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ABSTRACT I The synthetic strategy inherent in the “ATP-lmidazole” cycle 
and centred around the vicinal diswsition of -NH.. and CONH, Unctions. 
has been demonstrated with anthranilamide (2) and ?-benzyl-5-amirfoimidaxole~ 
B-carboxamide (L) as regeneratable carriers ?nvolving specifically N-alkylated 
quinazolin_Uones, 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 path=vs involved in these cvclic ooera- 
tions. The p&tical utility of the synthetic strategy using regeneratdble carriers 
has been illustrated with the synthesis of a range of I&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&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-f-phenacyl 
quinazolin+one gave with dilute alkali the novel aromatic tricyclic system 
(32) from trans-annular cyclization. On the other hand, the Z&locked Menxamido 
$nazolin+ones (2) and (2) gave triatoles (35) and (36) arising from the 
desired 3-4 rupture followed by cyclixation initzed by if;c resulting amidine 
unit. 2-Phenyl-3-benxamidoquinazolhG-one (2) with distilled water at 2OO’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 molecule’ which can be re-cycled. Such a strategy -although used by Nature for the biosynthesis 

of compounds vitally associated with life processes’ -has been neither exploited nor systematically explo- 

red thus far. A unique example of this strategy in Nature is the ATP-lmidaxole cycle wherein a derived 

imidazole is grown on a mobile carrier imidazole & a cyclic pathway that is linked to the biosynthe- 

sis of the purine code bases ATP and CTP as well as to the imidazole amino acid histidine3 (Chart I). 

The chemical simulation of the ATP-lmidazole cycle’ was initially carried out on a model 

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-l-carboxamide as the carrier 

molecule. 

Anthranilamide (2) was readily converted to quinazolin-4-one (2) by treatment with dimethyla- 

cetal of DMF and then to an array of kubstituted quinaxolin-4~es. All endeavours to rupture these 

specifically at the 4-0~0 location, that would lead to the release of the COOH function and which 

is the pathway that is established for the ATP-lmidazole cycle (Chart I) did not succeed, but gave frequen- 

tly products arising from re-arrangementdvide 

followed by rupture proved successfu15. 

infta). me alternative strategy involving cycliurtion 
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Specific alkylation of quinazolin_U~nc (3) was achieved by treatment of the conjugate base, 

generated with I eq. of KOH,with phenacyl bromide in ethanol to give 3-phenacyl quinazolin+one (5 

mp 159T, 40%16. By a similar procedure, 3-acetonylquinazolin-l-onc (3 mp ISSC, 50%) was prepared 

using bromoacetone. Compound ($1 proceeded through the cycle (Chart II) on reflux for I2h with benzyla- 

mine (4 l q.) and p-TsOH (2 eq.) leading to the derived product I-benzyl-5-phenylimidazole (& mp II IT, 

69%) and anthranilbenxylamide (101 mp IZTC, 71%). The latter was transformed to anthranilamide (2) 

in 85% yields by treatment with methanesulfonic acid. Thus, the sequence of events outlined in Chart 

II represents synthesis of an imidazole on anthranilamide as the carrier molecule. In an analogous manner, 

3-acetonylquinazolin-4-one (1) was transformed to I-benzyl-5-methylimidarole (& 55%, mp 99T, overall 

yield from anthranilamide 23.6%) and the amide (10) (45%). 

HISTIDINE 
CHART I 

ATP- IMIDAZDLE CYCLE 

PO xi!! + M9+2 

H 

\ 
’ / P PPP 

AT? 

The selective formation of specifically 5-substituted N-protected imidezoles by the carrier 

molecule strategy provides the best route to such compounds7. For example, the hitherto recommended 

procedure for the preparation of I-benzyl-5-methylimidarole (2) is I D-fructose + 4 (5)hydroxymethylimida- 

xole + I-benxyl-U-hydroxymethylimidazole + I-benzyl-5-hydmxymethylimidazole, chromatographic separation 

of the desired 5-isomer, halogenation with SOC12 and reduction (Pd/C/HG (overall yield of (2) from fructose 

<2%). The (2) 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 6Dr the preparation of I-protected-5-substituted 

imidazoles as well as for a variety of l-substituted imidazoles has been further established. Thus, the 

reaction of (5) with octadecylamine gave the derived product, l-octadecyl-5-phenylimidazole (IJ 32%) 

and anthraniloctadecylamide (5 35%) (Chart II). In an analogous manner, compound (I) when processed 

through the cycle gave l+ctadecyl-5-methylimidazoole (u 18%) and 31% of (13). The novel lipids (I 1) - - 
and (12) are of interest since, they carry the biologically important imidazole unit. Micellar systems - 
involving either (I I) or (12) are therefore expected to show novel catalytic profile in imidazole mediated - - 

reactions. 

R 

4: Ph 

2: Me 

IA: Ph 

11: Ph 

12: Ma - 

CHART II 

ICyclchexyl-5-phenylimidazole (a 70%) and anthranilcyclohexylamide (Is, 65%) were obtained 

when (5) was processed through the cycle with cyclohexylamine (Chart II). 

The cyclic operations with anthranilamide (Chart II) illustrate that aspect of the ATP-lmidazole 

cycle which involves the directed synthesis of an imidazole using a soluble regeneratable carrier. An 

aesthetically more pleasing aspect of the ATP-lmidazole cycle is the generation of a derived imidazole 

from an imiclazole carrier. We have accomplished this starting from I-benzyl-5-aminoimidazole-karbox- 

amide (L) (Chart Ill). 

I-Eknzyl-5-aminolmidzole-karboxamide ($ was transformed with formamide to 9-benzyl 

hypoxanthine (3 S7%18. Specific alkylation6 of (2 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 I-benzyl-5-pJtenylimidazole (2, 36%) and I-benzyl-5_aminoimiLzole-U-carboxylic- 

acid benzylamide (_11, 33%). Compound (a with neat MsOH at 125-I UTC for 3h gave the carrier (u 

(80%) which was available to initiate the second cycle9. 

Compound ($ in an analogous manner, was transformed, via (3) to the corresponding l-acetonyl- -- 

9-benzylhypoxanthine (18) (66%) with bromoacetcoe and then processed through the cycle to the derived 

product, I-benzyl-5-methylimidazole (& 30%) and (171, (26%). (Chart Ill). 
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The derived product (2) was transformed to dl-histidine by sequence, Se02 oxidation, NaBH4 reduction, 

deprotection (Pd/C/HZ), treatment with SOCl2, alkylation with NaC(NHAc) (CO2Et)2 and hydrolysis. 

The above cyclic strategy leading to derived imidazoles has also been illustrated with adenine, 

an actual participant ir. the ATP-lmidazole cycle (Chart 1). The reaction of 9-benzyladenine (19) ’ ’ 

with phenabyl bromide in dry DMP at rt. gave the bis-salt (20). Interestingly, during model studies, 

when (13) was treated w.ith benzylbromide in a similar manner, dnly the I-alkylated salt was obtained. 

Compound (2) 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 Ill). - 

Compound (2) WI redux in xylene for 4h with benzylamine (4 eq.) gave the derived product 

I-benzyl-5-phenylimidazole (5 38%). In addition, there was obtained a crystalline compound for which, 

based on spectral and analytical data, structure (2) (mp 136-I 3tC, 28%) has been assigned. 

Most gratifyingly, compound (22) on reflux in xylene with benzylamine (4 eq.) and p-TsOH - 

(I eq.) for I2h gave an excellent (88%) yield of the derived product I-benzyl-5-phenylimidazole (31, 

thus supporting the earlier’ rationalization that such cyclic operations proceed via key enamine inter- - 

mediates. As expected, (21) on reflux in dry xylene with benzylamine (4 eq.) and p-TsOH (2 eq.) for - 

I2 h gave directly the derived product (1) (71%); none of the intermediate (22) could be detected. Simi- 

larly, (2) was transformed with cyclohexylamine to the derived product I-cyclohexyl-5-phenylimidazole 

(IB, 50%). It appears therefore that p-TsOH promotes the rapid conversion of (22) to (4)’ “12. An integ- 

rated picture of the present l ndeavours relating to the generation of derived imidazoles from the carrier 

imidazole (1) involving hypoxanthine and adenine is presented in Chart III 
I3 . 

A comparison of events established for the ATP-lmidazole cycle (Chart I) with that accompli- 

shed in the biomimetic studies (Charts II and 111) 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 l ndeavours thus far. 

The reaction of 3-#enacylquinazolin-l-one (5) in refluxing 0.4 N aq. NaOH gave anthranilic 

acid (45%) and samino-2,4-diphenylpyrrole (27, 37%), from dimerization of the resulting w -amino aceto- 

phenone’I. 

2FWOCH2 NH2 - 

The isolation of anthranilallylamide (2) and anthranilbenzhydrazide (29) on treatment of, respectively, - 

3-allylquinazolin-4-one and Menzamidoquinazolin-$-one with dilute alkali shows that the 2-3 bond is 
3c 

cleaved initially . 

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&-one (z)15 . wvlth dilute alkali gave the tricyclic 

compound (2) (97%) which, as could be expected, readily underwent aromatization to give (32). - 
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‘ihe facile(3OJ to<a 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 (z), having a poor nucleophilic acceptor ligand at 

3-location, gave none of the tricyclic compound related to (2) on treatment with dilute alkali. Instead, 

the triazole (35) arising from the desired >I bond cleavage followed by unwanted cyclization initiated 

by the resulting amidine unit, was isolated in 35% yields. 2-Phenyl-Menzamidoquinazolin+one (14) 

gave, in a similar manner, the triazole (36). 

29 anthranilic acid 

The l-6 bond in purine in the ATP-lmidazole cycle is cleaved with water. Most experiments 

to simulate this with suitable models failed. lhe exception was 2-phenyl-3-benzamidoquinazolin-4-one 

(a), which on reaction with distilled water at 200YI for I2h gave 3,4,5-triphenyl (1,2,4) triazolc (37. 

8%), 2-phenylquinazolin-l-one (38, 8%), benzamide (39, 19%) benzhydrazide (10, 15%) and benzanijide 

(ql. 41%). The formation of these products, best understood on the basis of the expected 3-4 bond cleavage, 

is rationalized in Chart 1V. 

33 : R =Moj R’=Ph 
<. R=f?‘=Ph -* 

w 

35: R=Mp jRf=Ph 
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CHART IV 
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EKPERIMENTAL’6 

1. The reaction of quinazolin-U_one (4) with phenacyl bromide 
l-one (6) I 

: Preparation of >phenacylguinazolin- 

Phenacyl bromide (7.96g, 40 mmol) was added to a solution of the potassium salt of (4)17 
in MeOH -- prepared from 0.58M KOH in dry MeOH (100 ml) and (2) (5.84g, 40 mmol) - and the soluiion 
left stirred at rt. overnight, filtered, the filtrate evaporated and the residue chromatographed on a short 
column of silica gel. Elution with PhH:EtOAc :: 70 : 30 gave (5) as colourless prisms, mp l594C, yield 
4.2g (‘~0%) (Found : C, 72.80 ; H, 4.39 ; N, 10.82 ; Calc. for C 

;;+;,v\i!#r,$B:;h;mD)_ 

H, N 0 ; C, 72.72 ; H, 4.54 ; N, 10.60%) ; 
1690, 1665, 1595 ; NMR : 6 (CDC13) d.e5 8, %I$, 7.35-8.45 (m, IOH) ; m/z I 264 

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

The reaction of bromoacetone (6g, 43 mmol) with the potassium salt of (2) in MeOH - prepared 
from 0.53 M KOH (I00 ml) and (4) (S.#g, 40 mmol) 
(7); colourless needles, mp 15S°C71it. 

-- as described in Experiment I, gave 4g (50%) of 

C H NO 
mp 159OCl (Found : C, 61.80 ; H, 5.25 ; N, 13.77 ; Calc. for 

: C, 65.35 ; H, 4.95 ; N, l3.86%), IR : vmx (KBr) cm 1720, 1675, 1610 ; NMR : 6 (CDC131 
2.l35 (I? &),‘4.85 (s, 2Hl,7.3-8.4 (m, 5H) ; m/z : 202 (M?, 159 (M+ -COCH3). 

111. The reaction of 3-phenacylt$nazolin-4-one (6) with benzylamine : Isolation of the derived imidazole 

(8) and the modified carrier (IO) : 

A stirred mixture of (5) (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- 

;zrap$ed,,o;;i’,t , y~;u;;y$;h,;‘hny : EtOAc :: 80-f 20 gave 0.31g (69%) of anthranilbenzylamide 

435 (d, ZH), 5.25 (br, 2H1, 6.5-7.5 (m, IOH).max 
(KBr) cm 3480, 3360, 3310, 1630 ; NMR : 6(CDC13) 

Further elution with PhH : EtOAc :: 60 : 40 gave 0.33g (71%) of the derived product, I-bentyl- 
5-phenylimidazole (4) as colourless needles from benzene mp. I I lDC (Found : C, 81.80 ; H, 6.06 ; N, 

fl~,8!i2~l 8 m/z : 234 &+)f ’ 
Calc. for C H N : C, 82.05 ; H, 5.98 ; N, 11.97%) ; NMR : 6 (CDC13) 5.1 (s, 2H), 6.7-7.9 
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IV. The reaction of 3-acetonylminazolin-Q-one (7) with bentylamine : Isolation of the derived imidazole 

(9) and the modified carrier (IO) : 

The reaction of (z) (0.606g, 3 mmol) with benzylamine (1.28g, 12 mmol) and anhyd. p-TsOH 
(I.l4g, 6.6 mmol) in dry xylene (50 ml) when carried out exactly as described in Experiment III, gave 
0.3g (45%) of anthranilbenzylamide (10) and 0.284g (55%) of the derived product I-benzyl-5-methylimida- 
zole (2) mp. 99OC (Found : C, 76.39 ; H, 6.62 ; N, 16.57 ; Calc. for C H N : C, 76.74 ; H, 6.97 ; 
N, 16.28%) ; NMR : 6 (CDC131 2.1 (s, 3H), 5.05 (s, ZH), 6.85-82 (m, 7H) ; ml/4 :‘?73(M+). 

V. The reaction of anthranilbenzylamide (IO) with methanesulfonic acid : Regeneration of the carrier (2): 

A stirred mixture of (10) (0.363g, 1.6 mmol), MsOH (1.54g, I6 mmol) and dry xylene (I5 ml) 
was refluxed for IOh, 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 e ution with I3 
PhH : EtOAc :: 50 : 50 gave 0.185g (84%) of anthranilamide (2) mp. I 10°C (lit. mp. I IOOC). 

VI. The reaction of 3-phenacylquinazolin-U_one (6) with octadecylamine : Isolation of derived product 

I-octadecyl-5-phenylimidazole (I I) and anthraniloctadecylamide (I 3) : 

A stirred mixture of (5) (O.SZSg, 2 mmol), octadecylamine (Z.ISZg, 8 mmol), anhyd. pTsOH 
(0.95g, 5 mmol) and dry xylene (40 ml) was refluxed for ISh, solvents evaporated and the residue chroma- 
tographed on silica gel. Elution with PhH : EtOAc :: 
Inp. 86-87’C ; IR : v (KBr) 3500, 3400, 3330, 

colourless crystals, 

3.33 (m, 2H), 5.2 (s,!#& 6.05 (br, IH), 6.4S7.43 
0.63-1.73 (m, 35H), 
elution with PhH : 

EtOAc :: 70 : M afforded derived product (fi) (0.26g, 33%) as a low melting solid 8 NMR : 6(CDC13) 
0.6-1.75 (m, 35H), 3.95 (t, 2H), 6.95-7.85 (m+s, 7H) ; m/z : 396 (M+). 

VII. The reaction of 3-acetonylouinazolin-Q-one (7) with octadecylamine : Isolation of the derived 

product I-octadecyl-5-methylimidazole (12) and amide (I 3) : 

The reaction of 3-acetonylquinazolin-4+ne (1) (Ig, 5 mmol) and octadecylamine (4g, I5 mmol) 
promoted by anhyd. p-TsOH (I.9 
in Experiment VI gave 0.612g 31%) of anthraniloctadecylamide (21 mp. l36-87’C and 0.296g (18%) of P’ 

10 mmol) in dry xylene (40 ml) when carried out precisely as described 

the derived imidazole (121, 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) ; m/z : 334 CM+). 

VIII. The reaction of 3-phenacylouinazolin-Q-one (6) with cyclohexylamine : Isolation of the derived 

product I-cyclohexyl-5-ohenylimidazole (141 and anthranilcyclohexylamide (I 5) : 

The reaction of (61 (0.528g, 2 mmoll and cyclohexylamine (0.792g, 8 mmol) promoted by anhyd. 
p-TsOH (0.76g, 4.4 mmol) in dry xylene (50 ml) when carried o 
111 gave 0.1 15g (65%) of anthranilcyclohexylamide mp. 154’C (lit. 

‘f$ precisely as described in ExE;i;;rrf 

3470, 3360, 3290, 1620 ; NMR : G(CDCI ) 0.6-2.3 ( 
mp. 15S°C) ; IR : v 

m, IOH), 3.85 (br, IH), 5.5 (br, 2H), 5.9m IH), 6.4-7.3 
(m, 4H) and 0.14g (70%) of the derivJd product I-cyclohexyl-5phenylimidazole, colourless thick liquid 
bp 180°C/0.1 torr (Found : C, 79.35 ; H, 7.48 ; N, 12.40 : Calc. for C H N : C, 79.65 ; H, 7.96 ; 
N, 12.38% ; NMR : 6 (CDCI ) 
ment 0.296 g of starting 

l-2.35 (m, IOH), 3.85 (br, IH), 7.35 (br, 7H)‘? m’& :2226 (M+). In this experi- 
ma 9 erial was recovered. 

IX. The reaction of 9-benzylhypoxanthine with phenacyl bromide : Preparation of I-phenacyl-9-benayl- 

hypoxanthine (16) : 

Phenacyl bromide (l&g, 9 mmol) was added to a solution of the 

p” 
tassium 

hypoxanthine in MeOH -- prepared from 0.14 M KOH in dry MeOH (50 ml 
salt of 9-benzyl- 

and 9-benzylhypoxanthine 
(l.O6g, 4.6 mmol) -- the reaction mixture left stirred at rt. overnight, filtered, the filtrate evaporated 
and the residue chromatographed on silica gel. Elution with CHCI : MeOH :: 96 : 4 gave 1.3g (82%) 
of (&I as colourless prisms, mp. 201°C (Found : 
C, 69.76 ; H, 4.65 ; N, 16.28%) ; IR : v 

C, 69-732 ; H, 4.131 N, 16.61 ; Calc. for C2 HI N 0 : 

5.5 (s, 2H), 7.2-8.2 (m, 12H) ; m/z : 344 (m: ~?$‘~hCOl. 
1700, 1610, 1590 ; NMR : 6 (CDC131 9.3 &!!I-& 

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

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

A stirred mixture of (&) (0.344g, I mmol), benzylamine (0.428g, 4 mmol), anhyd. p-TsOH 
(0.57g, 3 mmol) and dry xylene (30 ml) was refluxed for IZh, cooled, solvents evaporated and the residue 
chromatographed on silica gel. Elution with PhH : EtOAc :: 
product I-benzyl-Sphenylimidazole ,@I mp. I I I°C ; 

50 : 50 gave 0.084 g (36%) of the derived 
further elution with PhH : EtOAc :t 40 I 60 afforded 

O.lg (33%) of201-benzyl-5-aminoimidazole-4carb~fylic acid benzylamide (17) ; colourless prisms, mp. 
159-16oOC (lit. mp. 161°C) ; IR : w 
+ D20 s), 4.7 (br, 2H, exch. D20), 4!??$~$, ?S-7.7 (m, 12H) ; m/z : 3% (M+). 

3400, 3300, 1630 ; NMR I 6 ‘CDC131 4.45 fd, 2H , 

Xl. The reaction of 9-benzylhycoxanthine with bromoacetone : Preparation of I-acetonyl-9-benayl- 

hypoxanthine (I 8) : 

The reaction of bromoacetone (1.3g, 9 mmoll with the potassium salt of 9-benzylhypoxanthine 
in MeOH - prepared from 0.14 M KOH in dry MeOH (50 ml) and 9-benrylhypoxanthine (I.06 g, 4.6 mmoll 
- done precisely as described in Experiment IX gave 0.83 g (66%) of (18) ; colourless needles, mp. 155- 
158oC (Found : C, 64.10 ; H, 5.30 ; N, 19.35 ; Calc. for Cl 5H14N402 I C, 63.83 ; H, 4.96 ; N, 19.86%) ; 
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IR : w (KBr) cm-’ I715 (br), 1580 ; NMR : 6 (CDCI ) 2.25 (s, 3H), 4.95 (s, ZH), 5.3 (5, 2H), 7.3 (s, 5H)r 

7.75 (s,m), 7.95 (s, IH) ; m/z : 282 (M+), 239 (M+-COCA3). 

XII. The reaction of I-acetonyl-9-benzylhypoxanthine (IS) with benzylamine : Isolation of the derived 

imidazole (9) and the modified carrier imidazole (I 7) : 

A stirred mixture of (IS) (0.282g, I mmol), benzylamine (0.428g, 4 mmol), anhyd. p-TsOH 
(0.57g, 3 mmol) and dry xylene (30x1) was refluxed for l2h, solvents evaporated and the residue chroma- 
tographed on silica gel. Elution with PhH : EtOAc I 50 : 50 gave 0.050 g (30%) of the derived product 
I-benzyl-5-methylimidazole (2) mp. 99OC. Further l lution with PhH : EtOAc :: 40 : 60 gave 0.079g (26%) 
of ( 17) as colourless prisms, mp. 16 I°C. - 

XIII. The reaction of I-benzyl-5-aminoimidaazole-4-carboxylic acid benzylamide (17) with methane sulfo- 

nit acid : Regeneration of carrier, I-benzyl-Faminoimidazole-Q-carboxamide (I) : 

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

XIV. The transformation of the derived product I-benzyl-Fmethylimidaazole (9) to dl-histidine : I-Benzyl- 

5-formylimidazole : 

A mixture of (2) (O.l72g, I mmol), Se0 (O.IZOg, 1.2 mmol) and glacial AcOH (5 ml) was 
refluxed for IOh, evaporated and the residue chroma?ographed on silica gel. Elution with EtOAc : MeOH 
:: 80 : 20 gave 0.066g (35.4%) qf I-benzyl-Fformylimidaazole 
experiment. IR : Vmax (neat) cm- 1690 (-CHO). 

which was used as such in the following 

I-Benzyl-5-hydroxymethylimidazole : 

A solution of the above aldehyde in dry MeOH (IO ml) was admixed with NaBH (O.lOOg, 
2.38 mmol), left stirred at rt. for 5h, evaporated and chromatographed on silica gel. Elution 
MeOH : 80 : 

rjth4EtOAc : 
20 gave 0.04lg (61%) of I-benzyI-5-hydroxymethylin#a~~M;p. 134OC (lit. m. 134- 

I35OC) identical to an authentic sample prepared from D-fructose : 6 (CDC13) 4.46 P s, 2H), 
4.7 (s, IH), 5.14 (s, ZH), 6.61-7.91 (m, 7H). 

5-Hydroxymethylimidazole : 

The detiotection was achieved in quantitative yields by hydrogenation over Pd/C ; Picrate 
mp. 202-203’C (lit. , mp. 203’C). 

dl-Histidine : 

5-hydroxymethylimidazole was transformed to dl-histidine by known procedu res 23924. 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 (3)” (2.25g, IO mmol) and phenacyl bromide (3g, I5 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. 219-223oC (Found : 
C, 54.40-i H, 4.42 ; N, 10.82 ; Calc. for C28H25N502Br2 
(KBr) cm 3420, 3060, 1690, 1630, 1600. 

: C, 53.93 ; H, 4.01 ; N, 11.23%) ; IR : Vmax 

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

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 andcrystallized from MeOH to give 0.96g (92%) of the mono-salt 
(21) ; colourless needles, 

: C, 61.99; H, 4.43; N, l2.9l%k IR : v 

‘C 

mp. 225-228Y (Found I C, 62.0$ H, 4.22; N, 12.9 3% Calc. for C H N50 
(KBr) cm 3460, 3020, 1710, 1660, 1600 ; l&k& : z 

MSD-d ) . 5 05 (s 2H) 5.7 (s, 2H), 6.4-7yab, l6H), 7.35 (d, 3=8Hz, ZH), 7.91 (s, IH), 8.75 (s, IH) ; 
NM6 : 6 iDMS&d )’ : 190.8 (carbonyl), 145.5, 136.0, 134.7, 134.5, 133.9, 133.8, 131.6, 129.1, 128.9, 

128.7, 128.3, 125.6, 11461, 109.59, 55.7 (-CH2), 49.1 (-CH3. 

XVII. 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) (O.Pg, 1.66 mmol), benzylamine (1.2 ml, Il.2 mmol) and dry xylene (30 ml) 
wasre*pced for 4h, l vaporaGd and chromatographed on silica gel. Elution with PhH I EtOAc I: 65t35 gave 
0.25g (28%) of the enamine (22) ; colwrless crystals mp. 136Ti38eC (Found : C, 78.201 H, 5.43 ; Calc. 

+ D r?q)+ 4.42 (s, 2H), 4.75 (s, IH), 4.85 (s, l&r!x5!~?i!,cl?l, exch. with D 0), 
for C H30N I C, 78.16 I HF5.74%) ; IR : v 3240, 1630 ; NMR : 3.7 (m,ZH 

;~$?I ;; ). Further l lution with PhH : EtOAc ss 55 : 45 gave 0.153g (384 of the 
3 H) ; m/z 
product (i) 

. 

XVIII. The reaction of (22) with benzylamine : Demonstration of the intermediacy of (22) in the formation 

of the derived product (8) I 
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A mixture of (22) (0.2511, 0.478 mmol), benzylamine (O.Zg, 1.9 mmol), anhyd. p-TsOH (O.l08g, 
0.57 mmol) and dry xylenel30 ml) was refiuxed for 6h, evaporated and chromatographed on silica gel. 
Elution with PhH I EtOAc I: 60 
(3, mp. I IO-I I I°C. 

: 40 gave 0.09811 (88%) of the derived product I-benzyl-5-phenylimidazole 

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

imidazole (8) I 

A mixture of (21) (0.238g, 0.45 mmol), benxylamine (O.Zg, 1.8 mmol), anhyd. p-TsOH (O.l7g, 
0.9 mmol) and dry xylene~0 ml) was reduxed for IZh, evaporated and chromatographed cn silica gel. 
Elution with PhH r EtOAc II 60 I 40 gave 0.07g (72%) of the derived imidazole (3) mp. I I I°C. 

xx. The reaction of (21) with cyclchexylamine and p-TsOH I Isolation of the derived product I-cyclohexyl- 

5-phenylimidaxole (IQ) : 

A mixture of (21) (O.USOg, 0.83 mmol) cyclohexylamine (0.52Og, 5.25 mmol), anhyd. p-TsOH 
(O.MOg, 1.57 mmol) and dry xylene (30 ml) was reduxed for l8h, l va rated and chromatographed on 
silica gel. Elution with PhH I EtOAc :t 70 I 30 gave 0.09lg (49%) of (E p” whose properties were identical 
to the sample obtained from Experiment VIII. 

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

pyrrole (27) and anthranilic acid : 

A suspension of (5) (0.3lOg, 1.17 mmol) in aq. NaOH (0.6 N, 30 ml) was refluxed for l6h, 
cooled, extracted with ethyl acetate (3 x 25 ml), dried, evaporated and the residue .# crystallization 
from ethanol gave grtqnish yellow needles of (27J ; O.lO3g (37%), mp. l80-18l.C (lit. mp 178179.C) 
; IR :v 
IH), 6.8m KB! ILyl m/z I 234 (M+). 

3430, 3240, 1615 ; NMR : 6 (CDC13) 3.67 (br, 2H, exch. D20), 6.6 (d, J=3Hz, 

The aqueous layer was adjusted to pH - 7 with 2N H 
dried, evaporated and the residue on crystallization from benz 
mp l44OC (lit. mp 144-146°C). 

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

cylquinaz.olinY-one (30) : 

Phenacyl bromide (I 2.13g, 61 mmol) was added $8 a solution of the potassium salt of 2-methyl- 
quinazolin-Q-one -prepared from 2- methylquinazolin-u-one (IO&g, 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 : EtOAc II 90 : IO gave compound, mp 135OC which was identified 

;:l’f 
mixture of l poxides resulting from the base promoted Darzen’ s type condensation of phenacyl bromi - 
; yield 2g (21%). 

Further l lution with PhH : EtOAc :: 
73.H); H, 4.71; N, 9.97 ; Calc. for C H N 0 : C, 73.38 H, 5.03; N, 10.0%; IR : v 

70 I 30 gave 4.5g (24%) of (30) mp 164Y y;;;dcrrn$ 

1670, 1590 ; NMR I 6 (CDC13) 2.46 (s, &‘$.3? (a, ZH), 7.26-8.36 (m, 9H) ; m/z : 278 (M+).max 

XXIII. lhe reaction of 2-methyl-3-phenacyl@Jinazolin-4-one (30) with aqueous alkali : Isolation of the 

tricyclic compound (31) I 

A suspension of (30) (0.826 g, 2.97 mmol) in aq. NaOH (0.75N, 40 ml) was refluxed for 
I4 h, cooled, acidified with 2NH SO (pH - 3), extracted with CH Cb (3 x 20 ml), dried and evaporated 
to give 0.746 g (97%) of (31), rn8 2&-206’C ; IR I v (KBr) $m-I 1665 ; NMR : 
J=O.5 Hz, 2H, allylic couplinT, 6.9 (t, J=0.5Hz, IH), 7.3-llfefm, 9H) ; m/z t 260 (M+). 

6(CDC13) 5.05 (d, 

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

Crystallization of (31) either from hot CH Cl2 or from hot_penzene led to quantitative isomeri- 
zation to the aromatic compound (a, mp I85Y ; IR ? v max (KBr) cm 
7.26-8.44 (m, ar). 

3400 (br), 1660 ; NMR : 6 (CDCl3 

XXV. lhe reaction of 2-methyl-3_benxamidowinazolin-Q-one (33) with aouecus alkali : Isolation of 4- 

(o-carboxyphenyl)-3-phenyl-5-methyl(1,2,4) triaxole (35) : 

A suspension of (33)27 (3.5 g, I3 mmol) in aq. NaOH (IN, 50 ml) was refluxed for 12h, cooled, 
extracted with ethyl acetate75 x 50 ml) to remove 0.6 g of unchanged (3) the aqueous layer acidified 
with 2N H SO filtered, dried and crystallized from hot MeOH to give. l.2g (34%) of (3J), mp 245-246-C. 
Compound ?35)4(gave with CH 
H 4.89 I NT3.86 I Calc. ?N”t fo 

in quantitative yields, the methyl ester, mp l59-161°C (Found : 5, 7O.Ok 
2 H N 0 I C, 69.62; H, 5.12; N, 14.336; IR I v (KBr) cm- 1720; 

NiAR I 6(Clk13) 2.3 (s, 3H), 3.6 !J 3h 3.s8.2 (m, 9H) ; m/z 293 (M 1, 234 (M+ Cditre). 

XXVI. The reaction of 2-phenyl-f-bcnzamidoguinazolin-l-one (34) with aqueous alkali I Isolation of 4- 

(o-carboxyphenyl)3,5-diphenyl( 1,2,4) triazole (36) I 

A suspension of (34)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 
stirred ovemi ht, 

f 
filtered and crystallized from hot methanol to give 0.6g (50%) of 

Compound (36 was transformed with CH N , 
(FFr;dc;$T3.9@ H, 5.041 N, 

in quantitative yields to the methyl ester, mp 2082lOY 

1720 ; NMR : 
11.90; Cal2 kr C H N 0 : C, 74.37; H, 4.79; N,+ I I. sad ; IR I V 

6(CDC13) 3.55 (s, 3Hf27.y8.J ?m, l4H); m/z I 355 (M ), 295 (M+CoOm 

XXVII. The reaction of 2-phenyl-3_benz.amido~inazolin-4-one (34) with distilled water at 2OO’C I Isolation 
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of 3 ,&5-triohcnyltriaxole (37). 2-phenyl~inazolin+one (38). benzamide (39), benzhydrazide 

(40) and benzanilide (41) I 

A suspension of (fr)) (0.3 g, 0.9 mmol) in distilled water (3 ml) was sealed and held at 2OpC 
for I2h. Five such batches so processed were cooled, cautiously opened, extracted with ethyl acetate, 
evaporated and chromatographed. 

!&!!I!! Compound Yield (%) @& lit. mp !.?f!z 

PhH : EtOAc 

95 : 5 (41) 0.35g (II) l63-I64OC l62-164.C 197(M+) 

90 I IO (N O.Ig (19) 126l2PC 128-l 29-C 122(&l)’ 

60 I 40 (38) O.OSg (8) 229.C 223@ - 

50 I 50 (n O.lg (8) 296-297-C 299*c30 297(M+) 

IO I 90 (j@) 0.09g ( 15) IIO-ll2OC IIPC I36@l+) 
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