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ABSTRACT : The synthetic strategy inherent in the "ATP-Imidazole" cycle
and centred around the vicinal disposition of -NH, and -CONH, functions,
has been demonstrated with anthranilamide (2) and 2l-benzyl-j-amir?oimidazole-
4-carboxamide (1) as regeneratable carriers involving specifically N-alkylated
quinazolin-4-ones, hypoxanthines and adenines, as key intermediates. The isola-
tion and characterization of the enamine (22) coupled with other observations
has made it possible to rationalize the pathways involved in these cyclic opera-
tions. The practical utility of the synthetic strategy using regeneratable carriers
has been illustrated with the synthesis of a range of 1,5-disubstituted imidazoles.
Whilst pathways leading to specific N-alkylation in the Natural cycle and in
simulation studies are comparable, the subsequent events take place in a reverse
order, primarily because of the divergence in the hydrolytic profile of the alky-
lated substrates. The action of dilute alkali on 3-alkylated quinazolin-4-ones
leads to 2-3 rather than 3-4 bond rupture. Endeavours to promote the latter
path, by blocking the 2 position gave unexpected results. 2-Methyl-3-phenacyl
quinazolin-4-one gave with dilute alkali the novel aromatic tricyclic system
(32) from trans-annular cyclization. On the other hand, the 2-blocked 3-benzamido
quinazolin-4-ones (33) and (34) gave triazoles (35) and (36) arising from the
desired 3-4 rupture followed by cyclization initiated by the resulting amidine
unit, 2-Phenyl-3-benzamidoquinazolin-4-one (34) with distilled water at 200°C
gave a number of products which have been identified and their formation
explained.

An attractive facet of the art in organic synthesis would be the creation of structures on
a carrier molc.-culeI which can be re-cycled. Such a strategy -although used by Nature for the biosynthesis
of compounds vitally associated with life procc.-ssf.-s2 -has been neither exploited nor systematically explo-
red thus far, A unique example of this strategy in Nature is the ATP-Imidazole cycle wherein a derived
imidazole is grown on a mobile carrier imidazole via a cyclic pathway that is linked to the biosynthe-
sis of the purine code bases ATP and GTP as well as to the imidazole amino acid histidine > (Chart 1).

The chemical simulation of the ATP-Imidazole cycle“ was initially carried out on a mode]
which possessed the operating part of the cycle, namely, the vicinal disposition of the -NH2 and -CONH2
units and substituting the more reactive imidazole moiety with a phenyl ring, Thus, all early experiments
made use of anthranilamide rather than the N-substituted-5-aminoimidazole-4-carboxamide as the carrier
molecule.

Anthranilamide (2) was readily converted to quinazolin-4-one (4) by treatment with dimethyla-
cetal of DMF and then to an array of 3-substituted quinazolin-4-ones. All endeavours to rupture these
specifically at the 4-oxo location, that would lead to the release of the -COOH function and which
is the pathway that is established for the ATP-Imidazole cycle (Chart 1) did not succeed, but gave frequen-
tly products arising from re-arrangements{vide infra). The alternative strategy involving cyclization
followed by rupture proved successfulj.
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Specific alkylation of quinazolin-4-one (4) was achieved by treatment of the conjugate base,
generated with | eq. of KOH,with phenacyl bromide in ethanol to give 3-phenacyl quinazolin-4-one (s,
mp 159°C, 14096)6. By a similar procedure, 3-acetonylquinazolin-4-one (7, mp 158°C, 50%) was prepared
using bromoacetone. Compound (6) proceeded through the cycle (Chart 1) on reflux for 12h with benzyla-
mine (4 eq.) and p-TsOH (2 eq.) leading to the derived product 1-benzyi-5-phenylimidazole (8, mp 111°C,
69%) and anthranilbenzylamide (10, mp 123°C, 71%). The latter was transformed to anthranilamide (2)
in 85% yields by treatment with methanesulfonic acid. Thus, the sequence of events outlined in Chart
IT represents synthesis of an imidazole on anthranilamide as the carrier molecule. In an analogous manner,
3-acetonylquinazolin-4-one (7) was transformed to l-benzyl-5-methylimidazole (9, 55%, mp 99°C, overall
yield from anthranilamide 23.6%) and the amide (10) (45%).
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The selective formation of specifically 5-substituted N-protected imidazoles by the carrier
molecule strategy provides the best route to such compounds7. For example, the hitherto recommended
procedure for the preparation of |-benzyl-5-methylimidazole (3) is : D-fructose . 4 (5)-hydroxymethylimida-
zole +1-benzyl-4-hydroxymethylimidazole + |-benzyl-5-hy droxy methylimidazole, chromatographic separation
of the desired 5-isomer, halogenation with SOCI, and reduction (Pd/C/Hz) (overall yield ot (9) from fructose
<2%). The (9) thus obtained was identical in all respects to that prepared via the cyclic operation (Chart Ii).
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The general utility of such a cyclic strategy for the preparation of l-protected-5-substituted
imidazoles as well as for a variety of ]-substituted imidazoles has been further established. Thus, the
reaction of (6) with octadecylamine gave the derived product, l-octadecyl-5-phenylimidazole (11, 32%)
and anthraniloctadecylamide (13, 35%) (Chart 1). In an analogous manner, compound (7) when processed
through the cycle gave ]-octadecyl-5-methylimidazole (12, 18%) and 31% of (13). The novel lipids (11}
and (12) are of interest since, they carry the biologically important imidazo; unit. Micellar syste;s
involving either (11) or (12) are therefore expected to show novel catalytic profile in imidazole mediated

reactions.
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1-Cyclohexyl-5-phenylimidazole (14, 70%) and anthranilcyclohexylamide (15, 65%) were obtained
when (6) was processed through the cycle with cyclohexylamine (Chart I).

The cyclic operations with anthranilamide (Chart 1I) illustrate that aspect of the ATP-Imidazole
cycle which involves the directed synthesis of an imidazole using a soluble regeneratable carrier. An
aesthetically more pleasing aspect of the ATP-Imidazole cycle is the generation of a derived imidazole
from animidazole carrier. We have accomplished this starting from |-benzyl-5-amincimidazole-4-carbox-
amide (1) (Chart ).

1-Benzyl-5-aminoimidazole-4-carboxamide (1) was transformed with formamide to 9-benzyl
hypoxanthine (3, 8796)8. Specific alkylation6 of (3) with phenacyl bromide gave I-phenacyl-9-benzylhypoxan-
thine (16, 82%). Compound (16) with benzylamine (4 eq.) and p-TsOH (3 eq.) in refluxing xylene for 12h
gave the derived product |-benzyl-5-phenylimidazole (8, 36%) and |-benzyl-S-aminoimidazole-4-carboxylic-
acid benzylamide (17, 33%). Compound (17) with neat MsOH at 125-130°C for 3h gave the carrier (1)
(80%) which was available to initiate the second cycle’.

Compound (1) in an analogous manner, was transformed, via (3) to the corresponding |-acetonyl-
9-benzylhypoxanthine (18) (66%) with bromoacetone and then processed through the cycle to the derived
product, 1-benzyl-5-methylimidazole (9, 30%) and (17), (26%), (Chart 1),
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The derived product (9) was transformed to dl-histidine by sequence, Su:O2 oxidation, NaBHI‘ reduction,
deprotection (Pd/C/Hz), treatment with SOClz, alkylation with NaC(NHAc) (COzF.t)2 and hydrolysis.

The above cyclic strategy leading to derived imidazoles has also been illustrated with adenine,
an actual participant ir the ATP-Imidazole cycle (Chart 1). The reaction of 9-benzyladenine (19) 10
with phenacyl bromide in dry DMF at rt. gave the bis-salt (20). Interestingly, during model studies,
when (19) was treated with benzylbromide in a similar manner, -only the l-alkylated salt was obtained.
Compound (20) with hot water — conditions under which the model system 1,9-dibenzyladenine hydrobromide
hydrolyses to the neutral 6-imino-1,9-dibenzyladenine - gave the monohydrobromide (21) (Chart 1.

Compound (21) on reflux in xylene for 4h with benzylamine (4 eq.) gave the derived product
1-benzyl-5-phenylimidazole (8, 38%). In addition, there was obtained a crystalline compound for which,
based on spectral and analytical data, structure (22) (mp 136-138°C, 28%) has been assigned.

Most gratifyingly, compound (22) on reflux in xylene with benzylamine (4 eq.) and p-TsOH
(1 eq.) for 12h gave an excellent (88%) yield of the derived product |-benzyi-5-phenylimidazole (8),
thus supporting the earlierl‘ rationalization that such cyclic  operations proceed via key enamine inter-
mediates. As expected, (2]1) on reflux in dry xylene with benzylamine (4 eq.) and p-TsOH (2 eq.) for
12 h gave directly the derived product (8) (71%); none of the intermediate (22) could be detected. Simi-
larly, (21) was transformed with cyclohexylamine to the derived product l-cyclohexyl-5-phenylimidazole

11,12

(14, 50%). It appears therefore that p-TsOH promotes the rapid conversion of (22) to (8) . An integ-

rated picture of the present endeavours relating to the generation of derived imidazoles from the carrier
imidazole (J) involving hypoxanthine and adenine is presented in Chart m!3.

A comparison of events established for the ATP-Imidazole cycle (Chart 1) with that accompli-
shed in the biomimetic studies (Charts H and 11l) shows that whilst pathways leading to specific N-alkyla-
tion are similar, the protocols pertaining to subsequent events are in reverse order. Although the hydroly-
tic rupture of the 1-6 purine bond of the Natural cycle was accomplished in biomimetic studies, the
subsequent events have defied simulation endeavours thus far.

The reaction of 3-phenacylquinazolin-4-one (6) in refluxing 0.4 N aq. NaOH gave anthranilic
acid (45%) and 3-amino-2,4-diphenylpyrrole (27, 37%), from dimerization of the resulting w -amino aceto-

phenone“‘.
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The isolation of anthranilallylamide (28) and anthranilbenzhydrazide (29) on treatment of, respectively,
3-allylquinazolin-4-one and 3-benzamidoquinazolin-4-one with dilute alkali shows that the 2-3 bond is
cleaved initially k.

The preference for 2-3 bond rupture was absent when the 2 location was blocked by substi-
tution. The reaction of 2-methyl-3-phenacylquinazolin-4-one (_32)15 with dilute alkali gave the tricyclic
compound (31) (97%) which, as could be expected, readily underwent aromatization to give (32).
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The facile(30) to{ 32) change illustrates the overwhelming control exerted by the conjugate base of the
2-substituent and provides an excellent method for the synthesis of novel systems of the type (32).

2-Methyl-3-benzamidoquinazolin-4-one (33), having a poor nucleophilic acceptor ligand at
3-location, gave none of the tricyclic compound related to (31) on treatment with dilute alkali, Instead,
the triazole (35) arising from the desired 3-4 bond cleavage followed by unwanted cyclization initiated
by the resulting amidine unit, was isolated in 35% yields. 2-Phenyl-3-benzamidoquinazolin-4-one (3%)

gave, in a similar manner, the triazole (36).
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The 1-6 bond in purine in the ATP-Imidazole cycle is cleaved with water. Most experiments
to simulate this with suitable models failed. The exception was 2-phenyl-3-benzamidoquinazolin-4-one
(34), which on reaction with distilled water at 200°C for 12h gave 3,4,5-triphenyl (1,2,4) triazole (37,
8%), 2-phenylquinazolin-4-one (38, 8%), benzamide (39, 19%) benzhydrazide (40, 15%) and benzanilide
(41, 41%). The formation of these products, best understood on the basis of the expected 3-4 bond cleavage,
is rationalized in Chart V.
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EXPERIMENTAL '®

I. The reaction of quinazolin-4-one (4) with phenacyl bromide : Preparation of 3-phenacylquinazolin-
4-one (6) :

Phenacyl bromide (7.96g, 40 mmol) was added to a solution of the potassium salt of (3)I7
in MeOH -- prepared from 0.58M KOH in dry MeOH (100 ml) and (4) (5.84g, 40 mmol) -- and the solution
left stirred at rt. overnight, filtered, the filtrate evaporated and the residue chromatographed on a short
column of silica gel. Elution with PhHiEtOAc 2 70 : 30 gave (6) as colourless prisms, mp 159°C, yield
4.2g (10%) (Found : C, 72.80 3 H, 4.39 3 N, 10.82 ; Calc. for C Hl N_O, ;3 C, 72.72 3 H, 4.54 ; N, 10.60%) ;
IR :v .. (KBr) cm ' 1690, 1665, 1595 3 NMR : 6(CDC1,) 3%5'6,2H), 7.35-8.45 (m, 10H) ; m/z : 264
(M*, 1*(M* -PhCO).

. The reaction of quinazolin-4-one (4) with bromoacetone : Preparation of 3-acetonylquinazolin-4-
one (7) :

The reaction of bromoacetone (6g, 43 mmol) with the potassium salt of (4) in MeOH -- prepared
from 0.53 M KOH (100 ml) and (4) (5.84g, 40 mmol) -- as described in Experiment 1, gave 4g (50%) of
(7); colourless needles, mp 158°C (lit.'~ mp 159°C) (Found : C, 63.80 ; H, 5.25 ; N, 13.77 ; Calc. for
C, H ON O2 : C, 65.35; H, 495 ; N, 13.86%), IR : Vax (KBr)’cm' 1720, 1675, 1610 3 NMR : § (CDCIB)
2.55 (40 38),24.85'(s, 2H),7.3-8.4 (m, 5H) 5 m/z ¢ 202 (M%), 159 (M -COCH,).

Il The reaction of 3-phenacylquinazolin-4-one (6) with benzylamine : Isolation of the derived imidazole
(8) and the modi fied carrier (10) :

A stirred mixture of (6) (0.528g, 2 mmol), benzylamine (0.856g, 8 mmol), anhyd. p-TsOH (0.76g,
4 mmol) and dry xylene (50 ml) was refluxed for 12h, cooled, solvents evaporated and the residue chroma-
tographed on silicalgel. Elution with PhH : EtOAc = 80_f 20 gave 0.31g (69%) of anthranilbenzylamide
(10) mp 123°C (lit. mp. 123°C) § IR : v (KBr} cm 3480, 3360, 3310, 1630 ; NMR : 6(CDC|3)
.55 (d, 2H), 5.25 (br, 2H), 6.5-7.5 (m, 10H), 3%

Further elution with PhH : EtOAc 2 60 : 40 gave 0.33g (71%) of the derived product, 1-benzyl-
5-phenylimidazole (8) as colourless needles from benzene mp. 111°C (Found : C, 81.80 ; H, 6.06 ; N,
11.80 3 Calc. for C, H 0N2 : C, 82.05 ; H, 598 3 N, 11.97%) § NMR :5(CDC13) 5.1 {s, 2H), 6.7-7.9
(m, 12H) 3 m/z : 234 ()
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. The reaction of 3-acetonylquinazolin-4-one (7) with benzylamine : Isolation of the derived imidazole
(9) and the modified carrier (10) :

The reaction of (7) (0.606g, 3 mmol) with benzylamine (1.28g, 12 mmol) and anhyd. p-TsOH
(1.14g, 6.6 mmol) in dry xylene (50 ml) when carried out exactly as described in Experiment Iil, gave
0.3g (45%) of anthranilbenzylamide (10) and 0.284g (55%) of the derived product |-benzyl-5-methylimida-
zole (9) mp. 99°C (Found : C, 76.39 3 H, 6.62 3 N, 16,57 ;3 Calc. for Cl HI N, ¢ C, 76.74 3 H, 6.97 ;
N, 16.28%) 3 NMR 1 § (CDCL,) 2.1 (s, 3H), 5.05 (s, 2H), 6.85-8.2 (m, 7H) 5 m/% £ 377 (M*).

V. The reaction of anthranilbenzylamide (10) with methanesul fonic acid : Regeneration of the carrier (2):

A stirred mixture of (10) (0.363g, 1.6 mmol), MsOH (1.54g, 16 mmol) and dry xylene (15 ml)
was refluxed for 10h, solvents evaporated, neutralized with aq. ammonia, extracted with CHCI (3x20 ml),
dried and evaporated. The residue on chromatography over a short column of silica gel and el’ution with
PhH : EtOAc =z 50 : 50 gave 0.185g (84%) of anthranilamide (2) mp. 110°C (lit. mp. 110°C).

vi. The reaction of 3-phenacylquinazolin-4-one (6) with octadecylamine : Isolation of derived product

I-octadecyl-5-phenylimidazole (11) and anthraniloctadecylamide (13) :

A stirred mixture of (6) (0.528g, 2 mmol), octadecylamine (2.152g, 8 mmol), anhyd. p-TsOH
(0.95g, 5 mmol) and dry xylene (40 ml) was refluxed for i18h, solvents evaporated and the residue chroma-
tographed on silica gel. Elution with PhH 3 EtOAc & 80 : 20 gave 0.27g (35%) of (13) ; colourless crystals,
mp. 86-87°C ; IR : vy (KBr) 3500, 3400, 3330, 1640, 1590, 1550 ; NMR : §(CDCl,) 0.63-1.73 (m, 35H),
3.33 (m, 2H), 5.2 (s, 2H), 6.05 (br, 1H), 6.43-7.43 (m, 4H) ; m/z : 388 (M*). Furthér elution with PhH :
EtOAc 2 70 : 30 afforded derived product (11) (0.26g, 33%) as a low melting solid ; NMR : 6(CDC13)
0.6-1.75 (m, 35H), 3.95 (t, 2H), 6.95-7.85 (m+s, 7H) 3 m/z : 396 (M").

Vil. The reaction of 3-acetonylquinazolin-4-one (7) with octadecylamine : Isolation of the derived

product I-octadecyl-5-methylimidazole (12) and amide (13) :

The reaction of 3-acetonylquinazolin-4-one (7) (1g, 5 mmol) and octadecylamine (4g, 15 mmol)
promoted by anhyd. p-TsOH (1.9g, 10 mmol) in dry xylene (40 ml) when carried out precisely as described
in Experiment VI gave 0.612g (53]%) of anthraniloctadecylamide (13) mp. 86-87°C and 0.296g (18%) of
the derived imidazole (12), as a low melting solid ; NMR : 6(CDC13) 0.65-1.85 (m, 35H), 2.27 (s, 3H),
3.80 (t, 2H), 7.25 (s, IH), 7.35 (s, IH) 3 m/z : 334 (M),

Vill.  The reaction_of 3-phenacylquinazolin-4-one (6) with cyclohexylamine : lsolation of the derived

product 1-cyclohexyl-5-phenylimidazole (14) and anthranilcyclohexylamide (15) :

The reaction of (6) (0.528g, 2 mmol) and cyclohexylamine (0.792g, 8 mmol) promoted by anhyd.
p-TsOH (0.76g, 4.t mmol) in dry xylene (50 ml) when carried oyt, precisely as described in Experimen
1l _gave 0.115g (65%) of anthranilcyclohexylamide mp. 154°C (lit. ~ mp. 154°C) ; IR : v (KBr) cm”
3470, 3360, 3290, 1620 3 NMR : §(CDCl,) 0.6-2.3 (m, 10H), 3.85 (br, IH), 5.5 (br, 2H), 5.9?&’,‘ 1H), 6.4-7.3
(m, 4H) and 0.14g (70%) of the derive’d product ]-Cyclohexyl-5-phenylimidazole, colourless thick liquid
bp 180°C/0.1 torr (Found : C, 79.35 3 H, 7.48 3 N, 12.40 : Calc. for C, Hl N2 s C, 79.65 3 H, 7.96
N, 12.38% ; NMR : 6 (CDCl,) 1-2.35 (m, 10H), 3.85 (br, IH), 7.35 (br, 7H) ;5m/§ £226 (M*). In this experi-
ment 0.296 g of starting mafterial was recovered.

IX. The reaction_of 9-benzylhypoxanthine with phenacyl bromide : Preparation of I-phenacyl-9-benzyi-
hypoxanthine (16) :

Phenacyl bromide (1.86g, 9 mmol) was added to a solution of the potassium salt of 9-benzyl-
hypoxanthine in MeOH -- prepared from 0.14 M KOH in dry MeOH (50 mlfoangi 9-benzylhypoxanthine
(1.06g, 4.6 mmol) -- the reaction mixture left stirred at rt. ovemight, filtered, the filtrate evaporated
and the residue chromatographed on silica gel. Elution with CHCl, : MeOH = 96 : & gave l.3g (82%)
of (16) as colourless prisms, mp, 201°C (Found : C, 69.32 3 H, 10.153; N, 16.61 ; Calc. for C2 Hl N, O,z
C, 6976 ; H, 4.65 3 N, 16.28%) 3 IR : v . (KBr) cm ' 1700, 1610, 1590 5 NMR : 6 (CDC1,) 8,316, 218,
5.5 (s, 2H), 7.2-8.2 (m, 12H) 3 m/z ¢ 344 (M} 239 (M*-PhCO).

X. The reaction of |-phenacyl-9-benzylhypoxanthine (16) with benzylamine t Isolation of the derived

imidazole (8) and the modified carrier imidazole (17) :

A stirred mixture of (16) (0.344g, | mmol), benzylamine (0.428g, 4 mmol), anhyd. p-TsOH
(0.57g, 3 mmol) and dry xylene (30 ml) was refluxed for 12h, cooled, solvents evaporated and the residue
chromatographed on silica gel. Elution with PhH : EtOAc 2 50 : 50 gave 0.084 g (36%) of the derived
product |-benzyl-5-phenylimidazole (8) mp. 111°C ; further elution with PhH : EtOAc 1 40 : 60 afforded
0.1g (33%) ofzol—benzyl-5-aminoimidazole-lt-carbgfylic acid benzylamide (17) ; colourless prisms, mp.
159-160°C (iit.“"mp. 161°C) 3 IR ¢ v (KBr) cm 3400, 3300, 1630 NMB xé(CDCIB) 445 (d, 2H,
+ D,0's), 4.7 (br, 2H, exch. D,0), ¥¥s, 2H), 6.8-7.7 (m, 12H) ; m/z : 306 (M*).

XI. The reaction of 9-benzylhypoxanthine with bromoacetone : Preparation of l-acetonyl-9-benzyl-
hypoxanthine (18) :

The reaction of bromoacetone (1.3g, 9 mmol) with the potassium salt of 9-benzylhypoxanthine
in MeOH - prepared from 0.14 M KOH in dry MeOH (50 ml) and 9-benzylhypoxanthine (1.06 g, 4.6 mmol)
- done precisely as described in Experiment IX gave 0.83 g (66%) of (18) ; colourless needles, mp. }55-

158°C (Found : C, 64.10 ; H, 5.30 3 N, 19.35 ; Calc. for CI5HIUN1$02 t+ C, 63.83 ; H, 4.96 ; N, 19.86%)
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IR: v (KBe) em™) 1715 (br), 1580 5 NMR 3 6(CDCI ;) 2.25 (s, 3H), .95 (s, 2H), 5.3 (s, 2H), 7.3 (s, 5H),
7.75 (s, "TH), 7.95 (s, 1H) 5 m/z : 282 (M"), 239 (M*-COCH,).

Xn. The reaction of [-acetonyl-9-benzylhypoxanthine (18) with benzylamine : Isolation of the derived

imidazole (9) and the modified carrier imidazole (17) :

A stirred mixture of (18) (0.282g, | mmol), benzylamine (0.428g, 4 mmol), anhyd. p-TsOH
(0.57g, 3 mmol) and dry xylene (30 ml) was refluxed for 12h, solvents evaporated and the residue chroma-
tographed on silica gel. Elution with PhH : EtOAc : 50 : 50 gave 0.050 g (30%) of the derived product
I-benzyl-5-methylimidazole (9) mp. 99°C. Further elution with PhH : EtOAc 3 40 : 60 gave 0.079g (26%)
of (17) as colourless prisms, mp. 161°C.

XIll. The reaction of |-benzyl-5-aminoimidazole-4-carboxylic acid benzylamide (17) with methane sulfo-

nic acid : Regeneration of carrier, i{-benzyl-5-aminoimidazole-4-carboxamide (1) :

A stirred mixture of (17) (0.28g, 0.9 mmol) and MsOH (1.5 ml, excess) was held at 125-130°C
for 3, cooled, added to cold water ( ~10 ml), neutralised with aq. ammonia, filtered, washed with cold
water and dried. Crystallization from ethanol gave 0.176g (88%) of () ; colourless prisms mp. 256°C
(lit.” mp. 257°C).

XIV. The transformation of the derived product |-benzyl-5-methylimidazole (9) to dl-histidine : 1-Benzyl-
5-formylimidazole :

A mixture of (9) (0.172g, | mmol), SeO, (0.120g, 1.2 mmol) and glacial AcOH (5 ml) was
refluxed for 10h, evaporated and the residue chroma?ographed on silica gel. Elution with EtOAc : MeOH
2 80 : 20 gave 0.066g (35.4%) qf 1-benzyl-5-formylimidazole which was used as such in the following
experiment. IR : V__ (neat) cm~ ' 1690 (-CHO).

1-Benzyl-5-hydroxymethylimidazole :

A solution of the above aldehyde in dry MeOH (10 mi) was admixed with NaBH,(0.100g,
2.38 mmol), left stirred at rt. for 5h, evaporated and chromatographed on silica gel. Elution \ﬁth tOAC @
MeOH : 80 : 20 gave 0.041g (61%) of l-benzyl-Hydroxymethylin}ifiazole mp. §34°C (lit."" mp. 134-
135°C) identical to an authentic sample prepared from D-fructose®’ ; NMR :5(CDC13) 4.46 (s, 2H),
4,7 (s, 1H), 5.14 (s, 2H), 6.61-7.91 (m, 7H).

5-Hydroxymethylimidazole :

The depsotection was achieved in quantitative yields by hydrogenation over Pd/C ; Picrate
mp. 202-203°C (lit."“, mp. 203°C).

dl-Histidine :

23,24

5-hydroxymethylimidazole was transformed to dl-histidine by known procedutes The

amino acid thus obtained was identical in all respects to an authentic sample.
XV. The reaction of 9-benzyladenine (19) with phenacyl bromide : Preparation of the bis-alkylated
salt (20) :

A stirred solution of (19)'0 (2.25g, 10 mmol) and phenacyl bromide (3g, 15 mmol) in dry DMF
(50 ml) was left stirred overnight at rt., evaporated, the residue washed with dry ether (3 x 20 ml) and
crystallized from abs. MeOH to give 2.218g (35%) of (20) ; colourless prisms, mp. 219-223°C (Found :
C, 50.‘}0_5 H, 4.42 3 N, 10.82 ;3 Calc. for Czsl'lszjozBr2 : C, 53.93 3 H, 401 3 N, 11,23%); IR : V
(KBr) cm™" 3420, 3060, 1690, 1630, 1600.

XVI. Hydrolysis of the bis-salt (20) : Preparation of the mono-salt (21) :

max

A suspension of the bis-salt (20) (1.2g, 1.93 mmol) in water (90 ml) was left immersed in
boiling water for 0.25h, cooled, filtered and crystallized from MeOH to give 0.96g (92%) of the mono-salt
(21) 5 colourless needles, mp. 225-228°C (Found : C, 62.0’? H, 4.22; N, 12.9 3% Calc. for C, H N50
Br:C, 61.99; H, 6.463 N, 1291%) IR : v.___ (KBr) cm™| 3460, 3020, 1710, 1660, 1600 3 ' HNAR 2 &

MSO-d,) : 5.05 (s, 2H), 5.7 (s, 2H), 6-“-7:?a6n, 16H), 7.35 (d, J=8Hz, 2H), 7.91 (s, IH), 8.75 (s, 1H) ;
C NMﬁ : §(DMSO-d,) : 190.8 (carbonyl), 145.5, 136.0, 134.7, 134.5, 133.9, 133.8, 13i.6, 129.1, 128.9,
128.7, 128.3, 125.6, 114.1, 109.59, 55.7 (—CHZ), 49.1 (-CHZ).

XVIl. The reaction of the bis-alkylated mono-salt (21) with benzylamine : Isolation of the key enamine

intermediate (22) and derived product I-benzyl-5-phenylimidazole (8) :

A mixture of (21) (0.9g, 1.66 mmol), benzylamine (1.2 ml, 11.2 mmol) and dry xylene (30 ml)
wasrefuxed for 4h, evaporated and chromatographed on silica gel. Elution with PhH : EtOAc 2 65235 gave
0.25g (28%) of the enamine (22) ;3 colourless crystals mp. 1367138°C (Found 3 C, 78.203 H, 5.43 3§ Calc.
for CHaN, 1 C, 78.16 3 H, 5.74%) 3 IR 1 y (KBr) cm™ 3240, 1630 ; NMR : s(CDClg 3.7 (m,2H
+ D,0%%.92 (5, 2H), 4.75 (s, 1H), 4.85 (s, 1BR*5.2 (m, IH, exch. with D,0), 7.2-8.0 (m, 23 H) 5 m/z
: 522 (M ). Further elution with PhH : EtOAe nn 55 1 45 gave 0.153g (38965 of the derived product (%)
mp.111°C.

XVINl. The reaction of (22) with benzylamine : Demonstration of the intermediacy of (22) in the formation
of the derived product (8) :
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A mixture of (22) (0.25g, 0.478 mmol), benzylamine (0.2g, 1.9 mmol), anhyd. p-TsOH (0.108g,
0.57 mmol) and dry xylene (30 ml) was refluxed for 6h, evaporated and chromatographed on silica gel.
Elution with PhH : EtOAc 1z 60 : 40 gave 0.098g (88%) of the derived product 1-benzyl-5-phenylimidazole
(8), mp. 110-111°C.

XIX. The reaction of (21) with benzylamine and p-TsOH : The direct transformation to the derived
imidazole (8) :

A mixture of (21) (0.238g, 0.45 mmol), benzylamine (0.2g, 1.8 mmol), anhyd. p-TsOH (0.17g,
0.9 mmol) and dry xylene {20 ml) was refluxed for 12h, evaporated and chromatographed on silica gel.
Elution with PhH : EtOAc 1 60 : 40 gave 0.07g (72%) of the derived imidazole (8) mp. 111°C.

XX. The reaction of (2]) with cyclohexylamine and p-TsOH 3 Isolation of the derived product ]J-cyclohexyl-
5-phenylimidazole (14) :

A mixture of (21) (0.450g, 0.83 mmol) cyclohexylamine (0.520g, 5.25 mmol), anhyd. p-TsOH
(0.300g, 1.57 mmol) and dry xylene (30 ml) was refluxed for 18h, evaporated and chromatographed on
silica gel. Elution with PhH : EtOAc st 70 t 30 gave 0.091g (49%) of (14) whose properties were identical
to the sample obtained from Experiment VIII.

XXI. The reaction of 3-phenacylquinazolin-4-one (6) with aqueous alkali : Isolation of 3-amino-2,4-diphenyl-

pyrrole (27) and anthranilic acid :

A suspension of (6) (0.310g, 1.17 mmol) in ag. NaOH (0.6 N, 30 ml) was refluxed for 16h,
cooled, extracted with ethyl acetate (3 x 25 ml), dried, evaporated and the residueﬁ\ crystallization
from ethanol gave gresnish yellow needles of (27) 3 0.103g (37%), mp. 180-181°C (lit.“” mp 178-179°C)
;s IR sy (KBr) cm™ 3430, 3240, 1615 3 NMR :§ (CDCIB) 3.67 (br, 2H, exch. DZO)’ 6.6 (d, J=3Hz,
1H), 6.8 (m, 11H) 5 m/z 1 234 (M*).

The aqueous layer was adjusted to pH~ 7 with 2N H_SO,, extracted with CH,Cl, (3 x 20 mi),
dried, evaporated and the residue on crystallization from benzéne gave 0.073 g (45%) of 4nthranilic acid
mp 144°C (lit. mp 144-146°C).

XXII. The reaction of 2-methylquinazolin-4-one with phenacyl bromide : Preparation of 2-methyl-3-phena-

oy lquinazolin-4-one (30)

Phenacyl bromide (12.13g, 61 mmol) was added ig a solution of the potassium salt of 2-methyl-
quinazolin-4-one -prepared from 2- methylquinazolin-4-one“” (10.66g, 66.6 mmol) and IM KOH in dry
ethanol (95 ml) — left stirred at rt. overnight, filtered, the filtrate evaporated and the residue chromato-
graphed on silica gel. Elution with PhH 1 EtOAc 12 90 1 10 gave compound, mp 135°C which was identified
as mixture of epoxides resulting from the base promoted Darzen' s type condensation of phenacyl bromi -
de'” 3 yield 2g (21%).

Further elution with PhH 3 EtOAc :: 70 : 30 gave 4.5g (24%) of (30) mp 164°C (Found : S
73.10; H, 4.71; N, 9.97 ; Calc. for C H, N,O, t C, 73.38 H, 5.03; N, 10.059; IR LYV (KBr) cm
1670, 1390 § NMR 1 & (CDCI,) 2.46 (s, 3),'$.38 &, 2H), 7.26-8.36 (m, 9H) 3 m/z : 278 (M").

XXIII. The reaction of 2-methyl-3-phenacylquinazolin-4-one (30) with aqueous alkali : Isolation of the

tricyclic compound (31) 1

A suspension of (30) (0.826 g, 2.97 mmol) in aq. NaOH (0.75N, 40 ml) was refluxed for
14 h, cooled, acidified with 2N H_SO,(pH ~ 3), extracted with CH.Ch (3 x 20 ml), dried and evaporated
to give 0.746 g (97%) of (3]), mf 203-206°C ; IR 1 V (KBr) %m" 1665 3 NMR : G(CDCI3) 5.05 (d,
3=0.5 Hz, 2H, allylic coupling), 6.9 (t, J=0.5Hz, IH), 7.3-E8Xm, 9H) ; m/z : 260 (M").

XXIV. Thermal aromatization of (31) : Isolation of the aromatic tricyclic system (32) :

Crystallization of (31) either from hot CH Cl2 or from hot_lienzene led to quantitative isomeri-
zation to the aromatic compound (32), mp 185°C ; IR ?vmax (KBr) cm™" 3400 (br), 1660 ; NMR : (CDC13)
7.26-8.44 (m, ar).

XXV. The reaction of 2-methyl-3-benzamidoquinazolin-4-one (33) with aqueous alkali : Isolation of &-
(o -carboxyphenyl)-3-phenyl-5-methyl(1,2,4) triazole (35) :

A suspension of (33)27 (3.5 g, 13 mmol) in aq. NaOH (IN, 50 ml) was refluxed for 12h, cooled,
extracted with ethyl acetate (5 x 50 ml) to remove 0.6 g of unchanged (33) the aqueous layer acidified
with 2N H SO,‘, filtered, dried and crystallized from hot MeOH to give-1.2g (34%) of (35), mp 245-246°C.
Compound %2) gave with CH;N , in quantitative yields, the methyl ester, mp 159-161°C (Found : S 70.04
H, 4.8% : N, 13.86 3 Calc. fo é t C, 69.623 H, 5.12; N, 10.336); IR v (KBr) cm™ " 17203

H,N,O R
NMR 1 §(CDCI;) 2.3 (s, 3H), 3.6 4, 3, 3 2382 (m, 9H) 3 m/z 293 (M*), 234 (M* -COBRME).
XXVI. The reaction of 2-phenyl-3-benzamidoquinazolin-4-one (34) with aqueous alkali : Isolation of 4-
(o~-carboxyphenyI}3, 5-diphenyl(1,2,4) triazole (36) :

A suspension of (_31)28 (1.2g, 3 mmol) in aq. NaOH (IN, 25 ml) was refluxed for 12h, the
clear solution cooled, the precipitated sodium salt collected, acidified with 2N H%SO (~30 ml), left
stirred overnight, filtered and crystallized from hot methanol to give 0.6g (50%) of{36), mp 319-320°C.
Compound (36) was transformed with CH,N., in quantitative yields to the methyl ester, mp 208-210°C
(Found : G, 73905 H, 5.045 N, 11.903 Calé. %or C,,H ,N,0, 1 C, 74373 H, 4.79 N, 1. 890 IR 1 v
(KBr) em™! 1720 § NMR : §(CDCly) 3.5 G, 3HZ27..83 bm, 14H) m/z 1 355 (M%), 295 (M*-CoOM®!

XXVil. The reaction of 2-phenyl-3-benzamidoquinazolin-4-one {34) with distilled water at 200°C i Isolation
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of 3 .,4;,5-triphenyltriazole (37), 2-phenylquinazolin-4-one (38), benzamide (39), benzhydrazide
(40) and benzanilide (41)

A suspension of (34) (0.3 g, 0.9 mmol) in distilled water (3 ml) was sealed and held at 200°C

for 12h. Five such batches so processed were cooled, cautiously opened, extracted with ethyl acetate,
evaporated and chromatographed.

Eluent Compound Yield (%) (mp) lit. mp m/z

PhH : EtOAc

95 13 5 (&1) 0.35g (41) 163-164°C 162-164°C 197(M")

9% s 10 (39) 0.1g (19) 126-128°C 128-129°C 1220 1)*

60 1 40 (33) 0.08g (8) 229°C 2rc? -

50 1 50 (37 0.1g (8) 296-297°C 299°c®  297(m%)

10 ¢ 90 (40) 0.09g (15) 110-112°C 112°C 136(M*)
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