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Reactions of 3-carboxymethylrhodanine (1) with aldehydes (2a—u) afforded stereoselectively the 5-mono-
alkylmethylidene-3-carboxymethylrhodanines (3a—u). The configuration of the 5-monoalkylmethylidene-3-carboxy-
methylrhodanine (3k) were examined by X-ray structure analysis and confirmed to be Z-configuration. The stereo-
selective reaction path was discussed. Several 5-dialkylmethylidene-3-carboxymethylrhodanines (15a—f) and alkyl-
amino derivatives of 3-carboxymethylrhodanines (18a—o) were also prepared.

These products were evaluated for aldose reductase-inhibitory potency and half of them exhibited valuable

inhibitory potency.
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inhibitory potency

Several theories on the clinical mechanism of aldose
reductase inhibitor for diabetic complications, such as those
of sorbitol, myo-inositol and Na*/K™* adenosine triphos-
phatase (ATPase) have been proposed.!’ Some compounds
with considerable inhibitory activity for aldose reductase
(AR) are currently being studied for clinical use.? We
recently reported that the benzo[b]furans substituted by the
carboxymethylsulfamoyl group revealed potent inhibitory
activity to AR.> We have also continuously researched
other kinds of AR inhibitors.

In this paper, we describe preparations of the novel
3-carboxymethylrhodanine derivatives (3a—u, 15a—f,
18a—o0), X-ray diffraction study for identification of their
configuration, and the results of a screening test for in-
hibitory activity of the derivatives toward rat lens AR .2%%

Chemistry The structure of 3-carboxymethylrhodanine
(1) is, in part, similar to carboxymethylsulfamoyl group
(-SO,NHCH,COOH) and 1 actually showed the moderate
activity. Carboxymethylsulfamoyl group and 1 both have
N-acetic acid group which is substituted by electron-
withdrawing groups (sulfon; carbonyl and thiocarbonyl) on
the amino group. Carboxy group and amino group of the
carboxymethylsulfamoyl group bind toward the hydrophilic
site of AR and the benzo[b]furan ring interacts with the
hydrophobic site present on the enzyme.3>®) We expected
that the devised derivatives of 3-carboxymethylrhodanine
would display considerable activity in vitro and in vivo.

Active methylene at 5-position of the rhodanine (1) was
allowed to react smoothly with less hindered aldehydes in
the presence of potassium carbonate to give the
5-monoalkylmethylidene derivatives. But hindered alde-
hydes, such as trimethylacetaldehyde, reacted with 1 in the
presence of sodium acetate in acetic acid. The structure
and physical constants of the S-monoalkylmethylidene-3-
carboxymethylrhodanine (3a—u) prepared from these
reactions are shown in Chart 1 and Table I. To prepare
other kinds of compounds, chloroacetaldehyde (5) was
treated with 3-ethoxycarbonylmethylrhodanine (4)” in the
presence of sodium hydrogen carbonate to give 5-(2-chloro-
1-hydroxyethyl) derivative (7) in good yield but no
5-formylmethyl compound (6). Subsequently, compound (7)

was converted to the 2-chloroethylidene derivative (8) by
treatment with p-toluenesulfonic acid (Chart 2). The
aldol-type compound 7 was probably obtained because
the reaction of 4 with 5 was carried out at 0°C while
compounds (3a—u) were obtained from the reactions at
about 100°C. Compound 4 did not afford any products
when treated with formaldehyde. The corresponding ester
(10) and amides (11—13) of 3k were also prepared in the
usual manner to examine AR inhibitory activity (Chart 2).
Only one kind of 5-methylidene proton was detected in
proton nuclear magnetic resonance (H-NMR) spectra of
all the S5-monoalkylmethylidene-3-carboxymethylrhoda-

‘nines (3a—u). This shows that the reactions of 1 with the

aldehydes (2a—u) proceeded stereoselectively. Chemical
shifts of the 5-methylidene protons of these rhodanines
(3a—u) were from 6.6 to 7.4ppm. Especially, the 5-
methylidene protons of the compounds (3b—e, g, i—q,

- t,8) lie in a narrow region from 6.9 to 7.0 ppm. Coupl-

ing constants of the protons are classified into three
groups, namely J=8.0Hz (-CH,CH=C-S), J=9.8 Hz,
(CCH-CH=C-S8) and J=12.0Hz (=CH-CH =C-S) (Ta-
ble I). Richerd and Clark reported the region of chemical
shift of methylene protons of a-substituted methylene-
camphors with the carbonyl group at the adjacent position.
The chemical shifts of the protons on the same site as the
carbonyl group are in a lower field than the shifts of the
proton on the opposite site against the carbonyl group.®
Attempts to obtain both stereoisomers by the reactions of
1 with several aldehydes were made under different
conditions from those mentioned above [low temperature
(—20——10°C), change of the solvent (ether, tetrahy-
drofuran), change of the base (sodium hydride, butyl-
lithium)] to presume the steric configuration of the com-
pounds (3a—u), but only a single isomer (3) was de-
tected. Fortunately, some of the S-monoalkylmethylidene-
3-carboxymethylrhodanines showed apparent effective-
ness several in vivo screening tests, such as depression of
sorbitol accumulation in sciatic nerve and.lens and
improvement of motor nerve conduction velocity of the tail
in streptozotocin-induced diabetic rat.®’ Thus, to elucidate
the molecular structure of the 5-monoalkylmethylidene-3-
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Chart 1
carboxymethylrhodanine (3a—u), an X-ray structure

analysis of the representative compound (3k) was carried
out. Slow evaporation of an ethyl acetate solution of 3k
gave columnar colorless crystals, and Z-configuration was
confirmed by the X-ray work as shown in Fig. 1.

Two kinds of reaction paths in the stereoselective reaction
of 1 with pivalaldehyde are possible (Chart 3). Forma-
tions of two kinds of hydroxy ketone anion intermediates
(A, C) are expected as first-formed products. In the two
intermediates, steric interactions of A are minimized in
formation of the compound (B), which may be convertible
into the E-isomer (3k’) (path a); actually, however the E-
isomer was never detected. The result suggests that the re-
action of 1 with pivalaldehyde is not kinetically controlled
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Fig. 1

aldol condensation. Under these reaction conditions, ready
reversibility of the aldol condensation may lead to an
equilibrium mixture of aldol products (B and D). The
equilibrium between B and D may lie to the compound (D),
probably because D changes easily to considerably
thermodynamically stable 3k (Z-form). The steric repulsion
between the alkyl group in the methylidene group and
carbonyl group of E-isomer (3k’) may be much larger than
that of the Z-isomer considering the space-filling model
(CPK precision molecular models). It is estimated that the
reaction of 1 with pivalaldehyde may be thermodynamically
controlled to produce 3k exclusively (path b) (Chart 3).
Dubois and Dubois discussed the reaction path of
comparable aldol reactions of cyclopentanone with
isobuthylaldehyde.'® The 5-monoalkylmethylidene deriva-
tives (3a—j, I—u, 8) are presumed to be Z-isomers on the
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TasLe I Physical Constants of 3-Carboxymethyl-5-monoalkylmethylidenerhodanines (3a—u) and of 3-Carboxymethyl-5-dialkylmethylidenerhoda-
nines (15a—f)

Analysis
Compd. mp (°C) IH-NMR (ppm) Formula ~ Caled (Found) —ysq IR (cm™Y)
c H
3a 138—140 6.053H, t, CHs), 2.15 2H, m, CH,CH,), 4.38 (2H, s, C,H,NO,S, 4154 392 231 (M*), 213, 3150, 1720
NCH,), 6.59 (1H, t, CH=)?, 8.05 (IH, brs, COOH)? (41.68 (3.99) 185
3 145147 0.98 (3H, t, CHy), 1.30—1.98 2H, m, CH,CH,), 2.03—247 C,H,,NO,S, 4407 452 245(M"), 199 2460—2500,
(2H, m, CH,CH=), 4.80 (2H, s, NCH,), 7.02 (1H, t, (44.32  4.40) 1730, 1710

CH=),9 7.43 (1H, brs, COOH)
3c 157—159 0.93 (3H, t, CHj;), 1.48 (4H, m, CH3(CH,),), 2.26 (2H, m, C,oH,3NO;S, 4631 505 259 (M*), 241 3000, 1703

CH,CH=), 4.83 (2H, s, NCH,), 7.03 (IH, t, CH=),” 9.51 4629  4.95)
(1H, s, COOH)
3d 136140 0.84 (3H, t, CH,), 1.05—1.70 (6H, m, CH,(CH,);), 2.18 C,,H,,NO,S, 4833 553 273 (M%), 227, 3430, 1715
(H, m, CH,CH =), 4.56 (2H, s, NCH,), 6.98 (1H, t, (4822 5.60) 204

CH=),” 8.70 (1H, s, COOH)"

3¢ 120122 0.89 (3H, t, CHs), 1.36 (8H, m, CH,(CH,),), 2.28 2H, m,  C,,H,;NO,S, 50.15 596 287 (M*), 204 3020, 1714
CH,CH=), 4.85 (2H, s, NCH,), 7.03 (1H, t, CH=),% 10.57 (50.19  6.14)
(1H, brs, COOH)?

3f 61—63 0.82 (3H, d, CH,), 1.20—1.79 (16H, m, CH;CH,(CH,)g), C,eH,sNO,S, 5595  7.34 329 (M), 204 2950, 1730
2.16 (2H, q, CH,CH,), 4.49 (2H, s, NCH,), 6.72 (1H, t, (56.16  7.19)
CH=),° 8.20 (1H, brs, COOH)”

3g 152155 1.15(6H, d, CH,yx2), 2.54 (IH, m, CHCH=), 478 2H, s, C,H,;NO,S, 4407 4.52 245(M*), 199 3170, 1708

NCH,), 6.86 (1H, d, CH=),” 9.27 (1H, brs, COOH)" (43.80  4.43)

3h 139—141 097 (6H, d, CH, x2), 1.69—227 (3H, m, CHCH,CH=), C,oH;;NO,S, 4631 505 259 (M*), 149 3010, 1726
4.86 (2H, s, NCH,), 7.68 (1H, t, CH=),9 10.24 (1H, s, (46.11  5.06)
COOH)?

3 106—108 0.90 (6H, t, CH, x2), 1.31—1.76 (SH, m, (CH,CH,)CH), = C,,H,NO,S, 4833 553 273 (M*), 149 3030, 1719
4.87 (2H, s, NCH,), 6.87 (1H, d, CH=),” 10.49 (1H, s, (4836 5.41)
COOH)?

3 153—155 0.90 (3H, t, CH,CH,), 1.13 3H, d, CH,CH,), 1.54 2H, m, C,,H,3NO;S, 4631 505 259 (M*), 213 2170, 1707
CH,CH,), 2.27 (IH, m, CHCH=), 4.78 (2H, s, NCH,), 46.01  4.75)
6.84 (1H, d, CH=),” 9.36 (1H, brs, COOH)?

3k 182184 1.17 (9H, s, C(CH,),), 4.69 (2H, s, NCH,), 6.88 (1H, s, C,oH,sNOS, 4631 505 259 (M%), 241, 3300—3100,
CH=), 9.81 (1H, brs, COOH)® 46.50 521y 213 1730

31 209—211 1.23—1.84 (10H, m, (CH,)), 227 (1H, m, CHCH, =), 479 C,,H;,NO,S, 50.51 530 285(M"), 267, 2850, 1716
(2H, s, NCH,), 6.88 (1H, d, CH=)," 8.22 (1H, brs, (5021  5.46) 204
COOHY?

3m 144146 439 (2H, s, NCH,), 5.50 (1H, dd, one of H of CH,=CH), GCgH,NO,S, 4191 3.08 229(M"), 112 3430, 1735
5.69 (1H, dd, one of H of CH,=CH), 6.10 (1H, m, CH, = 4176 2.88)
CH), 6.98 (1H, d, CH,=CHCH =), 8.52 (1H, brs, COOH)?

3n 217—219 1.82 (3H, d, CH,), 4.45 (2H, s, NCH,), 6.05 (1H, dd, C,H,NO,S, 4443 373 243 (M%), 225, 3140, 1737,
CH,CH=CH), 6.35 (1H, m, CH,CH=), 7.18 (1H, d, (44.35 3.83) 197 1686
CH,CH =CHCH =), 8.03 (1H, brs, COOH)®

30 209—211 1.88 (6H, s, CH, x 2), 4.48 (2H, s, NCH,), 5.82 (1H, d, C,oH,;NO,S, 46.67 431 257 (M*), 239, 3220, 1737,
(CH,),C=CH), 7.30 (1H, s, (CH,),C=CHCH=), 8.80 (4670 431) 212 1697

(1H, brs, COOH)"
3p  190—191 0.85 (3H, t, CH;), 1.40 (2H, m, CH,CH,), 2.14 (2H, m, C,,HsNO,S, 4869 483 271 (M*), 253, 3100, 1724
CH,CH,CH,), 449 (2H, s, NCH,), 5.98 (1H, dd, CH= (4844 503) 225
CHCH=), 6.36 (1H, m, CH=CHCH =), 7.10 (1H, d, CH=
CHCH =), 9.10 (1H, brs, COOH)”
3¢ 116—117 1.17 3H, d, CH3), 440 (2H, s, NCH,), 5.60—6.70 (4H, m, C,,;H,;NO,S, 49.05 4.12 269 (M*), 251, 3050—3200,

CH=CHCH-CH), 7.01 (1H, d, CH,CH=CHCH = (4890 4.19) 223 1705
CHCH =), 8.30 (1H, brs, COOH)?

3r 89—101 1.55 (3H, brs, terminal CH,), 1.58 (3H, brs, terminal CH,), C,sH,oNO,S, 5536 5.89 325 (M*), 282, 3400
1.85 (4H, m, CH,CH,), 1.92 (3H, s, CH,), 4.58 (2H, s, (55.50 595 257

NCH,), 4.98 (1H, t, (CH,),C=CH), 5.95 (1H, d, C(CH,)=
CHCH=), 7.44 (1H, d, C(CH,)=CHCH =)*

3s 37—39  1.48 (15H, brs, CH, x 5), 1.87 (12H, m, (CH,CH,) x 3), C,sH, NO,S, 6504 7.64 461 (M*), 416, 3450, 1730,
4.48 (2H, brs, NCH,), 4.84 (3H, m, (C(CH,)=CH) x 3), (6531 7.80) 257 1720
5.76 (1H, d, C(CH,)=CHCH =), 7.30 (1H, d, C(CH,)=
CHCH =), 7.99 (1H, brs, COOH)®

3t 157—159 1.90 (2H, m, CICH,CH,), 2.32 (2H, q, CH,CH =), 3.54 C,H,,CINO,S, 38.64 3.60 279 (M%), 261, 3180, 1734,
(2H, t, CICH,), 4.51 (2H, s, NCH,), 6.78 (1H, d, (38.51  3.77) 243 1635
CH,CH=), 8.10 (1H, brs, COOH)”

3u 207—209 4.20 (2H, d, CICH,), 4.48 (2H, s, NCH,), 6.30—6.54 2H,  CoHgCINO,S, 38.92 290 277 (M*), 259, 3150, 1739,

m, CH=CH), 7.26 (1H, d, CH=CHCH =), 8.03 (1H, brs, (38.69 2.83) 243,131 1677
COOH)”

152 171—173 2,05 (3H, s, CH,), 2.46 (3H, 5, CH,), 4.87 (2H, s, NCH,), CgH,NO,S,  41.55 392 231 (M*), 213 2850, 1705
8.18 (1H, s, COOH (41.56  3.82)
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TaBLE 1. (continued)
Analysis
Compd. mp (°C) 1H-NMR (ppm) Formula ~ Caled Found)  yg 1R em )
C H
156  140—146 1.16 (3H, t, CH;CH,), 2.02 (1.5H, s, CH,C=), 2.27 (1H, g, C,H,,NO,S, 4407 452  245(M7), 227, 3030, 1730
CH,;CH,), 2.43 (1.5H, s, CH;C=), 2.92 (1H, q, CH,CH,), (4432 459 199
4.83 (2H, s, NCH,), 10.34 (1H, s, COOH)®
15¢ 163—165 1.14 (3H, t, CH;), 1.17 (3H, t, CH,), 2.28 (2H, q, CioH 3NO3S, 4631 505 259 (M™), 241, 3010, 1740
CH,CH,), 2.92 (2H, q, CH;CH,), 4.88 (2H, s, NCH,), 4621 494) 213
10.01 (1H, s, COOH)® )
1542  143—148 1.08 (3H, d, (CH,),CH), 1.13 (3H, d, (CH,),CH), 1.93 C1oH3NO;3S, 46.31  5.05 259 (M™), 241, 3040, 1731
(1.5H, s, CH,C=), 2.17—2.72 (0.5H, m, (CH;)CH), 2.34 (46.56 5.09) 213
(1.5H, s, CH;C=), 4.45 (0.5H, m, (CH,),CH), 4.87 (2H, s,
NCH,), 10.67 (1H, s, COOH)?
15e 127—130 0.99 (6H, t, CH;3 x 2), 1.51 (4H, m, CH3CH, x 2), 2.10—2.42 C,,H;NO;S, 50.15 596 287 (M%), 269, 3050, 1730
(2H, m, CH,CH,CH,), 2.71-—2.98 (2H, m, CH;CH,CH,), (5024 594) 241
4.83 (2H, s, NCH,), 10.27 (1H, s, COOH)?
1569 0.88—1.28 (6H, m, CH;3 x 2), 1.59 (2H, m, CH,), 2.14—2.48 C,;H,,NO,S, 4833 553 273 (M™), 255, 3040, 1732
(2H, m, CH,), 2.15—3.10 (2H, m, CH,), 4.85 (2H, s, (4849 5.62) 227
NCH,), 10.27 (1H, brs, COOH)?
a) In DMSO-ds. b) In CDCl,. ¢} In acetone-dg.  d) A mixture of E- and Z-isomer. ¢) J=8.0Hz. f) J=9.8Hz. g) J=12.0Hz
TasLe II.  Fractional Atomic Coordinates (x 10*) and Anisotropic Thermal Parameters ( x 10%)
Atom x y z Uy Uz Uss Uiz Uss Uss
S1 839 ( 9 9101 ( 6) 372 ( 8) 47 ( 3) 68 ( 4) 42 ( 3) 13(3) 14( 2) 11 ( 3)
S2 —1433 ( 6) 10003 ( 7) 1407 (11) 65( 4 99 (5 66 ( 4) 41 ( 4) 4(3) 15( 3)
04 201 (18) 7025 (17) 4971 (24) 103 (13) 104 (12) 51(9) 45(11) 30(9) 41( 9)
o1(1) —2858 (12) 6377 (13) 2692 (20) 40( 8) 66 ( 9) 37(7) -1(7 16 ( 6) —11(6)
012(2) —3745 (14) 7023 (16) 5777 (22) 55(10) 97 (12) 48 ( 9) 23(9) 29 ( 8) -2(89
N3 —583 (14) 8513 (16) 3575 (23) 25( 8) 61 (10) 38(9 9( 98 14(7 3(8)
C2 —506 (18) 9227 (19) 1984 (31) 24 (10) 47 (12) 44 (11) -9(9 22(9) —13(9
C4 204 (20) 7740 (21) 3752 (32) 43 (13) 64 (14) 40 (12) —12(11) 24 (10) —-19 (10)
. C5 1241 (21) 8062 (20) 1894 (33) 61 (14) 47 (12) 46 (12) 13 (11) 20 (11) 5(10)
C6 2213 (24) 7523 (23) 1673 (40) 69 (16) 69 (16) 88 (18) 24 (13) 16 (14) 49 (14)
C7 3252 (21) 7656 (25) 95 (38) 36 (13) 105 (19) 76 (16) 37 (13) 32(12) 28 (14)
C8 4579 (29) 8121 (58) 1581 (67) 43 (19) 430 (76) 156 (34) 68 (31) 21 21) 156 (44)
C9 3802 (49) 8998 (49) —405 (88) 231 (48) 238 (47) 310 (59) 164 (42) 239 (48) 210 (46)
C10 3034 (54) 6229 (35) —1186 (82) 290 (61) 91 (26) 245 (50) 50 (32) 197 (50) —13(29)
Ci1 —1686 (21) 8293 (23) 5089 (31) 52 (13) 88 (16) 29 (11) 24 (12) 14 (10) 2 (10)
Cl12 —2786 (18) 7133 (20) 4368 (33) 22 (10) 60 (13) 70 (14) 11 (10) 16 (10) 38 (11)
SI’ 556 ( 5) 12051 ( 6) —3111( 8) 47 ( 3) 76 ( 4) 46 ( 3) 20 ( 3) 18 ( 3) 17 ( 3)
S 2825 ( 6) 11109 ( 7) —4137 (10) 72( 4) 86 ( 4 69 ( 4) 43 ( 4) 7(3) 9(3)
o4’ 1243 (17) 14082 (16) —7746 (25) 96 (13) 85 (11 70 (10) 47 (10) 42 (10) 32(9
o12(1y 4356 (15) 14824 (15) — 5447 (24) 63 (10) 76 (10) - 65 (10) 13(9 33(8) —22( 8)
0122 5104 (14) 14199 (16) —8752 (21) 45(9) 91 (11) 45(9) 0(38) 29( 7 -7(7
N3 2020 (16) 12666 (16) —6351 (28) 44 (10) 47 (10) 65 (11) I5(39) 11(9 7(8)
c2 1862 (21) 11926 (22) —4606 (31) 56 (13) 77 (14) 34 (11) 39(12) —8(10) 9 (10)
c4 1081 (20) 13331 (19) —6346 (32) 47 (13) 46 (12) 55(13) 12 (10) 5(10) 14 (10)
C5' 179 (19) 13117 (20) —4686 (29) 34 (11) 66 (14) 35(11) 7 (10) 7(9 11 (10)
Ce6’ —692 (20) 13688 (22) —4576 (31) 44 (13) 84 (16) 351D 37 (12) 15 (10) —13(11)
Cc7 —1904 (26) 13537 (27) —3028 (39) 89 (19) 107 (20) 65 (15) 63 (17) 44 (14) 41 (14)
(o:% —1260 (35) 14872 (35) —1144 (51) 131 (29) 146 (29) 87 (21) 55 (24) 48 (21) —26(20)
(64 —2935 (34) 13780 (48) —4013 (63) 101 (27) 297 (53) 163 (35) 133 (33) 64 (25) -135(37)
C1o’ —1979 (29) 12479 (34) —1448 (48) 96 (22) 173 (30) 97 (20) 82 (22) 72 (18) 86 (21)
C1r 2989 (18) 12698 (20) —8029 (34) 26 (11) 52 (13) 62 (14) —7(10) 23 (10) 2(11)
C12 4222 (21) 13997 (22) —17254 (36) 48 (13) 72 (15) 61 (14) 23 (12) —4(11) 2(12)

The anisotropic thermal parameters are expressed in the form: exp — 2n(U, ,A?a*2 + - + - + 2U, 3klb*c*). The standard deviation for the last digit is given in parentheses.

basis of the X-ray study of 3k and of the chemical shift
region of their methylidene protons.

Compound 1 was treated with several ketones (14a—g)
in the presence of sodium acetate in a mixture of acetic acid
and dimethylformamide (DMF) to afford the corresponding
S-dialkylmethylidene derivatives (15a—f). A mixture of the

two geometrical stereoisomers (15b, d, f) (ratio, ca. 1: 1) was
obtained on the basis of the 'H-NMR spectra when
unsymmetic ketones (14b, d, f) were treated with 1 (Chart
1). Physical data of 15a—e are shown in Table I. It was
assumed that these reactions proceeded similarly to the path
in the reactions of 1 with aldehydes. In this series, compound
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1 did not react with several bulky ketones such as 15g.

More hydrophilic and polar 5-aminomethylidene deriva-
tives (18a—o) were also prepared to test the inhibitory
activity. Compound 1 was treated with triethyl orthofor-
mate in acetic anhydride to give S5-ethoxymethylidene-3-
carboxymethylrhodanine (16). Subsequently, compound 16
was treated with several alkylamines (17a—o) in the
presence of triethylamine in ethanol to afford the
corresponding 5-alkylaminomethylidene-3-carboxy-
methylrhodanine (18a—o) (Chart 4); their physical data are
shown in Table V.11 It is noteworthy that all of the products
(16, 18a—o0) were also obtained as single stereoisomers,
respectively.

AR-Inhibitory Activity All of the rhodanine derivatives
prepared were tested for their ability to inhibit AR obtained
from rat lens. The inhibition ICs, values are shown in Table
VI. Most of the compounds have considerable activity (ICs,
value: 1077—10 8 m).

In series 1, nine compounds are effective potent inhibitiors

1915

This suggests that the affinity with the enzyme is closely
related to the length of the normal carbon chain at the
5-position. It appears that the linear cabon-chain derivatives
(3b,¢) are more active than the corresponding branch
carbon chain compounds (3g, h, j): for example, the n-propyl
compound (3b) is 10 times as potent as the isopropyl
compound (3g). Among compounds (3g,j) with the
branched carbon chain, the inhibitory activity is almost
equal. But, 3k with the terz-butyl group is more active than
the other branched carbon compounds (3g—j); several
characteristically efficient potencies were found by in vivo
screenings of the terz-butyl derivative (3k) as mentioned
above. The pentene (3p) and the pentadiene derivative (3g)
showed effective potency among the unsaturated com-
pounds (3m—s).

TaBLE IV. Bond Angles and Their Standard Deviations (°)

A C2-81-C5 94 (1) C2-N3-C4 124 (2)

(3b,¢c,e,k,I,n,p—r), with an ICs, of 10~ 8 M. The propyl C2-N3-Cl1 121 (2) C4-N3-C11 114 (2)
derivative (3b) is the most active compound in this study, S1-C2-S2 123 (1) S1-C2-N3 107 (1)
and the n-pentyl derivative (3d) is about 10 times less active. ~ 52-C2-N3 130 (2) 04-C4-N3 131 2)
04-C4-C5 124 (2) N3-C4-C5 105 (2)

S1-C5-C4 107 (2) S1-C5-C6 131 (2)

TasLe III. Bond Lengths and Their Standard Deviations (A) C4-C5-C6 121 (2) C5-C6-C7 130 (2)
C6-C7-C8 105 (3) C6-C7-C9 113 (3)

S1-C2 1.79 (1) S1-C2 1.71 (2) C6-C7-C10 106 (3) C8-C7-C9 83 (3)
04-C4 1.17 (3) 0o4-C4 1.26 (3) C8-C7-C10 107 (4) C9-C7-C10 135 (4)
N3-C2 1.34 (3) N3-—C2 1.43 (3) N3-C11-C12 115(2) 012(1)-C12-012(2) 125 (2)
C4-C5 1.60 (3) C4'-C5' 1.41 (3) O12(1)-C12-Cl11 124 (2) 012(2)-C12-C11 111 (2)
C7-C8 1.59 (7) C7-C8% 1.62 (5) C2'-S1-Cs' 95 (1) C2-N3-C4' 113 (2)
Cl1-C12 1.40 (3) C11-C12’ 1.57 (3) C2-N3-C11’ 124 (2) C4—N3-C11’ 123 (2)
S2'-C2’ 1.64 (3) S2-C2 1.59 (2) S1'-C2'-S2' 126 (1) SI'-C2'-N3%' 110 (2)
O12(2y-C12 1.32 (3) 012(2)-C12 1.34 (3) S2'-C2'-N3' 124 (2) 04'-C4'-N3' 115(2)
N3'-C11" 1.47 (3) N3-Cl11 1.49 (3) O4-C4'-C5 130 (2) N3'-C4-C5’ 115 (2)
C6'-C7 1.60 (4) C6-C7 1.47 (4) S1-C5-C4' 108 (2) S1'-C5-Cé' 134 (2)
C7-C10 1.62 (5) C7-Cl10 1.54 (7) C4'-C5-Co’ 118 (2) C5-C6'-C7' 130 (2)
S1-C5 1.75 (2) S1'-C5 1.78 (2) C6'—C7-C8’ 100 (3) C6'-C7-CY 112 (3)
O12(1)-C12 1.18 (3) o12(1y-C12' 1.27 (3) C6-C7-C10 111 (2) C8-C7-CY 104 (3)
N3-C4 1.40 (3) N3-C4' 1.43 (3) C8'-C7-C10' 96 (2) CI-C7-Cl10/ 130 (3)
C5-Cé6 1.36 (4) C5-C¢’ 1.29 (3) N3-C11'-C12 107 (2) 012(1y-C12-012(2y 122 (2)
C7-C9 1.46 (6) C7-CY 1.40 (6) Oo12(1y-C12’—C1V’ 125 (2) 012(2y-C12-C1V’ 112 (2)

The standard deviation for the last digit is given in parentheses.

The standard deviation for the last digit is given in parentheses.
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TaBLE V. Physical Constants of 5-Alkylaminomethylidenerhodanines (18a—o0)
Analysis
Compd. mp (°C) 'H-NMR (ppm) (in DMSO-dg) Formula ~ Coled (Found) g, IR @mY)
C H
18a  247—249 2.85 (3H, d, CH,), 4.30 (2H, s, CH,COOH), 7.25 (1H, d, C,HgN,O,S, 3620 3.47 232 (M7™), 188 3300—2850,
CH=), 7.82—7.90 (1H, m, NH), 8.51 (1H, brs, COOH) (36.39  3.72) 2700—2450,
1730
18b 202—204 3.00 (6H, s, N(CH3),), 4.30 CH, s, CH,COOH), 7.30 (1H, CgH,;,N,0,S, 3901 4.09 246 M™) 3250—2800,
s, CH=), 8.15 (1H, brs, COOH) (38.96 4.28) 2650—2400,
1730
18¢ 172—173 2.95 (2H, t, CH,OH), 3.21—3.70 (6H, m, NHCH,CH,OH CH,,N,0,S,- 37.14 530 nd. 3400—2800,
and HOCH,CH,NH,), 4.25 2H, s, CH,COOH), 7.40 (1H, NH,CH,CH, - (36.92 5.46) 2600—2400,
brs, CH=), 7.91 (SH, brs, NH,, NH and 2 x OH), 8.13 OH 1700
(IH, brs, COOH)
184  170—172 3.75 (2H, dd, = CHCH,NH), 4.23 (2H, s, CH,COOH), 5.00 C,H,,N,0;S, 41.85 3.90 285(M™) 3300—2850,
(2H, d, CH,=CHCl,), 5.43—5.70 (1H, m, CH,=CHCH,), (41.78  3.38) 2600—2400,
7.30 (1H, d, NHCH =), 7.83—7.90 (1H, m, NH), 8.50 (1H, 1730
brs, COOH)
18¢ 174—176 0.90 (6H, d, CH; x 2), 1.40—1.85 (1H, m, CH;(CH,)CH), C;oH4N,0;S, 43.78 5.14 247 (M%), 230  3300—2850,
2.95 (2H, dd, CHCH,NH), 4.23 (2H, s, CH,COOH), 7.20 (43.57 497 2650—2450,
(1H, d, NHCH =), 7.90—8.03 (1H, m, NH), 8.51 (1H, brs, 1720
COOH)
18f  243—245 0.85 (3H, t, CH,), 1.10—1.62 (8H, m, CH, x4), 3.31—3.29 C,;,H{N,0,S, 47.66 6.00 302 (M™) 3300—2850,
(2H, m, CH,NH), 4.23 (2H, s, CH,COOH), 7.31 (1H, d, 47.52  5.79) 2600—2400,
NCH=), 7.83—8.17 (1H, brs, NH), 8.70 (1H, brs, COOH) 1710
18g 240—242 3.58 (3H, s, CH;0), 4.40 (2H, s, CH,COOH), 6.21—6.97 C,3H,,N,0,S, 48.14 3.73 324 (M%) 3350—2800,
(4H, m, phenyl protons), 7.65 (1H, d, NHCH =), 8.36 (1H, (4835 3.72) 2700—2500,
brs, COOH), 9.83 (1H, d, NH) 1740, 1680
18h 244246 3.60 (3H, s, CH;0), 4.36 (2H, s, CH,COOH), 6.50—7.10 C.3H{,N,0,S8, 48.14 373 324 (M%) 3300—2850,
(4H, m, phenyl protons), 7.55 (1H, d, NHCH =), 8.71 (1H, 4799 3.73) 2700—2450,
brs, COOH), 9.58 (1H, d, NH) 1720, 1675
18i  253—255 4.40 (2H, s, CH,COOH), 6.68—7.15 (4H, m, phenyl C,,H,CIN,0,S, 43.84 276 328 (M™), 284 3350—2850,
protons), 7.70 (1H, d, NHCH =), 8.10 (1H, brs, COOH), 43.63 2.70) 2650—2350,
9.92 (1H, d, NH) 1720, 1670
18j 264266 4.38 (2H, s, CH,COOH), 6.85 (2H, d, benzene protons), C,,H,BrN,0,S, 38.62 243 375(M7*+2), 3350—2850,
7.10 (2H, d, benzene protones), 7.65 (1H, d, CH =), 9.90 (38.57 2.38) 373(MY) 2600—2350,
(1H, brs, NH) 1730, 1670
18k  261—263 2.30 (3H, s, CHj;), 4.40 (2H, s, CH,COOH), 6.60—7.20 (4H, C,;H,,N,0,S, 50.63 392 308 (M") 3350—2850,
m, phenyl protons), 7.70 (1H, d, NHCH =), 8.52 (1H, brs, (50.64 3.98) 2650—2400,
COOH), 9.90 (1H, d, NH) 1740, 1680
181  293—295 3.30—3.55 (8H, m, CH, x 4), 4.30 (2H, s, CH,COOH), 7.30 C,,H,,N,0,S, 41.66 4.19 288 (M%), 244  3150—2850,
(1H, s, NCH =), 8.71 (1H, brs, COOH) (41.91  4.38) 2650—2400,
1720, 1665
18m 250—252 2.33 (3H, s, CHj;), 2.40—2.81 (4H, m, CH,N (CH;)CH,), C,;H,sN;0,S, 43.84 502 301 (M%) 3350—2850,
3.41—3.83 (4H, m, CH,N(CH =)CH,), 4.30 (2H, s, 43.63 5.14) 2700—2300,
CH,COOH), 7.40 (1H, s, CH=), 8.12 (1H, brs, COOH) 1720, 1670
18n 244246 1.71—2.15 (2H, m, NCH,CH,CH,N), 2.33 (3H, s, CH,), C,,H,,N;0,S, 4570 543 315(M") 3850—3350,
2.45—2.80 (4H, m, CH,N(CH;)CH,), 3.40—3.77 (4H, m, (45.55 5.15) 2700—2300,
CH,N(CH=)CH,), 4.35 (2H, s, CH,COOH), 7.45 (1H, s, 1725, 1670
CH=), 8.12 (1H, brs, COOH)
180 248250 4.40 (2H, s, CH,COOH), 6.95—7.40 (OH, m, phenyl C,sH,,N,0,S, 58.36 3.81 370 (M™) 3300—2850,
protons), 7.55 (1H, d, CH=), 8.37 (1H, brs, COOH), 9.80 (5829 3.77) 2650—2350,
(1H, d, NH) 1735, 1660

n.d.: not detect.

In series 2, all of the compounds (15a—f) showed
moderate activity. This leads us to assume that a substitution
in the neighboring the carbonyl group of the rhodanine ring
does not contribute to increase of the inhibitory potency.*?

In series 3, five of the arylaminomethylidene derivatives
(18g—k) showed effective inhibition potency, with an ICs,
of 1078M. Especially, 18g and 18i displayed a potency
comparable to that of 3b. It seems that hydrophilic and
polar amino groups are not suitable for this type AR
inhibitor.

In series 4, the ester (10) and the amides (11—13) are
completely inactive. This makes clear it that presence of the

carboxyl group is essential for the appearance of inhibitory
activity of rhodanine derivatives.

A suitable bulky and lipophilic substituent at 5-position
of 3-carboxymethylrhodanine (1) increases the inhibitory
potency. On 3-carboxymethylrhodanine derivatives the
carboxy group at the 3-position may interact with a
complimentary binding site present on the enzyme, such as
a guanidino group, and apprepriate bulky and lipophilic
groups at the 5-position may interact with a secondary
lipopholic site present on the enzyme.**> Similar effect of
the substituents was found earlier on effective inhibitory
active benzo[b]furan derivatives.> Here, we can state that
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C2Ha0 CH R'R®N CH
A s I—‘S
{CHs) o
orN’ks t R'R2NH = ) N’Ks
CH2C00H CH2L00H
16 17 18
yield (%)
a R':H,R%CHa a 47
b R'=R*:C(Hs b 73
¢ R'zH,RZ=HOCHCH . c 53
d R'=H,R%=CH.=CHCH. d 9
e R'=H,R%=(CHs) LHCH, e B
£ R'=H,R%=CHsl(CH2) JCH2 f 60
g R'=H,R%m-(CHa0) CeHa g 68
h R'=H,R%0-(CHa0)CeHa h 63
i R'=H,R%=m-101)CeHa i 7
i R'=H,R%zp-(Br)Cea i M
Kk R'zH,R%zm-(CHs) Colla Kk 4
1 R'=CHzCHo0CHoCHz= R 1 67
m R'=CH2LHAN (CHa) CHoCH2= RP m 0
n R'=CH2CH2N(CHalCHoCH2CHo= RZ n 80
o R'zH,R=p-(CeHs)Cella o 12
Chart 4
TasLE VI. Aldose Reductase-Inhibitory Activity
Series Compd. (xllgﬁ(; ) Series Compd. (x IIOC“ 570M)
1 3a 2.0 2 15¢ L5
3b 0.17 15d 4.8
3c 0.80 15¢ 1.5
3d 1.3 151 2.5
3e 0.48 3 18a 13
3f 3.0 18h 6.5
3g 1.7 18¢ 7.0
3h 1.9 184 3.0
3i 1.2 18e 6.0
3 1.0 18¢ 2.8
3k 0.71 18¢ 0.26
3 0.75 18h 0.50
3m 7.5 18i 0.23
3n 0.70 18j 0.50
30 1.0 18k 0.36
3p 0.4 181 34
3q 0.46 18m 2.0
3r 0.75 18n 13
3s 6.5 180 L5
3t 1.4 4 10 >1075m
3u 1.3 11 >1075m
2 15a 3.5 12 >1075M
15b 2.1 13 >1075M
Sorbinil 2.0

the AR inhibitors generally include at least a carboxy group
and a suitable lipophilic group in the molecule.

Experimental

All melting points were measured with a Thomas Hoover capillary
melting point apparatus, and are uncorrected. 'H- and **C-NMR spectra
were recorded with JEOL PS-100 and Varian XL-300 (75MHz)
spectrometers. Chemical shifts are given in § values with tetramethylsilane
(TMS) as an internal standard and the following abbreviations are used:
s, singlet; d, doublet; dd, double of doublets; brs, broad singlet; brd,
broad doublet. Low-resolution mass spectra (MS) were obtained with a
Hitachi M-52 instrument. Infrared (IR) spectra were recorded with a
Shimadzu IR-17G spectrometer. All the data for X-ray structural analysis
were recorded with a Rigaku AFC-5 FOS four-cycle diffractometer.

3-Carboxymethyl-5-propylidenerhodanine (3a) General Procedure A: A

1917

mixture of 1(4.0 g, 0.021 mol) and K,CO; (3.5 g, 0.025 mol) in dry dimethyl
sulfoxide (DMSO) (50ml) was stirred at 25°C for 30min, then
propioaldehyde (1.5g, 0.025mol) was added dropwise at 25°C. The
mixture was stirred at 75°C for 1.5h and then filtrated. The filtrate was
poured into ice-water and acidified with 3N HCI (120ml). The aqueous
solution was extracted with ether. The ether layer was washed with water
and dried over Na,SO,. Removal of the ether gave a yellow solid which
was recrystallized from ethyl acetate and benzene (7:2) to give 3a as pale
yellow prisms (3.5 g, 69%). Physical data, see Table I. Compounds 3b, 3c,
3e, 3g, 3m, 3n, 3t, and 3u were obtained by the same procedure as described
for 3a; the physical data are shown in Table I and the yields in Chart 1.
3-Carboxymethyl-5-(2,2-dimethylpropylidene)rhodanine (3k) General
Procedure B: A mixture of 1 (4.0g, 0.021 mol) and sodium acetate (4.3 g,
0.053 mol) in acetic acid (30 ml) was stirred at 30 °C for 0.5 h. Pivalaldehyde
(2.1g, 0.024mol) was added dropwise to the mixture at 25°C and the
mixture was stirred at 100—105°C for 3.5h. The black reaction mixture
was concentrated off under reduced pressure. The residual mixture was
poured into water to form yellow precipitate which, in turn, was extracted
with ethyl acetate and the extract was then washed with water and dried
over Na,S0O,. Removal of the solvent gave crude prisms. These were
recrystallized from ethyl acetate and ethanol (3: 1) to give 3k as pale yellow
prisms (4.6 g, 84%). *>*C-NMR (10% solution in CDCly) 6 : 28.9 (CH; x 3),
35.0 ((CH3)QC), 44.3 (NCH,), 121.9 (CH=C-S), 149.4 (CH=C-S), 166.9
(C=0 or COOH), 171.8 (C=0 or COOH), 193.7 (C=S). Physical data,
see Table 1. Compounds 3d, 3f, 3h—j, and 3l—u were obtained by the
same procedure as described for 3k, and the physical data and yields are
shown in Table I and Chart 1, respectively.
3-Ethoxycarbonylmethyl-5-(2-chloroethylidene)rhodanine (8) NaHCO,
(1.0g, 0.006 mol) was added to a mixture of 3-ethoxycarbonylmethylrhoda-
nine (4) (0.5g, 0.0023 mol), ethyl ether (10ml) and water (10ml) at 0°C
with vigorous stirring. Chloroacetaldehyde (5) (40% aqueous solution,
0.58 ml, 0.003 mol) was added to the mixture at 0 °C and the solution was
stirred vigorously for 3h at 0 °C. Ether was added to the solution and the
ether layer was washed with 3% HCI and water. Removal of the ether
left an oily residue which was purified by preparative thin layer
chromatography (TLC) on SiO, (benzene:ether=3:2) to afford pale
yellow oil (3-ethoxycarbonylmethyl-5-(2-chloro-1-hydroxyethyl)rhoda-
nine) (7) (0.48g, 71%). Rf 0.62 (TLC, SiO,, benzene:ether=3:1).
'H-NMR (CDCl,) §: 1.30 (3H, t, J=7.4Hz, CH,), 3.00 (1H, brs, OH),
3.67—3.90 (2H, m, CH(OH)CH), 4.27 (2H, q, J=7.4Hz, CH,CH,), 4.78
(2H, s,NCH,), 4.65—4.82 (2H, m, CICH,). MS m/z: 297 (M *), 279, 244,
The hydroxy compound (7) was treated with p-toluenesulfonic acid
(1.0g) in benzene (90ml) at 83°C for 8h. Water was separated as the
benzene azeotrope. The reaction mixture was dried up to give 8 as pale
yellow powder. The powder was purified by column chromatography on
SiO, (ethyl acetate:hexane=1:4). The compound 8 was obtained as
colorless prism (1.8 g, 64%). mp 74—76 °C (from ethyl acetate). 'H-NMR
(CDCly) 6: 1.28 (3H, t, J=7Hz, CHj;), 4.12 (2H, d, J=7.6 Hz, CICH,),
4.17(2H, q,J="T7Hz, CH,CH,),4.77 (2H, s, NCH,), 7.00 (1H, t, J= 7.6 Hz,
CH=). IR vEBrem™1: 1750, 1730. MS m/z: 279 (M*), 244, 234. Anal.
Caled for CoH, ,CINO,;S,: C, 38.64; H, 3.60. Found: C, 38.53; H, 3.75.
3-Ethoxycarbomethyl-5-(2,2-dimethylpropylidene)rhodanine (10) A
mixture of 3k (1.0g, 0.0039mol), ethanol (0.5ml), benzene (20 ml) and
p-toluenesulfonic acid (0.1 g) was refluxed with stirring for 4 h. The mixture
was concentrated to give an oily residue. An ether solution of the residue
was washed with aqueous NaHCO; solution and water, and dried over
Na,S0,. Removal of ether gave 10 as yellow oil which was purified by
distillation (0.92 g, 83%). bp 213—216°C (0.1 mmHg). *H-NMR (CDCl,)
6: 1.22 (9H, s, (CH;);0), 1.28 (3H, t, J=7.0Hz, CH,CH,), 4.24 (2H,
q, J=7.0Hz, CH;CH,), 4.87 (2H, s, CH,CO), 7.09 (I1H, s, CH=). IR
vim em~ 1 1750, 1722. MS mjz: 287 (M), 241, 213. Anal. Caled for
Cy,H,,NO,;S,: C, 50.15; H, 5.96. Found: C, 50.15; H, 6.12.
3-Dimethylaminocarbonylmethyl-5-(2,2-dimethylpropylidene)rhodanine
(11) A mixture of 3k (3.0 g, 0.012mol) and thionyl chloride (25ml) was
stirred at 45°C for 0.5h. Removal of thionyl chloride under reduced
pressure gave crude acid chloride of 3k. Dichloromethane (10 ml) solution
of acid chloride of 3k (2g, 0.0072mol) was added to a mixture of
dimethylamine-hydrochloride (0.65g, 0.008mol), triethylamine (1.6g,
0.016 mol) in dichloromethane (10ml) at 0°C and the reaction mixture
was stirred at 2°C for 1 h. It was then poured into water and extracted
with ethyl acetate; the extract was washed with water and dried over
Na,S0,. Removal of ethyl acetate gave crude 11 as pale yellow needles.
The needles was recrystallized from dichloromethane to -give pale yellow
needles (1.2 g, 30%). mp 109—110.5 °C (from dichloromethane : cyclohex-
ane (1:1)). '"H-NMR (CDCl,) é: 1.23 (9H, s, (CH,);C), 2.99 (3H, s,
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N(CH;)(CHjy)), 3.11 (3H, s, N(CH;)(CH,)), 4.88 (2H, s, CH,CO). IR
yEBrem=1: 1721, 1664. MS m/z: 286 (M%), 241. Anal. Caled for
C,,H,sN,0,S,: C, 50.32; H, 6.33. Found: C, 50.37; H, 6.55.

3-Diethylaminocarbonylmethyl-5-(2,2-dimethylpropylidene)rhodanine (12)
A reaction of acid chloride of 3k (2g, 0.0072mol) with diethylamine
(0.063 g, 0.0086 mol) was carried out exactly according to the procedure
for the preparation of 11. The 3-diethylamino compound 12 was obtained
as colorless oil (0.51g, 23%), bp 260—262°C (0.1 mmHg). ‘H-NMR
(CDCl,) 6: 1.12 (3H, t, J=7.4Hz, CH,CH,), 1.22 (9H, s, (CH;3);0), 1.31
(3H, t, J=7.4Hz, CH,CH,), 3.40 (4H, q, J=7.4Hz, CH,CH, x 2), 4.90
(2H, s, CH,CO), 7.06 (1H, s, CH=). IR vfilm cm~1: 1725, 1660. MS m/z:
314 (M), 299, 281. Anal. Caled for C{,H,,N,0,S,: C, 53.47; H, 7.05.
Found: C, 53.60; H, 7.27.

3-(1-Piperidinecarbonylmethyl)-5-(2,2-dimethylpropylidene)rhodanine
(13) A reaction of acid chloride of 3k (2 g, 0.0072 mol) with piperidine
(0.74 g, 0.0090 mol) was carried out according to the procedure for the
preparation of 11. The 3-(1-piperidinecarbonylmethyl) derivative (13) was
obtained as colorless plates (1.8g, 77%). mp 156—157.5°C (from
1,2-dichloroethane—cyclohexane (1:1)). 'H-NMR (CDCl;) : 1.23 (9H, s,
(CH,),;C), 1.52—1.69 (6H, m, N-CH,(CH,);), 3.39—3.59 (4H, m,
CH,-N-CH,), 4.87 (2H, s, CH,CO), 7.07 (I1H, s, CH=). IR v B:em™":
1721, 1648. MS m/z: 326 (M ™), 293. Anal. Calcd for C,sH,,N,0,S,: C,
55.19; H, 6.79. Found: C, 54.99; H, 6.77.

X-Ray Structure Analysis A single crystal of 3k (from AcOEt),
C,oH,3NO,;S,, was subjected to the X-ray analysis. The crystal data were
as follows: size ca. 0.3 x 0.6 x 0.9 mm; triclinic; space group Pl (z=2);
cell dimensions a=10.823 (5), b=10.806 (5), c=6.188 (3)A, a=100.51
4), p=89.45 (4), y=110.06 (3), V=667.3 (6)A3. The 1471 unique
intensities were collected by 20—w scan method within the limit 20 <100°
on a Rigaku AFC-5 FOS four-circle diffractometer using graphite
monochromated Cu-Ka (1=1.5418 A) radiation. All the non-hydrogen
atomic positions were revealed by a direct method (MULTAN!®). The
positions of hydrogen atoms except for those of carboxy and methyl groups
were generated computationally on the basis of stereochemical and
geometrical considerations. The block-diagonal least-squares refinements
for the 1442 observed reflections (Fp<20F,) with anisotropic thermal
factors for non-hydrogen atoms and isotropic thermal factors for
hydrogen atoms converged to the final R value of 0.089 (UNICS III'#).}%
No absorption correction was performed.

An ORTEP'® drawing of the structure (less hydrogen atoms) is shown
in Fig. 1. The fractional atomic coordinates, bond lengths and bond angles
are listed in Tables II—IV, respectively

Abnormal bond lengths and angles around the side chains (C7-C10 and
C7'—C10) are considered to be due to disordered atomic arrangement in
the crystal.

3-Carboxymethyl-5-(isopropylidene)rhodanine (15a) General Procedure
for 15b—f: Acetone (45.5g, 0.78 mol) was added to a mixture of 1 (30g,
0.16mol) and sodium acetate 39 g (0.48 mol) in acetic acid (30ml) and
DMF (150 ml) by portions at 80°C under vigorous stirring. After the
mixture was stirred at 95°C for 3 h, the reaction mixture was poured into
chilled 2N HCI (290 ml) and extracted with ether. The extract was washed
with water, dried over Na,SO, and concentrated under reduced pressure
to yield a pale yellow powder. The powder was recrystallized from
1,2-dichloroethane to afford 15a as pale yellow prisms (23.1g, 64%).
Physical data, see Table I. Compounds 15b—f were obtained by the same
procedure as described for 15a, and the physical data are shown in Table
I and the yields in Chart 1.

3-Carboxymethyl-5-ethoxymethylidenerhodanine (16) A mixture of 1
(36g, 0.19mol) and ethyl orthoformate (33.6g, 0.23mol) in acetic
anhydride (250ml) was stirred at 130°C for 2.5h. The mixture was
concentrated under reduced pressure to afford a yellow colored solid. The
solid was recrystallized from ethyl acetate to give 16 as pale yellow needles
(33 g, 72%). mp 192—193°C. *H-NMR (CDCl,) é: 1.25 (3H, t, J=7Hz,
CH,), 4.15 (2H, q, J=7.7Hz, CH,CH,), 4.40 (2H, s, CH,COOH), 7.60
(1H, s, CH=). MS m/z: 247 (M*), 291. IR vEErem™*: 3100—2900,
2600—2400, 1730, 1680. Anal. Calcd for CgHoNO,S,: C, 48.23; H, 4.55.
Found: C, 48.21; H, 4.63.

3-Carboxymethyl-5-methylaminomethylidenerhodanine (18a) General
Procedure for 18b, 18e, 18f, and 181: Triethylamine (2.3 g, 0.023 mol) was
added to a solution of methylamine hydrochloride (1.6g, 0.023 mol) in
ethanol (7.5 ml). The solution was added dropwise to a solution of 16 (2.5 g,
0.012mol) in ethanol (20ml) at 25°C. The reaction mixture was stirred
for 2h at 60 °C. The mixture was concentrated under reduced pressure to
afford methylamine salt of 18a as brown powder (2.3 g). The salt was
dissolved in 45ml of water. pH of the aqueous solution was adjusted to
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exactly 6.0 with 1N HCIl. The compound 18a was precipitated from the
aqueous solution. The precipitate is recrystallized from methanol and ethyl
acetate (5:3) to afford 18a as pale yellow plates (1.3 g, 47%). Physical
data, see Table V. Compounds 18b, 18e, 18f, and 18l were obtained by
the same procedure as described for 18a, and their physical data and yields
are shown in Table V and Chart 4, respectively.

3-Carboxymethyl-5-hydroxymethylaminomethylidenerhodaninethanol-
amine Salt (18c) General Procedure for 18d, 18g, 18k, and 18m—o:
Monoethanolamine (1.5 g, 0.031 mol) was added to a solution of 16 (3.7 g,
0.016 mol) in ethanol (25ml). The reaction mixture was stirred for 3h at
65°C. Upon cooling to 3 °C, the product 18¢ crystallized from methanol
and ether (7:3) to give 18¢ as pale yellow prisms (2.6 g 53.1%). Physical
data, see Table V. Free compounds 18d, 18g—k, and 18m—o were
obtained by the same procedure as described for 18¢, and their physical
data and yields are shown in Table V and Chart 4, respectively.

Enzyme Inhibitory Activity Aldose reductase activity was measured by
the method of Hoyman and Kinoshita.'” Assays were performed at 30°C
in 0.1M sodium phosphate buffer (pH 6.2) containing l.5mM DL-
glyceraldehyde, 0.25mM reduced nicotinamide adenine diphosphate
(NADPH) and an appropriate amount of enzyme (supernatant of
homogenates of rat lens) in a total volume of 1.5ml. The effect of an
inhibitor on the enzyme activity was determined by adding 15ul of
dimethylsulfoxide solution of a test compound to the reaction mixture.
The concentration of the inhibitor giving 50% inhibition of enzyme activity
(IC50) was estimated from the least-squares regression line in the plot of
the logarithm of inhibition concentration versus remaining activity.
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