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Azoles. Part 4.' Nucleophilic Substitution Reactions of Halogenoimidazoles 
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A number of N-protected derivatives of 2,4,5-tribromoimidazole, 4(5) - bromo-5(4) -nitroimidazole, and 
2,4( 5) -dibromo-5(4) -nitroimidazole have been prepared by standard procedures and treated with 
various nucleophiles. Whereas 2,4,5-tribromo (and tri-iodo)imidazole reacted with sodium 
benzenethiolate to give the corresponding 4,5-dihalogenoimidazole and diphenyl disulphide, 
1 -protected derivatives of 2,4,5-tribromoimidazole reacted with various sodium alkane (or 
arene)thiolates and with sodium isopropoxide, in isopropyl alcohol, by displacement of the 2- bromine 
atom. 1 - Benzyl-5-bromo-4-nitroimidazole (1 4), 2- (5-bromo-4-nitroimidazol-1 +)acetate (25), and 
5-bromo-4-nitro-1 -phenacylimidazole (26) reacted by displacement of the 5-bromine atom. The 
product arising from reaction of the last compound with ethyl 2-mercaptoacetate in ethanol in the 
presence of base, cycl ised to give et h y I 3 - hydroxy - 7 - nitro- 3 - p henyl i m idazolo [ 5,l -b] t hiazine - 2 - 
carboxylate (35). 

Although 2,4,5-tribromo-(and tri-iodo-)imidazole have been 
known in the literature for a long time their nucleophilic 
substitution and other reactions have not been e~p lo i t ed .~  
Hydrogen chloride or lithium chloride convert the tribromo 
compound into 2,4,5-tri~hloroimidazole,~ both compounds are 
converted by sodium hydrogensulphite into the corresponding 
4(5)-monohalogenoimidazole,7.8 whilst triphenylphosphine is 
claimed ' to convert 2,4,5-tribromoimidazole into 4,5-dibromo- 
imidazole in 63% yield (see also penultimate paragraph of 
Discussion). 

When we treated either 2,4,5-tribromoimidazole ' or 2,4,5-tri- 
iodoimidazole 4*  with sodium benzenethiolate in hot isopropyl 
alcohol we obtained in each case only the corresponding 43- 
di halogeno-compound (1; 68%) and (2; 90%), respectively, 
together with some starting material and diphenyl disulphide. 
The tri-iodo compound behaved similarly with sodium benzene- 
thiolate in hexamethylphosphoramide (hexamethylphosphoric 
triamide) (HMPA) at 82 "C. Such dehalogenations are not 
without precedent in the literature.' ' 

.. 
H R 

( 1 )  X = B r  ( 3 )  R ' =  CHzPh,RZ=Ph 
( 2 )  X = I  ( 4 )  R ' =  RZ = CHzPh 

( 5 )  R'= CHz0Me,R2=Et  
(6 )  R'= CHzOMe,R2=Prn 

( 7 )  R'= CHzOMe,RZ=CHzPh 

( 8 )  R 1 =  CHzOMe.RZ=Ph 
(9 )  R 1  = CHzOEt, R 2 =  Me 

Br N 

Br K . o p r  i 
(10) R'= CHzCOzEt ,RZ=Ph 
(11) R' = CHzC02H. R Z =  Ph CHzOEt 

(13) (12) R'= CHzCOPh,R2=CH2Ph 

Next we turned our attention to 1-protected mono- and poly- 
halogenoimidazoles. 5-Bromo- (and chloro-) 1 -methylimidazole 
are reported l 2  to react with lithium piperidide in piperidine by 
an addition-elimination process, to give 1 -methyl-5-piperidino- 
imidazole by transhalogenation (c$ ref. 13), to give the 
corresponding 4-halogeno- 1 -methylimidazole, and by a rneta- 

substitution pathway, to give 1 -methyl-2-piperidinoimidazole. 
Encouraged by the work of an Italian group,I4 who have 
studied the nucleophilic displacement reactions of unactivated 
halogen atoms in aromatic systems, we treated 1-benzyl- and 
1 -methoxymethyl-2,4,5-tribromoimidazole with various sodium 
alkane- (or arene-)thiolates, which gave moderate yields ( 5 4 -  
64%) of the corresponding 4,5-dibromo-2-alkyl- (or aryl-) 
thioimidazole (3)-(8) with isopropyl alcohol as the reaction 
solvent. Whilst 2,4,5-tribromo- 1 -ethoxymethylimidazole reac- 
ted with 1 mol equiv. of sodium methanethiolate in HMPA at 
82 "C to give the 2-methylthio derivative (9) (44% yield), the 
yield of (9) in N,N-dimethylformamide (DMF) dropped to ca. 
3%. 2,4,5-Tribromo- 1 -ethoxymethylimidazole also reacted with 
sodium isopropoxide in isopropyl alcohol to give the 2-iso- 
propoxy derivative (13) (63%). 5-Bromo- 1 -methyl-imidazole 
and 1 -ethoxymethyl-4,5-di-iodoimidazole failed to react with 
sodium benzenethiolate either in dioxane at 82 "C or in 
dimethyl sulphoxide at 100 'C. DMF was the preferred solvent 
for the conversions of ethyl 2-(2,4,5-tribromoimidazol- 1 -yl)- 
acetate and 2,4,5-tribromo-l-phenacylimidazole into the 2- 
substituted derivatives (10) (56%) and (12) (61%), respectively. 
Alkaline hydrolysis of ester (10) gave acid (1 1). 

When a 4(5)-halogenoimidazole is activated by the presence 
of an adjacent electron-withdrawing group the halogen atom 
becomes much more reactive to nucleophile~.~ Nucleophilic 
displacements of formyl or nitro group activated halogen atoms 
from imidazole substrates have been reported for oxygen,' 5 - ' 9  

nucleophiles. A 
chlorine-atom in o-chloronitroimidazoles can be displaced 
also by iodide l 6  or by the sodium salt derived from diethyl 
m a l ~ n a t e . ~ ~  Leonard's group 35 treated 1 -benzyl-5-bromo-4- 
nitroimidazole (14) (Scheme 1)  with cyanide ion in refluxing 
methanol and obtained a 5676 yield of the nitrile (15) and we 
have confirmed this result. The isomeric 1 -benzyl-4-bromo-5- 
nitroimidazole is surprisingly unreactive under these con- 
d i t i o n ~ . ~ ~  Others ' 5.36 have successfully replaced halogen by 
cyanide ion from 5-halogeno-4-nitroimidazoles but failed ' or 
succeeded only with difficulty 37*38 with the corresponding 
4-halogeno-5-nitro isomers. Displacement of both the 4- and 
5-substituents from 5-bromo-4-sulphonamidoimidazoles can 
occur with ethanolic ammonia, depending o n  the pressure," 
and both halogen and nitro substituents can be displaced from 
4,5-disubstituted imidazoles by secondary amines.' 

We treated 1 -benzyl-5-bromo-4-nitroimidazole (14) with 
ethanethiol, propanethiol, benzenethiol, 2-aminobenzenethiol, 

su~phur,18.19-Z8 and nitrogen 15.16.19.22.29-33 
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Scheme 1. 

(16) R = E t  
(17) R =Pr 
(18) R =Ph 
(20)R =CHzCOzH 

and ethyl 2-mercaptoacetate (ethyl thioglycollate) in aqueous 
ethanol in the presence of base and obtained compounds (16) 
(74",,), (17) (7004), (18) (30"/), (19) (9373, and (20) (59%) (in this 
case the intermediate ester underwent hydrolysis), respectively, 
in the yields indicated (Scheme 1). 

heat EtOH/ NaOH 1 
H 

Scheme 2. 

In  the hope that the phenothiazine analogue (21) could be 
prepared by the Smiles rearrangement procedure 40 depicted in 
Scheme 2 we heated compound (19) in ethanolic potassium 
hydroxide. This failed to give the desired compound (21), 
possibly due to a reluctance of the nitro group to undergo 
nucleophilic displacement in the final step (c$ Scheme 2). An 
attempt to prepare compound (23) from 5-chloro-l-methyl-4- 
nitroimidazole and 3-hydroxypyridine-2( 1 H)-thione has been 
reported2' to fail for similar reasons; compound (24) was 
isolated instead. We attempted also to prepare the isomeric 
phenothiazine analogue (22) via reductive deoxygenation of 

H 

CHzPh 

Me 

( 2 3 )  ( 2 4 )  

l-benzyl-4-nitro-5-phenylthioimidazole (18) with an excess of 
triethyl ph~sph i t e .~ '  This reaction gave only an intractable black 
tar, together with some starting material. 

2,4( 5)-Dibromo-5(4)-nitroimidazole, 4( 5)-bromo-5(4)-nitro- 
imidazole, and 2,Sdibromo- 1 -methoxymethyl-4-nitroimidazole 
all failed in our hands to react with potassium cyanide in 
ethanol in the presence of potassium iodide (qf refs. 15,35-38). 
Starting material was recovered in each case. 

Several nucleophilic displacement reactions of the nitro 
group activated bromine atoms in ethyl 2-(5-bromo-4-nitro- 
imidazol- 1-yl)acetate (25) and 5-bromo-4-nitro-1-phenacyl- 
imidazole (26) were carried out also and these are summarised 
in Scheme 3. In the reaction of the latter substrate (26) with ethyl 
2-mercaptoacetate (ethyl thioglycollate) in ethanol in the 
presence of base, the intermediate product (34) cyclised to give 
the bicyclic product (35) whose structure was assigned on the 
basis of spectroscopic and other evidence (see the Experimental 
Section). 

/I: (27) R'=OH,R2=Et 
(28) R'=Ph, R2=Et 
( 2 9 )  R'=OH,R2=CH2Ph 
(30) R'= Ph, R 2  =CH2Ph CH7COR 

(25) R =OEt 
( 2 6 )  R =Ph 

(31) R1=OH.R2 =Ph 
(33) R'=OH,R2 =CH2C02H 
( 3 4 )  R ' =  Ph.R2=CH2C02Et 

i (R=Ph)  \" 

CHzCOPh 

Scheme 3. Reugenrs: i ,  100, aq. NaOH-EtOH; ii, R'SH; iii, Na,CO,- 
EtOH; iv, 2-H2NC,H,SH 

EtOzC(2_j ( *  

HO Ph 

(35 )  

The I-protected imidazoles required for this work and that 
described in the following paper, together with 2,4,5-tribromo-l- 
(2-phenylsulphonylethyl)imidazole, 2-(2,4,5-tribromoimidazol- 
1 -yl)ethyl bromide, and 2,4,5-tribromo- 1 -vinylimidazole were 
prepared by treatment of 2,4,5-tribromoimidazole (CAUTION: 
this compound and its 1-protected derivatives that are 
deprotected in viuo, to give 2,4,5-tribromoimidazole, are 
reported to be neurotoxic 42), 4( 5)-bromo-5(4)-nitroimidazole, 
or 2,4( 5)-dibromo-5(4)-nitroimidazole with either chloromethyl 
ethyl (or methyl) ether (CAUTION: these ethers are considered 
to be carcinogenic), benzyl chloride, 4-methoxybenzyl chloride, 
3,4-dimethoxybenzyl chloride, 2-bromoacetate, phenacyl 
bromide, 2-phenylsulphonylethyl chloride, or 1,2-dibromoeth- 
ane (in this case elimination of hydrogen bromide may occur 
from the initial alkylation product, depending on the reaction 
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conditions, resulting in the introduction of a vinyl group), 
respectively, in the presence of base. Interestingly, when 4,5- 
dibromoimidazole was treated successively with sodium 
hydride and 1,2-dibromoethane (an excess) in DMF, the 
product was 2-(2,4,5-tribromoimidazol- 1 -yl)ethyl bromide. 
Isolated reports exist in the literature on the capture of bromine 
from 1,2-dibr0moethane.~~ 

Previously, 2,4,5-tribromoimidazole has been N-alkylated 
with dialkyl sulphates in acetone in the presence of potassium 
carbonate.44 Its treatment with an alkyl chloroacetate under 
these conditions yields the corresponding alkyl 2,4,5-tribromo- 
imidazole-1 - ~ a r b o x y l a t e . ~ ~  Methyl 2,4,5-tribromoimidazole-l - 
carboxylate can be prepared also by successive treatment of 
2,4,5-tribromoimidazole with sodium hydride and methyl 
f ~ r m a t e . ~ '  With ethylmagnesium bromide, 2,4,5-tribromo- 
imidazole forms a Grignard compound which reacts with 2,4- 
dichlorobenzoyl chloride to yield the corresponding N- 
aroylated We ' have alkylated 2,4,5-tribromo- 
imidazole previously through its successive treatment with 
butyl-lithium and methyl iodide. 

The structure of 1 -benzyl-5-bromo-4-nitroimidazole (14) has 
been assigned by others 3' and those of 2,5-dibromo-l-methoxy- 
methyl-4-nitroimidazole, ethyl 2-( 5-bromo-4-nitroimidazol- 1 - 
y1)acetate (25), and 5-bromo-4-nitro- 1-phenacylimidazole (26) 
are assigned by analogy and through formation of the bicyclic 
product (35) by reaction of the phenacyl compound (26) with 
ethyl 2-mercaptoacetate in the presence of base (see before). To 
support ou r  assignments 4(5)-nitroimidazole and its ortho- 
substituted derivatives, on alkylation under similar conditions 
to those used in this work, are known to give either the 1-alkyl- 
4-nitro isomer exclusively or a mixture of the 1-alkyl-4-nitro 
and I-alkyl-5-nitro isomers in which the former predomin- 
ate. ' 6.3 ' .37 .38 .47  ' 3  The relative ease of nucleophilic displace- 
ment of halogen from compounds (25) and (26) (cf .  refs. 15, 37, 
38) is also indicative that they have the structures shown. 

Experimental 
The instruments used to record i.r., mass, and ' H and ' n.m.r. 
spectra, and the general experimental conditions were the same 
as those reported in an earlier paper.' All the mass spectra 
recorded for polyhalogenoimidazoles exhibited the correct 
isotopic abundance ratios for the type and number of halogens 
contained in them and the reported molecular weights are 
for isotopes 35Cl and 79Br unless stated otherwise. Coupling 
constants that agree with common standard values ( e g .  for Et 
groups) are not given unless thought important for structural 
proofs. Chemical shifts for exchangeable protons are given only 
when the signals were clearly observable. Reactions at 82 C 
were carried out in apparatus surrounded by a heating jacket 
containing boiling isopropyl alcohol. 

2,4,5-Tribromo (and tri-iodo)imidazole, 2,4,5-tribromo- 1 - 
ethoxymethylimidazole, l-ethoxymethyl-4,5-di-iodoimidazole, 
and 5-bromo- 1 -methylimidazole were prepared as described by 
us prev i~us ly .~  l-Benzyl-5-bromo-4-nitroimidazole was pre- 
pared by the method of Leonard et ~ 1 . ~ ~  and 2,4(5)-dibromo- 
5(4)-nitroimidazole and 4(5)-bromo-5(4)-nitroimidazole were 
prepared by the method of Balaban and P ~ m a n . ~ ~  

2,4,5- Tribronio- 1 -nieriios?~metli~~liniidu~ole (78%), m.p. 88- 
90 C (from ethanol) (lit.,55 m.p. 92-94 "C); G,(CDCI,) 3.40 (3 
H, s, OMe) and 5.35 (2 H, s, NCH,); G,-(CDCI,) 56.61 (9, Me), 
77.12(t,CHZ), 105.42(s,C-5), 117.12(s,C-4),and 118.82p.p.m. 
(s, C-2) (Found: C, 17.3; H, 1.5; N, 7.8""; M + ,  349. C,H,Br,N,O 
requires C, 17.2; H, 1.4; N, 8.0'6; M ,  349) and 2,5-dihromo-l- 
nietho.~?.metl~j1.I-4-nirroin~idu=ole (67',), m.p. 95-97 C (from 
ethanol); G,(CDCl,) 3.35 (3 H, s, Me) and 5.53 (2 H, s, NCH,); 
G,(CDCI,) 57.10 (q, Me), 77.64 ( t ,  CH,), 106.33 (s, C-5), 120.59 

(s, C-4), and 120.59 p.p.m.(s, C-2) (Found: C, 19.3; H, 1.7; N, 
13.37;; M + ,  313. C5H,Br,N,03 requires C, 19.1; H, 1.6; N, 
13.30/,,; M ,  3 13) were prepared in a manner similar to that used 
for the synthesis of 2,4,5-tribromo- 1 -ethoxymethylimidazole 
with the exception that column chromatography was not 
necessary in these cases. 

1 - Benq~l-2,4,5-tribromoimiduzole.-A stirred mixture of 2,4,5- 
tribromoimidazole (50.0 g, 0.16 mol), benzyl chloride (20.74 g, 
0.16 mol), sodium carbonate ( 17.37 g, 0.16 mol), and D M F  (100 
ml) was heated under reflux overnight. The cooled mixture was 
filtered and the solvent distilled off under reduced pressure. To 
the residue, water (50 ml) was added and the oil was triturated 
until solidification occurred. The water was decanted and 
recrystallisation of the residue from ethanol gave the product 
(57.0 g, 90",), m.p. 67-68 "C (this compound is reported in a 
patent,56 m.p. 68-69 "C); G(CDC1,) 5.28 (2 H, s, NCH,) and 
7.36 ( 5  H, m, ArH) (Found: C, 30.2; H, 1.7; N, 7.1%; M + ,  392. 
C ,  oH7Br3N, requires C, 30.4; H, 1.8; N, 7.1%; M ,  392). 

The following compounds were prepared similarly using 
either 4-methoxybenzyl chloride, 3,4-dimethoxybenzyl chloride, 
ethyl 2-bromoacetate, or phenacyl chloride as the reagent 
and either 2,4,5-tribromoimidazole or 4(5)-bromo-5(4)-nitro- 
imidazole as the substrate: 2,4,5-tribrorno-1-(4-metho.~~,benzyI)- 
imiduzole (90%), m.p. 69-70 C (from ethanol); G(CDC1,) 3.80 
(3 H, s, OMe), 5.14 (2 H, s, NCH,), 6.85 (2 H, d , J8 .0  Hz, ArH), 
and 7.1 8 (2 H, d, J 8.0 Hz, ArH) (Found: C, 30.75; H, 2.1; N, 
6.6",,; M + ,  422. C,,H,Br,N,O requires C, 31.1; H, 2.1; N, 
6.6",b; M ,  422): 2,4,5-tribromo- 1 -( 3,4-dimetho.uyben:yl)imidu~ole 
(60";), m.p. 122-124 'C (from ethyl acetate); G(CDCI,) 3.90 (6 
H, s. 2 x OMe), 5.15 (2 H, s, NCH,), and 6.78 (3 H, s, ArH) 
(Found: C, 31.5; H, 2.45; N,  6.206; M + ,  452. C, ,Hl ,Br3N,0,  
requires C, 3 1.7; H, 2.4; N, 5.2'4; M ,  452) (after distillation of the 
DMF, water was added to the residue and the product was 
extracted with chloroform prior to its trituration with ethanol): 
c.thj,l 2-( 2,4,5-tribromoimiduzol-l -?~l)ucetute (90"/,), m.p. 93- 
94 "C (from ethanol); v,,,, 1 740 cm-' (CO); G(CDC1,) 1.36 (3 
H, t, Me), 4.42 (2 H, q, OCH,), and 4.92 (2 H, s, NCH,) (Found: 
C, 21.7; H, 1.8; N, 7.25%; M + ,  388. C,H,Br,N,O, requires C, 
2 1.5; H, 1.8; N, 7.2%; M ,  388): ethyl 2-( 5-bromo-4-nitroirniduzol- 
1 -?'l)ucetute (25) (7073, m.p. 104- 106 "C (from ethanol); v,,, 
1 740 cm-' (CO); G(CDC1,) 1.34 (3 H, t, Me), 4.30 (2 H, q, CH,), 
4.88 (2 H, s, NCH,), and 7.72 ( 1  H, s, 2-H) (Found: C, 30.3; H, 
3.0; N, 15.2'6; M',  277. C7H8BrN,04 requires C, 30.2; H, 2.9; 
N,  15.1 no; M ,  277): 2,4,5-tribromo- 1 -phenac~~linziduiole (92"/,), 
m.p. 157-158 C (from dioxane); v,,, 1690 cm-' (CO); 
G(CDC1,) 5.48 (2 H, s, NCH,) and 7.60-8.10 ( 5  H, m, ArH) 
(Found: C, 31.3; H, 1.7; N, 6.7%; M + ,  420. C, ,H,Br3N,0 
requires C, 31.2; H, 1.7; N, 6.606; M ,  420): and 5-brorno-4-nitro-I- 
phenucj*limidu:ole (26) (720/,), m.p. 158-160 "C (from ethanol); 
vmdx. 1 680 cm-' (CO): F[CDCl,-(CD,),SO] 5.75 (2 H, s, 
NCH,) and 7.45-8.16 (6 H, m, ArH) (Found: C, 42.9: H, 2.7; N, 
13.3",,,; M + ,  309. C,,H8BrN,O, requires C, 42.6; H, 2.6; N, 
13.55",,; M ,  309). 

2,4,5- Tribromo- 1 -( 2-phen?~lsulphonj~leth~l)irnidu:ole.-2,4,5- 
Tribromoimidazole (10.0 g, 32.78 mmol) was added portionwise 
to a stirred suspension of 6006 sodium hydride in mineral oil 
( 1.31 g, 32.78 mmol) in anhydrous D M F  (50 ml) under nitrogen 
at ambient temperature. 1 Hour after the addition, 2- 
phenylsulphonylethyl chloride (6.70 g, 32.78 mmol) was added 
and the mixture was heated under reflux overnight. The solvent 
was distilled off under reduced pressure, water (50 ml) was 
added to the residue, and extraction of the product with ethyl 
acetate gave a light brown oil which solidified on trituration 
with ether. Recrystallisation of the solid from ethanol gave the 
product (5.82 g, 37.5y3, m.p. 139-140 -C; G(CDC1,) 3.45-3.70 
(2  H, m, CH,), 4 . 3 W . 5 0  (2  H, m, CH,), and 7.45-8.00 (5 H, 
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m, ArH) (Found: C, 28.1; H, 1.9; N, 6.1%; M + ,  470. 
C, H,Br,N202S requires C, 27.9; H, 1.9; N, 5.9%; M ,  470). 

2-( 2,4,5- Tribromoimiduzol- 1 -yl)ethyl bromide. This was 
prepared similarly both from 4,5-dibromoimidazole 166% yield; 
2 mol equiv. of Br(CH,),Br used; mixture stirred 30 min at 
ambient temperature, then at 100 "C for 2 h prior to work-up as 
described in the preceding experiment; addition of water gave a 
precipitate which was filtered om and 2,4,5-tribromoimidazole 
(84.5% yield), m.p. 146-148 "C (from ethanol); G(CDC1,) 3.60 
(2 H, t, CH,) and 4.48 (2 H, t, NCH,) (Found: C, 14.85; H, 1.0 
N, 6.8%; M', 408. C,H,Br,N, requires C, 14.6; H, 1.0; N, 6.8%; 
M ,  408). 

2,4,5- Tribromo- 1 -vinylimidazole.-50% Aqueous sodium 
hydroxide (30 ml) was added to a stirred solution of 2,4,5- 
tribromoimidazole (10.0 g, 32.78 mmol) and tetrabutyl- 
ammonium bromide (10.5 g, 32.78 mmol) in 1,2-dibromoethane 
(30 ml) at 0 ° C  and the mixture heated under reflux with 
vigorous stirring for 2-3 h. The cooled mixture was diluted 
with water (50 ml) and extracted with methylene dichloride. 
The extracts were combined, washed successively with 10% 
hydrochloric acid and water, dried (MgSO,), and evaporated 
under reduced pressure to give the product (9.1 g, 84%), b.p. 
108-1 10 'C at 0.5 mmHg (Kugelrohr single path distillation), 
m.p. 34-35 'C; v,,,, 1 640 cm-' (C=C); G(CDC1,) 5.56 (1 H, dd, J 
8 Hz), 5.76 (1 H, dd, J 2 0  Hz), and 6.75 (1 H,dd, J 8  Hz, 20 Hz) 
(vinylic H) (Found: C, 18.2; H, 0.95; N, 8.74%; M + ,  328. 
C,H,Br,N, requires C, 18.15; H, 0.9; N, 8.7%; M ,  328). 

Reuction of 2,4,5- Tribromo (and tri-iodo)imiduzole with 
Sodium Benzenethiolate.-(u) A mixture of 2,4,5-tribromo- 
imidazole (1.5 g, 4.9 mmol) and sodium benzenethiolate (0.7 g, 
5.3 mmol) in isopropyl alcohol (30 ml) was heated under reflux 
under nitrogen for 4 h after which it was cooled, the solvent 
removed, and water (15 ml) added. Extraction with chloroform 
(4 x 20 ml) gave a solid (1.0 g) which was chromatographed on 
alumina. Light petroleum eluted diphenyl disulphide (0.2 g) and 
ethyl acetate eluted 4,5-dibromoimidazole (1) (0.75 g, 6873, m.p. 
224 'C (from aqueous methanol) (lit., m.p. 225 OC5, and 
228 'C 57). Ethanol eluted starting material. 

(b)  A similar reaction of 2,4,5-tri-iodoimidazole (1.0 g, 2.2 
mmol) gave 4,5-di-iodoimidazole (2) (90%) (isolated without 
chromatography), m.p. 19&191 "C (from acetone) (lit., m.p. 
197-198 'CS8 and 180 "CS9); S[(CD,),SO] 7.30 (1 H, br s, 
exchangeable, NH) and 7.80 (1 H, s, 2-H). 

1 - Ben=~~I-4,5-dibromo-2-phenylthioimiduzole (3).-Benzene- 
thiol (1.4 g, 12.6 mmol) was added to a stirred solution of 
sodium isopropoxide (1.03 g, 12.6 mmol) in dry isopropyl 
alcohol (50 ml) at ambient temperature. After 30 min l-benzyl- 
2,4,5-tribromoimidazole (5.0 g, 12.6 mmol) was added and the 
mixture was heated under reflux for 4-5 h. The solvent was 
removed under reduced pressure, water (50 ml) was added to 
the residue, and the product was extracted with chloroform. The 
extracts were combined, washed successively with 10% aqueous 
sodium hydroxide and water, then dried (MgS04), and 
evaporated to give a pale-yellow oil, which was chromato- 
graphed on alumina. Light petroleum+thyl acetate eluted 
the title compound (3) (2.9 g, 54%); G(CDC1,) 5.16 (2 H, s, 
NCH,) and 6 .9k7 .40  (10 H, m, ArH) (Found: M ,  422. 
C, 6H ,Br,N,S requires M + ,  422).* 

The following compounds were prepared similarly: 1 -benzyl- 
2-hen~~~ftltio-4,5-clibromoinzidu~ole (4) (58%), a colourless oil; 
G(CDCI,) 4.18 (2 H, s, SCH,), 4.90 (s, 2 H, NCH,), and 6.80- 

* These compounds produced one spot on t.1.c.; they were converted 
into 4- bromoimidazole-5-carbaldehydes. which were fully characterised, 
as described in the following paper. 

7.50 (10 H, m, ArH) (Found: C, 46.5; H, 3.2; N, 6.4%; M', 436. 
Cl7H,,Br2N,S requires C, 46.6; H, 3.2; N, 6.4%; M ,  436): 43- 
dibromo-2-ethylthio- 1 -methoxymethylimiduzole (5) (59%), 
colourless oil; G(CDC1,) 1.33 (3 H, t, Me), 3.16 (2 H, q, SCH,), 
3.33 (3 H,s,OMe), and 5.25 (2 H,s ,  NCH,)(Found: M + ,  328. 
C7H 1 ,Br,N,OS requires M ,  328): 4,Sdibromo- l-methoxy- 
methyl-2-propylthioimiduzole (6) (60%), pale-yellow oil; 
G(CDC1,) 1.00 (3 H, t, Me), 1.66 (2 H, m, CH,), 3.10 (2 H, t, 
CH,), 3.31 (3 H, s, OMe), and 5.25 (2 H, s, NCH,) ( M + ,  
345.9 105. C,H ,Br,N,OS requires M ,  345.8999):t 2-benzylthio- 
4,Sdibromo- 1-methoxymethylimiduzole (7) (62%), an oil; 
G(CDC1,) 3.20 (3 H, s, OMe), 4.26 (2 H, s, SCH,), 5.00 (2 H, s, 
NCH,), and 7.26 (5 H, m, ArH) (Found: C, 36.85; H, 3.2; N, 
7.2%; M', 390. C,,H,,Br,N,OS requires C, 37.65; H, 3.1; N, 
7.1 %; M ,  390): and 4,5-dibromo- 1 -methoxyrnethyl-2-pheny/- 
thioimiduzole (8) (64%), a pale-yellow oil; G(CDC1,) 3.22 (3 H, s, 
OMe), 5.30 (2 H, s, CH,), and 7.26 (5 H, m, ArH) (Found: M + ,  
376. C,  ,H1,Br,N,OS requires M ,  376).* 

43- Dibromo- 1 -ethoxymethyl-2-methylthioimiduzole (9).-A 
stirred mixture of 2,4,5-tribromo- 1 -ethoxymethylimidazole (0.5 
g, 1.38 mmol) and sodium methanethiolate (0.1 g, 1.40 mmol) in 
HMPA (25 ml) was heated at 82 "C for 16 h and then cooled and 
poured into saturated brine. Extraction of the product with 
chloroform (3 x 20 ml) gave an oil which was chromatographed 
on alumina. Light petroleum-thy1 acetate (ratio 9: 1) eluted the 
product (9) (0.2 g, 44%) as an oil; G(CDC1,) 1.20 (3 H, t, Me), 
2.60(3 H,s,SMe),3.53 (2 H,q,OCH,),and 5.30(2 H,s,NCH,) 
(Found: C, 25.5; H, 3.0; N, 8.5%; M + ,  328. C7H,,Br,N,0S 
requires C, 25.5; H, 3.05; N, 8.5%; M ,  328). 

43- Dibromo- 1 -ethoxymethyl-2-isopropoxyimiduzole (13).- 
2,4,5-Tribromo- 1 -ethoxymethylimidazole (0.5 g, 1.38 mmol) 
was added to a stirred solution of sodium isopropoxide (0.1 13 g, 
1.38 mmol) in isopropyl alcohol (20 ml) and the mixture was 
heated under reflux for 3 days. Work-up as described before 
gave a bright yellow oil which was chromatographed on 
alumina. Light petroleum eluted the product (13) (0.23 g, 63% 
based on starting material consumed) as a clear, colourless oil; 
G,(CDCl,) 1.19 (3 H, t, CH,OCH,CH,), 1.33 (3 H, s, Me), 1.40 
(3 H, s, Me), 3.52 (2 H, q, OCH,), and 5.12 (3 H, m, NCH, 
and OCH together); GJCDCI,) 151.39 (s, C-2), 1 1  1.78 (s, C-4), 

21.76 (9, Me), and 14.60 p.p.m. (9, CH,OCH,CH,) (Found: 
M + ,  341.9403. C,H,,Br,N,O, requires M ,  341.9399)t and 
starting material (0.1 1 g, 22% recovery). 

96.88 (s, C-5), 74.06 (d, CH), 72.12 (t, NCH,), 64.29 (t, OCH,), 

Ethyl 2-( 43- Dibromo-2-phenylthioimidazol- 1 -yl)ucetute 
(lo).-Benzenethiol (1.96 g, 17.9 mmol) in dry DMF (10 ml) was 
added dropwise to a stirred suspension of 60% sodium hydride 
in mineral oil (0.72 g, 17.9 mmol) in dry DMF (30 ml) under 
nitrogen and the mixture was stirred for 30 min at ambient 
temperature. Then ethyl 2-(2,4,5-tribromoimidazol- 1-y1)acetate 
(7.0 g, 17.9 mmol) was added portionwise and the mixture was 
heated under reflux for 4 h following the addition. The solvent 
was removed under reduced pressure, water (30 ml) was added 
to the residue, and the product was extracted with chloroform. 
The extracts were combined, washed successsively with 10% 
aqueous sodium hydroxide and water, dried (MgSO,), and 
evaporated to leave a pale-yellow oil which solidified to give the 
product (10) (4.25 g, 56%), m.p. 73-74 "C (from ethanol); v,,,. 
1 735 cm-I (CO); G(CDC1,) 1.20 (3 H, t, Me), 4.15 (2 H, q, CH,), 
5.00 (2 H, s, NCH,), and 7.50 (5 H, m, ArH) (Found: C,  37.6; H, 
3.0; N, 6.7%; M f ,  418. C,,H,,Br,N,O,S requires C, 37.2; H, 
2.9; N, 6.7%; M ,  418). 

t M +  for "Br measured in this case. 
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2-(43- Dibromo-2-phenylthioimidazol- 1 -yl)acetic Acid (1 1).- 
A mixture of the ester (10) (1.5 g, 3.57 mmol) and 10% aqueous 
sodium hydroxide (3 5. g NaOH in 25 ml of water) was heated 
under reflux for 30 min. It was then cooled and acidified with 
100" hydrochloric acid, to give a precipitate which was filtered 
off, washed with water, and recrystallised from ethanol to give 
the ucid (1 1)( 1.1 5 g, 83"/), m.p. 187-1 88 "C; v,,,. 1 710 cm-' 
(CO) (Found: C, 33.6; H, 2.1; N, 7.1%; M + ,  390. C,,H,- 
Br,N,O,S requires C, 33.7; H, 2.05; N, 7.1%; M ,  390). 

2- Benzylthio-4,5-dibromo- 1 -phen).lac~~limidu=ole (12).-Ben- 
zenethiol (3.90 g, 35.46 mmol) in dry DMF (15 ml) was added 
dropwise to a stirred suspension of 60% sodium hydride in 
mineral oil (1.42 g, 35.46 mmol) in dry DMF (50 ml) at ambient 
temperature and the resulting mixture was stirred for 30 min. 
2,4,5-Tribromo- 1 -phenacylimidazole (1 5.0 g, 35.46 mmol) was 
added portionwise after which the mixture was heated under 
reflux for 3 - 4  h. The solvent was distilled off under reduced 
pressure, water (100 ml) was added to the residue, and the 
product was extracted with chloroform. The extracts were 
combined, washed successively with 10% aqueous sodium 
hydroxide and water, dried (MgSO,), and evaporated to give an 
oil which solidified on trituration with light petroleum, to give 
the product (12) (10.1 g, 61%), m.p. 100-102"C (from 
methanol); v,,,, 1 685 cm-' (CO); G(CDCI,) 4.12 (2 H, s, SCH,), 
5.10 (s, 2 H, NCH,), and 7.10-8.00 (10 H, m, ArH) (Found: C, 
46.2; H, 3.0; N, 6.15%; M + ,  464. C,,H,,Br,N,OS requires C, 
46.4; H, 3.0; N, 6.0%; M, 464). 

1 -Ben,-~l-5-ethylthio-4-nitroimidazole( 16).-Ethanethiol( 1.54 
g, 24.82 mmol) in ethanol (10 ml) was added dropwise at 
ambient temperature to a stirred suspension of l-benzyl-5- 
bromo-4-nitroimidazole (14) (7.0 g, 24.82 mmol) in ethanol (50 
mi) containing 10% aqueous sodium hydroxide (10 ml). The 
clear solution was stirred for a further 15 min, after which the 
precipitate that had formed was filtered off and recrystallised 
from ethanol, to give the product (16) (4.83 g, 7473, m.p. 123- 
124'C;G(CDCI,)1.40(3H,t,Me),3.20(2H,q,CH2),5.45(2H, 
s, NCH,), 7.25 (5 H, m, ArH), and 7.60 (1 H, s, 2-H) (Found: 
M ' ,  263.0720. C,  ,H1 ,N302S requires M, 263.0728) (CHN 
analysis difficult because of poor combustibility). 

The following compounds were prepared similarly (time of 
stirring after addition for precipitate to appear given in 
parentheses): 1 -benzyl-4-nitro-5-propylthioimidu=ole (1 7) (70%) 
(30 min), m.p. 73-74 "C (from ethanol); G(CDCI,) 0.95 (3 H, t, 
Me), 1.50 (2 H, m, CH,), 2.90 (2 H, t, SCH,), 5.45 (2 H, s, 
NCH,), 7.20-7.70 ( 5  H, m, ArH), and 7.75 (1 H, s, 2-H) (Found: 
C, 56.1; H, 5.5; N, 15.2%; M + ,  277. C,,H,,N,O,S requires C, 
56.3; H, 5.45; N, 15.15%; M, 277): 1 -benq1-4-nitro-5-phenj+ 
thioimiduzole (18) (30%) (instant precipitation), m.p. 127- 
128 'C (from methanol); G(CDCI,) 5.40 (2 H, s, NCH,) and 
6.90-7.80 ( 1 1  H, m, ArH) (Found: C, 61.8; H, 4.0 N, 13.5%; 
M',  311.0728. C,,H,,N,O,S requires C, 61.7; H, 4.2; N, 
13.5",,; M, 3 1 1.0723): 5-(2-aminophenylthio)- 1 -benz~*l-4-nitroim- 
idaxle (19) (95%) (instant precipitation), m.p. 132-133 "C 
(from ethanol); vmax, 3 350 and 3 450 cm-' (NH,); G(CDCI,) 
4.45 (2 H, s, exchangeable, NH,), 5.25 (2 H, s, NCH,) and 6.60- 
7.60 (10 H, m, ArH) (Found: C, 58.7; H, 4.2; N, 17.2%; M', 326. 
C,,H,,N,02S requires C, 58.9; H, 4.3; N, 17.2%; M, 326): and 2- 
( 1 -hen~~~l-4-nirroimidu~ol-5-~~lthio)ucetic acid (20) (59%) (30 
min; the mixture was acidified by addition of 10% hydrochloric 
acid prior to work-up in the standard way), m.p. 153.5- 
154.5 "C (from ethanol); v,,,. 1 725 cm-' (CO); S[(CD,),SO] 
3.50 ( 1 H, br s, exchangeable, OH), 4.00 (2 H, s, SCH2), 5.80 (2 H, 
s, NCH,), 7.50-7.90 (5 H, m, ArH), and 8.60 ( 1  H, s, 2-H) 
(Found: C, 49.0; H, 3.9: N, 14.5%; M + ,  293. CI2H1,N30,S  
requires C, 49.1; H, 3.8; N, 14.3%; M, 293): 2-(5-ethylrhio-4- 
nitroimiduzol-1 -j31)ucetic acid (27) (71%) (1 h; after the 

precipitate appeared it was dissolved in water and the solution 
was acidified with 10% hydrochloric acid to give the product), 
m.p. 1 6 6 1 6 8  "C (from ethanol-light petroleum); vmax, 1 710 
(CO) and 3 450 cm-' (OH); G[CDCI,-(CD,),SO] 1.25 (3 H, t, 
Me), 3.00 (2 H, q, SCH,), 5.15 (2 H, s, NCH,), 6.30 (1 H, s, 
exchangeable, OH), and 8.20 (1  H, s, 2-H) (Found: C, 36.3; H, 
3.85; N, 18.2%; M + ,  231. C,H,N,O, requires C, 36.4; H, 3.9; N, 
18.2%; M ,  23 1): 2-( 5-benq~lthio-4-nitroimiduzol- 1 -yl)acetic acid 
(29) (82%) (15 min; the precipitate was filtered off and dissolved 
in water whereupon acidification of this solution with 10% 
hydrochloric acid, gave the product), m.p. 2 15-2 16 "C (from 
ethanol); vmax. 1 725 cm-' (CO); S[(CD,),SO] 4.30 (2 H, s, 
SCH,), 4.80 (2 H, s, NCH,), 7.20-7.60 (5 H, m, ArH), and 8.20 
( 1  H, s, 2-H) (Found: C, 49.1; H, 3.7; N, 14.4%; M + ,  293. 
C,,H, 1N304S requires C, 49.1; H, 3.8; N, 14.3%; M, 293): 2-(4- 
nitro-5-phenylthioimidazol-1 -yl)ucetic acid (31) (70%) (30 min; 
the precipitate was dissolved in water and acidification of this 
solution with 10% hydrochloric acid gave the product), m.p. 
173-174 "C (from ethanol); v,,,, 1 690 (CO) and 3 425 cm-' 
(OH); G[CDCl,-(CD,),SO] 4.85 (2 H, s, NCH,), 6.25 (1 H, s, 
exchangeable, OH), 7.25 (5 H, s, ArH), and 7.80 (1 H, s, 2-H) 
(Found: C, 44.4; H, 3.7; N, 14.5%; M + .  279. C, ,H,N,O,S-H,O 
requires C, 44.4; H, 3.75; N, 14.1%; Ad, 279): 2-( 1 -carboxymethyl- 
4-nitroimida~ol-5-yIthi~)ace~ic acid (33) (70%) [ 1 h; the solvent 
was removed under reduced pressure, water (30 ml) was added 
to the residue followed by 10% hydrochloric acid, and the 
acidified solution was left overnight whereupon the product 
crystallised out as a white solid], m.p. > 238 "C (with decomp.) 
(from water); vmax. 1660 and 1 740 cm-' (CO); S[(CD,),SO] 
3.75 (2 H, s, SCH,), 5.10 (2 H, s, NCH,), and 8.00 (1  H, s, 2-H) 
(Found: C, 32.7; H, 2.8; N, 15.8%; [M + l]', 262.0130. 
C,H,N30,S requires C, 32.2; H, 2.7; N, 16.1%; [M + 11, 
262.01 34): 5-eth~~lthio-4-nitro- 1 -phenacylimidazole (28) (79%) [ 1 
h; the solvent was distilled off under reduced pressure, water (30 
ml) was added to the residue, and the resulting solid was filtered 
om, m.p. 106.5-107.5 "C (from aqueous ethanol); v,,,, 1 690 
cm-' (CO); G(CDCI,) 1.15 (3 H, t, Me), 2.98 (2 H, q, CH,), 5.60 
(2 H, s, NCH,), and 7.50-8.20 p.p.m. (6 H, m, ArH) (Found: C, 
53.6; H, 4.5; N, 14.6%; M', 291. C,,H,,N,O,S requires C, 53.6; 
H, 4.5; N, 14.4%; M, 29 1 ): 5-benzylthio-4-nitro- 1 -phenacyl- 
imiduzole (30) (81%) (30 min), m.p. 151-152 "C (from ethanol); 
v,,,. 1 690 cm-' (CO); G(CDCI,) 4.10 (2 H, s, SCH,), 5.05 (2 H, 
s, NCH,), and 7.00-7.80 (11 H, m, ArH) (Found: C, 61.0; H, 
4.3; N, 12.2%; M + ,  353. C,  gH1 5N,0,S requires C, 61.2; H, 4.3; 
N, 1 1.9%; M, 353): and 5-(2-aminophenylthio)-4-nitro- 1 -phenacyl- 
imiduzole (32) (94%) (instant precipitate), m.p. > 177 "C 
(with decomp.) (from ethyl acetate); v,,,. 3 340 and 3 445 (NH,) 
and 1 690 cm-' (CO); S[(CD,),SO] 5.36 (2 H, s, exchangeable, 
NH,), 5.75 (2 H, s, NCH,), and 6.30-8.00 (10 H, m, ArH) 
(Found: C, 57.4; H, 3.9; N, 16.05%; M + ,  354. Cl,Hl,N,O,S 
requires C, 57.6; H, 3.9; N, 15.8%; M, 354). 

Reuction qf' 5-  Bromo-4-nitro- 1 -phenucylimiduzole (26) with 
Ethjtl 2- Mercuptoacetate.-Et hyl 2-mercaptoactate (ethyl 
thioglycollate) (0.8 g, 6.70 mmol) in ethanol (10 ml) was added 
dropwise at ambient temperature to a stirred suspension of 5- 
bromo-4-nitro- I-phenacylimidazole (26) (2.0 g, 6.45 mmol) in 
ethanol (30 ml) containing 10% aqueous sodium hydroxide 
(2.7 ml, 6.75 mmol), and the resulting mixture was stirred at this 
temperature for 1 h. The solvent was then removed under 
reduced pressure, water (30 ml), was added to the residue, and 
the resulting solution was acidified with 10% hydrochloric acid 
to give a precipitate which was filtered off and recrystallised 
from dioxane, to give ethyl 3-hydroxy-7-nitro-3-phenyl- 
imida~o[5,1-b]thiazine-2-curbo.uqllate (35) (1.35 g, 60%), m.p. 
202-204°C; v,,,, 1720 (CO) and 3 250 cm-' (OH); 
S[(CD,),SO] 0.88 (3 H, t, Me), 3.95 (2 H, q, CH,), 4.34 (1 H, s, 
2-H), 4.50 ( 1  H, d, 4-H), 5.05 (1 H, d, 4-H), 6.60 (1  H, br s, 
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exchangeable, OH), 7.34-7.70 (5 H, m, ArH), and 8.05 (1 H, s, 
5-H) (Found: C, 51.2; H, 4.2; N, 12.2%; M’, 349. C,,H,,N30,S 
requires C, 51.6; H, 4.3; N, 12.0%; M ,  349). 

Attempted Smiles Rearrangement and Cyclisation of 5-(2- 
Aminophenjy1thio)- 1 -benzyl-4-nitroimidazole (19).--To a stirred 
suspension of the title compound (2.0 g, 6.13 mmol) in ethanol 
(30 ml) was added sodium hydroxide (0.25 g, 6.25 mmol) in 
ethanol (15 ml) and the resulting mixture was heated under 
reflux for 6 h. The solvent was distilled off under reduced 
pressure and water (30 ml) was added to the residue. The 
residual solid was identified as starting material (1.6 g, SO% 
recovery). 

Attempted Cyclisation of l-Benzyl-4-nitro-5-phenyl- 
thioimidazole (18).-A mixture of the title compound (3.0 g, 9.64 
mmol) and triethyl phosphite (4.8 g, 28.94 mmol) was heated 
under reflux for 8 h. The excess of the reagent was removed 
under reduced pressure and the residue chromatographed on 
alumina. Chloroform eluted starting material (0.4 g, 13% 
recovery) and ethyl acetate eluted an intractable tar. 

Attempted Nucleophilic Substitution of Bromine in 2,5-Di- 
hromo- 1 -metho.~ymethyl-4-nitroimidazole with Cyanide Ion.- 
To a stirred suspension of the title compound (4.0 g, 12.69 
mmol) in methanol (100 ml) potassium cyanide (3.3 g, 50.79 
mmol) and potassium iodide (1.0 g) were added and the 
resulting mixture was heated under reflux for 6 h. Work-up by 
standard procedures gave only starting material (100% 
recovery). 
4(5)-Bromo-5(4)-nitroimidazole and 2,4(5)-dibromo-5(4)- 

nitroimidazole similarly failed to react with cyanide under these 
conditions; a high yield of starting material was recovered in 
each case. 

Acknowledgements 
We thank the Government of Brunei and the S.E.R.C. for 
research studentships (to N. K. and B. L. L. respectively). 

References 
I Parts 1-3 of this series are refs. 2 4  following. 
2 B. Iddon and B. L. Lim, J. Chem. Soc., Perkin Truns. I ,  1983, 271. 
3 B. Iddon and B. L. Lim, J. Chem. Soc., Perkin Trans. I ,  1983, 279. 
4 B. Iddon and B. L. Lim, J. Chem. Soc., Perkin Trans. I, 1983, 735. 
5 A. F. Pozharskii, A. D. Garnovskii, and A. M. Simonov, Russ. Chem. 

Re[.. ( Engl. Trund.), I966,35, 122; K. Schofield, M. R. Grimmett, and 
B. R. T. Keene, ‘Heteroaromatic Nitrogen Compounds; The Azoles,’ 
Cambridge University Press, Cambridge, London, New York, and 
Melbourne, 1976; M. R. Grimmett. Adr. Heteroc:vcl. Chem., 1970, 12, 
103 and 1980, 27,241. 

6 See B. Iddon and H. Suschitzky, in ‘Polychloroaromatic 
Compounds,’ ed. H. Suschitzky, Plenum Press, London, 1974, ch. 2, 

7 K.-E. Stensio, K. Wahlberg, and R. Wahren, Acru Chem. Scund., 

8 H. B. Bensusan and M. S. R. Naidu, Bioclimii.srry, 1967, 6, 12. 
9 Shell Internationale Research Maatschappij N.V., Neth. Appl. 

6,414,35211965 (Client. Ahsrr., 1965, 63, 16369); J. Yates and E. 
Haddock, B.P. 1,038,3431 1966. 

pp. 312-313. 

1973. 27. 2179. 

10 K. J. Brunings. J. Am. Clic>m. Soc., 1947, 69, 205. 
1 1  E.g. J. F. Bunnett, A N .  Cliem. Rex, 1972, 5, 139 J. F. Bunnett and 

R. R .  Victor, J. Am. Chem. Soc., 1968,90, 8 1 0  J. A. Zoltewicz, T. M. 
Oestreich, and A. A. Sale, ibid., 1975, 97, 5889; and G. Consiglio, C. 
Arnone, D. Spinelli, R. Noto, and V. Frenna, J. Chem. Soc., Perkin 
Truns. 2, 1982, 62 1 .  

12 D. A. De Bie, H. C. Van Der Plas, and G. Geurtsen, Reel. Truu. Chim. 
PU>.S- BUS, 197 1, 90, 594. 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 

24 

25 

D. A. De Bie and H. C. Van Der Plas, Reel. Trail. Chim. Paj9.7-Bas, 
1969, 88, 1246. 
P. Cogolli, F. Maiolo, L. Testaferri, M. Tingoli, and M. Tiecco, J. 
Org. Chem., 1979,44,2642; L. Testaferri, M. Tingoli, and M. Tiecco, 
Terruhedron Left., 1980, 21, 3099 and J. Org. Chem., 1980,454376; 
L. Testaferri, M. Tiecco, M. Tingoli, D. Chianelli, and M. 
Montanucci, Tetrahedron, 1983,39, 193; M. Tiecco, L. Testaferri, M. 
Tingoli, and E. Wenkert, ibid., 1983, 39, 2289; M. Tiecco, L. 
Testaferri, M. Tingoli, D. Chianelli, and M. Montanucci, J. Org. 
Chem., 1983, 48, 4289; L. Testaferri, M. Tiecco, M. Tingoli, D. 
Bartoli, and A. Massoli, Tetrahedron, 1985, 41, 1373; see also S. D. 
Pastor and E. T. Hessell, J. Org. Chem., 1985,50,48 12 and references 
cited therein. 
V. Sunjib, T. Fajdiga, M. Japelj, and P. Rems, J. Hererocycl. Chem., 
1969, 6, 53. 
P. M. Kochergin, A. M. Tsyganova, V. S. Shlikhunova, p d  M. A. 
Klykov, Khim. Gererotsikl. Soedin., 1971, 7, 689 (Chem. Abstr., 1972, 
76, 126867). 
K. Shimada, S. Kuriyama, T. Kanazawa, M. Satoh, and S. 
Toyoshima, Yakugaku Zusshi, 1971,91,221 (Chem. Abstr., 1971,74, 
14163 1). 
I. Ya Kvitko, R. V. Khozeeva, and A. V. El’tsov, Chem. Heterocycl. 
Conipd. (Engl. Transl.), 1979, 15, 544. 
V. P. Arya, K. Nagarajan, and S. J. Shenoy, Indian f. Chem., Seer. B, 
1982, 21, 1115. 
I. E. Balaban and F. L. Pyman, J. Chem. Soc., 1924, 125, 1564. 
V. K. Bhagwat and F. L. Pyman, J. Chem. Soc., 1925, 127, 1832. 
L. L. Bennett and H. T. Baker, J. Am. Chem. Soc., 1957, 79, 2188. 
M. H. Fisher, W. H. Nicholson, and R. S. Stuart, Can. J. Chem., 1961, 
39, 501 and 785. 
P. M. Kochergin, Chem. Heterocycl. Compds. (Engl. Transl.), 1966,2, 
576; P. M. Kochergin and E. A. Bashkir, ibid., 1966,2, 581 and 588. 
B. S. Huang, M. J. Lauzon, and J. C. Parham, J. Heterocycl. Chem., 
1979, 16, 81 I .  

26 R. V. Khozeeva, I. Ya, Kvitko, E. L. Baranov, and A. V. El’tsov, J. 
Org. Chem. USSR. (Engl. Transl.), 1977, 13, 215; R. V. Khozeeva, 
I. Ya Kvitko, A. V. El’tsov, and L. N. Kurkovskaya, J. Gen. Chem. 
USSR (Engl. Transl.), 1977, 47, 1105. 

27 M. A. Iradyan, G. M. Stepanyan, A. Kh. Aivazyan, V. S. Mirzoyan, 
Sh. A. Avetyan, Z. S. Isaakyan, D. Sh. Manucharyan, M. Kh. Dayan, 
and B. T. Garibdzhanyan, Khim.-Fharnt. Zh., 1981, 15, 40 (Chem. 
Absfr., 198 1, 95, 249 15). 

28 S. Puig-Torres, G. E. Martin, S. B. Larson, and S. H. Simonsen, J. 
Hererocycl. Chem., 1984, 21, 155. 

29 I. E. Balaban, J. Cliem. Soc., 1930, 268. 
30 P. M. Kochergin, S. G. Verenikina, and K. S. Bushueva, Chem. 

Heterocycl. Compds. (Engl. Transl.), 1965, 1, 519; P. M. Kochergin 
and S. G. Verenikina, ibid., 1965, 1, 522. 

31 G. B. Barlin, J.  Chem. Soc. B, 1967, 641. 
32 K. Nagarajan, V. P. Arya, T. George, V. Sudarsanam, R. K. Shah, A. 

Nagana Goud, S. J. Shenoy, V. Honkan, Y. S. Kulkarni, and M. K. 
Rao, Indian J. Chem., Seer. B, 1982, 21, 928. 

33 V. Sudarsanam, K. Nagarajan, T. George, S. J. Shenoy, V. V. Iyer, 
and A. P. Kaulgud, Indiun J. Chem., Sect. B, 1982, 21, 1022. 

34 H. C. Godt and F. F. Blicke, J. Org. Chem., 1969, 34, 2008. 
35 N. J. Leonard, K. L. Carraway, and J. P. Helgeson, J. HeterocJd. 

36 J. Sarasin and E. Wegmann, Helc. Chim. Acra, 1924, 7, 713. 
37 J. Baddiley, J. G. Buchanan, F. E. Hardy, and J. Stewart, J. Chem. 

38 E. C. Taylor and P. K. Loeffler, J. Am. Chem. Soc., 1960,82, 3147. 
39 V. S. Mokrushin, V. I. Nifontov, Z. V. Pushkareva, and V. I. 

Ofitserov, Khim. Gererorsikl. Soedin., 1971, 7, 1421 (Chem. Abstr., 
1972,76,46137); V. 1. Nifontov, V. S. Mokrushin, Z. V. Pushkareva, 
and V. I. Ofitserov, Chem. Heteroqd. Conipd.7. (Engl. Trunsl.), 197 1, 
7, 262. 

40 R. R. Gupta, G. S. Kalwania, and M. Kumar, J. Heterocjv-I. Chem., 
1984, 21, 893. 

41 J. I. G. cddogan, S. Kulik, C. Thomson, and M. J. Todd, J .  Ckem. 
Soc. C ,  1970, 2437; J. 1. G. Cadogan, Ace. Chem. Rex, 1972, 5, 303. 

42 R. D. Verschoyle, A. W. Brown, and C. A. Thompson, Arch. Tosicol., 
1984, 56, 109; J. M. Barnes, Sci. Busis Med., Ann. Rev., 1969, 183; 
V. H. Parker, Biochem. Pharmacol., 1973, 22, 1203; R. B. Beechey, 
Beechey, Biochent. J., 1966, 98, 284. 

43 G. M. Whittaker, C. P. Casey, and J. K. Knieger, J. Am. Chem. Soc., 

Client., 1965, 2, 291. 

Soc., 1959, 2893. 



J .  CHEM.  SOC. P E R K I N  TRANS. I 1987 1443 

1971, 93, 1379; A. E. Greene, J.-C. Muller, and G. Ourisson, 
Tetruhedron Lett., 1972, 2489: F. W. Baker, H. D. Holtz, and L. M. 
Stock. J .  Am. Chem. Soc., 1963, 28, 514. 

44 H. Wamhoff, W. Kleimann, G. Kunz, and C. H. Theis, Ange\t,. Chem., 
i t t t .  Ed. Dtgl. ,  1981, 20, 612. 

45 R. D. Brown, A m / .  J. Chem., 1955, 8, 100. 
46 Boots Pure Drug Co. Ltd., Neth. Appl. 6,609,596/1967 (Chem. Ahstr., 

47 Ref. Ih (Schofield r t  d.), p. 8, and references cited therein. 
48 R. P. Gupta, C. A. Larroquette, K. C. Agrawal, J. Grodkowski, and 

49 R. S. Hosmane, A. Bhan, and M. E. Rauser, J. Org. Chem., 1985.50. 

50 E. Chan, S. R. Putt, H. D. H. Showalter, and D. C .  Baker, J.  Org. 

51 D. C. J.  Wu. C. J. Cheer, R. P. Panzica, and E. Abushanab, J .  Org. 

1967, 67, 64398). 

P. Neta. J. Med. Cham., 1985, 28, 987. 

5892. 

Cheni.. 1982. 47, 3457. 

Chcm.. 1982, 47, 2661. 

52 J. S. G. Cox, C. Fitzmaurice, A. R.  Katritzky, and G. J.  T. Tiddy, J .  

53 Z. Crnic and B. GlunEic, Croat. Chem. Actu, 1981, 54, 217. 
65 I. E. Balaban and F. L. Pyman, J .  Chem. So(.., 1922, 121, 947. 
55 H. Rutz and K. Gubler, S. African 68 02,643: 1968 (Chem. Absrr., 

56 G. Pissiotas, Ger. Offen, 2,031.400 1971 (Chem. Ahstr., 1971. 74, 

57 V. Calo, F. Ciminale, L. Lopez, F. Naso. and P. E. Todesco, J .  Chem. 

58 M. S. R. Naidu and H. B. Bensusan, J. Org. Chem., 1968, 33, 1307. 
59 M. Pauly and K. Gundermann, Ber., 1908,41, 3999. 

Client. Soc. B, 1967, 1251. 

1969, 71, 38964). 

100059); and Ciba-Geigy A.G., B.P. 1,325,76211973. 

Soc., Perkin Trans. 1, 1972, 2561. 

Received 23rd Maq, 1986; Paper 6/ 1007 


