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Summary - Various acetic acid derivatives of pyrrolo[l,2-climidazole were prepared and evaluated for aldose reductase inhibitory 
activity. Most of the compounds inhibited aldose reductase isolated from rat lens in vitro and decreased sorbitol formation in sciatic 
nerves of diabetic rats in vivo. Of the test compounds, 2-carboxymethyl-6-ethyl-5,7-dimethyl-3-oxo-l(2H)-thioxo-lH-pynolo[l,2-c] 
imidazole 124 was found to be the most orally active aldose reductase inhibitor, with an inhibitory potency similar to that of AD-5467. 

aldose reductase inhibitor / pyrrolo[l,2-climidazole derivatives / sorbitol accumulation inhibition 

Introduction 

A wide variety of compounds have been reported as 
aldose reductase inhibitors (ARIs) and are considered 
to offer therapeutic possibilities in the treatment of 
chronic complications in diabetes, such as retinopathy, 
neur-opathy, nephropathy and cataracts [l-3]. Active 
compounds of ARIs in viva are limited, for the most 
part, to distinct structural classes, ie, acetic acid der- 
ivatives (eg, tolrestat, epalrestat, ponalrestat, 
AD-5467) and cyclic imide derivatives (eg, sorbinil, 
M-79175, CT-112). 

In order to search for new ARIs, we have focused 
on the synthesis and the biological activity of 
compounds with an acetic acid moiety because sor- 
binil with a cyclic imide moiety showed a low inci- 
dence of side effects due to hypersensitivity [4, 51. We 
found that acetic acid derivatives of pyrrolo[ 1,2-c] 
imidazole showed inhibitory activity for AR. 

In this article, we report on the synthesis and bio- 
logical results of acetic acid derivatives of pyr- 
rolo[l,2-climidazole. We found in this study that 2- 
carboxymethyl-6-ethy1-5,7-dimethyl-3-oxo-l(2H)-thi- 
oxo- lH-pyrrolo[ 1,2-climidazole 124 represents a very 

potent orally active ARI. Its potency was similar to 
that of AD-5467, a carboxylic acid type AR1 under 
clinical evaluation. 

Chemistry 

Derivatives of 2-carboxymethyl- 1,3(2H)-dioxo- lH- 
pyrrolo[ 1,2-climidazole 7 were prepared as outlined 
in scheme 1. First, compounds 1 were treated with 
acyl halide in the presence of aluminium chloride 
according to the method of Murakami et al [6] to 
afford compounds 2. The compounds 2 were treated 
with triethylsilane in trifluoroacetic acid according to 
the method of West et al [7] to give compounds 3. 
Compounds 3 were hydrolyzed under alkaline con- 
ditions followed by amidation with glycine ethyl ester, 
diethyl cyanophosphonate and triethylamine accor- 
ding to the method of Yamada et al [S], to yield amide 
derivatives 5. Finally, compounds 7 were prepared 
from esters 6, obtained by cyclization of compounds 
5 with l,l’-carbonyldiimidazole, followed by acidic 
hydrolysis with concentrated HCl in acetic acid. 

Derivatives of 2-carboxymethyl-3-oxo-1(2H)-thi- 
oxo-lH-pyrrolo[l,2-climidazole 9 and derivatives of 
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2-carboxymethyl- 1,3(2H)-dithioxo- lH-pyrrolo[ 1,2-c] 
imidazole 11 were obtained by following the pro- 
cedure in scheme 2. Treatment of compounds 6 with 
phosphorus pentasulfide, according to the method of 
Papadopoulos [9], afforded compounds 8 and 10. 
Acid hydrolysis of 8 and 10 gave compounds 9 and 
11, respectively. These compounds are listed in tables 
I and II. 

Results and discussion 

The test compounds were evaluated for their in vitr.o 
inhibitory activity against aldose reductase iso-lated 
from rat lens and for their ability to inhibit sorbitol 
formation in the sciatic nerve of a streptozotocinized 
rat model after oral administration. These biological 
data are summarized in tables I and III. 

Introduction of a lipophilic alkyl group to the 6- 
position of the 5,7-unsubstituted pyrroloimidazole 
ring enhanced in vitro activity (compare 78 with 79 - 
81; table I). Introduction of substituted benzyl groups 
to the 6-position enhanced in vitro activity, but the 
trifluoromethylbenzyl and tert-butylbenzyl groups 

CT-1 12 

showed slightly less activity than other benzyl groups 
(compare 78 with 82-87). Monothiocarbonyl 
compounds with alkyl groups at the 6-position were 
more potent than corresponding dicarbonyl 
compounds (compare 78 with 112,79 with 113 and 80 
with 114; table I) and an increase in lipophilicity of 
the alkyl group at the 6-position enhanced activity 
(compare 112 with 113-115; table I) as dicarbonyl, 
mono- and dithiocarbonyl 5,7unsubstituted com- 
pounds. Although monothiocarbonyl compounds 
showed roughly the same activity as dithiocarbonyl 
compounds (compare 113 with 141 and 114 with 142; 
table I), only compound 140 showed more activity 
than the corresponding monothiocarbonyl compound 
112. Changing the dicarbonyl compounds to the 
respective monothiocarbonyls (compare 83 with 117; 
table III) and the monothiocarbonyls to their respect- 
ive dithiocarbonyls (compare 114 with 142 and 120 
with 148; table III) increased activity at 100 x 2 
(mg/kg/d), but the most active compound 148 among 
tested 5,7-unsubstituted compounds had significantly 
less activity in vivo at 50 x 2 (mg/kg/d) than at 100 x 

2 (mg/kg/d) (148, table III). 
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Scheme 1. 

In 5- and Fmethyl substituted compounds, intro- 
duction of a lipophilic alkyl group at the 6-position 
did not enhance in vitro activity (89-92; table I), but 
substituted benzyl groups at the 6-position showed an 
increase in in vitro activity (compare 88 with 93 and 
94). Change of a carbonyl group for the thiocarbonyl 
group showed enhancement in in vitro potency 
(compare 88 with 122, 89 with 123, 90 with 124, 91 
with 125, 92 with 126 and 93 with 127; table I). 
However, the high in vitro- activities observed for 5,7- 
dimethy compounds were not accompanied by 
equally high activities in vivo as 5,7-unsubstituted 
compounds. Among tested dimethyl compounds, 
2-carboxymethyl-6-ethyl-5,7-dimethyl-3-oxo-l(2H)- 
thioxo- lEF-pyrrolo[ 1,2-climidazole (124; table III), 
with moderate in vitro activity (ES0 2.3 x 10-Y M; 
table I), showed the most potent in vivo activity at 
50 x 2 (mg/kg/d), which was almost the same as that 
of AD-5467 used as a reference compound. Change in 
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the lipophilicity of the alkyl substituent, or replace- 
ment by the 4-fluorobenzyl or 4-bromo-2-fluorobenzyl 
group at the 6-position, did not improve in vivo ac- 
tivity (compare 124 with 123, 125 and 126, 124 with 
127 and 128; table RI). 

The above in vitro data demonstrate that introduc- 
tion of a lipophilic alkyl group or a substituted benzyl 
group at the 6-position and/or changing from a dicar- 
bony1 compound to the monothiocarbonyl or dithio- 
carbonyl compound increase in vitro activity, although 
in some cases the change in activity is relatively 
small. 

On the. other hand, the high in vitro activities obser- 
ved for 5,7-unsubstituted and 5,7-dimethyl com- 
pounds were not accompanied by equally high activi- 
ties in vivo. Compound 124 having moderate in vitro 
activity among tested compounds showed the most 
potent activity in vivo. A possible explanation for this 
might be that the replacement by a methyl group at 
the 5- and 7-positions and introduction of a substitu- 
ent possessing appropriate lipophilicity at the 6-posi- 
tion of the pyrroloimidazole ring may be effective in 
improving the intestinal absorption, metabolism and 
distribution to the target tissue, but data to this effect 
has not yet been collected. 

This study has revealed that 2-carboxymethyl-6- 
ethyl-5,7-dimethyl-3-oxo- 1(2M)-thioxo- W-pyrrolo- 
[ 1,2-climidazole 124 is a very potent, orally active 
AR1 and has activity similar to that of AD-5467, a 
carboxylic acid type AR1 under clinical evaluation. 

Experimental protocols 

Melting points were determined an a Yanagimoto micromelting 
point apparatus and are uncorrected. lH-NMR spectra were 
determined in the cited solvent on a JEOL. JMN-FXlOO 
(100 MHz) spectrometer with tetramethylsilane as internal 
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Table I. Physical and biological data for acetic acid deriva- 
tives of pyrrolo[ 1,2-climidazole. 

Compd R, Recryst Yield In vitro 
(x) IC,,XIO-~ M 

R,=R,=H ; X=Y=O 

76 H 

79 W&H 

80 (CH,KHW 

81 cyclohexylmethyl 

82 4-CH,-C,H,CHI 

83 4-Cl-C,H,CH, 

84 4-CF,-C&H&H, 

85 4-Br,2-F-C,H,CH, 

86 3,4-(CI),C,H,CH, 

87 4-(CH,)&C,H,CH2 

R,=R&H, ; X=Y=O 

86 H 

89 CH, 

90 ‘2-L 

91 CH,CH,CH, 

92 VWHCH:, 
R,=R,=CH, ; X=Y=O 

93 4-F-&H&H;, 

94 4-Br,2-F-&H&H* 

R,=R,=H ; X=0 , Y=S 

112 H 

113 WL),CH 

114 WWHCH, 

115 cyclohexylmethyl 

116 4-CH,-C,H,CHZ 

lli 4-Cl-C,H,CH2 

118 4-CF,-C,H,CH2 

119 4-Br,2-F-&H&H, 

120 3,4-(Cl),-C,H,CH* 

121 4-(CH,),C-C,H,CH, 

R,=R,=CH, ; X=0, Y=S 

122 H 

123 W 

124 CA 

125 CH,CH,CH, 

126 FH&HCH, 

161-163 

155-l 56 

163.5-l 84 

182-184 

166-l 67 

220-222 

184-l 85 

197.5-l 99 

197-l 99 

179-l 80 

208-209 

225-227 

190.5-l 92 

185-i 86 

170.5-l 71 

21 o-21 0.5 

205-207 

203-204 

176-178 

179-l 80 

i 57-158 

200.5-201.5 

220-222 

197-l 98 

224-225 

165-l 67.5 

174-l 76 

226-227 

249-250 

213.5-214.5 

205-206 

167-l 89 

A 42 >lOO 

A 62 75 

A 87 31 

A 86 9.6 

A 85 6.6 

A 88 6.3 

A 98 13 

A 87 2.9 

B 58 4.6 

A 86 12 

A 91 >lOO 

A 76 170 

C 86 170 

A 95 460 

A 90 170 

A 92 50 

A 97 6.3 

A 81 37 

A 97 15 

B 83 4.9 

B 78 3.7 

B 72 2.4 

A 98 6.2 

A 93 5.6 

A 68 2.4 

A 92 3.3 

A 96 7.0 

A 65 100 

A 80 70 

A 83 23 

A 92 30 

A 90. 21 

Table I. Continued. 

127 4-F-C,H,CH, 

128 4-Br,2-F-&H&H, 

R,=R,=H ; X=Y=S 

140 H 

141 P%KH 

142 G-U,CHW 

143 cyclohexylmethyl 

144 4-CH,-C,H,CH, 

145 4GC,H,CH, 

146 4-CF,-C,H,CH, 

147 4-Br,2-F-&H&H, 

148 3,4-(CI)&,H,CH, 

149 4-(CHJJ-&H&HZ 

R,=R,=CH, ; X=Y=S 

150 C,H, 

254-255 

238-240 

248-250 A 70 6.4 

163-165 A 83 7.0 

198-l 99.5 A 81 5.4 

186-188 E 79 4.1 

230-233 A 76 3.6 

247-249 D 56 3.0 

240-243 A 79 5.6 

252-255 A 67 2.0 

203-205 A 93 4.4 

180-l 83 A 64 6.5 

249-251 A 68 24 

A 92 

A 92 

7.3 

4.4 

Recrystallization solvents. A: AcOH/H,O; B: EtOH/H,O; 
C: iso-Pr,O/CH,Cl&z-hexane; D: CH,CI&z-hexane/MeOH; 
E: MeOH/H,O. 

standard. The chemical shifts are given in ppm and the 
coupling constants in Hz. Splitting patterns are designated as 
follows: s, singlet; br s, broad singlet; d, doublet; t, triplet; q, 
quartet; m, multiplet. Electron ionization mass (EI-MS) spectra 
were recorded on a JEOL JMS DX-303 spectrometer. Elemen- 
tal analyses (C, H, N) were performed on a Yanagimoto MT-2 
CHN recorder. Analytical results for elements were within 
+ 0.4% of theoretical values. 

Column chromatography and thin-layer chromatography 
were carried out on a Kieselgel 60 (70-230 mesh) and with a 
Kieselgel 60 F-254 (E Merck). Visualization was accomplished 
with UV light. 

The starting acylchlorides were commercially available, and 
4-bromo-2-fluorobenzoyl chloride was prepared from 4-bromo- 
2-fluorobenzoic acid [lo] by treatment with thionyl chloride. 
AR inhibitor, AD-5467, was synthesized in our laboratory. 

General procedure for the synthesis of 12-21 

The following procedure for the synthesis of ethyl 4-isobuty- 
ryl-2-pyrrolecarboxylate 12 is representative. The other 
compounds, 13-21, were obtained similarly. Physical data for 
these compounds are summarized in tables IV and V. Ethyl 3,5- 
dimethyl-2-pyrrolecarboxylate (1, R, = R, = CH,) was com- 
mercially available and ethyl 2-pyrrolecarboxylate (1, R, = R2 
= H) was synthesized by the method of Bailey et al [ 111. 

Ethyl 4-isobutyryl-2-pyrrolecarboxylate 12 
(2, R, = R, = H, R3 = (CH&H) 
A solution of ethyl 2-pyrrolecarboxylate (30.6 g, 220 mmol) in 
dichloroethane (100 ml) was added to a mixture of isobutyryl 
chloride (50.0 g, 469 mmol) and Ah& (63.7 g, 478 mmol) in 
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Table II. Physical data for acetic acid derivatives of pyrrolo[ 1,2-climidazole. 

Compd Formula Analysis MS (M’) ‘H-NMR (DMSO-d,) 6 ppm 

78 194 

79 236 

80 

CHNO 8 6 2 4 C, H, N 

C,,‘-‘,,W, C, H, N 

C,J-‘,,W, C, H, N 250 

81 W-LAO, C, H, N 290 

82 

83 

GY,J%O, C, H, N 

C,,H,,CIN,O, C, H, N 

298 

318 

84 C,,H,,F,V, C, H, N 352 

85 C,,H,,BrFN,O, C, H, N 380 

86 

87 

C,,H,,CI,N,O, ‘2, I-I, N 352 

W-‘,oN,O, C, H, N 340 

88 

89 

90 

91 

C,J-‘,o’W, C, H, N 

W-‘,JW, C, H, N 

.H,O 

C,A,W, C, H, N 

W-‘,,“‘,O, C, H, N 

222 

236 

250 

264 

4.25 (s, 2H, CH,COO), 6.60 (t, J=3 Hz, 1 H, pyrrole H), 7.03 (d, J=3 Hz, 1 H, 

pyrrole H), 7.68 (d, J=3 Hz, pyrrole H), 13.4 (br s, 1 H, COOH) 

1 .I9 (d, J=7 Hz, 6H, 2CH,), 2.6-3.0 (m, 1 H, CH), 4.23 (s, 2H, CH,COO), 

7.01 (s, lH, pyrole H), 7.46 (s, lH, pyrrole H), 13.5 (brs, lH, COOH) 

0.88 (d, J=7 Hz, 6H, 2CH,), 1.6-2.0 (m, lH,CH), 2.34 (d, J=7 Hz, 2H, CH,), 

4.22 (s, 2H, CH,COO), 6.90(s, 1 H, pyrrole H), 7.45 (s, 1 H, pyrrole H), 

13.3 (br s, 1 H, COOH) 

0.6-2.0 (m, 11 H, cyclohexane H), 2.34 (d, J=6 Hz, 2H, CH,), 

4.22 (s, 2H, CH,C00),6.89 (s, 1 H, pyrrole H), 7.43 (s, 1 H, pyrrole H), 

13.3 (brs, IH, COOH) 

2.26 (s, 3H, CH,), 3.76 (s, 2H, CH,), 4.22 (s, 2H, CH,COO), 6.86 (s, 1 H, pyrrole H), 

7.0-7.3 (m, 4H, ArH), 7.47 (s, 1 H, pyrrole H), 13.3 (br s, 1 H, COOH) 

3.82 (s, 2H, CH,), 4.23 (s, 2H, CH,COO), 6.90 (s, 1 H, pyrrole H), 

7.2-7.5 (m, 4H, ArH), 7.52 (s, 1 H, pyrrole H), 13.3 (br s, 1 H, COOH) 

3.94 (s, 2H, CH,), 4.22 (s, 2H, CH,COO), 6.93 (s, 1 H, pyrrole H), 7.50 (d, J=9 Hz, 

2H, ArH), 7.57 (s, 1 H, pyrrole H), 7.67 (d, J=SHz, 2H, ArH), 13.3 (brs, 1 H, COOH) 

3.83 (s, 2H, CH,), 4.22 (s, 2H, CH,COO), 6.89 (s, IH, pyrrole H), 

7.15-7.6 (m, 3H, ArH), 7.49 (s, 1 H, pyrrole H), 13.3 (brs, 1 H, COOH) 

3.84 (s, 2H, CH,), 4.22 (s, 2H, CH,COO), 6.95 (s, 1 H, pyrrole H), 

7.2-7.7 (m, 3H, ArH), 7.57 (s, 1 H, pyrrole H) 

1.25 (s, 9H, 3CH,), 3.77 (s, 2H, CH,), 4.21 (s, 2H, CH,COO), 

6.89 (s, 1 H, pyrrole H), 7.18 (d, J=9 Hz, 2H, ArH), 

7.32 (d, J=9 Hz, 2H, ArH), 7.50 (s, 1 H, pyrrole H), 13.3 (brs, IH, COOH) 

2.19 (s, 3H, CH,), 2.39 (s, 3H, CH,), 4.18 (s, 2H, CH,COO), 6.16 (s, 1 H, pyrrole H), 

13.5 (br s, 1 H, COOH) 

1.90 (s, 3H, CH,), 2.14 (s, 3H, CH,), 2.34 (s, 3H, CH,), 4.17 (s, 2H, CH,COO), 

13.6 (br s, 1 H, COOH) 

1.03 (t, J=7 Hz, 3H, CH,), 2.17 (s, 3H, CH,), 2.33 (t, J=7 Hz, 2H, CH,), 

2.36 (s, 3H, CH,), 4.17 (s, 2H, CH,COO), 13.3 (br s, 1 H, COOH) 

0.88 (t, J=7 Hz, 3H, CH,), 1.2-l .7 (m, 2H, CH,), 2.16 (s, 3H, CH,), 

2.35 (s, 3H CH,), 2.35 (t, J=7 Hz, 2H, CH,), 4.17 (s, 2H, CH,COO), 

13.5 (br s, 1 H, COOH) 
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Table II. Continued. 

92 

93 

94 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

CJ4,‘%0, C, H, N 

W-W’P, C, H, N 

.1/8H,O 

C,,H,,BrFN,O, C, H, N 

C,,H,,N,O,S C, H, N 

C,,‘-‘,,%W C, H, N 

W4&W C, H, N 

C,,H,,W,S C, H, N 

C,,H,,CIN,O,S C, H, N 

C,,H,,F,N,O,S C, f-h N 

C,5H,,BrFN20$ C, H, N 

C,,H,,Ct,N,O,S C, H, N 

C,J-‘,oNP~S C, H, N 

C,,H,J”AS C, H, N 

278 

330 

408 

210 

252 

266 

306 

314 

334 

368 

396 

368 

356 

238 

252 

0.88(d, J=6 Hz, 6H, 2CH,), 1.4-2.0 (m, lH, CH), 2.15,(s,3t-t, CH,), 

2.23 (d, J=7 Hz,, 2H, CH& 235 (s, 3H, CH,), 4.17 (s, 2H, CH,COO} 

2.05 (s, 3H, CH,), 2.41 (s, 3H, CH,), 3.77 (s, 2H, CH,), 4.19 (s, 2H, CH,COO), 

6.9-7.3 (m, 4t-h ArH), 13.4 (brs, lH, COOH) 

2.06 (s, 3H, GH,), 2.39 (s, 3t-k CH,), 3.75 (s, 2H, CH,), 4.18 (s, 2H, CH,COO), 

7.0-7.6 (m, 3H, ArH) 

4.54 (s, 2H, CH,COO), 6.59 (t, J=3 Hz, I H, pyrrote H), 

7.14 (d, J=3 Hz, I H, pyrrole H), 7.67 (d, J=3 Hz, 1 H, pyrrote H), 

13.4 (brs, Ii-t, COOH) 

1 .I9 (d, J-7 Hz, 6H, 2CH,), 2.6-3.0 (m, 1 H, CH), 4.52 (s, ZH, CH,COO), 

7.13 (S, 1 H, pyrrote H), 7.46 (s, 1 H, pyrwte H), 13.4 (br s, 1 H, COOH) 

0.88 (d, J=7 Hz, 6H, 2CH,), 1.6-2.0 (m, 1 H, CH), 2.33 (d, J=7 Ha, 2H, CH,), 

4.51 (s, 2H, CH,COO), 7.02 (s, 1 H, pyrrole H,), 7.45 (s, 1 H, pyrrole H), 

13.4 (br s, 1 H, COOHj 

O-6-2.0 (m, 11 H, cycfehexane H), 2.34 (d, J=6 Hz, 2H, CH,), 4.51 (s. 2H, 

CH,COO), 7.00 (s, 1 H, pyrroie H), 7.43 (s, 1H, pyrrole H.), 13.4 (br s, l,M, COOH) 

2.26 (s, 3H, CH,), 3.76 (s, 2H, CH,), 4.51 (s, 2H, CH,COO), 6.95 (s, 1H, pyrrole t-t), 

7.0-7.3 (m, 4H, ArH), 7.48 (s. IH, pyrroke H), 13.4 (brs, it+, GOOH) 

3.82 (S, 2H, CH,), 4.51 (s, 2H, CH,COO), 7.0 (s, 1 H, pyrrote HJ, 

7.2-7.5 (m, 4H, ArH), 7.52 (s, 1 H, pyrrate Hj, 13.3 (br s, t H, COOH) 

3.93 (s, 2H, CH,), 4.52 (s, 2H, CH,COO), 7.04 (s, lH, pyrrole H), 

7.52 (d, J=9 Hz, 2H, AFH), 7.56 (s, 1 H, pyrrole H), 7.68 (d, J=9 t-k, 2H, ArH), 

13.4 (br s, 1 H, COOH) 

3.83 (s, ZH, CH,), 4.51 (s, 2H, CH,GOO),6.98 (s, ZH, pyrrote H), 

7.2-7.6 (m, 3f-L ArH), 7.49 (s, IH, pyrrot H), 13.4 (brs, IH, COOH) 

3.83 (s, 2H, CH,), 4.5-i (s, 2H, CH,COO), 7.05 (s, 1 H, pyrrote H), 

7.2-7.7 (m, 4H, ArH and pyrrote H), 13.4 @r s, 1 H, COOH) 

1.25 (s, 9H, 3CH,), 3.77 (s, 2H, CH,), 4.51 (s, 2H, CH,COO), 

6.98 (s, 1 H, pyrrote H), 7.19 (d. J=9. Hz, 2t-t, ArH), 7.33 (d, J=9 Hz, 2% ArH), 

7.50 (s, 1 H, pyrrole H), 13.4 (br s, 1 H, COOH) 

2.28 (s, 3H, CH,), 2.38 (s, 3H, CH,), 4.49 (s, 2H, CH&OO), 6.24 (s, 1 H, pyrrole H), 

13.4 (br s, 1 H, COOH) 

1.92 (S, 3H, CH,}, 2.23 (s, 3H, CH,), 2.32 (s, 3H, CH,),, 4.47 (s, 2H, CH,COO), 

13.3 (br s, 1 H, COOH) 
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Table II. Continued. 

124 C,J-‘,J%W C, I-L N 266 

125 CmWWS C, H, N 280 

126 C,J-‘,,%W C, H, N 294 

127 C,,H,,FN,O,S C, H, N 346 

128 C,,H,,BrFN,O,S C, H, N 424 

140 ‘4-&“&S, C, H, N 226 

141 

142 

C,,H 12 N 2 OS 2 2 C, H, N 268 

.I /4CH,COOHa 

W-$,N,O,S, C, H, N 282 

143 

144 

145 

146 

147 

148 

149 

150 

C,,H,,N,O,S, C, H, N 322 

Q-L,N,O,S, C, t-L N 330 

C&,CIN,O,S, C, t-6 N 350 

C,J-J,F~NP~S~ C, H, N 384 

C,,H,,BrFN,O,S, C, H, N 412 

C,,H,,CI,N,O,S, C, H, N 384 

C,,H,,N,O,S, C, H, N 372 

.3/4CH,COOHa 

C,,H,,N,O,S, C, H, N 282 

1.04 (t J=8 Hz, 3H, CH,), 2.28 (s, 3H, CH,), 2.35 (s, 3H, CH,), 

2.35 (t, J=7 HZ, 2H, CH,), 4.48 (s, 2H, CH,COO), 13.3 (br s, 1 H, COOH) 

0.89 (t, J=7Hz, 3H, CH,), 1.1-1.7 (m, 2H, CH,), 2.26 (s, 3H, CH,), 2.34 (s, 3H, CH,) 

,2.34 (t, J=7 Hz, 2H, CH,), 4.48 (s, 2H, CH,COO), 13.4 (brs, lH, COOH) 

0.89 (d, J=6 Hz, 6H, 2CH,), 1.5-1.9 (m, lH, CH), 2.26 (s, 3H, CH,), 

2.26 (d, J=7 Hz, 2H, CH,), 2.34 (s, 3H, CH,), 4.48 (s, 2H, CH,COO) 

2.16 (s, 3H, CH,), 2.39 (s, 3H, CH,), 3.79 (s, 2H, CH,), 4.49 (s, 2H, CH,COO), 

6.9-7.4 (m, 4H, ArH) 

2.17 (s, 3H, CH,), 2.37 (s, 3H, CH,), 3.78 (s, 2H, CH,), 4.49 (s, 2H, CH,COO), 

7.0-7.6 (m, 3H, ArH), 13.3 (br s, 1 H, COOH) 

4.83 (s, 2H, CH,COO), 6.59 (t, J=3 Hz, 1 H, pyrrole H), 7.20 (d, J=3 Hz, 1 H, 

pyrrole H), 7.69 (d, J=3 Hz, 1 H, pyrrole li), 13.4 (br s, 1 H, COOH) 

1.20(d, J=7 Hzi 6H, 2CH,), 2.6-3.0 (m, IH, CH), 4.79 (s, 2H, CH,COO), 

7.21 (s, 1 H, pyrrole H), 7.46 (s, 1 H, pyrrole H), 13.3 (brs, 1 H, COOH) 

0.89 (d, J=6 Hz, 6H, 2CH,), 1.6-2.0 (m, lH, CH), 2.34 (d, J=7 Hz, 2H, CH,), 

4.79 (s, 2H, CH,COO), 7.10 (s, 1 H, pyrrole H), 7.47 (s, 1 H, pyrrole H), 

13.4 (br s, 1 H, COOH) 

0.6-2.0 (m, 11 H, cyclohexane H), 2.35 (d, J=6 Hz, 2H, CH,), 4.79 (s, 2H, 

CH,COO), 7.07 (s, 1 H, pyrrole H), 7.45 (s, 1 H, pyrrole H), 13.4 (br s, 1 H, COOH) 

2.26 (s, 3H, CH,), 3.77 (s, 2H, CH,), 4.78 (s, 2H, CH,COO), 7.02 (s, 1 H, 

pyrrole H ), 7.0-7.3 (m, 4H, ArH), 7.48 (s, 1 H, pyrrole H), 13.4 (br s, 1 H, COOH) 

3.83 (s, 2H, CH,), 4.79 (s, 2H, CH,COO), 7.08 (s, 1 H, pyrrole H), 7.2-7.5 

(m, 4H, ArH), 7.54 (s, 1 H, pyrrole H), 13.4 (brs, 1 H, COOH) 

3.94 (s, 2H, CH,), 4.79 (s, 2H, CH,COO), 7.11 (s, 1 H, pyrrole H), 7.53 (d, J=9 Hz,. 

2H, ArH), 7.59 (s, 1 H, pyrrole H), 7.68 (d, J=9 Hz, 2H, ArH), 13.4 (br s, 1 H,COOH) 

3.84 (s, 2H, CH,), 4.79 (s, 2H, CH,COO), 7.04 (s, 1 H, pyrrole H), 7.2-7.65 

(m, 3H, ArH), 7.51 (s, IH, pyrrole H), 13.4 (brs, 1 H, COOH) 

3.84 (s, 2H, CH,), 4.79 (s, 2H, CH,COO), 7.13 (s, 1 H, pyrrole H), 7.2-7.7 

(m, 3H, ArH), 7.60 (s, lH, pyrrole H), 13.4 (brs, lH, COOH) 

1.26 (s, 9H, 3CH,), 3.78 (s, 2H, CH,), 4.79 (s, 2H, CH,COO), 7.06 (s, lH, 

,pyrrole H), 7.21 (d, J=9 Hz, 2H, ArH), 7.34 (d, J=9 Hz, 2H, ArH), 

7.52 (s, 1 H, pyrrole H), 13.3 (br s, 1 H, COOH) 

1.05 (t, J=6 Hz, 3H, CH,), 2,28 (s, 3H, CH,), 2.37 (q, J=8 Hz, 2H, CH,), 

2.45 (s, 3H, CH,), 4.80 (s, 2H, CH,COO), 13.4 (brs, iH, COOH) 

aDetermined by NMR analysis. 
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Table III. Inhibition of sorbitol accumulation in the sciatic 
nerves. 

Compd 

Inhibition of sorbitol accumulation 
% of control 

100x2 

R,=R,=H ; X=Y=O 

83 4-Cl-C,H,CH, 

85 4-Br,2-F-&H&H, 

R,=R,=H ; X=0, Y=S 

114 PW’CH, 

115 cyclohexylmethyl 

117 4-Cl-&H&H, 

119 4-Br,2-F-C,H,CH, 

120 3,4-(Cl),-C,H,CH2 

R,=R,=CH, ; X=0, Y=S 

123 CH, 

124 CA 

125 CH,CH,CH, 

126 PWHW 

127 4-F-C,H,CHz 

128 4-Br,2-F-&H&H, 

Rl=R2=H ; X=Y=S 

140 H 

141 W&H 

142 WWHCH, 

143 cyclohexylmethyl 

144 4-CH,-&H&H2 

RI=RZ=H ; X=Y=S 

145 4-Cl-C,H,CH2 

146 4-CF,-C,H,CH, 

147 4-Br,2-F-C,H,CH2 

148 3,4-(Cl),-C,H,CH2 

149 I-(CH,),C-C,H,CH, 

R,=R,=CH, ; X=Y=S 

150 CA 

3.1 

NT 

32.6’ 

NT 

52.9”’ 

NT 

31.3’ 

NT 

NT 

NT 

NT 

NT 

NT 

NT -16.3 

NT 12.1 

47.P” NT 

NT 4.5 

NT 1.1 

NT 13.4 

NT 19.1 

NT 16.6 

64.4”’ 3.3 

NT -1.6 

NT 

AD-5467 NT 

- 
50 x 2 25 x 2 (mgikglday) 

NT 

-I .a 

NT 

-21 .o 

NT 

5.1 

NT 

NT 

46.9” 

NT 

23.2 

20.4 

3.1 

NT 

53.2.” 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

0.4 

5.3 

-11.2 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

1.9 

NT 

NT: not tested; Student’s t-test; *P < 0.01; **P < 0.05; 
***p < 0.001. 

Table IV. Physical data for ethyl acylpyrrolecarboxylate 
derivatives. 

R3CoL R2 

H 

Compd R3 
‘?-p 

Formula 
1 .I 

Recryst Yield 
WA 

Analysis 

R,=R,=H 

12 WWH oil bp150-152% 79 

/0.02 mmHg 

13 cyclohexyl 98-99.5 A .92 

14 4-CH,-C&H, 105.5-106.5 B 64 

15 4-C&H, 124-l 25.5 C 98 

16 4-CF,-C,H, 131-137 A 98 

17 4.Br,2-F-&H, 108-109 D 98 

18 3,4-(Cl),-C,H, 157.5-158.5 E 74 

19 4-(CH,),C-C,H, 150-l 52 B 31 

R,=R,=CH, 

20 4-F-C&H, 1535155.5 F 95 

21 4-Br,2-F-C,H, 169.171 F 95 

C,,h,NO, C, H, N 
.I /4H,O 

Q4JQ C,H,N 

C&W, Cm H, N 

WLCWA C, H, N 

C,,H,,F,NO, C, H, N 

.2/3H,O 

C,,H,,BrFNO, C, H, N 

C,,H,,CI,NO, C, H, N 

G,HmNQ GH,N 

WVW C, il, N 

C,,H,,BrFNO, C, H, N 

Recrystallization solvents. A: iso-Pr,O/n-hexane; B: iso- 
Pr,O; C: CHCl,/n-hexane; D: benzene/n-hexane; E: EtOH/ 
H,O;F:EtOH. 

dichloroethane (100 ml) under ice cooling. The mixture was 
stirred at room temperature for 2 h, followed by heating under 
reflux for 2 h. The reaction mixture was poured into ice and 
extracted with chloroform. The organic layer was washed with 
water (H,O), 1 N NaOH solution and saturated NaCl solution. 
After concentration, the residue was distilled under reduced 
pressure to give a pale brown oil (12, 36.1 g, 79%, bp: 
150-152”C/O.O2 mmHg). iH-NMR(CDC1,) 6: 1.21 (d, J = 7 
Hz, 6H, 2CH3), 1.38 (t, J = 7 Hz, 3H, CH3), 3.0-3.5 (m, lH, 
CH), 4.36 (q, J = 7 Hz, 2H, CH,), 7.2-7.4 (m, lH, pyrrole H), 
7.5-7.7 (m, lH, pyrrole H), 10.2 (br s, lH, NH). MS: 209 
(M+). Anal C,,H,,NO, l 1/4H,O (C, H, N). 

General procedure for the synthesis of 22-31 

The following procedure for the synthesis of ethyl 4-isobutyl- 
2-pyrrolecarboxylate 22 is representative. The other com- 
pounds, 23-31, were obtained in a similar manner. Physical 
data for these compounds are summarized in tables VI and VII. 
Ethyl 3,5-dimethyl-4-propyl-2-pyrrolecarboxylate and ethyl 
4-isobutyl-3,5-dimethyl-2-pyrrolecarboxylate were prepared by 
a previously described method [ 12, 131. 

Ethyl 4-isobutyl-2-pyrrolecarboxylate 22 
(3, R, = R, = H, R, = (CH,),CHCH,) 
Triethylsilane (45 ml, 282 mmol) was added to a solution of 
ethyl 4-isobutyryl-2-pyrrolecarboxylate (12, 14.6 g, 69.8 
mmol) in trifiuoroacetic acid (50 ml) and stirred for 3 h under 
ice cooling, followed by stirring at room temperature for 16 h. 
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Table V. Physical data for ethyl acylpyrrolecarboxylate derivatives. 

Compd Solvent ‘H-NMR 6 wm 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

C 

C 

C 

II 

D 

D 

D 

D 

D 

D 

1.21 (d, J=7 Hz, 6H, 2CH,), 1.38 (t, J=7 Hz, 3H, CH,), 3.0-3.5 (m, 1 H, CH), 4.36 (q, J=7 Hz, 2H, CH,), 

7.2-7.4 (m, 1 H, pyrrole H), 7.5-7.7 (m, 1 H, pyrrole H), 10.2 (br s, 1 H, NH) 

1.38 (t, J=7 Hz, 3H, CH,), 1.0-2.1 (m, IOH, cyclohexane H), 2.7-3.1 (m, lH, cyclohexane H), 

4.36 (q, J=7 Hz, 2H, CH,), 7.2-7.35 (m, 1 H, pyrrole H), 7.5-7.65 (m, 1 H, pyrrole H), 9.8 (br s, 1 H, NH) 

1.38 (t, J=7 Hz, 3H, CH,), 2.44 (s, 3H, CH,), 4.36 (q, J=7 Hz, 2H, CH,), 

7.2-7.4 (m, 3H, ArH and pyrrole H), 7.5-7.6 (m, 1 H, pyrrole H), 7.77 (d, J=8 Hz, 2H, ArH), 9.7 (br s, 1 H, NH) 

1.38 (t, J=7 Hz, 3H, CH,), 4.37 (q, J=7 Hz, 2H, CH,), 7.2-7.7 (m, 4H, ArH and pyrrole H), 

7.7-8.0 (m, 2H, ArH), 10.1 (brs, IH, NH) 

1.30 (t, J=7 Hz, 3H, CH,), 4.29 (q, J=7 Hz, 2H, CH,), 7.15 (br s, 1 H, pyrrole H), 7.64 (br s, 1 H, pyrrole H), 

7.8-8.2 (m, 4H, ArH), 12.8 (brs, lH, NH) 

1.29 (t, J=7 Hz, 3H, CH,), 4.27 (q, J=7 Hz, 2H, CH,), 7.07 (s, 1 H, pyrrole H), 

7.4-7.8(m, 4H,ArHandpyrroleH), 12.8(brs, IH, NH) 

1.31 (t, J=7 Hz, 3H, CH,), 4.30 (q, J=7 Hz, 2H, CH,), 7.16 (d, J=2 Hz, IH, pyrrole H), 

7.66 (d, J=2 Hz, 1 H, pyrrole H), 7.7-8.0 (m, 3H, ArH), 12.8 (br s, 1 H, NH) 

1.30 (t, J=7 Hz, 3H, CH,), 1.33 (s, 9H, 3CH,), 4.29 (q, J=7 Hz, 2H, CH,), 7.15 (s, 1 H, pyrrole H), 

7.55 (d, J=9 Hz, 2H, ArH), 7.60 (s, 1 H, pyrrole H), 7.76 (d, J=9 Hz, 2H, ArH), 12.7 (br s, 1 H, NH) 

1.3-i (t J=7 Hz, 3H, CH,), 2.11 (s, 3H, CH,), 2.17 (s, 3H, CH,), 4.27 (q, J=7 Hz, 2H, CH,), 

7.2-7.8(m, 4H,ArH), 11.9 (brs, IH, NH) 

1.29 (t J=7 Hz, 3H, CH,), 2.10 (s, 3H, CH,), 2.22 (s, 3H, CH,), 4.26 (q, J=7 Hz, 2H, CH,), 

7.3-7.8(m,3H,ArH), 12.1 (brs, IH, NH) 

Measurement solvents. C: CDCl,; D: DMSO-d6. 

Table VI. Physical data for ethyl pyrrolecarboxylate de- 
rivatives. 

Compd R, Recryst Yield 
W) 

Formula Analysis 

R,=R,=H 

22 (CH,),CHCH, oil bplO&112% 96 WWO, C, H, N 

/0.04 mmHg .1/6H,O 

23 cyclohexylmethyl oil bp141-143’C 59 W’,,NO, C, H, N 

IO.05 mmHg 

24 4-CH,-C,H,CH, 67.5-66.5 A 76 WVO, C, H, N 

25 4-Cl-C,H,CH, 76-77 A 81 C,,H,,CINO, C, H, N 

Table VI. Continued. 

26 4-CF,-C,H,CH, 60-80.5 B 27 C,,H,,F,NO, C, H, N 

.11i6C,H,,a 

27 4-Br,2-F-C,H,CH, 87-66 B 27 C,,H,,BFNO, Cb, H, N 

28 3,4-(Cl),-C,H&H, 69-89.5 A 70 C,,H,,CI,NOS C, H, N 

29 4-(CH,),C-C,H,CH, 66-66.5 B 70 VW’O, C, H, N 

R,=R,=CH, 

30 4-F-C,H,CH, 128-129 B 28 W’mFNO, C, H, N 

.1/6H,O 

31 4-Br,2-F-C,H,CH, 139-139.5 B 63 C,,H,,BrFNO, C, H, N 

Recrystallization solvents. A: iso-Pr,O/n-hexane; B: 
n-hexane; adetermined by NMR analysis; Ck calcd, 51.55; 
found, 52.50. 
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Table VII. Physical data for ethyl pyrrolecarboxylate derivatives. 

Compd Solvent ‘H-NMR 6 wm 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

C 

C 

C 

D 

D 

D 

D 

D 

D 

D 

0.89 (d, J=6 Hz, 6H, 2CH,), 1.34 (t, J=7 Hz, 3H, CH,), 1.5-2.0 (m, lH, CH), 2.32 (d, J=7 Hz, 2H, CH,), 

4.31 (q, J=7 Hz, 2H, Ct&.), 6.73 (br s, 2H, pyrrole H), 9.4 (br s, 1 H, NH) 

0.6-2.0 (m, 1 lH, cyclohexane H), 1.34 (t, J=7 Hz, 3H, CH,), 2.32 (d, J=7 Hz, 2H, CH,), 

4.30 (q, J=7 Hz, 2H, CH,), 6.72 (brs, 2H, pyrrole H), 7.10 (s, 4H, ArH), 9.25 (brs, 1 H, NH) 

1.32 (t, J=7 Hz, 3H, CH,), 2.31 (s, 3H, CH,), 3.78 (s, 2H, CH,), 4.28 (q, J=7 Hz, 2H, CH,), 

6.6-6.8 (m, 2H, pyrrole H), 7.10 (s, 4H, ArH), 9.0 (brs, lH, NH) 

1.25 (t, J=7 HZ, 3H, CH,), 3.73 (s, 2H; CH,), 4.19 (q, J=7 Hz, 2H, CH,), 6.57 (br s, 1 H, pyrrole H), 

6.84 (br s, 1 H, pyrrole H), 7.1-7.4 (m, 4H, ArH), 11.7 (br s, 1 H, NH) 

1.25 (t, J= 7 Hz, 3H, CH,), 3.84 (s, 2H, CH,), 4.19 (q, J=7 Hz, 2H, CH,), 6.60 (brs, lH, pyrrole H), 

6.89 (br s, 1 H, pyrrole H), 7.43 (d, J=8 Hz, 2H, ArH), 7.46 (d, J=8 Hz, 2H, ArH), 11.7 (br s, 1 H, NH) 

1.25 (t, J=7 HZ, 3H, WI,), 3.75 (s, 2H, CH,), 4.20 (q, J=7 Hz., 2H, CH,), 6.59 (brs, 1 H, pyrrole H), 

6.85(brs,lH,pyrroleH),7.l-7.6(m,3H,ArH),ll.7(brs,1H,NH) 

1.25 (t, J=7 HZ, 3H, CH,), 3.75 (s, 2H, CH,), 4.20 (q, J=7 Hz, 2H, CH,), 6.61 (brs, 1 H, pyrrole H), 

6.88 (brs, lH, pyrrole H), 7.1-7.6 (m, 3H, ArH), 11.7 (brs, lH, NH) 

1.25 k J=7 HZ, 3H, CH,), 1.25 (S, 9H, 3CH,), 3.69 (S, 2H, CH,), 4.19 (q, J=7 HZ, 2H, CH,), 

5.57 (br s, 1 H, PYrrofe H), 6.81 (br s, 1 H, pyrrole H), 7.12 (d, J=9 Hz, 2H, ArH), 7.28 (d, J=9 HZ, 2~, ArH), 

11.6 (br s, 1 H, NH) 

1.27 (k J=7 HZ, 3H, CH,), 2.12 (S, 6H, 2CH,),3.67 (S, 2H, CH,), 4.19 (q, J=7 HZ, 2H, CH,), 

7.03 (d, J=7 Hz, 4H, ArH), 11.5 (br s, 1 H, NH) 

1.26 (t J=7 Hz, 3H, CH,), 2.10 (s, 6H, XH,), 3.64 (s, 2H, CH,), 4.19 (q, J=7 Hz, 2H, CH,), 

6.8-7.6 (m, 3H, ArH), 11.2 (brs, 1 H, NH) 

Measurement solvent. C: CDCl,; D: DMSO-d,. 

Table VIII. Physical data for pyrrolecarboxylic acid deriva- 
tives. % -R1 

,.R,L” 
Compd 4 Recryst Yield Formula 

(“/) 
Analysis 

R,=R,=H 

32 WJ,CHCH, 177-l 70.5 A 98 C,H,,NO, C, H, N 

.1/16H,O 

33. cyclohexylmethyl 153.5-154 6 98 C,,WQ C”, H, N 

.716C,H,,0b 

34 4-C+C,H,CH, 199-200 A 98 C&W, C, H, N 

35 4-Cl-C,H,CHP 192.5-193 c 96 C,,H,,,CINO, C, H, N 

36 4-CF,-C,H,CH, 180-182 D 96 C,&oFW, C, H, N 

37 4-Br,2-F-C,H,CH, 200-202 E 93 C,,H,BrFNO, C, H, N 

Table VIII. Continued. 

36 3,4-(Cl),-C,H,CH, 7 04.5-7 05 A 98 C,,H,CI,NO, C, H, N 

39 4-(CH,),C-C,H,CH, 7 79-7 61 F 90 WL,NO, C, H, N 

R,=R,=CH, 

40 CH,CH,CH, 774.5-175.5 ‘G 61 G&W G H, N 

41 WJPCH, 107.5-708.5 H 66 C,,H,,NOz G H, N 

42 4-F-&H&H, 167.5-762.5 F 82 C,,H,,FNO, C, H, N 

43 4-Br,2-F-C,H,CH, 158-760 E 89 C,,H,,BrFNO, C, H, N 

.3/4CH,CNb 

Recrystallization solvents. A: CH,ClJMeOH/ko-Pr,O; B: 
CH,Cl&o-Pr,O; C: CHCl&o-Pr,O; D: CH,CN/CHCl,; E: 
iso-Pr,O/CH,CN; F: iso-Pr,O; G: iso-Pr,O/n-hexane; H: 
n-hexane; Ca: calcd, 69.60; found, 70.03; bdetermined by 
NMR analysis. 



Table IX. Physical data for pyrrolecarboxylic acid derivatives. 

Compd +I-NMR (DMSO-d,) 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

0.85 (d, J=7 Hz, 6H, 2CH,), 1.4-2.0 (m, 1 H, CH), 2.25 (d, J=7 Hz, 2H, CH,), 6.53 (br s, 1 H, pyrrole H), 

6.72 (brs, lH,pyrroleH), 11.4(brs, IH, NH),. 12.05(brs, lH, COOH) 

0.6-2.0 (m, 11 H, cyclohexane H), 2.25 (d, J=7 Hz, 2H, CH,), 6.51 (br s, 1 H, pyrrole H), 6.70 (br s, 1 H, pyrrole H), 

11.35(brs,lH,NH), 12.05(brs, iH,COOH) 

2.25 (s, 3H, CH,), 3.68 (s, 2H, CH,), 6.50 (br s, IH, pyrrole H), 6.73 (br s, 1 H, pyrrole H), 7.08 (s, 4H, ArH), 

11.4(brs, lH,NH),12.1 (brs, lH,COOH) 

3.73 (s, 2H, CH,), 6.53 (brs, IH, pyrroie H), 6.78 (brs, lH, pyrrole H), 7.1-7.45 (m, 4H, ArH), 11.5 (brs, IH, NH), 

12.1 (brs, lH,COOH) 

3.85 (s, 2H, CH,), 6.57 (brs, IH, pyrrole H), 6.84 (br s, IH, pyrrole H), 7.44 (d, J=8 Hz, 2H, ArH), 

7.64(d, J=BHz, 2H, ArH), ll.G(brs, lH,NH), 12.2(brs, lH, COOH) 

3.73 (s, 2H, CH,), 6.52 (brs, IH, pyrrole H), 7.78 (brs, lH, pyrrole H), 7.1-7.6 (m, 3H, ArH), 11.5 (brs, lH, NH), 

12.2 (br s, 1 H, COOH) 

3.76 (s, 2H, CH,), 6.58 (br s, lH, pyrrole H), 6.85 (brs, lH, pyrrole H), 7.1-7.6 (m, 3H, ArH), 11.6 (brs, 1 H, NH), 

12.2 (br s, 1 H, COOH) 

1.25 (s, 9H, 3CH,), 3.68 (s, 2H, CH,), 6.51 (br s, 1 H, pyrrole H), 6.76 (br s, 1 H, pyrrole H), 7.11 (d, J=9 Hz, 2H, ArH), 

7.29 (d, J=9 Hz, 2H, ArH), 11.5 (br s, 1 H, NH), 12.1 (br s, 1 H, COOH) 

0.85 (t, J=7 Hz, 3H, CH,), 1.1-1.6 (m, 2H, CH,), 1.21(s, 3H, CH,), 2.16 (s, 3H, CH,), 2.26 (t, J=7 Hz, 2H, CH,), 

11.4(brs, IH, NH), 12.0(brs, iH,COOH) 

0.83 (d, J=6 Hz, 6H, 2CH,), 1.6-1.8 (m, 1 H, CH), 2.09 (s, 3H, CH,), 2.14 (s, 3H, CH,), 2.16 (d, J=6 Hz, 2H, CH,), 

10.9 (brs, lH, NH), 11.7(brs, lH, COOH) 

2.10 (S, 6H, 2CH,), 2.65(s, 2H, CH,), 7.07(d, J=7Hz,4H, ArH), 11.1 (brs, IH, NH), 11.8 (brs, IH, COOH) 

2.08 (s, 3H, CH,), 2.09 (s, 3H, CH,), 3.63 (s, 2H, CH,), 6.8-7.6 (m, 3H, ArH), 11.1 (brs, IH, NH), 11.9 (brs, lH, COOH) 

Table X. Physical data for ethyl pyrrolecarbonylaminoacet- 
ate derivatives. R” % 

/ \ 4 /cl. :: COwcH*ccloc,H, 

Compd 8 Analysis 

R,=RgH 

44 H 112.113 A 65 CHNO 9 12 2 3 C, H, N 

.1/3H,O 

45 W&H 102-104 A 88 CHNO 12 18 I 3 C, W, N 

46 K+L)FHCH, 136.5138 B 98 CHNO 13 20 2 3 C, H, N 

47 cyclohexylmethyl 123-124 B 98 GHNO 16 24 2 3 C, N, N 

48 4-CH&H,CH, 104-106.5 B 98 CWNO 17 20 2 3 G H, N 

.1/2H,O 

49 4GC,H,CH, 124.5-125.5 B 80 C,,H,,CIN,O, C, H, N 

50 4-CF,-C,H,CH, 96-99 c 90 C,,H,,F,N,O, C, H, N 

.1/8C,H,,O” 

Table X. Continued. 

51 4-Br,2-F-C,H,CH, 133-134 D 64 C,,H,,BrFN,03 C, H, N 

.l/8C,W,,0a 

52 3,4-(Cl),-C,H,CH* 97.5-98.5 B 71 C,,H,,CI,N,O, C, H, N 

53 4-(CH,),C-&H&H, 101-l 01.5 E 88 CHNO 20 26 2 3 C. H, N 

R,=R,=CH, 

54 H 135-137 F 79 CHNO I, 16 2 3 C, H, N 

.1/8H,O 

55 CH, 155-156.5 F 98 CHNO ?2 78 2 3 G H, N 

R,=R,=CH, 

56 C,H, 127-128 B 64 CHNO 13 20 2 3 C, H, N 

57 CH,CH,CH, 103-104.5 F 63 CHNO 14 *2 2 3 C, H, N 

56 W,WW 144.5-145.5 F 79 CHNO 16 24 2 3 G H. N 

59 4-F-C,H,CH, 144.5-145.5 F 89 C,,H,,FN,O, C, H, N 

60 4-Br,2-F-C,H,CH, 166-167 F 98 C,,H,OBtFN,O, C, H, N 

Recrystallization solvents. A: only washed with H,O; B: 
CH,Cl&o-Pr,O; C: iso-Pr@/n-hexane; D: CH,CN/iso- 
Pr,O; E: iso-Pr,O; F: EtOH; adetermined by NMR analysis. 
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Table XI. Physical data for ethyl pyrrolecarbonylaminoacetate derivatives. 

Compd Solvent 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

D 

D 

D 

D 

D 

D 

D 

D 

C 

D 

D 

D 

‘H-NMR 6 wm 

1.20 (t, J=7 Hz, 3H, CH,), 3.94 (d, J=GHz, 2H, GH,COO), 4.11 (q, J=7 Hz, 2H, CH,), 

6.0-6.2 (m, 1 H, pyrrole H), 6.7-8.0 (m, 2H, pyrrole H), 8.44 (t, J=6 Hz, 1 H, CONH), 11.5 (brs, 1 H, NH) 

1 .I7 (4 J=7 Hz, 6H, 2CH,), 1.21 (t, J=7 Hz, 3H, CH,), 2.6-3.0 (m, lH, CH), 3.93 (d, J=6 Hz, 2H, CH,COO), 

4.12 (4, J=7 Hz, 2H, CH,), 6.68 (S, I H, pyrrole H), 6.70 (s, 1 H, pyrrole H), 8.36 (t, J=6 HZ, 1 H, CONH), 

11.2 (brs, lH,NH) 

0.87 (4 J=7 Hz, 6H, 2C&), 1.20 (t, J=7 Hz, 3H, CH,), 1.4-2.0 (m, lH, CH), 2.26 (d, J=7 Hz, 2H, CH,), 

3.91 (d, J=6 Hz, 2H, CH,COO), 4.11 (q, J=7 Hz, 2H, CH,), 6.62 (brs, 2H, pyrrole H), 

8.31 (t, J=6 Hz, lH, CONH), 11.2 (brs, lH, NH) 

0.6-l .8 (m, 11 H, cyclohexane H), 1.20 (t, J=7 Hi, 3H, CH,), 2.26 (d, J=6 Hz, 2H, CH,), 

3.91 (d, J=6 Hz, 2H, CH,COO), 4.11 (q, J=7 Hz, 2H, CH,),,6.60 (s, 1 H, pyrrole H), 6.62 (s, 1 H, pyrrole H), 

8.31 (t, J=6 Hz, 1 H, CONH), 11.2 (br s, 1 H, NH) 

1 .I8 0, J=7 Hz, 3H, CH,), 2.25 (s, 3H, CH,), 3.68 (s, 2H, CH,), 3.89 (d, J=6 Hz, 2H, CH,COO), 

4.09 (4, J=7 Hz, 2H, CH,), 6.57 (br s, 1 H, pyrrole H), 6.68 (br s, 1 H, pyrrole H), 7.08 (s, 4H, ArH), 

8.34 (t, J=6 Hz, lH, CONH), 11.3 (brs, lH, NH) 
1.18 (t, J=7 Hz, 3H, CH,), 3.74 (s, 2H, CH,), 3.89 (d, J=6 Hz, 2H, CH,COO), 4.09 (q, J=7 Hz, 2H, CH,), 

6.58 (brs, lH, pyrrole H), 6.71 (brs, lH, pyrrole H), 7.1-7.45 (m, 4H, ArH), 8.33 (t, J=6 Hz, lH, CONH), 

11.3 (br s, 1 H,NH) 

1 .I9 (t, J=7 Hz, 3H, CH,), 3.85 (s, 2H, CH,), 3.89 (d, J=6 Hz, 2H, CH,COO), 4.09 (q, J=7 Hz, 2H, CH,), 

6.59 (br s, 1 H, pyrrole H), 6.77 (br s, 1 H, pyrrole H), 7.43 (d, J=8 Hz, 2H, ArH), 7.64 (d, J=8 Hz, 2H, ArH), 

8.34(t, J=5Hz, lH, CONH), 11.3(brs, lH, NH) 

1 .I9 (t, J=7 Hz, 3H, CH,), 3.74 (s, 2H, CH,), 3.89 (d, J=6 Hz, 2H, CH,COO), 4.09 (q, J=7 Hz, 2H, GH,), 

6.58 (brs, lH, pyrrole H), 6.72 (brs, lH, pyrrole H), 7.1-7.6 (m, 3H, ArH), 8.35 (t, J=6 Hz, lH, CONH), 

11.3 (brs, lH, NH) 

1.28 (t, J=7 Hz, 3H, CH,), 3.75 (s, 2H, CH,), 4.16 (d, J=5 Hz, 2H, CH,COO), 4.23 (q, J=7 Hz, 2H, CH,), 

6.41 (brs, lH, pyrrole H), 6.55 (t, J=5 Hz, 1 H, CONH), 6.70 (brs, lH, pyrrole H), 6.9-7.4 (m, 3H, ArH), 

10.95 (br s, 1 H, NH) 

1.18 (t, J=7 Hz, 3H, CH,), 3.69 (s, 2H, CH,), 3.89 (d, J=6 Hz, 2H, CH,COO), 4.09 (q, J=7 Hz, 2H, CH,), 

6.59 (br s, 1 H, pyrrole H), 6.70 (br s, 1 H, pyrrole H), 7.12 (d, J=9 Hz, 2H, ArH), 7.29 (d, J=9 Hz, 2H,ArH), 

8.3 (t, J=6 Hz, IH, CONH), 11.2(brs, lH, NH) 

1.22 (t, J=7 Hz, 3H, CH,), 2.16 (s, 3H, CH,), 2.23 (s, 3H, CH,), 3.98 (d, J=6 Hz, 2H, CH,COO), 

4.13 (q, J=7 Hz, 2H, CH,), 5.68 (s, 1 H, pyrrole H), 7.48 (t, J=6 Hz, 1 H, CONH), 10.9 (br s, 1 H, NH) 

1.20 (t, J=7 Hz, 3H, CH,), 1.83 (s, 3H, CH,), 2.10 (s, 3H, CH,), 2.15 (s, 3H, CH,), 

3.95 (d, J=6 HZ, 2H, CH,COO), 4.10 (q, J=7 Hz, 2H, CH,), 7.48 (t, J=6 Hz, lH, CONH), 10.7 (brs, IH, NH) 



Table XI. Continued. 

56 

57 

58 

59 

60 

C 1.04 (t, J=7 Hz, 3H, CH,), 1.31 (t, J=7 Hz, 3H,-CH,), 2.i9 (s, 3H, CH,), 2.30 (s, 3H, CH,), 

2.38 (q, J=7 Hz, 2H, CH,), 4.21 (d, J=5 Hz, 2H, CH,COO), 4.25 (q, J=7 Hz, 2H, CH,), 

6.22 (t, J=5 Hz, lH, CONH), 9.05 (brs, lH, NH) 

D 0.85 (t, J=7 Hz, 3H, CH,), 1.20 (t, J=7 Hz, 3H, CH,), 1.1-1.6 (m, 2H, CH,), 2.11 (s, 3H, CH,), 2.16 (s, 3H, CH,), 

2.26 (t, J=7 Hz, 2H, CH,), 3.95 (d, J=6 Hz, 2H, CH&OO), 4.10 (q, J=7 Hz, 2H, CH,), 

7.48(t,J=6Hz,lH,CONH),10.7(brs,lH,NH) 

D 0.84 (d, J=6 HZ, 6H, 2CH,), 1.20 (t, J=7 Hz, 2H, CH,), 1.3-1.7 (m, 1 H, CH), 2.10 (s, 3H, CH,), 

2.14 (d, J=6 HZ, 2H, CH,), 2.15 (s, 3H, CH,), 3.95 (d, J=6 Hz, 2H, CH,COO), 4.11 (q, J=7 Hz, 2H, CH,), 

10.7 (br s, 1 H, NH) 

D 1.20 (t J=7 Hz, 3H, CH,), 2.10 (s, 3H, CH,), 2.12 (s, 3H, CH,), 3.66 (s, 2H, CH,), 3.95 (d, J=6 Hz, 2H, 

CH,COO), 4.10 (9, J=7 Hz, 2H, CH,), 6.9-7.2 (m, 4H, ArH), 7.53 (t, J=6 Hz, 1 H, CONH), lo.9 (brs, IH, NH) 

D 1.20 (t, J=7 Hz, 3H, CH,), 2.09 (s, 3H, CH,), 2.11 (s, 3H, CH,), 3.64 (s, 2H, CH,), 

3.95 (d, J=6 Hz, 2H, CH,COO), 4.11 (q, J=7 Hz, 2H, CH,), 6.8-7.6 (m, 3H, ArH), 11.9 (brs, lH, NH) 

Measurement solvents. C: CDCI,; D: DMSO-d,. 

Table XII. Physical data for ethyl acetate derivatives of 
pyrrolo[ 1,2-climidazole. 

R, X--fR, 

Compd 4 Reclyst Yield Formula 
w.) 

Analysis 

+R,=H ; X=Y=O 

61 H 

62 (CH,),CH 

63 GWPHCH, 

64 cyclohexylmethyl 

65 4-W&H&H, 

66 4-Cl-&H&H, 

67 4-CF,-C,H,CH, 

68 4-Br,2-F-C,H,CH, 

69 3.4~(Cl),-C,H,CH, 

70 4-(CH,),C-C,H,CH, 

R,=R,=CH, ; X=Y=O 

71 H 

72 CH, 

73 C,H, 

74 CH,CH,CH, 

R,=R,=CH, ; X=Y=O 

75 P-UFHCH, 

76 4-F-C,H,CH, 

77 4-Br,2-F-&H&H, 

R,=R,=H ; X=0, Y=S 
95 H 

96 WJFH 

97 WWHC% 

98 cyclohexylmethyl 

99 4-CH,-C,H,CH, 77-78 D 48 

126-l 27 A 62 

96-97 B 52 

99-100 C 73 

66.5-67.5 D 78 

83.84 C 65 

104-105 E 79 

136.5-l 40 E 59 

134-135 E 79 

160.5-161.5 E 75 

70.5-71 E 79 

90-92 E 25 

100-101 E 29 C H NO 12 15 2 I C, H, N 

104-105 C 10 C H NO 14 i8 2 4 C, H, N 

102-l 05 E 26 C H NO 15 20 2 4 C. H. N 

94-95 E 23 C H NO IB 22 2 4 C, H, N 

148-149 E 23 C,d,,FW, C, H, N 

132-134 E 16 C,,H,,BrFN20, C. H, N 

oil B 65 

70-71 B 76 

16.5-117 D 78 

92-93 D 56 

C H NO IO 10 2 4 C, H. N 

.116H,O 

C H NO 13 16 2 1 C, I-L N 

C H NO 14 18 2 4 C, H, N 

C H NO 17 22 2 4 C. H, N 

C H NO 18 IS 2 4 C, H, N 

C,,H,,CIN,O, C, H. N 

C,,H,,F,N,O, C, H, N 

C,,H,,BrFN,O, C, H, N 

C,,H,,CI,N,O, C, H, N 

C H NO 21 14 2 4 C, H, N 

C H NO 12. 14 2 4 C, H, N 

.1/4H,O 

C H NOS 10 10 2 3 

C H NOS C,H,N $3 16 2 3 

C H NOS 14 I8 2 3 C, N N 

C H NOS 17 22 2 3 C, H. N 

.1/16C,H,,” 

C H NOS 18 18 .? 3 C, H, N 

Table XII. Continued. 

100 4-Cl-C,H,dH, 95.5-96.5 

101 4-CF,-C,H,CH, 141-143 

102 4-Br,2-F-C,H,CH, 1265127.5 

103 3,4-(Cl),-C,H,CH, 153.5-154.5 

104 4-(CH,),C-C,H,CH, 103-l 04 

R,=R,=CH, ;X=O, Y=S 

105 H 115-116 

106 CH, 116-;20 

107 C,H, 119-120 

108 CH,CH,CH, 103-l 04 

109 (CH,),CHCH, 98-l 00 

110 4-F-C,H,CH, 154.5-l 56 

111 4-Br,2-F-&H&H, 146-146.5 

R,=R,=H ; X=Y=S 

129 H 50-52 

130 (CH,),CH oil 

131 (CH,),CHCH, 102-103 

132 cyclohexylmethyl 98-l 00 

133 4.CH,-&H&H2 oil 

134 4.Cl-C,H,CH, 69-73 

135 4-CF&H,CH, 86-87 

136 4-Br,2-F-&H&H, 96-98 

137 3.4-(Cl),-C,H,CH, 117.5-l 16.5 

136 4-(CH,),C-C,H,CH2 67-70 

R,=R,=CH, ; X=Y=S 

139 C,H, 142-l 44 

F ‘62 C,,H,,CIN,O,S C, H, N 

G 37 C,,H,,F,N,O,S C. H. N 

G 40 C,,H,,BrFN,O,S C, H, N, 

H 57 C,,H,,CI,N,O,S C, H. N, 

G 54 C H N OS 21 21 2 3 C,H,N 

G 66 C H NOS (2 14 2 3 C, W N 

G 50 CHNOS 13 16 2 3 C, H, N 

B 70 CHNOS II 18 2 3 C, H, N, 

G 63 CHNOS 15 20 2 3 C, H, N 

G 56 CHNOS 15 22 2 3 C, H, N 

G 69 C,,H,,FN,O,S C, H, N 

.1/4H,O 

I 45 C,,H,,BrFN,O,S C, H, N 

B 40 C,,H,,N,O,S, C, H, N 

B 36 WV,OA 

D 50 C,,WW,S, C. H, N 

B 41 W%,VV, 6, I+ N 

6 46 C,,H,,N,OSZ C, H, N 

B 49 C,,H,,CIN,O,S, C, H, N 

.1/4H,O 

F 24 C,,W,N&‘,S, C. I-h N 

G 49 C,,H,,BrFN,O&, C, H, N 

F 46 C,,HJ&N,O,S, C, H, N 

D 5 C,,H,,N,O,S, C. H. N 

B 51 C,,H N 0 S 18 2 2 2 C, H, N 

.1/16CHCI,B 

Recrystallization solvents. A: washed with n-hexane; B: 
purified by column chromatography on silica gel; C: 
EtOH/H,O; D: n-hexane; E: EtOH; F: iso-Pr,O/n-hexane; 
G: iso-Pr,O; H: CH,Cl&o-Pr,O; I: iso-Pr,O/CHCl,; adeter- 
mind hxr NMR onolxrai@ 
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Table XIII. Physical data for ethyl acetate derivatives of pyrrolo[ 1,2-climidazole. 

Compd Solvent ‘H-NMR 6 wm 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

D 

D 

C 

D 

C 

D 

D 

D 

c 

D 

D 

D 

D 

D 

D 

D 

1.21 (t, J=7 Hz, 3H, CH,), 4.18 (q, J=7 HZ, 2H, CH,), 4.37 (s, 2H, CH,COO), 6.61 (t, J=3 Hz, pyrrole H), 

7.05 (d, J=3 Hz, 1 H, pyrrole H), 7.69 (d, J=3 Hz, 1 H, pyrrole H) 

1 .I9 (4 J=7 Hz, 6H, 2CH,), 1.21 (t, J=7 Hz, 3H, CH,), 2.6-3.0 (m, 1 H, CH), 4.17 (q, J=7 Hz, 2H, CH,), 

4.34 (s, 2H, CH,COO), 7.02 (s, 1 H, pyrrole H), 7.47 (s, 1 H, pyrrole H) 

0.93 (4 J=7 Hz, 6H, 2CH,), 1.29 (t, J=7 Hz, 3H, CH,), 1.6-2.0 (m, 1 H, CH), 2.36 (d, J=7 Hz, 2H, CH,), 

4.24 (q, J=7 HZ, 2H, CH,), 4.32 (s, 2H, CH,COO), 6.66 (s, 1 H, pyrrole H), 7.04 (s, 1 H, pyrrole H) 

0.6-2.0 (m, 1 iH, cyclohexane H), 1.21 (t, J=7 Hz, 3H, CH,), 2.34 (d, J&i Hz, 2H, CH,), 

4.17 (q, J=7 HZ, 2H, CH,), 4.33 (s, 2H, CH,COO), 6.90 (s, lH, pyrrole H), 7.44 (s, 1 H, pyrrole H) 

1.28 (t J=7 Hz, 3% CH,), 2.33 (s, 3H, CH,), 3.79 (s, 2H, CH,), 4.23 (q, J=7 Hz, 2H, CH,), 4.30 (s, 2H, CH,COO), 

6.66 (s, lH, pyrrole H), 7.01 (s, lH, pyrrole H), 7.11 (s, 4H, ArH) 

1.20 (t, J=7 Hz, 3H, CH,), 3.82 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.33 (s, 2H, CH,COO), 

6.91 (s, 1 H, pyrrole H), 7.1-7.45 (m, 4H, ArH), 7.52 (s, 1 H, pyrrole H) 

1.20 (t, J=7 Hz, 3H, CH,), 3.94 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.33 (s, 2H, CH,COO), 

7.50 (d, J=8 Hz, 2H, ArH), 7.58 (s, iH, pyrrole H), 7.67 (d, J=8 Hz, 2H, ArH) 

,1.20 (t, J=7 Hz, 3H, CH,), 3.83 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.33 (s, 2H, CH,COO), 

6.90 (s, 1 H, pyrrole H), 7.50 (s, 1 H, pyrrole H), 7.15-7.6 (m, 3H, ArH) 

1.29 (t, J=7 Hz, 3H, CH,), 3.80 (s, 2H, CH,), 4.24 (q, J=7 Hz, 2H, CH,), 4.32 (s, 2H, CH,COO), 

6.63 (s, 1 H, pyrrole H), 6.9-7.5 (m, 3kl, ArH), 7.05 (s, 1 H, pyrrqle H) 

1.20 (t, J=7 Hz, 3H, CH,), 1.25 (s, 9H, 3CH,), 3.77 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.33 (s, 2H, CH,), 

6.91 (s, 1 H, pyrrole H), 7.18 (d, J=8 Hz, 2H, ArH), 7.32 (d, J=8 Hz, 2H, ArH), 7.51 (s, 1 H, pyrrole H) 

1.2l(t, J=7 Hz, 3H, CH,), 2.19 (s, 3H, CH,), 2.39 (s, 3H, CH,), 4.17 (q, J=7 Hz, 2H, CH,), 4.29 (s, 2H, CH,COO), 

6.17 (s, 1 H, pyrrole H) 

1.21 (t, J=7 Hz, 3H, CH,), 1.90 (s, 3H, CH,), 2.13 (s, 3H, CH,), 2.34 (s, 3H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 

4.28 (s, 2H, CH,COO) 

1.03 (t, J=7 Hz, 3H, CH,), 1.21 (t, J=7 Hz, 3H, CH,), 2.18 (s, 3H, CH,), 2.34 (q, J=7 Hz, 2H, CH,), 

2.36 (s, 3H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.28 (s, 2H, CH,COO) 

0.87 (t, J=7 Hz, 3H, CH,), 1.20 (t, J=7 Hz, 3H, CH,), 1.2-l .7 (m, 2H, CH,), 2.15 (s, 3H, CH,), 

2.79 (t, J=7 Hz, 2H, CH,), 2.34 (s, 3H, CH,), 4.16 (q, J-7 Hz, 2H, CH,), 4.27 (s, 2H, CH,COO) 

0.88 (d, J=7 Hz, 6H, 2CH,), 1.21 (t, J=7 Hz, 3H, CH,), 1.5-1.9 (m, lH, CH), 2.16 (s, 3H, CH,), 

2.23 (d, J=7 Hz, 2H, CH,), 2.35 (s, 3H, CH,), 4.17 (q, J=7 Hz, 2H,CH,), 4.28 (s, 2H, CH,COO) 

1.22 (ts J=7 Hz, 3H, CH,), 2.06 (s, 3H, CH,), 2.41 (s, 3H, CH,), 3.77 (s, 2H, CH,), 4.17 (q, J=7 Hz, 2H, CH,), 

4.30 (s, 2H, CH,COO), 6.9- 7.35,(m, 4H, ArH) 
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Table XIII. Continued. 

77 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

D 

D 

D 

C 

C 

C 

D 

D 

D 

C 

D 

D 

D 

D 

D 

D 

D 

1.23 (ts J=7 HZ, 3H, CH,), 2.08 (S, 3H, CH,), 2.40 (S, 3H, CH,), 3.77 (S, 2H, CH,), 4.18 (q, J=7 Hz, 2H, CH,), 

4.31 (s, 2H, CH,COO), 7.0-7.6 (m, 3H, ArH) 

1.20 (tp J=7 Hz, 3Hr CHJ, 4.17 (q, J=7 HZ, 2H, CH,), 4.65 (s, 2H, CH,COO), 6.59 (t, J=3 Hz, 1 H, pyrrole H), 

7.15 (d, J=3 HZ, 1 H, pyrrole H), 7.68 (d, J=3 Hz, 1 H, pyrrole H) 

1.19 (4 J=7 HZ, 6H, 2CH,), 1.20 (t, J=7 Hz, 3H, CH,), 2.6-3.0 (m, lH, CH), 4.16 (q, J=7 Hz, 2H, CH,), 

4.61 (e, 2H, CH,COO), 7.15 (s, 1 H, pyrrole H), 7.48 (s, 1 H, pyrrole H) 

0.93 (4 J=7 Hz, 6H, 2CH,), 1.29 (t, J=7 Hz, 3H, CH,), 1.6-2.0 (m, lH, CH), 2.35 (d, J=7 Hz, 2H, Cl-$), 

4.24 (9, J=7 Hz, 2H, CH,), 4.62 (s, 2H, CH,COO), 6.80 (s, 1 H, pyrrole H), 6.94 (s, I H, pyrrole H) 

0.6-2.0 (m, 11 H, cyclohexane H), 1.28 (t, J=7 Hz, 3H, CH,), 2.35 (d, ~~6 HZ, 21-l, G-I,), 

4.23 (9, J=7 Hz; 2H, CW, 4.61 (s, 2H, CH,COO), 6.80 (s, 1 H, pyrrole H), 6.94 (s, I H, pyrrole H) 

1.27 (t, J=7 Hz, 3H, CH,), 2.33 (s, 3H, CH,), 3.78 (s, 2H, CH,), 4.22 (q, J=7 Hz, 2H, CH,), 4.60 (s, 2H, CH,COO), 

6.79 (s, 1 H, pyrrole H), 6.93 (s, 1 H, pyrrole H), 7.11 (s, 4H, ArH) 

1.19 (t, J=7 Hz, 3H, CH,), 3.82 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.61 (s, 2H, CH,COO), 

7.02 (s, 1 H, pyrrole H), 7.3-7.5 (m, 4H, ArH), 7.53 (s, 1 H, pyrrole H) 

1.19 (t, J=7 Hz, 3H, CH,), 3.93 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.61 (s, 2W, CH,COO), 

7.06 (s, 1 H, pyrrole H), 7.53 (d, J=8 Hz, 2H, ArH), 7.57 (s, 1 H, pyrrole H), 7.68 (d, J=8 Hz, 2H, ArH) 

1.19 (t, J=7 Hz, 3H, CH,), 3.83 (s, 2H, CH,), 4.15 (q, J=7 Hz, 2H, CH,), 4.61 (s, 2H, CH,COO), 

6.99 (s, 1 H, pyrrole H), 7.15-7.6 (m, 3H, ArH), 7.51 (s, 1 H, pyrrole H) 

1.28 (t, J=7 Hz, 3H, CH,), 3.79 (s, 2H, CH,), 4.23 (q, J=7 Hz, 2H, CH,), 4.62 (s, 2H, CH,COO), 

6.76 (s, 1 H, pyrrole H), 6.97 (s, 1 H, pyrrole H), 6.9-7.5 (m, 3H, ArH) 

1 .19 (t, J=7 Hz, 3H, CH,), 1.25 (s, 9H, 3CH,), 3.77 (s, 2H, CH,), 4.15 (q, J=7 Hz, 2H, CH,), 

4.61 (s, 2H, CH,COO), 7.00 (s, 1 H, pyrrole H), 7.19 (d, J=9 Hz, 2H, ArH), 7.33 (d, J=9 Hz, 2H, ArH), 

7.51 (s, 1 H, pyrrole H) 

1.20 (t, J=7 Hz, 3H, CH,), 2.28 (s, 3H, CH,), 2.38 (s, 3H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 

4.59 (s, 2H, CH,COO), 6.24 (s, lH, pyrrole H) 

1.20 (t, J=i’ Hz, 3H, CH,), 1.93 (s, 3H, CH,), 2.23 (s, 3H, CH,), 2.32 (s, 3H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 

4.57 (s, 2H, CH,COO) 

1.04 (t, J=] Hz, 3H, CH,), 1.20 (t, J=7 Hz, 3H, CH,), 2.28 (s, 3H, CH,), 2.35 (s, 3H, CH,), 

2.35 (1, J==i Hz, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.58 (s, 2H, CH,COO) 

0.89 (t, J=7 Hz, 3H, CH,), 1.20 (t, J=7 Hz, 3H, CH,), 1.2-1.7 (m, 2H, CH,), 2.26 (s, 3M, CH,), 2.34 (s, 3H, CH,), 

2.34 (t, J=7 Hz, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.57 (s, 2H, CH,COO) 

0.89 (d, J=7 Hz, 6H, 2CH,), 1.20 (t, J=7 Hz, 3H, CH,), 1.5-1.9 (m, 1 H, CH), 2.26 (s, 3H, CH,), 

2.26 (d, J=7 Hz, 2H, CH,), 2.34 (s, 3H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.58 (s, 2H, CH,COO) 

1.20 (t, J=7 Hz, 3H, CH,), 2.15 (s, 3H, CH,), 2.39 (s, 3H, CH,), 3.79 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 

4.58 (s, 2H, CH,COO), 6.9-7.35 (m, 4H, ArH) 



496 

Table XIII. Continued. 

111 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

D 

D 

D 

C 

C 

C 

C 

D 

D 

C 

D 

D 

1.20 (t, J=T Hz, 3H, CH,), 2.17 (s, 3H, CH,), 2.38 (s, 3H, CH,), 3.78 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 

4.59 (s, 2H, CH,COO), 7.0-7.6 (m, 3H, ArH) 

1.20 (t, J=7 Hz, 3H, CH,), 4.17 (q, J=7 HZ 2H, CH,), 4.92 (s, 2H, CH,COO), 6.59 (t, J=3 Hz, 1 H, pyrroie H), 

7.21 (d, J=3 Hz, lH, pyrrole H), 7.69 (d, J=3 Hz, 1 H, pyrrole H) 

1 .I9 (4 J=7 HZ, 6H, 2CH,), 1.20 (t, J=7 Hz, 3H, CH,), 2.6-3.0 (m, 1 H, CH), 4.16 (q, J=7 Hz, 2H, CH,), 

4.88 (s, 2H, CH,COO), 7.20 (s, 1 H, pyrrole H), 7.44 (s, 1 H, pyrrole H) 

0.94 (4 J=7 HZ, 6H, 2CH,), 1.28 (t, J=7 Hz, 3H, CH,), 1.6-2.0 (m, 1 H, CH), 2.34 (d, J=7 Hz, 2H, CH,), 

4.24 (q, J=7 Hz, 2H, CH,), 4.92 (s, 2H, CH,COO), 6.79 (s, 1 H, pyrrole H), 7.b8 (s, 1 H, pyrrole H) 

0.6-2.0 (m, 11 H, cyclohexane H), 1.28 (t, J=7 Hz, 3H, CH,), 2.34 (d, J=.6 Hz, 2H, CH,), 

4.23 (9, J=7 HZ, 2H, CH,), 4.92 (s, 2H, CH,COO), 6.78 (s, 1 H, pyrrole H), 7.06 (s, iH, pyrrole H) 

1.27 (t, J=7 Hz, 3H, CH,), 2.33 (S, 3H, CH,), 3.77 (S, 2H, CH,), 4.22 (q, J=7 HZ, 2H, CH,), 4.90 (S, 2H, CH,COO), 

6.76 (s, 1 H, pyrrole H), 6.9-7.2 (m, 4H, ArH), 7.06 (s, 1 H, pyrrole H) 

1.28 (t, J=7 Hz, 3H, CH,), 3.80 (s, 2H, CH,), 4.23 (q, J=7 Hz, 2H, CH,), 4.91 (s, 2H, CH,COO), 

6.74 (s, 1 H, pyrrole H), 7.06 (s, 1 H, pyrrole H), 7:0-7.4,(m, 4H, ArH) 

1.19 (t, J=7 Hz, 3H, CH,), 3.94 (s, 2H, CH,), 4.16 (q, J=7 Hz, 2H, CH,), 4.89 (s, 2H, CH,COO), 

7.13 (s, 1 H, pyrrole H), 7.54 (d, J=8 Hz, 2H, ArH), 7.61 (s, 1 H, pyrrole H), 7.68 (d, J=8 Hz, 2H, ArH) 

1 .18 (t, J=7 HZ, 3H, CH,), 3.85 (s, 2H, CH,), 4.89 (s, 2H, CH,COO), 7.06 (s, 1 H, pyrrole H), 

7.2-7.65 (m, 3H, ArH), 7.52 (s, IH, pyrrole H) 

1.28 (t, J=7 Hz, 3H, CH,), 3.79 (s, 2H, CH,), 4.23 (q, J=7 Hz, 2H, CH,), 4.92 (s, 2H, CH,COO), 

6.74 (s, 1 H, pyrrole H), 6.9-7.5 (m, 3H, ArH) 

1 .I8 (t, J=7 Hz, 3H, CH,), 1.26 (s, 9H, 3CH,), 3.78 (s, 2H, CH,), 4.15 (q, J=7 Hz, 2H, CH,), 

4.89 (s, 2H, CH,COO), 7.08 (s, 1 H, pyrrole H), 7.21 (d, J=9 Hz, 2H, ArH), 7.34 (d, J=9 Hz, 2H, ArH), 

7.53 (s, 1 H, pyrrole H) 

1.07 (t, J=8 Hz, 3H, CH,), 1.28 (t, J=7 Hz, 3H, CH,), 2.30 (s, 3H, CH,), 2.40 (q, J=8 Hz, 2H, CH,), 

2.48 (s, 3H, CH,), 4.17 (q, J=7 Hz, 2H, CH,), 4.91 (s, 2H, CH,COO) 

Measurement solvents. C: CDCl,; D: DMSOcl,. 

After concentration, the residue was dissolved in ethyl ether 
(150 ml), washed with 1 N NaOH solution and saturated NaCl 
solution, dried over Na2S04 and concentrated. The residue was 
distilled under reduced pressure to give a yellow oil (22, 
13.0 g, 96%, bp: 108-112YJO.04 mmHg). rH-NMR (CDCl,) 
6: 0.89 (d, J = 6 Hz, 6H, 2CH,), 1.34 (t, J = 7 Hz, 3H, CH,), 
1.5-2.0 (m, lH, CH), 2.32 (d, J = 7 Hz, 2H, CH,), 4.31 (q, J = 
7 Hz, 2H, CH,), 6.73 (br s, 2H, pyrrole H), 9.4 (br s, lH, NH). 
MS: 195 (M+). Anal C1iH,,N02 l 1/8H,O (C, H, N). 

General procedure for the synthesis of 3243 

The following procedure for the synthesis of 4-isobutyl-2- 
pyrrolecarboxylic acid 32 is representative. The other 

compounds, 33-43, were obtained similarly. Physical data for 
these compounds are summarized in tables VIII and IX. 
2-Pyrrolecarboxylic acid was commercially *.‘available. 
4-Isopropyl-2-pyrrolecarboxylic acid, 3,5-dimethyl-2-pyrrole- 
carboxylic acid, 3,4,5-trimethyl-2-pyrrolecarboxylic acid and 
4-ethyl-3,5-dimethyl-2-pyrrolecarboxylic acid were synthesi- 
zed by a previously described method [14-171. 

4-Isobutyl-2-pyrrolecarboxylic acid 32 
(4, R, = R, = H, R, = (CH,),CHCH,) 
A solution of ethyl 4-isobutyl-2-pyrrolecarboxylate (22, 3.50 g, 
17.9 mmol) and 2 N NaOH (17.9 ml, 35.8 mmol) in EtOH 
(20 ml) were heated under reflux for 2 h. After concentration, 
HZ0 (30 ml) was added to the residue and acidified with 
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concentrated HCl. The solid was collected on a filter, washed 
with Hz0 and recrystallized from dichloromethane 
(CH,Cl,)/MeOH/isopropyl ether(iso-Pr,O) to give colorless 
needles (32, 2.94 g, 98%, mp: 177-178.5”C with decomp). 
‘H-NMR (DMSOd,J 6: 0.85 (d, J = 7 Hz, 6H, 2CH3), 1.4-2.0 
(m, lH, CH), 2.25 (d, J = 7 Hz, 2H, CH,), 6.53 (br s, lH, 
pyrrole H), 6.72 (br s, lH, pyrrole H), 11.4 (br s, lH, NH), 
12.05 (br s, lH, COOH). MS: 167 (M+). Anal C,H,,NO, l 

1/16H,O (C, H N). 

General procedure for the synthesis of 4460 

The following procedure for the synthesis of ethyl 4-isobutyl- 
2-pyrrolecarbonylaminoacetate 46 is representative. The other 
compounds, 44, 45, 47-60, were obtained similarly. Physical 
data for these compounds are summarized in tables X and XI. 

Ethyl 4-isobutyl-2-pyrrolecarbonylaminoacetate 46 
(5, R, = R, = H, R, = (CH,),CHCH,) 
Diethyl phosphorocyanidate (4.39 g, 24.2 mmol) was added to 
4-isobutvl-2ovrrolecarboxvlic acid (32. 2.70 e. 16.1 mmol) 
and glyhne &yl ester (4.99 g, 48.4 rnmol) in dymethyl forma- 
mide (10 ml) under ice cooling, followed by the addition of 
triethylamine (2.45 g, 24.2 mmol). The mixture was stirred at 
room temperature (rt) for 24 h. After concentration, Hz0 
(50 ml) was added to the residue, which was then stirred at rt 
for 30 min. A white solid was collected on a filter, washed with 
H,O and recrystallized from CH,ClJiso-Pr,O to give colorless 
needles (46, 3.98 g, 98%, mp: 136.5-138”(Z). rH-NMR 
(DMSO-d,) : 6 0.87 (d, J = 7 Hz, 6H, 2CH3), 1.20 (t, J = 7 Hz, 
3H, CH& 1.4-2.0 (m, lH, CH), 2.26 (d, J = 7 Hz, 2H, CH,), 
3.91 (d, J = 6 Hz, 2H, CH,COO), 4.11 (q, J = 7 Hz, 2H, CH,), 
6.62 (br s, 2H, pyrrole H), 8.31 (t, J = 6 Hz, lH, CONH), 11.2 
(br s, IH, NH). MS: 252 (M+). Anal C,,H,N,O, (C, H, N). 

General procedure for the synthesis of 61-77 

The following procedure for the synthesis of 2-ethoxycarbo- 
nylmethyl-6-isobutyl-1,3(2H)-dioxo-1H-pyrrolo[l,2-c]imida- 
zole 63 is representative. The other compounds, 61, 62, 64-77, 
were obtained in a similar manner. Physical data for these 
compounds are summarized in tables XII and XIII. 

2-Ethoxycarbonylmethyl-6-isobuty1-1,3(2H)-dioxo-IH- 
pyrrolo[l ,2-c]imidazole 63 
(6, R, = R, = H, R, = (CH,),CHCH,) 
A mixture of l,l’-carbonyldiimidazole (4.63 g, 28.5 mmol) and 
ethyl 4-isobutyl-2-pyrrolecarbonylaminoacetate (46, 3.60 g, 
14.3 mmol) was heated at 150°C for 40 min. After cooling, 
EtOH (30 ml) and HZ0 (30 ml) were added to the reaction 
mixture and kept at 4°C for 4 h. The solid was collected on a 
filter, washed with 50% EtOH and recrystallized from 60% 
EtOH to give colorless needles (63, 2.89 g, 73%, mp: 
99-100°C). ‘H-NMR (CDCl,) 6: 0.93 (d, J =7 Hz, 6H, 2CH,), 
1.29 (t, J = 7 Hz, 3H, CH,), 1.6-2.0 (m, lH, CH), 2.36 (d, J = 7 
Hz, 2H, CH,), 4.24 (q, J = 7 Hz, 2H, CH,), 4.32 (s, 2H, 
CH,COO), 6.66 (s, lH, pyrrole H), 7.04 (s, lH, pyrrole H).MS: 
278 (M+). Anal C,,H,,N,O, (C, H, N). 

General procedure for the synthesis of 78-94, 112-128, 
140-150 

The following procedure for the synthesis of 2-carboxymethyl- 
6-isobutyl-1,3(2H)-dioxo-lH-pyrrolo[ 1,2-climidazole 80 is 
representative. The other compounds, 78, 79, 81-94, 112-128, 

140-150, were obtained in a similar manner. Physical data for 
these compounds are summarized in tables I and II. 

2-Carboxymethyl-6-isobutyl-l,3(2H)-dioxo-IH-pyrrolo[l,2- 
c]imidazole 80 
(7, R, = R, = H, R4 = (CH,),CHCH,) 
A mixture of 2-ethoxycarbonylmethyl-6-isobutyl-1,3(2H)- 
dioxo-lH-pyrrolo[l,2-climidazole (63, 0.70 g, 2.52 mmol) and 
concentrated HCl (5 ml) in acetic acid (AcOH)(lS ml) was 
heated under reflux for 3 h. After addition of concentrated HCl 
(3 ml), heating of the mixture was continued under reflux for 
2 h. Water (20 ml) was added to the reaction mixture and the 
insoluble material was collected on a filter to give colorless 
needles (80, 0.548 g, 87%, mp: 1X3.5-184°C). rH-NMR 
(DMSO-d,) 6: 0.88 (d, J = 7 Hz, 6H, 2CH,), 1.6-2.0 (m, lH, 
CH), 2.34 (d, J = 7 Hz, 2H, CH,), 4.22 (s, 2H, CH,COO), 6.90 
(s, lH, pyrrole H), 7.45 (s, lH, pyrrole H), 13.3 (br s, lH, 
COOH). MS: 250 (M+). Anal C,,H,,N,O, (C, H, N). 

General procedure for the synthesis of 95-111 

The following procedure for the synthesis of 2-ethoxycarbo- 
nylmethyl-6-isobutyl-3-oxo- 1(2H)-thioxo- lH-pyrrolo[ 1,2- 
climidazole 97 is representative. The other compounds, 9.5, 96, 
98-111, were obtained in a similar manner. Physical data for 
these compounds are summarized in tables XII and XIII. 

2-Ethoxycarbonylmethyl-6-isobutyl-3-oxo-l(2H)-thioxo-lH- 
pyrrolo[l,2-climidazole 97 
(8, R, = R,= H, R,= (CH&HCH,) 
A mixture of 2-ethoxycarbonylmethyl-6-isobutyl-1,3(2H,- 
dioxo-lH-pyrrolo[l,2-climidazole (63, 2.00 g, 7.19 mmol) and 
phosphorus pentasulfide (3.99 g, 18.0 mmol) in dioxane 
(40 ml) were heated under reflux for 8 h. After cooling, the 
supematant was separated by decantation and concentrated. 
The residue was cmomatographed on a silica gel column (150 
8. eluent. CHClJhexane = 2.5:1). The eluate was recrvstallized 
gorn n-hexane to give yellow needles (97, 1.65 g, ?S%, mp: 
116.5-117°C). ‘H-NMR (CDCl,) 6 : 0.93 (d, J = 7 Hz, 6H, 
2CH,), 1.29 (t, J = 7 Hz, 3H, CH,), 1.6-2.0 (m, lH, CH), 2.35 
(d, J = 7 Hz, 2H, CH,), 4.24 (q, J = 7 Hz, 2H, CH,), 4.62 (s, 
2H, CH,COO), 6.80 (s, lH, pyrrole H), 6.94 (s, lH, pyrrole H). 
Anal Cr4Hr8N203S (C, H, N). 

General procedure for the synthesis of 129-139 
The following procedure for the synthesis of 2-ethoxycarbo- 
nylmethyl-6-isobutyl-1,3(2H)-dithioxo-lH-pyrrolo[l,2-c]imi- 
dazole 131 is representative. The other compounds, 129, 130, 
132-139, were obtained similarly. Physical data of these 
compounds are summarized in tables XII and XIII. 

2-Ethoxycarbonylmethyl-6-isobutyl-1,3(2H)-dithioxo-lH- 
pyrrolo[l&]imidazole 131 
(10, R, = R, = H, R, = (CH,),CHCH,) 
A mixture of 2-ethoxycarbonylmethyl-6-isobutyl-1,3(2H)- 
dioxo-lH-pyrrolo[l,2-climidazole (63, 2.00 g, 7.19 mmol) 
and phosphorus pentasulfide (8.00 g, 36.0 mmol) in xylene 
(50 ml) was heated under reflux for 24 h. The supematant was 
separated by decantation and concentrated. The residue was 
chromatographed on a silica gel column (150 g, eluent, 
CHClJhexane = 1.5:1). The eluate was recrvstallized from n- 
hexane to give a reddish-orange powder (f31, 1.11 g, 50%, 
mp: 102-103°C). rH-NMR (CDCl,) S : 0.94 (d, J = 7 Hz, 6H, 
2CH3), 1.28 (t, J =7 Hz, 3H, CH,), 1.6-2.0 (m, lH, CH), 2.34 
(d, J =7 Hz, 2H, CHJ, 4.24 (q, J = 7 Hz, 2H, CH,), 4.92 (s, 
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2H, CH,COO), 6.79 (s, lH, pyrrole H), 7.08 (s, III, pyrrole H). 
MS: 310 (M+). Anal C14H18N20& (C, H, N). 

Pharmacology 

Inhibition of aldose reductase in vitro 
The preparation of aldose reductase from rat lens and determi- 
nation of its activity were essentially conducted according to 
the method of Hayman et al [18]. AR activity was assayed by 
determining spectrophotometrically at 340 nm oxidation of 
reduced nicotine amide adenine dinucleotid phosphate 
(NADPH) to NADP using DL-glyceraldehyde as the substrate. 
The reaction mixture contained 0.1 M phosphate buffer (pH 
6.2), 0.25 mM NADPH, 1.5 mM oL-glyceraldehyde and the 
enzyme in a total volume of 1.00 ml. The effects of inhibitors 
on enzyme activity were determined by adding them to the 
reaction mixture in the desired concentration. The % inhibition 
for each inhibitor was calculated by comparing the reaction 
rate of the sulutions containing the inhibitor with that of 
control. ICsO values were obtained by estimating graphically 
from the log concentration-response curves. 

Inhibition of sorbitol accumulation in vivo 
Six-wk-old male Wistar rats were rendered diabetic by an intra- 
venous injection of streptozotocin (70 mg/kg body weight). 
After 1 wk of induction of diabetes, rats with plasma glucose 
levels > 400 nag/d1 were grouped and given a test compound as 
a suspension in 0.5 % methyl cellulose orally twice a day for 
1 d, The rats were kept in identical cages and had free access to 
laboratory chow and water. Eighteen h after final administra- 
tion of the compound, the rats were anesthesized with ether and 
the sciatic nerves were removed. Sorbitol was extracted from 
the sciatic nerve by the method of Peterson et al (191 and 
measured enzymatically by the method of Clements et al [20]. 
The sorbitol contents were compared with that obtained for the 
control group given a vehicie only. 
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