntheses,
2nd ed.; John Wiley and Sons, Inc.: New York, 1941; Collect. Vol. I, p
126.

(12) Iffland, D. C.; Siegel, H. 3. Am. Chem. Soc. 1958, 80, 1947.

(13) Spinelli, D.; Dell’Erba, C.; Salvemini, A. Ann. Chim. (Rome)
1962, 52, 1156.

(14) Spinelli, D.; Dell'Erba, C.; Guanti, G. Ann. Chim. (Rome) 1965,
55, 1252,

(15) Weissberger, A. Technique of Organic Chemistry, 11 ed.; Inter-
science Publ.: New York, 1963; Vol. 7, p 334.
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Measurements. The kinetics were followed spectrophoto-
metrically as previously described. The kinetics constants
were reproducible to within £3%. The concentrations used
were (2—8) x 1072 M for substrates, 8 x 1072—4 x 107! M for
piperidine, and 5 x 1073—1 x 1072 M for sodium benzenethio-
late (in presence of 1—3 times excess of benzenethiol). The

(16) Vogel, A. I. Practical Organic Chemistry, 111 ed.; Longmans:
London, 1961; p 173.
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wavelength and log € values for UV spectral measurements
are reported in Table 4.
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