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Abstract: A report claiming that AcHisOMe reacts regiospecifically with 4-fluoronitrobenzene to give

AcHis[tPh(NO2)]OMe, which on treatment with H2/Pd(C) undergoes a partial t±p shift to give some

AcHis[pPh(NH2)]OMe, cannot be substantiated. 4(5)-Methylimidazole, a model for AcHisOMe, gives on

reaction with 4-fluoronitrobenzene a 4 : 1 mixture of the regioisomers 1-(4-nitrophenyl),4-methylimidazole,

corresponding to t-substitution, and 1-(4-nitrophenyl),5-methylimidazole, corresponding to p-substitution,

each of which has been isolated and fully characterized, including proof of orientation. In both cases,

treatment with H2/Pd(C) gives a single product, without any change of orientation in either case. # 1997

European Peptide Society and John Wiley & Sons, Ltd.
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The regiospecific N-derivatization of histidine side

chains is not easily achieved, and rather circuitous

routes must usually be followed [1±7]. N t-Deriva-

tives are in general more accessible than N p-

derivatives, which are of particular interest for

side-chain protection in peptide synthesis, a topic

which has had our attention for some years. We were

therefore very interested in a paper [8] by Bambal

and Hanzlik with the sub-title `Observation of an

unusual Pd-catalyzed N t- to Np-aryl substituent

migration', which described the transformations

shown in Scheme 1.

Of the nitroarylation stage (i), it was said `As

expected . . . electrophilic attack . . . occurred exclu-

sively at the less-hindered N t imidazole nitrogen

giving rise to a single regioisomer . . . .' Of the reduc-

tion stage (ii), it was said that `Catalytic hydrogena-

tion . . . over Pd/charcoal gave a 3 : 1 mixture of two

products . . . ' which were separated and identified as

3 and 4 respectively. Evidence was presented that

`rearrangement occurred at some intermediate stage

of the hydrogenation process', but neither the

reaction nor its mechanism were further defined. It

seemed possible that this remarkable and comple-

tely unprecedented observation could be the basis

for the development of novel chemistry for Np-

derivatization, and we have therefore reinvestigated

reactions (i) and (ii). Pure 1 could not be isolated

following the literature protocol. Scrutiny of the
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product by NMR revealed it to be a mixture even

after repeated reprecipitation, although comparison

with the NMR data of Bambal and Hanzlik did show

that 1 was the major component. Signals consistent

with the presence of traces of the isomer 2 were also

observed. Hydrogenation of this mixture as de-

scribed by the same authors gave another mixture,

from which no crystalline or pure substances could

be isolated. Again, comparison with the published

NMR data showed that the major component was the

Nt-derivative 3 described by Bambal and Hanzlik,

but we were not able to detect any of the signals

unique to the Np-isomer 4 which were reported by

them. In view of the difficulty of interpreting the

spectra of our complex mixtures fully, we decided to

investigate the two reactions in the simplest possible

model system, namely using 4(5)-methylimidazole

as the substrate.

Treatment of 4(5)-methylimidazole with 4-fluor-

onitrobenzene under the conditions used by Bambal

and Hanzlik for the derivatization of N a-acetylhisti-

dine methyl ester showed that this reaction is

certainly not regiospecific. The two regioisomers 5

and 6, each of which was isolated in a pure state by

fractional crystallization and very thoroughly char-

acterized (including nOe proof of orientation), were

formed in a combined yield of 77%, in approximate

proportions of 4 : 1 respectively.

In our experience, this is typical of the isomer

ratios produced by the generality of electrophiles on

reaction with 4(5)-methylimidazole or histidine side

chains. The only reagents that do react regiospeci-

fically are those (a) that involve steric hindrance

sufficient to impose specificity (e.g. triphenylmethyl

chloride [1]); (b) that react in a freely reversible

manner (e.g. acetic anhydride [4]), so that thermo-

dynamic control operates; or (c) that bridge N a and

Np (e.g. carbonyl diimidazole [5]). Of course the fact

that a reaction provides convenient access to a

single regioisomer does not necessarily mean that

it is regiospecific. The reaction of Boc2O with

histidine side chains, for example, is not regiospe-

cific [4], but a good yield of pure BocHis(t-Boc)OMe

can be isolated easily, nevertheless, after reaction of

Boc2O with HisOMe [2]. Many earlier papers±includ-

ing one of our own [9]±are misleading on this point.

Scheme 1 Conditions: (i) 4-fluoronitrobenzene/K2CO3/DMF/110 �C/13h; (ii) H2/5% Pd(C)/EtOH/2.5h/20 �C.
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Thus although 2,4-dinitrophenylation of histidine

side chains with 2,4-dinitrofluorobenzene has in-

variably led to t-Dnp-derivatives as the sole isolated

products [9], the inference of regiospecificity is false.

Hydrogenation of 5 under the conditions of

Bambal and Hanzlik gave 7 only, and hydrogenation

of 6 gave 8 only: in both cases the hydrogenation

products were demonstrated to be homogeneous

before any purification or manipulations that might

have led to fractionation or loss of minor products;

and they were fully characterized (including nOe

proof of orientation). We conclude that the rearran-

gement reported by Bambal and Hanzlik does not in

fact take place, the hydrogenation reported by them

presumably having been performed on a mixture of

the regioisomers 1 and 2.

EXPERIMENTAL PART

NMR spectra were recorded on a Varian Gemini 200

instrument operating at 200 MHz, and nOes were

determined on a Bruker AM500 instrument operat-

ing at 500 MHz; positive ion mass spectra were

recorded on a Hewlett-Packard 1050 instrument

with atmospheric pressure chemical ionisation.

The Reaction of 4-Fluoronitrobenzene with
4(5)-Methylimidazole

The protocol employed by Bambal and Hanzlik [8]

for the reaction of N a-acetylhistidine methyl ester

with 4-fluoronitrobenzene was used. Excess potas-

sium carbonate (25 g) was added to a solution of 4-

fluoronitrobenzene (14.1 g, 0.1 mol) and 4(5)-methy-

limidazole (8.2 g, 0.1 mol) in dimethylformamide

(40 ml); the mixture was heated at 110 �C for 13 h

and then partitioned between water and chloroform.

The chloroform layer was separated and dried

(MgSO4). The chloroform was removed in vacuo,

giving an orange-yellow powder (15.72 g, 77%),

which was shown by NMR to be a clean mixture of

the isomers 5 and 6 (see below) in proportions of

approximately 4 : 1 respectively.

4-Methyl,1-(4-nitrophenyl)imidazole, Compound 5

This was isolated in a homogeneous state by

fractional crystallization of the above mixture from

chloroform and light petroleum, when 5 separated

first, and was obtained as a yellow powder of m.p.

153±154 �C. (Found: C, 59.4; H, 4.1; N, 20.5; m/e

204, 62%. C10H9N3O2 requires C, 59.1; H, 4.4; N,

20.7%, M�1�204.) 1H-NMR (CDCl3): 2.31 (3H, s,

CH3); 7.10 (1H, s, H5 of the imidazole ring); 7.53

(2H, d, J�8.7 Hz, H3 and H5 of the benzene ring);

7.89 (1H, s, H2 of the imidazole ring); 8.36 (2H, d,

J�8.7 Hz, H2 and H6 of the benzene ring); irradia-

tion at the 2.31 signal gave an nOe of 7% at the 7.10

signal, but no effect elsewhere.

5-Methyl,1-(4-nitrophenyl)imidazole, Compound 6

This was also isolated in a homogeneous state by

fractional crystallization of the above mixture from

chloroform and light petroleum, when 6 separated

second, and was obtained as yellow needles of m.p.

115±117 �C. (Found: C, 59.25; H, 4.3; N, 20.9; m/e

204, 100%. C10H9N3O2 requires C, 59.1; H, 4.4; N,

20.7%; M�1�204.) 1H-NMR (CDCl3): 2.26 (3H, s,

CH3); 6.98 (1H, s, H4 of the imidazole ring); 7.50

(2H, d, J�9.0 Hz, H3 and H5 of the benzene ring);

7.63 (1H, s, H2 of the imidazole ring); 8.40 (2h, d,

J�9.0 Hz, H2 and H6 of the benzene ring); irradia-

tion at the 2.26 signal gave nOes of 5% and 6.7%

respectively at the 6.98 and 7.50 signals.

4-Methyl,1-(4-aminophenyl)imidazole, Compound 7

The protocol employed by Bambal and Hanzlik [8]

for the catalytic hydrogenation of the product from

the reaction of N a-acetylhistidine methyl ester with

4-fluoronitrobenzene was used. 4-Methyl,1-(4-nitro-

phenyl)imidazole, 5 (0.203 g, 1 mmol), was dissolved

in ethanol (5 ml) and hydrogenated at 35 p.s.i. for

2.5 h over 5% palladium on charcoal (50% moist).

Filtration and evaporation gave 7 as a pale brown

solid (0.161, g, 85%) which was homogeneous by 1H-

NMR (CDCl3): 2.30 (3H, s, CH3); 3.79 (2H, bs, NH2);

6.73 (2H, d, J�8.6 Hz, H3 and H5 of the benzene

ring); 6.90 (1H, s, H5 of the imidazole ring); 7.14 (2H,

d, J�8.6 Hz, H2 and H6 of the benzene ring); 7.63

(1H, s, H2 of the imidazole ring); irradiation at the

2.30 signal gave an nOe of 5% at the 6.90 signal, but

no effect elsewhere; irradiation at the 6.90 signal

gave nOes of 4.1% and 2.45% respectively at the

2.30 and 7.14 signals, but no effect elsewhere.

Recrystallization from chloroform-light petroleum

gave slightly discoloured crystals of m.p. 123±

124 �C (Found: C, 69.3; H, 6.5; N, 24.2; m/e 174,

100%. C10H11N3 requires C, 69.4; H, 6.4; N, 24.2%;

M�1�174).
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5-Methyl,1-(4-aminophenyl)imidazole,
Compound 8

5-Methyl,1-(4-nitrophenyl)imidazole was hydroge-

nated in the same way on the same scale and 8

was obtained (0.176 g, 93%) as an oil. (Found, m/e

174, 100%. C10H11N3 requires M�1�174), which

was homogeneous by 1H-NMR (CDCl3): 2.12 (3H, s,

CH3); 3.85 (2H, bs, NH2); 6.74 (2H, d, J�8.7 Hz, H3

and H5 of the benzene ring); 6.88 (1H, s, H5 of the

imidazole ring); 7.06 (2H, d, J�8.7 Hz, H2 and H6 of

the benzene ring); 7.55 (1H, s, H2 of the imidazole

ring); irradiation at the 2.12 signal gave an nOe of

5% at the 7.06 signal, and a weak effect at the 6.88

signal, but no effect elsewhere; irradiation at the

6.88 signal gave an nOe of 2.4% at the 2.12 signal,

but no effect elsewhere; irradiation at the 7.55 signal

gave an nOe of 2.3% at the 7.06 signal, but no effect

elsewhere.
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