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The possibility that a neighbouring amide group can stabilise
an anionic centre via hydrogen bonding with its NH group has
not been seriously tested: surprisingly, because of the prepon-
derance of the amide NH group in proteins, and the possibility
that the above effect can be amplified by relay in polypeptide
units along their hydrogen bond chains (e.g.the α helix and the
β sheet). Such charge dispersal may well be the key to the
Pauling theory of the stabilisation of transition states at the
active sites of enzymes.3 Recent theoretical work strongly sup-
ports this possibility,2 and prompts us to report our own exper-
imental studies – initiated,1 in fact, in the early 1990s.  

The present studies focused on demonstrating the effect of
a single amide NH moiety on nucleophilic addition to a car-
bonyl group,via hydrogen bonding to the carbonyl oxygen
atom (1). In particular, the hydrolysis of carboxylic amides
and esters in substrates with pendant carboxylic amide NH
groups was marked for kinetic study. A vexing problem in
such substrates is the possibility of nucleophilic catalysis4a,5,6

by the pendant amide (likely at high pHs), and direct acid
catalysis (likely at low pHs). Thus, substrates which were
reactive at neutral pH, or those in which nucleophilic catalysis
was not geometrically feasible, were sought. Three different

systems – the anthranilate, the salicylate and the phenanthri-
done – were designed and studied.

The anthranilates:Initial studies were directed at the
anthranilic acid (2) system,7abecause of its internally chelated
form. When methyl anthranilate (2a) was reacted with isatoic
anhydride (3) in the melt (120 °C for 8 h), the expected
anthranilate 2b was accompanied by its higher analog 2c in
the ratio 2b:2c = 1.8:1 (59 % total yield). The substantial for-
mation of 2c despite the presence of the ester 2a in consider-
able excess indicated that 2b was more nucleophilic than 2a
(supported by various control experiments). The inductive
effect of the neighbouring ester group in 2a is the simplest
explanation, although the possibility of a hydrogen bond relay
in 2b also needs to be considered.

The salicylates:This system was chosen for study essentially
because acetyl salicylic acid (aspirin,5a) is known to hydrolyse
at neutral pH at a convenient rate (by a mechanism involving
general base catalysis):9 analogs with pendant secondary amide
groups were designed. Thus, O-(N-benzoyl-β-alanlyl)salicylic
acid (5b) and O-[N-(N-benzoyl-β-alanyl)-β-alanyl]salicylic acid
(5c) were prepared (42% and 56% yield respectively),via
DCC/DMAP promoted esterification of the respective β-
alanines (6a and 6b) with benzyl salicylate (not shown), fol-
lowed by hydrogenolysis of the resulting benzyl esters (not
shown). Also studied was the N-methyl derivative 5d.

The kinetics of the ester hydrolyses of the analogs 5b, 5c
and 5d were studied spectrophotometrically at pH 6.5 (as for
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aspirin),9 the data being collected in Table 1. The rate ratio
5a:5b:5c:5d= 1:2:1.4:2.3 at 39 °C, and indicates either a mar-
ginal effect of amide NH, or a near cancellation of large
effects. The nullification of large effects may arise from com-
peting ground state and transition state stabilisation via chela-
tion; an explanation for this is offered based on the ‘hard and
soft acids and bases principle’. Although an earlier report by
Japanese workers had evidenced chelation in several ethylβ-
alaninates by IR spectroscopy,11a 5b, 5c and their benzyl
esters did not offer firm evidence of chelation. Also, the anom-
alously high reactivity of the N-methyl derivative 5d (in which
no chelation is possible), and the use of aqueous media (which
would disfavour chelation) were clearly sources of ambiguity.

The phenanthridone:A  problem  with   the  salicylates  is
ester  resonance [–+O=C(R)–O–], which would facilitate
ground state chelation (assuming that this plays a role). This
was sought to be avoided in the aziridine amide (7b) of
phenanthridin-6-one-4-carboxylic acid (7a), essentially
because amide resonance is largely thwarted in the 
N-acylaziridines.13b

The N-acylaziridine 7b was prepared from the known14

carboxylic acid 7avia its acid chloride (53% yield; IR data did
not exclude chelation in 7b, but indicated considerable loss of
amide resonance). The kinetics of the hydrolysis of 7b were
determined at pH 10.9 spectrophotometrically [as for 
N-benzoylaziridine (8)13b], the data being collected in Table 2.
It is seen that 7b hydrolyses 5.3 times as fast as 8: although
this seems to suggest NH participation, it is intriguing that the
acceleration is entropic rather than enthalpic in origin. (The
enthalpy data may indicate conjugative stabilisation of the
reacting carbonyl group in 7b.) The entropy data indicate sub-
stantial pre-ordering in the case of 7b: it is possible that the
chelation by the pre-positioned NH moiety obviates the need
for solvation, which presumably dominates the reaction of 8.
(These conclusions are predicated on a negligible inductive
effect of the phenanthridone moiety: this is difficult to esti-
mate quantitatively, but it would appear that the entropy data
indicate N–H participation.)

All the above model compounds were characterised spec-
trally and analytically (HRMS in the case of 7b); the terminal

N-acetyl derivatives of 2b and 2c possessed the reported8a

characteristics. Interestingly, the X-ray crystal structure12 of
the alanylalanine 6b shows each β-alanine unit in a gauche
conformation, indicating chelation in the crystal.

General conclusions

The kinetic effect of amide N–H was not clearly manifest in
the above model systems (except possibly in the phenanthri-
done). The results may be interpreted as evidence for N–H
participation, but by involving complicated explanations.
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Table 1 Kinetic dataa for the hydrolysis of the alanylsalicylic acids at 39 °C.

Compd no 105 kobsd/s–1 ∆H‡/kcal mol–1 ∆S‡/e.u. ∆G‡/kcal mol–1

5ab 1.11 18.39 ± 0.01 −(22.5 ± 0.02) 25.38 ± 0.02
5b 2.15 18.0 ± 0.1 −(22.3 ± 0.1) 25.0 ± 0.1
5c 1.48 19.6 ± 0.6 −(18.0 ± 2.1) 25.2 ± 1.3
5d 2.50 19.2 ± 0.3 −(18.3 ± 1.1) 24.9 ± 0.7
aCorrelation coefficients > 0.95; ∆G‡ from at least three runs at 34–49 °C; bfrom ref. 12. 

Table 2 Kinetic dataa for the hydrolysis of the acylaziridines at 25 °C.

Compd no 103 kobsd/s−1 ∆H‡/kcal mol–1 ∆S‡/e.u. ∆G‡/kcal mol–1

7b 3.10 ± 0.1 14.6 ± 1.1 −(21.6 ± 3.6) 21.0 ± 2.2
8 0.58 ± 0.1 8.6 ± 1.4 −(44.5 ± 4.7 21.9 ± 2.8
a∆G‡ based on three runs at 20–35 °C.


