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Starting from readily available p-substituted-benzylamines a series of ethyl 2-alkylthio-1-substituted-ben-
zylpyrrolo[ 2,3-d]imidazole-5-carboxylates was prepared. In addition, starting from 2-alkyl-4(or 5)-
formylimidazoles and methyl 4'-bromomethylbiphenyl-2-carboxylate a series of methyl substituted-
pyrrolo[2,3-d]imidazol e-5-carboxylates and methyl substituted-pyrrol o[ 3,2-d]imidazol e-5-carboxyl ates was

prepared.
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The renin angiotensin system (RAS) plays akey rolein
the regulation of cardiovascular homeostasis and blood
pressurein mamelians[1,2]. Since the angiotensin convert-
ing enzymeinhibitors (ACEIls) have side effects such asdry
cough and angioderma, caused by potentiation of
bradykinin, substance P and other active peptides, nonpep-
tide angiotensin 11 receptor antagonists are of interest [3,4].

In view of the antihypertensive activity of 2-alkyl-N-
benzyl fused imidazoles [5] and 2-alkyl-N-biphenyl fused
imidazoles as angiotensin |1 receptor antagonists [6,7], it
was our interest to prepare the title compounds as potential
antagonists of the angiotensin 11 receptor. The synthesis of
the desired ethyl 2-alkylthio-1-substituted-benzyl-
pyrrolo[2,3,d]imidazole-5-carboxylates (7) was accom-
plished according to Scheme 1.

The starting 5-hydroxymethyl-2-mercapto-1-substi-
tuted-benzylimidazoles (1) could be obtained from benzyl-
ation of 2-mercapto-5-formylimidazole according to the
procedure reported previoudly [8]; however, this reaction
would give a mixture of two compounds. Therefore, we
have decided to use a direct method for the preparation of
1. Reaction of 1,3-dihydroxyacetone, potassium thio-
cyanate and substituted-benzylamine hydrochlorides in
acetic acid gave 1 [4]. Alkylation of 1 with alkyl halides
afforded 2-alkylthio-5-hydroxymethyl-1-substituted ben-
zylimidazoles (2) [9,10]. Oxidation of 2 with manganese
dioxide [11] gave 2-alkylthio-5-formyl-1-substituted-ben-
zylimidazoles (3). Condensation of 3 with ethyl azidoac-
etate at -30 °C, according to the procedure reported previ-
oudly gave ethyl a-azido-f-hydroxy-f3-(2-akylthio-1-sub-
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stituted-benzylimidazol-5-yl)propionates (5) [12] as mix- Scheme 2
tures of threo and erythro isomers. CH,Br
The structures of 5 were confirmed by IH-nmr. The N N— _ cHio
a-hydrogen appeared at 4.87-4.89 and 4.98-5.01 ppmas I ¥=cuo O oo ALY
two doublets for the erythro and threo isomers (3=7.2 Hz ¥ DMF N
and J=4.8 HZ) H O CO,CHg CH,
The reaction of 5 with thionyl chloride in triethylamine O
yielded the desired ethyl a-azido-p-(2-alkylthio-1-substi- s °

tuted-benzylimidazol-5-yl)acrylates (4)[14]. Alternatively,
4 could be obtained from condensation of 3 with ethyl
azidoacetate at zero degree [13]. Compounds 4a-c
(R=COOEt) were amixture of E and Zisomers (Scheme 1).

The IH-nmr spectra of compounds 4a-c are in agree-
ment with tk(;(; suggested stlructure. The CH, beld"nzylic pro- . E . jis(éngCOzCHs
tons appeared as two singlets at 5.56-5.59 and 5.20-5.24 p) P s
ppm for the E and Z isomers. In addition, the 3 vinylic pro- R/<NI/)_COZCH3 RKNI}COZCm
ton of 4 appeared asasinglet at 6.52-6.66 ppm. Thisvalue o, + em,
issimilar to the one reported previously [13].

In the case of compounds 3a-c (R=COOH), before con-
densation with ethyl azidoacetate, the carboxylic acids
were estrified with ethanol and sulfuric acid. Under the lat-
ter conditions, in addition to the conversion of the car-

i CO,CH,

10 (5-CHO)
11 (4-CHO)

xylene
-

N;
If} CH=C—CO,CH
R/< = 2 3
reflux ITI
CH,
I CO,CH,3 O

boxylic acids to the corresponding ethyl esters, the aldehy- 14 15 O COCHy
des were converted to diethylacetals 6a-c. R

The IH-nmr spectra of 6 were in agreement with the a npr 12 (5-Substitution)
suggested structure. The CH of acetal appeared as asinglet b n-Bu 13 (4-Substitution)

at 5.27 ppm. Compounds 6a-c were hydrolyzed to com-

pounds 3a-c (R=COOEt) in agueous acid.

Cyclization of 4 to the desired pyrrolo[2,3-d]imidazoles
7 was accomplished via heating in xylene.

Methyl substituted-pyrrol o[ 2,3-d]imidazole-5-carboxyl-
ates (14) and methyl substituted-pyrrol o[ 3,2-d]imidazole-
5-carboxylates (15) were prepared according to Scheme 2.

Alkylation [14] of 2-alkyl-4 (or 5)-formylimidazoles
(8)[15,16] with methyl 4'-bromomethylbiphenyl-2-carbox-
ylate (9)[17] gave a 30:70 mixture of 2-alkyl-1-[(2-car-

bomethoxylbiphenyl-4-yl)methyl]-5-formylimidazoles (10)
and 2-alkyl-1-[(2'-carbomethoxybiphenyl-4-yl)methyl]-4-
formylimidazoles (11) respectively. These compounds were
separated by column chromatography on silicagdl.

The structures of compounds 10 and 11 were con-
firmed by H-nmr. The N-CH, resonance of 10 (5.6
ppm) is more deshielded than that of 11 (5.15 ppm). In
addition, IH-nmr spectral data of 10 were similar to
previously reported data [8].

Table 1
N
RZ—Q}CHZOH
o,
Ry
Comp. R, Ry mp, °C [a] Yield Formula[b] Calcd Found Calcd Found Calcd Found
C% H% N%
2a COOH SMe 168-171 89 C13H14N505S 56.12 55.88 5.03 5.07 10.07 10.43
2b COOH SEt 164-166 86 Cy4H16N203S 57.53 57.80 5.48 5.13 9.59 9.26
2c COOH  SPr 140-142 82 C15H1gN,03S 58.82 58.52 5.88 6.13 9.15 8.79
2d OCHj3 SMe 127-128 91 C13H16N50,S 59.10 59.54 6.06 5.70 10.61 10.22
2e OCHj3 SEt 99-101 89 Cy4H1gN50,S 60.43 60.85 6.47 6.20 10.07 9.81
2f OCHj4 SPr 57-58 ! C15H20N20,S 61.64 61.80 6.85 6.52 9.59 9.87

[a] All compounds were crystallized from ether. [b] Microanalytical analyses were within £0.4% of theoretical values, except for
compounds 2d: C +0.44% and 2e: C +0.42%.
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Table 2
If‘&/ CHO
Rz_AN

dn,

Ry
Comp. Ry Ry Substitution  mp,°C[a] Yield Formula Calecd Found Cacd Found Cacd  Found

C% H% N%
3a COOH SMe 5yl 176-177 89 Ci3HppNoOsS 5652 5679 435 411 1015 9.85
3b COOCH SEt 5yl 164-166 90 Cy4H14NoOsS 5793 5826 483 453 9.66 9.29
3c COOH SPr 5-yl 148-150 91 CisHigNoOsS 59.22 5891 526  5.02 9.21 8.88
3d OCHj3 SMe 5yl 77-79 91 Ci3H14NoO,S 5954 5927 534 550 1069 1043
3e OCHj3 SEt 5-yl Oil 92 Ci4H1eN2O,S 6087 6056 580 559 1015 1041
3f OCHjy SPr 5yl Oil 95 CisHigNoO,S 6207 6180 621 593 9.66 9.32
10a  Phenyl-2-CO,Me  Pr 5-yl Oil 27 CypoHpoN,O3 7293 7315 6.08 6.02 7.73 7.61
10b  Phenyl-2-CO,Me  Bu 5yl Oil 23 CxHyyNo,O3 7340 7363 638 652 7.45 7.30
l1la  Phenyl-2-CO,Me  Pr 4-yl Oil 52 CypoHpoNoO3 7293 7267 6.08 5.99 7.73 7.59
11b Phenyl-2-CO,Me  Bu 4-yl Oil 48 CyHyyNo,O3 7340 7305 638 631 7.45 7.34
[al Unless otherwise mentioned the compound was crystallized from ether.
Table 3
Ifs
N —Ct
N _43/ CH=C-CO,Ry

b,

Ry
Comp. Ry R, Rs  Substitution mp,°C  Yield Formula Caed Found Cacd Found Caed Found

C% H% N%

da COOEt SMe Et 5-yl Oil 51 CyoHNsO,S 5494 5519 506 531 1687 16.60
4b COOEt SEt Et 5-yl Oil 60 CyH»NsO4,S 5594 5619 536 566 1632 16.08
4c COOEt SPr Et 5yl Oil 63 CyHpxNsO,S 56.89 5661 564 588 1580 1554
4d OCH3 SMe Et 5-yl 61-63 59 Cy7H1gNsO3S 5469 5492 509 487 1877 1850
de OCH4 SEt Et 5-yl Oil 61 CigHyN5sOzS 5581 5607 543 520 1809 1835
4f OCHj3 SPr Et 5-yl Oil 59 CygH»NsO3S 5686 5704 574 541 1746 17.19
12a  Phenyl-2-CO,Me  Pr Me 5-yl Oil 40  CysHy5N50,4 6536 6499 545 537 1525 1550
12b Phenyl-2-CO,Me  Bu Me 5-yl Oil 42 CygHy7N50,4 6596 6563 571 583 1480 1452
13a  Phenyl-2-CO,Me  Pr Me 4-yl Oil 40  CygHsN50,4 6536 6511 545 529 1525 1498
13b Phenyl-2-CO,Me  Bu Me 4-yl Oil 40  CygHo7N50,4 6596 6623 571 555 1480 1505

Condensation of compounds 10 and 11 with methyl azi-
doacetate under the condition reported above, afforded
methyl a-azido-B-[1-(2'-carbomethoxybiphenyl-4-
yl)methyl]-2-alkyl-5-imidazolyl]acrylates (12) and methyl
o-azido-B-[1-(2'-carbomethoxybiphenyl-4-yl)methyl]-2-
akyl-4-imidazolyl]acrylates (13).

Cyclization of compounds 12 and 13 to the desired com-
pounds 14 and 15 was accomplished through heating in

cal constants of compounds prepared are summarized in
Tables1to 4.

EXPERIMENTAL

Melting points were determined on a Kofler hot stage appara-
tus and are uncorrected. The ir spectra were obtained using a
Perkin-ElImer Model 781 or Nicolet FT-IR Magna 550 spectro-
graphs. The 1H-nmr spectra were obtained on a Bruker FT-80

xylene.
The structures of all compounds were confirmed by ele-
mental analysis, ir, nmr and mass spectroscopy. The physi-

spectrometer and chemical shifts (8) are in ppm relative to inter-
nal tetramethylsilane. Mass spectra were obtained on a Finnigan
MAT TSQ 70 spectrometer at 70 €V.
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Table 4
i
N~SN7»COR
2
Rz_( \ /
b
Ry
Comp. Ry R, Ra mp, °C2  Yield Formula Caed Found Caced Found Caled  Found
C% H% N%
7a COOEt SMe Et 109-111 42 CygHyN30,S 5892 5918 543 523 10.85 10.56
7b COOEt  SEt Et 111-113 44  CyHxN3O,S 5985 5959 574 596 1047 1068
7c COOEt SPr Et 81-83 40 CyHxN3O,S 60.72 6097 6.02 6.29 10.12 9.86
7d OCH, SMe Et 132-134 45 Cj7HigNgOsS  59.13 5937 551 579 1217 1237
7e OCH3 SEt Et 136-138 51 CygHyN3OsS 60.17 6041 585 6.06 11.70 1145
7f OCHg3 SPr Et 110-112 49  CygHy3N303S 6113 6088 6.17 5.90 11.26 11.03

[a] All compounds were crystallized from ether.

5-Hydroxymethyl-2-mercapto-1-substitutedbenzylimidazol es
.

A mixture of the substituted benzylamine hydrochloride (40
mmoles), dihydroxy- acetone dimer (3.06 g, 17 mmoles), potas-
sium thiocyanate (5.19 g, 53 mmoles), 1-butanol (25 ml) and
glacial acetic acid (4 ml) was stirred for 72 hours. The suspension
was diluted with water and filtered. The precipitate was washed
with water (3x30 ml) to give compounds 1.

1-(4-Carboxybenzyl)-5-hydroxymethyl-2-mercaptoi midazole (1,
R=COOH).

This compound was obtained as a white powder in 72% yield,
mp 241-243 °C; H-nmr (dimethylsulfoxide-dg): & 12.17 (bs,
1H, SH),7.89 (d, 2H, aromatic, J=8Hz), 7.29 (d, 2H, aromatic,
J=8Hz), 6.68 (s, 1H, H-C, imidazole), 5.38 (s, 2H, NCH,), 4.15
ppm (s, 2H, CH,0); ms: m/z (%) 264 (M*, 87), 246 (35), 213
(21), 201 (28), 135 (100), 129 (34), 107 (71), 98 (26), 57 (25).

Anal. Calcd. for Cle12N203S: C, 54.54; H, 4.55; N, 10.61;
Found: C, 54.29; H, 4.71; N, 10.88.

5-Hydroxymethyl-2-mercapto-1-(4-methoxybenzyl)imidazole
(1, R=0OCHy).

This compound was obtained as a white powder in 74% yield,
mp 194-196 °C; H-nmr (deuteriochloroform): & 12.08 (bs, 1H,
SH), 7.23 (d, 2H, aromatic, J=8Hz), 6.87 (d, 2H, aromatic,
J=8Hz), 6.82 (s, 1H, H-C4 imidazole), 5.25 (s, 2H, NCH,), 4.16
(s, 2H, CH,0), 3.73 ppm (s, 3H, OCHg); ms: m/z (%) 250 (M*,
63), 121 (100), 91 (50), 77 (62), 65 (17), 58 (18).

Anal. Calcd. for C12H14Nzozs: C, 57.60; H, 5.60; N, 11.20.
Found: C, 57.83; H, 5.28; N, 11.15.

1-(4-Carboxybenzyl)-5-hydroxymethyl-2-methylthioimidazole
(2a).

Compound 1 (R=COOH, 3 g, 11.43 mmoles) was dissolved in
aminimum quantity of water and the solution was basified with a
solution of 20% aqueous sodium hydroxide. Methyl iodide (1.89
0, 13.38 mmoles) was added to the stirring solution. The stirring
was continued for 6 hours. The pH of the solution was brought to
7 with dilute hydrochloric acid and was extracted with ethyl
acetate. The organic layer was washed with brine, dried (sodium

sulfate) and evaporated under reduced pressure. The residue was
crystallized from ether to give 2.83 g (89%) of compound 2a asa
pale yellow solid, mp 168-171 °C. H-nmr (dimethylsulfoxide-
dg): & 7.91 (d, 2H, aromatic, J=8Hz), 7.16 (d, 2H, aromatic,
J=8Hz), 6.96 (s, 1H, H-C, imidazole), 5.29 (s, 2H, NCH,), 4.34
(s, 2H, CH,0), 2.44 ppm (s, 3H, CHg); ms. m/z (%) 278 (M*,
17), 263 (22), 249 (46), 135 (100), 109 (78), 76 (25).

Anal. Calcd. for C;3H14N,05S: C, 56.12; H, 5.03; N, 10.07.
Found: C, 55.88; H, 5.07; N, 10.43.

Compounds 2b and 2c were prepared similarly (Table 1).

5-Hydroxymethyl-1-(4-methoxybenzyl)-2-methylthioimidazole
(2d).

Compound 1 (R=OCHg, 2.85 g, 11.43 mmoles) was dissolved
in a minimum quantitiy of water and the solution was basified
with a solution of 20% aqueous sodium hydroxide. Methyl iodide
(1.89 g, 13.38 mmoles) was added to the stirring solution. The
stirring was continued for 6 hours. The precipitate was isolated
by filtration, washed with water and crystallized from ether to
give 2.74 g (91%) of compound 2d as a white solid, mp 127-128
°C; IH-nmr (deuteriochloroform): & 7.04 (d, 2H, aromatic,
J=8Hz), 6.88 (s, 1H, H-C, imidazole), 6.81 (d, 2H, aromatic,
J=8Hz), 5.19 (s, 2H, NCH,), 4.45 (s, 2H, CH,0), 3.77 (s, 3H,
OCHa), 2.82 (bs, 1H, OH), 2.52 ppm (s, 3H, SCH3); ms: m/z (%)
264 (M+, 100), 247 (10), 121 (100), 78 (17).

Anal. Calcd. for C13H1gN-O,S: C, 59.10; H, 6.06; N, 10.61.
Found: C, 59.54; H, 5.70; N, 10.22.

Compounds 2e and 2f were prepared similarly (Table 1).

1-(4-Carboxybenzyl)-5-formyl-2-methylthioimidazol e (3a).

A stirred suspension of compound 2a (2.78 g, 10 mmoles) and
activated manganese dioxide (4.35 g, 50 mmoles) in chloroform
(40 ml) was refluxed for 12 hours. The reaction mixture was
cooled to room temperature and filtered. The chloroform was
evaporated and the residue was crystallized from ether-petroleum
ether to give 2.6 g (89%) of compound 3a as a pale yellow solid;
mp 176-177 °C; 1H-nmr (deuteriochloroform): & 9.60 (s, 1H,
CHO), 8.02 (s, 1H, H-C, imidazole), 7.90 (d, 2H, aromatic,
J=8Hz), 7.18 (d, 2H, aromatic, J=8Hz), 5.53 (s, 2H, NCH,), 2.64
ppm (s, 3H, SCH3); ms: m/z (%) 276 (M+, 25), 135 (54), 107
(100), 89 (47), 77 (55), 63 (26), 45 (56).
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Anal. Calcd. for C13H12N20382 C, 56.52; H, 4.35; N, 10.15.
Found: C, 56.79; H, 4.11; N, 9.85.
Compounds 3b-3f were prepared similarly (Table 2).

Ethyl 2-Azido-3-[1-(4-ethoxycarbonylbenzyl)-2-methylthioimi-
dazol-5-yl]arcrylate (4a, R=COOEY).

To astirred solution of sodium (0.46 g, 20 mmoles) in absolute
ethanol (20 ml) at 0 °C was added dropwise a solution of com-
pound 3a (1.50 g, 4.93 mmoles) and ethyl azidoacetate (2.58 g,
20 mmoles) in absolute ethanol (10 ml). The reaction mixture
was stirred for 2.5 hours, poured into a cold solution of saturated
ammonium chloride (80 ml) and extracted with diethyl ether. The
organic layer was washed with brine, dried (sodium sulfate) and
evaporated to dryness under reduced pressure. The residue was
purified by column chromatography (silica gel, chloroform as
eluent) to give 1.04 g (51%) of compound 4a as an colorless oil
as amixture of Z and E isomers; ir (chloroform): v 2129 (N3),
1712 cmrl (C=0); H-nmr (deuteriochloroform): & 7.98 (m, 2H,
aromatic), 7.79 (s, 1H, H-C, imidazole), 7.20 (m, 2H, aromatic),
6.52 (s, 1H, =CH), 5.56 & 5.20 (2s, 2H, NCH,), 4.30 (m, 4H,
OCH,), 2.66 (s, 3H, SCH3), 1.33 ppm (m, 6H, OCH,CH3); ms:
m/z (%) 387 (M*-N,, 3), 303 (25), 271 (21), 185 (58), 163 (100),
135 (71), 107 (64), 90 (33).

Anal. Calcd. for C1gH»1N504S: C, 54.94; H, 5.06; N, 16.87.
Found: C, 55.19; H, 5.31; N, 16.60.

Compounds 4b-4f were prepared similarly (Table 3).

Ethyl a-Azido-f3-hydroxy-[3-[1-(4-methoxybenzyl)-2-methylthio-
imidazol-5-yl] propionate (5d).

To astirred solution of sodium (0.46 g, 20 mmoles) in absolute
ethanol (20 ml) at —30 °C was added dropwise a solution of com-
pound 3d (1.29 g, 4.93 mmoles) and ethy| azidoacetate (2.58 g, 20
mmoles) in absolute ethanol (10 ml). The reaction mixture was
stirred for 2.5 hours. It was poured into a cold sol ution of saturated
ammonium chloride (80 ml) and was extracted with diethyl ether.
The organic layer was washed with brine, dried (sodium sulfate)
and evaporated to dryness under reduced pressure. The residue
was purified by column chromatography (silicagel, chloroform as
eluent) to give 1.27 g of 5d as an colorless oil (66%) as a mixture
of erythro and threo isomers; ir (chloroform): v 3476 (OH), 2119
(Ng), 1740 cm}(C=0); 1H-nmr (deuteriochloroform): & 6.96 (s,
1H, H-C, imidazole), 7.00 (d, 2H, aromatic, J=8Hz), 6.81 (d, 2H,
aromatic, J>8Hz), 5.20 (s, 2H, NCH,), 5.01 & 4.89 (2d, 1H, H-
Cp, 4.8 Hz & J=7.2Hz), 4.18 (m, 3H, OCH, & H-Cy), 3.77 (s,
3H, OCHj3), 2.50 (s, 3H, SCH3), 1.24 (t, 3H, OCH,CH3); ms: m/z
(%) 391 (M*,12), 263 (100), 121 (21).

Anal. Calcd. for C17H21N504S: C, 52.17; H, 5.37; N,
17.90.Found: C, 52.36; H, 5.02; N, 18.14.

Ethyl a-Azido-B-hydroxy-B-[2-ethylthio-1-(4-methoxybenzyl)-
imidazol-5-yl]propionate (5€).

This compound was prepared similarly, ir (chloroform): v
3483 (OH), 2115 (N3), 1744 cmrl (C=0); IH-nmr (deuteriochlo-
roform): 6 7.08 (s, 1H, H-C, imidazole), 6.99 (d, 2H, aromatic,
J=8Hz), 6.81 (d, 2H, aromatic, J=8Hz), 5.24 (s, 2H, NCH>), 4.99
& 4.88(2d, 1H, H-Cp, J=4.8 Hz & J=7.2Hz), 4.17 (m, 3H, OCH,
& H-Cy), 3.77 (s, 3H, OCHy), 3.05 (q, 2H, SCH,), 1.33 (t, 3H,
OCH,CHg), 1.20 (t, 3H, SCH,CH3); ms: m/z (%) 405 (M+, 10),
277 (100), 121 (19).

Anal. Cdcd. for C18H23N504S: C, 53.33; H, 5.68; N, 17.28.
Found: C, 53.14; H, 5.41; N, 17.08.
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5-Formyl-1-(4-carbethoxybenzyl)-2-methylthioimidazole
Diethylacetal (6a).

To a solution of compound 3a (1.75 g, 6.34 mmoles) in
absolute ethanol (20 ml) was slowly added concentrated sulfuric
acid (1.5 ml). The solution was refluxed for 12 hours. The
ethanol was evaporated. The residue was dissolved in chloroform
(20 ml) and washed with a solution of 50% aqueous sodium
bicarbonate (3x30 ml). The organic layer was dried (sodium sul-
fate) and concentrated to give 1.38 g (58%) of compound 6a as
an colorless oil; IH-nmr (deuteriochloroform): & 7.99 (d, 2H, aro-
matic, J=8Hz), 7.79 (s, 1H, H-C, imidazole), 7.21 (d, 2H, aro-
matic, J=8Hz), 5.33 (s, 2H, NCH,), 5.27 (s, 1H, CH), 4.36 (g, 2H,
OCHy), 3.49 (m, 4H, OCH,), 2.54 (s, 3H, SCH3), 1.36 (t, 3H,
OCH,CHy), 1.09 (t, 6H, OCH,CH3); ms: m/z (%) 378 (M*, 23),
288 (43), 163 (100), 135 (36), 90 (21).

Anal. Cacd. for C19H26N204S: C, 6032, H, 688, N, 7.41
.Found: C, 60.43; H, 6.90; N, 7.63.

Ethyl 1-(4-Ethoxycarbonylbenzyl)-2-methylthiopyrrolo[2,3-d]-
imidazole-5-carboxylate (7a).

A solution of compound 4a (1 g, 2.41 mmoles) in xylene (20
ml) was added to boiling xylene (100 ml). The reaction mixture
was refluxed for 2 hours. The solvent was evaporated and the
residue was purified by column chromatography (silicagel, chlo-
roform-ethyl acetate, 1:1 as eluent) to give 0.39 g (42%) of com-
pound 7a as a white solid, mp 109-111 °C (ether); ir (potassium
bromide): v 3151 (NH), 1699 cml (C=0); H-nmr (deuteri-
ochloroform): & 9.05 (bs, 1H, NH), 8.02 (d, 2H, aromatic, J=
8Hz), 7.27 (d, 2H, aromatic, J=8Hz), 6.41 (s, 1H, HC pyrrole),
5.23 (s, 2H, N-CH,), 4.33 (m, 4H, OCH,), 2.68 (s, 3H, SCH>),
1.43 (t, 3H, OCH,CH3), 1.27 ppm (t, 3H, OCH,CH3); ms: m/z
(%) 387 (M*, 100), 224 (63), 178 (100), 163 (78), 135 (25), 107
(36), 90 (25).

Anal. Calcd. for C1gH51N30,4S: C, 58.92; H, 5.43; N,
10.85.Found: C, 59.18; H, 5.23; N, 10.56.

Compounds 7b-7f were prepared similarly (Table 4).

2-(n-Propyl)-1-[(2'-carbomethoxybi phenyl-4-yl)methyl]imida-
zole-5-carboxaldehyde (10a) and 2-(n-Propyl)-1-[(2'-car-
bomethoxybiphenyl-4-yl)methyl] imidazole-4-carboxal dehyde
(11a).

A solution of 8a (2.42 g, 17.5 mmoles), 9 (5.88 g, 19.3
mmoles), potassium carbonate (4.83 g, 35 mmoles) and
dimethylformamide (100 ml) was stirred at 25 °C for 24 hours.
The reaction mixture was filtered, and the filtrate was concen-
trated under reduced pressure. The residue was diluted with
water, and extracted with ethyl acetate. The organic layer was
washed with brine, dried over anhydrous magnesium sulfate, fil-
tered, and concentrated. Column chromatography on silica gel
(petroleum ether-ethyl acetate, 70:30 and then 10:90 as eluent)
afforded respectively 1.71 g (27%) of 10a and 3.30 g (52%) of
11a aspale yellow oils.

Compound 10a has ir (sodium chloride disk): v 2960 (CH,
CHO), 1725 (C=0, ester), 1670 cmrl (C=0, CHO); 1H-nmr(deu-
teriochloroform): 6 9.70 (s, 1H, CHO), 7.90 (d, 1H, aromatic,
J=8Hz), 7.84 (s, 1H, HC4 imidazole), 7.50-7.10 (m, 7H, aromatic),
5.65 (s, 2H, NCH,), 3.65 (s, 3H, OCHj), 2.70 (t, 2H, CH,, 7.4
Hz), 1.80-1.50 (m, 2H, CH,), 1.00 ppm (t, 3H, CH3, J=7.4 Hz)

Anal. Calcd. for C22H22N203: C, 72.93; H, 6.08; N, 7.73.
Found: C, 73.15; H, 6.02; N, 7.61.
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Compound 11a has ir (sodium chloride disk): v 2960 (CH,
CHO), 1720 (C=0, ester), 1680 cm1 (C=0, CHO); H-nmr (deu-
teriochloroform): & 9.84 (s, 1H, CHO), 7.92 (d, 1H, aromatic
J=8Hz), 7.58 (s, 1H, HC5 imidazole), 7.50-7.10 (m, 7H, aro-
matic), 5.15 (s, 2H, NCH,), 3.70 (s, 3H, OCH3), 2.75 (t, 2H,
CH,, 7.4 Hz), 1.80-1.40 (m, 2H, CH,), 1.00 ppm (t, 3H, CHj,
JF7.4Hz).

Anal. Calcd. for C22H22N203: C, 72.93; H,6.08; N, 7.73.
Found: C, 72.67; H, 5.99; N, 7.59.

Compounds 10b and 11b were prepared similarly (Table 2).

Methyl a-Azido-B-[1-[(2'-carbomethoxybiphenyl-4-yl)methyl]-
2-propylimidazol-5-yl]acrylate (12a).

To astirred solution of sodium (0.46 g, 20 mmoles) in absolute
methanol (8 ml) at -15 °C was added dropwise a solution of 10a
(1.8 g, 5 mmoles) and methyl azido acetate (1.3 g, 20 mmoles) in
absolute methanol (4 ml). After two hours at -15 °C, the mixture
was added to a saturated solution of ammonium chloride. The
mixture was extracted with ether. The organic layer was washed
once with water and dried (anhydrous sodium sulfate). The ether
was evaporated and the residue was purified by column chro-
matography on silica gel (petroleum ether-chloroform; 80:20 as
eluent) to give 0.9 g (40%) of 12a as an pale yellow oil. ir
(sodium chloride disk): v 2120 (N3), 1720 (C=0, esters), 1620
cml (C=C); H-nmr (deuteriochloroform): & 8.00 (s, 1H, HC,4
imidazole), 7.92 (d, 1H, aromatic, J=8 Hz), 7.50-7.10 (m, 7H,
aromatic), 6.74 (s, 1H, Hg), 5.25 (s, 2H, NCH)), 3.85 (s, 3H,
OCHpy), 3.65 (s, 3H, OCH3), 2.72 (t, 2H, CH,, J=7.4 Hz), 1.90-
1.50 (m, 2H, CH,), 1.00 ppm (t, 3H, CH3, J=7.4 Hz).

Anal. Calcd. fo\r CogHosNsOy: C, 65.36; H, 5.45; N, 15.25.
Found: C, 64.99; H, 5.37; N, 15.50.

Compounds 12b and 13a,b were prepared similarly (Table 3).

Methyl 2-(n-Propyl)-1-[(2'-carbomethoxybiphenyl-4-yl)methyl]-
pyrrolo[2,3-d]imidazole-5-carboxylate (14a).

A solution of 12a (2.8 g, 6.1 mmoles) in xylene (40 ml) was
refluxed for 2 hours. The solvent was evaporated and the residue
was purified by column chromatography on silica gel (petroleum
ether-chloroform 50:50) and then it was crystallized from diethyl
ether to give 0.84 g (32%) of 14a asawhite solid, mp188-190 °C;
ir (potassium bromide): v 3380 (NH), 1730 (C=0), 1690 cmr1
(C=0); H-nmr (deuteriochloroform): & 10.61 (bs, 1H, NH), 7.85
(d, 1H, aromatic, J=8 Hz), 7.50-7.20 (m, 7H, aromatic): 6.32 (s,
1H, HC pyrrole), 5.31 (s, 2H, NCH,), 3.83 (s, 3H, OCHj3), 3.65
(s, 3H, OCHy), 2.81 (t, 2H, CH,, 7.4 Hz), 1.90-1.50 (m, 2H,
CH,), 1.00 ppm (t, 3H, CH3, J=7.4 Hz); ms: m/z (%) 431 (M*,
14), 225 (100), 165 (50), 152 (11).

Anal. Calcd. for CZ5H25N304: C, 69.60; H, 5.80; N, 9.74.
Found: C, 69.37; H, 5.69; N, 9.92.

Methyl 2-(n-Pyropyl)-1-[2'-carbomethoxybiphenyl-4-yl)-
methyl]pyrrol o[ 3,2-d]imidazol e-5-carboxylate (15a).

This compound was prepared in a similar fashion to 14a
affording 15a as a white solid in 39% yield; mp 196-198 °C; ir
(potassium bromide): v 3280 (NH), 1720 (C=0), 1645 cm'1
(C=0); IH-nmr (deuteriochloroform): & 11.40 (bs, 1H, NH), 7.72
(d, 1H, aromatic, J=8Hz) 7.50-7.10 (m, 7H, aromatic), 6.84 (s,
1H, HC pyrrole), 5.25 (s, 2H, NCH,), 3.75 (s, 3H, OCHj3), 3.65
(s, 3H, OCHgp), 2.71 (t, 2H, CH,, 7.4 Hz), 1.90-1.50 (m, 2H,
CH,), 0.95 ppm (t, 3H, CH3, J=7.4 Hz); ms: m/z (%) 431 (M*, 8),
225 (100), 165 (54), 152 (13).
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Anal. Calcd. for Cz5H25N304: C, 69.60; H, 5.80; N, 9.74.
Found: C, 69.23; H, 5.97; N, 9.93.

Methyl 2-(n-Butyl)-1-[(2'-carbomethoxybiphenyl-4-yl)methyl]-
pyrrolo[2,3-d]imidazole-5-carboxylate (14b).

This compound was prepared in asimilar fashion to 14a afford-
ing 14b as a white solid in 32% yield; mp 174-175 °C; ir (potas-
sium bromide): v 3380 (NH), 1715 (C=0), 1700 cm1 (C=0); 1H-
nmr (deuteriochloroform): 6 9.85 (bs, 1H, NH), 7.85 (d, 1H, aro-
matic, J=8 Hz), 7.50-7.20 (m, 7H, aromatic), 6.44 (s, 1H, HC pyr-
role), 5.25(s, 2H, NCH,), 3.83 (s, 3H, OCH3) 3.61 (s, 3H, OCHy),
2.93 (t, 2H,CH,, J=7.4 Hz), 2.10-1.70 (m, 2H, CH,), 1.60-1.30
(m, 2H, CH,), 0.90 ppm (t, 3H, CH3, J=7.2 Hz); ms. m/z (%) 445
(M+, 14), 225 (100), 178 (83), 165 (46), 152 (11), 44 (17).

Anal. Calcd. for CygHo7N30O,4: C, 70.11; H, 6.07; N, 9.44;
Found: C, 69.71; H, 6.28; N, 9.67.

Methyl 2-(n-Butyl)-1-[(2'-carbomethoxyhbiphenyl-4-yl)methyl]-
pyrrolo[3,2-d]imidazole-5-carboxylate (15b).

This compound was prepared in a similar fashion to 14a
affording 15b as a white solid in 35% yield; mp 187-188 °C; ir
(potassium bromide): v 3280 (NH), 1725 (C=0), 1650 cm1
(C=0); H-nmr (deuteriochloroform): & 9.15 (bs, 1H, NH), 7.85
(d, 1H, aromatic J=8 Hz), 7.50-7.20 (m, 7H, aromatic), 6.92 (s,
1H, HC pyrrole), 5.23 (s, 2H, NCH,), 3.77 (s, 3H, OCH,), 3.69
(s, 3H, OCH3),2.83 (t, 2H, CH,, 7.4 Hz), 2.10-1.70 (m, 2H,
CH,), 1.65-1.35 (m, 2H, CH,), 0.95 ppm (t, 3H, CH3, J=7.2 Hz);
ms. m/z (%) 445 (M+, 6), 225 (100), 178 (92), 165 (46), 97 (7).

Anal. Calcd. for C26H27N304: C, 70.11; H, 6.07; N, 9.44.
Found: C, 69.81; H, 6.29; N, 9.27.
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