HETEROCYCLES, Vol. 23, No. 9, 1985
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INTO 5-AMINO-4-CARBAMOYLIMIDAZOLES
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Abstract «— A mechanism is proposed for the one-pot conversion of 4-carbomethoxy-

5-hydroxyimidazcles Into the corresponding 5-amino-4-carbamoylimidazoles.

We have recently reportedl the synthesis and properties of several ammonium salts of 1l-substituted
4-carbomethoxy-5-hydroxyimidazoles (1; R=H or alkyl, R'-OMe, M=RNH3) which bear significance as
metabolites in the biclogical degradation of xanthine to g—(imi_nomel:hy].)gly'ci.ﬂez’3 and as analogues
of the naturally occurring potent antiviral nucleoside, bredinin [(1; R=§—£—ribofuranosy1, R'=NH,,
M=H)." We have also reported’ their one-pol conversion into 5-amino-4-carbamoylimidazoles (2)
which are impertant as precursors to the ubiquitous natural products xanthine, guanine, hypo-
xanthine and their derivatives. We now wish to propose a mechanism for this conversion based on
the gathered experimental evidence. The key reagent in this transformation is phenylphosphonic
dichloride and the representative conversions that were carried out ' are from la(R=CHyPh, R'=CMe
and M=PhCHsNH3) to 2a(R=R''=CHyPh) and from 1b(R=CH3, R'=OMe and M=CH3NHj3) to 2h(R=CHj, R''=CH5Ph}.
Thus, the reaction of la or lb (1 milliequiv.) with phenylphosphonic dichloride {1-2 milliequiv.)
in pyridine (5 mL) at 115-130°C under Ny for 15-20 minutes, followed by treatment of the resultant
dark brown solution with benzylamine gave 2a and 2b, respectively.

An attempt to elucidate the mechanism of the above conversion led to the following observations:

{a) The reaction of la with primary amines, without the use of PhP(G)Cly, resulted in the recovery

of the starting materials despite employing vigorous reaction conditions, e.g. heating at 160-180°C
o 0
R’ N PhicL I P R”HN)
™ > >
@0 “ 1
Mo N R-NH, RHN-" N
R R

—2247—




in a stainless steel bomb, {(b) replacing PhP{0)Cly with POCl3 yielded an intractable mixture of
products, (c) only one equivalent of the reagent need be employed for the reaction to proceed
although an equivalent in excess had no adverse effect on the preduct yield, (d} a brief preheating
of la with PhP{Q)Cl; in pyridine at 115-1309C, before the addition of benzylamine, was crucial as
the simple mixing and heating of all the reactants together provided only the product of the latter
two reactants, i.e. phenylphosphonic dili-benzyl)amide (3) [PhP(Q)(NHCH3Ph);],' (e) separate
reactions of 3 with la, under a variety of experimental conditions, failed to produce 2z indicating
that 3 is not an intermediate in the above comversiom, (f) the reactions of 1 salts (M=RNH3, R'=OMe)
with PhP(0)Cly/pyridine, followed by aqueous work-up afforded the corresponding parent hydroxy
compounds (M=H, R'-OMe), (g) the conversion from 1 to 2 could also be effected by using the above
parent compounds, in comparable yields.

Based on the above observations, we propose the following mechanism for the title conversion (see
Scheme I): The nucleophilic displacement of la or 1b on PhP(0)Cly yields the intermediate & which
upon reaction with excess primary amine decomposes into the amino-imidate 6. Subsequent aqueous
work-up yields the final amino-amide 2. Hydrolysis of 4 similarly yields the parent hydroxy-

ester compounds.

Since PhP{0)Cly has been employed to replace a hydroxyl group by a chlorine atom in nitrogen

heterocycles,” an alternative mechanism invelving l-benzyl-5-chloro~4-carbomethoxyimidazole (7) as
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an intermediate was alsc considered. Therefere, compound 7 was prepared {Scheme 11)7 and sub-

jected to reaction with benzylamine at reflux (b.p. 1859¢C) for several hours.
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However, the only product that formed in this reaction was l-benzyl-4-{N-benzyl)carbamoyl-5-chloro-
imidazole (8) [wp 137-138°cC; Iy nmr (Me;50-dg) & 4.38 (d, QCHQ,NH = 6.4 Hz, 2, side—chain CHj},
5.26 (s, 2, ring CHg), 7.4-7.27 (m, 10, two Ph), 8.05 (s, 1, imidazole CH), 8.5 (t, JNH,CHZ =

6.4 Hz, 1, NH, exchangeable with D30); Anal, ® ¢,a,Nl. & separate reaction of 8§ with benzylamine
failed to produce 2a even afrer 14 hours at reflux,

The title conversion constitutes a facile general procedure for the preparation of varicus l-sub-
stituted 5-(N-substituted}amino-4-(N-substituted)imidazele carboxamides which are the analogues

of the de novo purine biosynthetic precursor AICAR: aminoimidazolecarboxamide ribotide (2; R=1-f-
D-ribofuranosyl-5'-phosphate, R'=H).? The reaction also carries broad implications of versatility

to other heterocyclic systems bearing vinylogous hydroxy-ester functicns.
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