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Taxasu Sonpa, Karsurosui Mizuno, Eiko Imamiva, Yasvo SucivAMa,
Takesar Funita, and Yuraka KawamaTsu*

Central Research Division, Takeda Chemical Industries, Lid., 17-85,
- Jusohonmachi 2-chome, Yodogawa-ku, Osaka 532, Japan

(Received April 22, 1982)

More than 100 5-substituted thiazolidine-2,4-diones were prepared and their hypogly-
cemic and hypolipidemic activities were evaluated with genetically obese and diabetic mice,
yellow KK. The structure-activity relationship study showed that the 5-(4-oxybenzyl)
moiety is essential for substantial activity. Among these compounds, 5-(4-cyclohexyl-
methoxy)benzylthiazolidine-2,4-dione (47), 5-[4-(1-methylcyclohexylmethoxy)benzyl]-
thiazolidine-2,4-dione (49, ADD-3878) and 5-{4-[2-(3-pyridyl)ethoxy]benzyl}thiazolidine-
2,4-dione (59) exhibited the most favorable properties in terms of activity and toxicity.

Keywords 5-benzylthiazolidine-2,4-dione; hypoglycemic activity; hypolipidemic
activity; genetically obese and diabetic mice (yellow KK); structure-activity relationship

In the preceding paper,) we reported that 5-[4-(2-methyl-2-phenylpropoxy)benzyl]-
~ thiazolidine-2,4-dione (1, AL-321), prepared from ethyl 2-chloro-3-[4-(2-methyl-2-phenyl-
~ propoxy)phenyl]propionate by reaction with thiourea followed by acid hydrolysis; had potent
hypoglycemic and hypolipidemic activities. The present paper reports chemical modifications
of the substituents at the 5-position of the thiazolidine ring in 1 and their effects on the phar-
macological activities. 5-Benzylthiazolidine-2,4-diones bearing the 4-oxy group in the benzyl
moiety, 7.e., 1-—73, were prepared to investigate the structure-activity relationships. The
synthesis and. activities of 5-(4-aminobenzyl)- and 5-(2-alkoxy-b-pyridylmethyl)thiazolidine-
2,4-dione derivatives, .c., 74—83 and 92—101, respectively, are also described.

Chemistry

Most of the thiazolidine-2,4-dione derivatives listed in Tables I—VII were prepared by the
method shown in Chart 1. The reaction of 3-aryl-2-chloropropionic acids (I) with thiourea
afforded the imino compounds (II), which either were (method A) or were not (method B)
isolated, then subjected to acid hydrolysis to obtain the desired thiazolidine-2,4-diones (III).

methods A and B

(NH:):CS B O ,
Ar—CHzClZHCOR’ B Ar—CHzCH—(E=O —_— — Ar—CHzCIZH~C=O
! -
Cl - S NH S NH
\C/ : \C/
I I il
NH 0
I : ]
Ar=substituted phenyl, 2-alkoxy-5-pyridyl
Chart 1

Although the 3-aryl-2-chloropropionic acid derivatives (I) used in this reaction include esters,
amides and sodium or ammonium salts as well as the free acids, the methyl or ethyl esters were
mainly used in this study. Compounds III were also prepared by the methods shown in

Chart 2 (methods C and D).1»2
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method C
KSCN H+
R-O < }CHzCHCOOR” . R-O < >—CH2CHCOOR” ., R-O < >CH2CH— -0
I 5CN S NH
\NC/
I v m ¢
: o
method D
_ (NH,),CS H+
R—O—<« >—CH2CHCN Y R-0 < > ~CHCH-CNH —— R-0 < > CHCH-C=0
|
Br $ NH S NH
\NC/ \N(/
v VI ¢ II ¢
NH o)
Chart 2
NaH —
A-OH + X < >—N02 ., A-O < >_No2 -
VI
i) NaNOs,, conc. HCI1
_ ii) CHy=CHCOOR, CusO _
A-O—< >_NH2 A—O-< >—CH2CHCOOR
—_ S |
1
X I
X=CLLF R=Me, Et
Chart 3
H+
A-O < > CHiCH-C-0 ———> HO—< > CHiCH-C=0
$ NH - S NH
\C/ \C/
NH ¢
I 87
method E
A-Br, NaH

A—O—<=>-CH2|CH—(|3=O + Ho_<“_>—CH2§H—§=o
- S NH - S N-A

AN C 7 AN C Ve
o o)
X
41: A=geranyl 42: A=phytyl
Chart 4

The starting compounds (I) with 4-oxy substituents were prepared by the general process
shown in Chart 3, which includes the Meerwein arylation reaction (i.e., IX—I), as described
previously.1»®

As shown in Chart 4, acid hydrolysis of the imino compound (II) bearing a geranyloxy or
phytyloxy group resulted in concomitant cleavage of the ether linkage to yield a phenolic
compound 87 (Table VI). Compounds 41 and 42 (Table III) were therefore prepared by O-
alkylation of 87 (method E). In this method, the N-alkylated compound (X) was isolated
as a by-product (Chart 4). '
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1) NaNO,, conc. HCl
ii) CHs=CHCOOEt, Cu:0

| ozN-<i>-NHz

, OzN—<=>—CHa(I3HCOOEt
o Cl

i) (NH2:CS i) H* — H,y/Pd-C
02N< >—CH3CH—C=O . HzN—< > CHZCH—C=O
S | { J-—
$ NH $ NH
NC/ \C”/
1l 1]
o
74
Chart 5
. o Ts ’
— NaH, CsHsCH:CH:Br I —
TsHN-< >—NH2 > CaHaCHzCHz—N—< >-NH2 |
i) NaNOg, conc. HCI Ts N
ii) CHy=CHCOOMe, CusO i) (NHg)%CS  ii) H

CsHacHZCHz—I[\I-<=>—CH2CHCOOMe

—

!
Cl

Ts AcOH-conc. HaSOs
C6H5CH2CH2—N—< >~CH2CH—C_O , C6H5CH2CH2NH—< >—CH2CH—C_O
$ NH $ NH
\C/ \C/
b 81 4
Chart 6
- CHy(COOEL), - .
c1-< >—O(CH2)4Br c1-< : >—O(CH2)4CH(COOEt)z
S0.Cl2 ' H*
o L - >O(CH2)4C(COOEt)2 - 01—< >—O(CH2)4CHCOOH
- cl ‘ Cl
Chart 7 '
CHBrs, LiCl ,
KOH/H,;0 -
N CeH5CH2CHzO—< >—CHCOOH

ceH5CHZCHzo-<i>-CHO

i) CHyNy ii) SOCl2

OH

R CsH5CH2CHzO—<=>—(IDHCOOMe

X1
Chart 8

Compound 64 (Table IV) was prepared by concomitant hydrolysis of the 2-imino group
on the thiazolidine ring and the N-benzoyl group on the pyrrolidine ring of the correspondmg

imino compound (II) (method F).

A series of compounds listed in Table V (except 81) was prepared from 74, which was
derived starting from p-nitroaniline as shown in Chart 5.
Appropriate acylation of 74 gave the corresponding 5-(4- acylamlnobenzyl)th1azohd1ne-2 4-

diones (76, 77 and 82).

Reaction of 74 with p-toluenesulfonyl chloride, ethoxycarbonyl-

methylisocyanate and bis(2-chloroethyl)amine afforded 75, 80 and 83, respectively. Conden- .

NII-Electronic Library Service



No. 10 3583
= COCHs  NaH/DMF —  SocH
& )-CHiX + HOCOOEt ———— Q -CH:CCOOE
(R)n — I (R)n — (':1
OH™ =
— & >—CH2|CHCOOR’
(R)n — Cl
(R)a=4-(CHz)»CCO-, 3,4~(CHi0)s-, 2,4,5-(C:H50)s-
R’'=H, Et
X=Cl, Br
Chart 9
Tasre I. Physical and Biological Properties of Thiazolidine -2,4-dione Derivativaties
R I
_ H.CH-C==0
A o)t
3 (03
R L I
0]
Plasma
. Hypo-  trigly-
No. L R1 R? R3 Method“’Ylfldb) IOIEP Relzcryi’i?. Formula® glycemic ceride-
(%) (°C) solven activity® lowering
activity®
1 CH; H H H A 88.7 110—111 Et-W  C,H,NO,S 3 3
(AL-321) B 80.8
C 72.5
D 70.4
2 CH,; 4CH, H H B 86.3 110—111 E-H Cy H,3NO,S 2 2
3 CH,; 2-CH,OH H B 77.8 116—117 E-H C,,H,NO,S 3 2
4 CH, 3-CH,O H H B 81.4 68—69 E-H Cy HyNO,S 3 2
5 CH, 4-CH,O H H "B 58.1 107—108 E-H Cy HysNO,S 1 2
6 CH,;4CH; H H B 63.7 104—105 E-H CyoH, NOGS 3 1
7 CH, 4-C;H,OH H B 81.7 92-—93 E-H C,,H,;NO,S 3 3
8 CH,40H H H B 67.2 157—158 E CyoH, NO,S 1 3
9 CH, 3-CH,0 4-CH,O0 H B 69.4 106—107 E-H Cy,H,y;NO;S 1n 1
0 H H H H B 69.2 93-94 B-L C1sH 1 NO,S 3 4
11 H 4CH, H H B 77.8 130—131 EA-H C,H,,NO,S 3 2
12 H 2CHOH H B 59.3 72—73 A-H  C;H,,NO,S 3 4
13 H 4CH,0H H B  71.0 104—105 EA-H C,H,NO,S 3 3
14 H 4CH, H H B 785 87—88 E-H  C,H,NO,S 3 2
15 H 4CHOH H B 79.5 102—103 EA-H C,H,NO,S 3 4
16 H 4-Cl H H B 87.7 148—149 EA CigH(CINOS 3 3
17 H 2-CH,04-CH, H B 78.9 92—93 EA-H C,H,,NOS 3 1
18 H 3-CH,04CH,OH B 70.0 110—111 EA-H C,H,;NO,S 3 4
19 H 3-CH,0 4-CH,;0 5-CH;0O B 43.¢ 109—110 EA-H C,H,,NOS 3 2
20 H 3,4-OCH,0- H B 73.1 132—133 EA-H C,H,;;NO,S 3 3

a) See “Experimental”’,

b) Overall yield from the corresponding 2-iminothiazolidin-4-one (II) (method A), 2-chloro-3-arylpropionic acid (I)
{method B), 3-aryl-2-thiocyanatopropionate (IV) (method C) or 2-bromo-3-arylpropionitrile (V) (method D).

¢) A=acetone, B=C¢H,;, C=CHCl;, Cy=cyclohexane, Et=EtOH, H=hexane, IPE=isopropyl ether, L=ligroin,
M=MeOH, PE =petroleum ether, Pr=propanol, W=H,O.

d) Al compounds were analyzed for C, H and N ; analytical results obtained for these elements were within+0.4% of
calculated values.

e) Maximum reductions in blood glucose and plasma triglyceride levels at the dosage of 0.1% (w/w) in the diet were
calculated as percentage with respect fo the control value; 70—899%, reduction=4, 50-—699%, reduction=3, 30—
499%, reduction=2, 10—29%, reduction=1, less than 9%, reduction=0.

f) The dosage 0.02% (w/w).
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_ — NaH/THF
A_ _\/ ==, D — N3
0H+<:1\N>No2 M. AO\ >N02

XI ‘
i) NaNOy, conc. HCI
Hy/Pd-C - "~ ii) CHa=CHCOOMe, Cus0 =
~ 5 A-0< >—NH2 .+ A-0= >—.CH2CHCOOMe

C1
. I \
Chart 10

TasrLe II. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
A-0-{_ )-CHiCH-C=0

S NH
\C”/
T

v . Plasma

. Hypo- trigly-

No. A Method® Y(l(?/l‘)lb»’ ' (ro%)) 53102153)1 Formula®  glycemic ceride-

0 SOtV activity® lowering

activity®
21 CoH, B 23.4 118—119 B-H CyH;,NO,S 1
10  C,H,CH,CH,- o ] 3 4
22 C,H,CH,CH,CH,- B 48.9  79-80  EA-Cy C,H;NO,S 2 1
, ) C 75.6 . : ,
23 C,H,CH,CH,CH,CH,- B  38.4 8283  EA-Cy CuHy,NOS 2 1
24 C,H,CH(CH,)CH,~ B 78.5  Oil — CpoH,,NO,S 3 2
95 C,H,CH,CH(CH,)- B 76.7 84-85  E-H  C,H,,NOS 3 3
1  CJH,(CH,),CH,~ (AL-321) - 3 3
26 - CH,CH,C(CH,),CH,~ B  85.8 107—108 EA-H  CyH,NO,S. 3 2
C 71.1 : :
27 (C4H,),CHCH,~ B 77.0 162—163 Et CpaH,,NO,S 1 1
28 (CoH,),C(CH,)CH,~ ‘B 80.8  Oiln — CosH,NO,S 2 3
29 | B 51.0 - 136—137 B-L  CyuH,NO,S 1
. CGHs\/CHz— ° | zz‘ 23N U3 |

30 3-Cl-C,H, B 44.6  89—90  EA-H  C H,CINOS 2 1
31 4-Cl-C,H,CH,~ B 64.7 135—136 B-Cy = C;,H,CINO,S 2 2
32  9-Cl-CoH,~CH,~ B 33.0 858 = B-H C,H,CINO,S 3 2
33  3,4-(OCH,),C,H,CH,~ B  44.0 176—177 C CyoH 1 NOS 1 1

a—e) See the corresponding footnotes in Table I.
f) Purified by column chromatography. = - -

sation of 74 with N-protected w-aminoalkanoic acids by the mixed anhydride method followed
by deprotection yielded 78 and 79 (see ‘“Experimental”). Compound 81 was prepared by the
method illustrated in Chart 6. ‘ ‘

2-Chloro-6-(4-chlorophenoxy)hexanoic acid requlred for the preparation of 84 was prepared
by the method illustrated in Chart 7.

Methyl 2-chloro-2-(4- phenethyloxyphenyl)acetate (XI) required for the preparation of 85
(Table VI) was obtained from the corresponding aldehyde as shown in Chart 8.9

The starting 8-aryl-2-chloropropionic acids (I) for the preparations of 86 to 88 and 89 to 91
were obtained by the above-mentioned Meerwein arylation reaction of the corresponding
aniline derivatives and the method shown in Chart 9, respectively.

A series of 5-(2-substituted-5-pyridylmethyl)thiazolidine-2,4-dione derivatives (92—101)
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listed in Table VII was prepared by method B, and the starting 3-(2-alkoxy-b-pyridyl)-2-
chloropropionic acids (I) were prepared according to the route shown in Chart 10 using 2-chloro-
5-nitropyridine.

Biological Method

Genetically obese and diabetic mice, yellow KK® (male, 9 weeks old), were used. After
prefeeding on a laboratory chow (CE-2, CLEA Japan) for 3 d, they were allocated to experi-
mental groups of five mice each, so that the average blood glucose of each group was the same.
The test compounds at 0.1%, or 0.029%, concentration, were mixed thoroughly with the powdered

TasLe III. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
A—O—<=>—CH2CH—C=O
— [ |
\C/
i}
0
Plasma
. Hypo-  trigly-
No. A Method# Ylf 142! r?é’ Relcrys::cr} " Formula® glycemic ceride-
(%) (°C) sotven activity® lowering
activity®’
34 CH,(CH,),CH, B 53.3  55-56 EA-H  Cy H,NOS 1 1
35 (CH,),CHCH, B 64.0 91-92 EA-H  C,H,NO,S 1 1
36 (CH,),CCH, B 62.0 101—102 E-H  C,H,NO,S 2 3
C 735
87 CH,CH,C(CH,),CH, B 76.9 128—129 IPE C,HyuNO,S 3 1
38 CH,(CH,),C(CH,),CH~ B  66.7 103104 E-H  C,H,NOS 2 2
39 CH,(CH,),C(CH,),CH~ B  72.6 102—103 Cy CysH,sNO,S 3 2
40 CH,(CH,),C(CH,),CH~ B 65.2 101—102 Cy C,oH,,NO,S 2 2
41 Geranyl- E  50.00 55-56  Cy-H  CyH,NO,S 1 0
42 Phytyl- E  40.97 31—33 H CypH,sNO,S 0 1
43 CH=CH-CH,C(CH,),CH, B 73.6  99—100 Cy C,;H,,NO,S 2 0
44 Geranyl-C(CH,),CH,~ B 78.4  Oil? _ CyuHyNO,S 1 0
45 </ CHe- B  55.4 88 EH  C,HNOS 3 1
16 <—>_ A . 89.0 140—141 EtW  CyH,NO,S 1® 1w
_ D 77.5
47 < >-CH,,- A 87.3 120121 Pr CH,,NO,S 2 3
48 <_>—CH2CH2— B 67.1 828 Cy C1eH,,NO,S
—\_,CHs — A 88.3 130—131 Et C1sH 55 NO,S
19 <_><CH2_ (apD-3378) & %3
c 70.3
D  80.0
50 < ><8§Z§H3 A 785 88 H C1oH,sNO,S 2 1
51 < ><gngch3 A 9.4 O — CaoH o NOLS 3 2
2 | <G A 89.2 137—138 B-L  CyuH,NOS 3 2
53 Isobornyl- A 68.5 153—154 Et-W  C,H,.NO,S 2 2
54 Bornyl- A 71.3  144—145 L CaoH,:NO,S 2 1
55 I-Menthyl A 8.4 8—88 H CaoHy;NO,S 1 1

a—e) See the corresponding footnotes in Table I.
f) Yield from 87.
g) Purified by column chromatography.

h) The dosage 0.02% (w/w).
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-Tasre IV. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
- 2-0-_ )-CHiCH-C=0
« — !

S NH
\C/
(”) .
Plasma
‘ : Hypo- trigly-
No. A Method“)Y(lsldb) 1:1(5 . gicrf&? Formula® glycemic ceride-
%) ( otve activity® lowering
activity®
56 < :>-CH2— B 55.6 183184 C-M CiH,N,0,8 3 3
N_
57 <=N\¢—CH2CH2— B 38.4 209—210 DMPE-W  C,H,N,0,S 3 2
<;==\\—CI{zCI{2— :
58 N ‘B 42,7  103-104 EA-H CieH1eN,0,5 3 4
CHs” ~ : 1/2HZO :
5 < —>-CH2CH2~ B 51.6 175—176 C-M CuH,N,0,S 30 20)
N- ' |
60 < "“>-CHZCH20H2— . B 77.8 176—177 C-M C1sH1sN,0,5 3 2
61 [_] < J-cHacH,- B 543 7374 EH CysH,5NO,S, 3 2
62 [] oJ-cHcr,- B 28.5 63—64 E-H CyoH1NO,S 2 2
N——CH :
63 Ug u_CH:CHZ_ B  45.0 193—194 Et C16H1,N,0,5, 3 3
64 | \J-CH.- F  33.30 163—164 E-A CosHieN,0,S-HCl 1 1
H . :
65 (CH,),CHNH-CH,CH,- B  42.9 220-231 M-E CysHLoN,0,8-HCl 1 1
66 (CH,),CNH-CH,CH,~ B  52.9 260261 Et CyoH,,N,0,8-HCl 1 1
67 (C,H,),N-CH,CH B’ 64.3 151152 A-E C,H,,N,0,S-HCl 2 1
68 (C,H,),N-CH,CH,- B 6l.5 124125 E C1sHaeN,0,5 2 1
69 (soCH)N-CHCHy B 65.2 184135 Et  CuHuN0S 10 20
70 0 N-CH,CHa- A 92.7 188—189 DME-W  C,;H,N,0,S 30 20)
\__/ : .
CyrH s N,0,5-
71 CHg—I\L_;\I—CHzCHz— B sL3 215217 EtW SHE a0, 1 1
72 [ N-CH,CHy- B 16.2 232-234 M CyeH,oN,0,5-HCl 3 3
N ' ‘ . :
73 N-CHCH:— B 8.3 244245 M CyrHyoN,0,5-HCl 3 4

S

a—e) See the corresponding footnotes in Table I.

f) Overall yield from methyl 3-[4-(1-benzoyl- 2-pyrrolidinylmethoxy)phenyl]-2- chloroproplonate (Table X).
g) The dosage 0.02% (w/w).

CE-2 diet. The mice were fed the experimental diet and water ad libitum for 4 d. Blood
samples were taken from orbital vein. Blood glucose and plasma triglyceride were determined
by the glucose oxidase method® and the method of Fletcher,” respectively. The maximum
decreases of blood glucose and plasma, triglyceride levels were calculated as percentage change
from the control value. ~
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TaBLE V. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
R~ )-CHiCH-C-0
— |
S NH
NeZ
Hypo Plasma
Yield® mp Recrystn. triglyceride
No. R (%) (°C) solvent?) Formula® gi{f‘fi‘,’;‘g) lowering
Y7 activity®
74 H,N- 88.69 162—163 M C1oH 1N, 0,5 2 1
75 CH3—<—>-502NH- 95.6  224—225 M C,7H,N,0,S, 2 1
76 CH,CH,CONH- 55.8  140—141 EA CysH,,N,0,S 2 1
 { _>—CONH— 30.6 271272 DMF-W  C,H,;;N,0,8 1 1
N_
78 H,NCH,CH,CONH- 44.6 242—243 M C13H5N035- HBr 0 0
79 H,N(CH,),CONH- 47.9  216—218 DMF-E  CyH,N,0,S 0 0
80 C,H,OCOCH,NHCONH- 30.7 161—162 Et CsH ;N3OS 0 0
81 C,H,CH,CH,NH- 63.4  156—157 A ChsHisN,0,8-HCl 1 1
82 Cl-{ »-OCHs 48.4 221-222 M C1sH,5CIN,0,S 1 0
~ “CONH-
N C. H ;N O,S- ,
83 HI\\I_}\T— 6.2 221—223 M 1/1§H_1;03 2 0 0
a) Yield from 74.
b—d) See footnotes ¢), d) and ¢) in Table I, respectively.
¢) Yield from 5-(4-nitrobenzyl)thiazolidine-2,4-dione.
TasLe VI. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
R-CH-C=0
|
S NH
N
1
Plasma
. Hypo-  trigly-
No. R Method® Yloeldb) mp RelcryStcr)l' Formula® glycemic ceride-
(%) (°C) solvent activity® lowering
activity®
84 Cl- =>—O(CH2)4— 66.70 79—80  EA-H C,H,CINO,S 1 0
85 < >—CH2CH20_< >- 55.60 118—119 EA-H  C,H,,NO,S 0 0
86 (31-<= CH,— B 39.0 110111 BH  CHCINOS 0 0
87 HO~<= ~CH,- B 60.7 159—160 EA-H  C,H,NO,S 0 0
88 <=>~OCH2—<~>—CH2~ B 47.5 133—134 EA-H  C,H,NO,S 1 2
89 (CHa)sCCO—<—>—CH2— B 64.6 173—I174 Et C,,H,.NO,S 2 0
90 CH30—<: _CH,- B 8.4 162—164 M C1H,,NO,S 1 1
CH:O" '
_ /OCeHs
91 C2H5O—< >—CH2— B  81.4 104—105 EA-H  C,H,NO,S 0 0
CoHs0”

a—e) See the corresponding footnotes in Table I.

f) Yield from 2-chloro-6-(4-chlorophenoxy)hexanoic acid.

g) Yield from methyl 2-chloro-2-(4-phenethyloxyphenyl)acetate (XI).
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TasLe VII. Physical and Biological Properties of Thiazolidine-2,4-dione Derivatives
o > CHyCH-C=0

S NH
\C/
1l
o)
Plasma
No. A Yield® mp Recrystn. Formula® - (I;—i}l;p;?:gly triglyceride-
(%) (°C) solvent? activity® lowering
‘ WY activity®
92 ’ >—CH2- 45.1 147—148 Et - CuH,N,0,8-HCl 19 10
93 < >~ ‘ 957 124125  Et Cy5H,5N,0,5 19 19
—CH;
94 <_><CH:_ | 47.3 141142 Et CyHyuN,0,8-HCl 3 2
95 < >—CH2CH2— 42.2  86—87 B-PE  Cu,H,N,08 = 2 1
96 (CiHo):N-CHyCH;- 59.8  100—101 EA-H  CiHuN,0S 1 1
TN
97 < N -CH:CH.- 29.6  161—162 Et CyoHuN,0,5 10 10
98 Q N_CH,CHy- 41.0  202—203 C-M = CyHyN;0,S 1 1
99 < >—CH2CH2— 36.8  75—77  EA-L  CpHuN,0,9 3 4
100 < —>-CH2CH2—  B4.5 165166 M CyeH,sN,0,5 3 2
101 < S-CH.CHs- 4.4  167—168  Et CyeH,5N;0,5 g 30

@) Yield from the corresponding methyl 3-(2-alkoxy-5-pyridyl)-2-chloropropionate. Prepared by method B.
b—d) See footnotes c), 4) or ¢€) in. Table I, respectlvely
e) The dosage 0.02% (w[w).

. Results and Discussion

The structures, physical constants and biological data of the thiazolidine-2,4-dione deriva-
tives are shown in Tables I—VII.

Since compound 1 (AL-321) was first found to possess potent hypoglycemic and hypoli-
pidemic activities,”) various compounds having modified phenethyl moieties, as shown in
Table I, have been synthesized. All the compounds, especially 12, 15 and 18, had pronounced
hypoglycemic and hypolipidemic activities. Although slight potentiation of the biological
activity was noted when the methyl groups on the side chain of 1 were removed (1 vs. 10),
introduction of substituent(s) on the benzene ring of the phenethyl moiety did not alter the
activities (1 vs. 2—9, 10 vs. 11—20).

Variation of the distance between the two benzene rings as listed in Table II indicated
that the two-carbon unit was the most effective for eliciting the activity (1, 10, 24, 25>>21, 23,
26; 16>>31; 18>33).

Among the compounds listed in Tables I and II, compounds 10, 12, 15, 18 and 25 showed
more potent activities than 1, but these compounds caused considerable increases in relative
liver weight and liver lipid at high dose levels or on chronic administration. ~As this undesirable
effect may have been a consequence of the existence of two benzene rings in the molecule, we
replaced one of them with other moieties.

First, the phenethyl group of 10 was replaced by various alkyl groups. Such compounds,
listed in Table III, exhibited good activities with reduced side effects. In particular, 49
(ADD-3878) showed a pronounced hypoglycemlc effect and extremely low toxicity, though

NII-Electronic Library Service



No. 10 3589

its triglyceride lowering effect was not prominent. Compound 49 (ADD-3878) might therefore
have potential utility as an antidiabetic drug. Compound 52 was as effective as but more
toxic than 49 (ADD-3878). Compound 47 also showed good activities with low toxicity.

A series of compounds bearing less lipophilic groups (i.e., pyridylalkyl, aminoalkyl, efc.)
instead of aralkyl or alkyl groups was next investigated. Although compounds 56, 57, 58, 59
and 63 in Table IV showed potent activities, they, especially 57 and 58, caused consid-
erable increases in body weight and brown fat weight. Compound 70, 72 and 73 also exhibited
potent activities, but had some side effects.

Besides these compounds, those listed in Tables V and VI were also prepared, but they
exhibited no valuable activities. The fact that compounds 85 and 88 were completely or

nearly inactive suggests that the partial structure —O—<q>—CHzICH~?O is the essential
S NH
AN CO /
structural feature for both glucose- and triglyceride-lowering activities.
Table VII lists compounds having a pyridine ring instead of the benzene ring in the 4-oxy-
benzyl group. These compounds, except 99 and 101, had weaker activities than the corre-
sponding 4-oxybenzyl derivatives.

Conclusion

In a search for antidiabetic agents, we prepared a series of compounds related to thiazoli-
dine-2,4-dione derivatives and evaluated their potential hypoglycemic and hypolipidemic
activities in genetically obese and diabetic mice, yellow KK. Compounds 47, 49 (ADD-3878)
and 59 -exhibited the most favorable profiles in terms of activity and toxicity. These
compounds may be valuable for the treatment of maturity-onset diabetes and/or hyperlipidemia
which involves obesity.

Experimental

Melting points were determined on Yanagimoto micro melting point apparatus and are uncorrected.
IR spectra were taken on a Hitachi IR-215 spectrophotometer. NMR spectra were recorded on a Varian
T-60 NMR spectrometer in CDCl, unless otherwise noted. Chemical shifts are given in ppm with tetrameth-
ylsilane as the internal standard and coupling constants (J) are given in Hz. The following abbreviations
are used; s=singlet, br s=broad singlet, d=doublet, t=triplet, q=quartet, m=multiplet.
Nitro Comopounds VIII and XII

Typical examples are given to illustrate the general procedure.

4-[2-(3-Methoxyphenyl)-2-methylpropoxy]nitrobenzene A stirred mixture of 2-(3-methoxyphenyl)-2-
methyl-1-propanol (10.9 g), p-chloronitrobenzene (9.5 g) and dimethylsulfoxide (DMSO) (100 ml) was treated
portionwise with 509, NaH in oil (3.2 g) at 40°C. The mixture was stirred at 70°C for 30 min, poured into
H,0, acidified with 2 HCl and extracted with Et,0. The usual work-up gave crystals (12.7 g, 70.2%).
Recrystallization from MeOH gave colorless prisms, mp 69—70°C. IR »Jio cm—1: 1585, 1345. NMR §6:
1.43 (6H, s), 3.78 (3H, s), 4.00 (2H, s), 6.6—7.0 (3H, m), 6.83 (2H, d, J=9), 8.17 (2H, d, J=9). Anal. Calcd
for C;H,(NO,: C, 67.76; H, 6.36; N, 4.65. Found: C, 67.66; H, 6.37; N, 4.56.

4-[2-(2-Pyridyl)ethoxy]nitrobenzene A stirred and ice-cooled solution of 2-(2-pyridyl)jethanol (25.0 g)
and p-fluoronitrobenzene (28.6 g) in dimethylformamide (DMF) (300 ml) was treated portionwise with 509,
NaH in oil (10 g). The mixture was stirred with ice-cooling for 1 h and diluted with H,O. The crystalline
solid was filtered off and recrystallized from MeOH to give light yellow prisms (29.0 g, 58.5%,), mp 74—75°C.
IR vy cm~1: 1500, 1335. NMR ¢: 3.27 (2H, t, J=17), 4.50 (2H, t, J=7T), 6.90 (2H, 4, J=9), 7.0—7.8
(8H, m), 8.13 (2H, d, J=9), 8.50 (1H, m). Awnal. Calcd for C;;H,,N,0;: C, 63.92; H, 4.95; N, 11.47. Found:
C, 64.14; H, 4.92; N, 11.38.

The 4-alkoxynitrobenzenes (VIII) listed in Table VIII were similarly prepared. The unlisted compounds
were reported in preceding papers.®

2-(2-Morpholinoethoxy)-5-nitropyridine A stirred and ice-cooled solution of 2-chloro-5-nitropyridine
(15.9 g) and 2-morpholinoethanol (13.1 g) in anhydrous tetrahydrofuran (THF) (200 ml) was treated portion-
wise with 609, NaH in oil (4.4 g). The mixture was stirred with ice-cooling for 1 h, diluted with H,O (1 1)
and extracted with AcOEt. The extract was washed with H,0, dried (MgSO,) and concentrated to give
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TasLe VIII. Nitro Compounds (VIII)

- NaH - —
A-OH + x-< >—N02 — A—O—< >—N02
Yield mp ' Recrystn.

A. X (%) ' (oC) Solvent“’ Formulab)
4-CH,0-C,H,C(CH,),CH,~ Cl  80.6  78-79 M C,yH NO,
4CHCHC(CH),CH-  Cl  32.4 66—67 M CisHaNO;
4-C,H,0-C,H,C(CH,) ,CH,~ Cl 70.3  59—60 M CisH,;NO,
4-C;H,CH,0-C,H,C(CH,),CH,~ Cl  83.1 120121 M CsH,sNO,
3,4-(CH,0),-CyH,C(CH,),CH,~ Cl  60.4 6264 M CisHqNO;
4-CH~C,H,CH,CH, cl 3.3  Oil . C.H,,NO,
9-CH,0-C,H,CH,CH,~ Cl  58.9  91—92 M C,.H,.NO,
4-CH,0-C,H,CH,CH,~ Cl  72.3  56—57 M C,.H,,NO,
4-C,H,~C,H,CH,CH, Cl1 62.0 Oil — C,,H,.NO,
4-C,H,0-C,H,CH,CH, F 77.9  85-87 M C,oH,,NO,
4-C1-C,H,CH,CH,- F  68.0 8788 M C1.H,,CINO,
9-CH,O-, 4-CH,C,H,CH,CH~ F 79.2  60—61 M C,oH,,NO,
3,4-(CH,0);~C,H,CH,CH, Cl  55.9 9394 M CyoH,,NO,
3.4,5-(CH,0)-C,H,CH,CH,~ = F  60.4 109—110 M C,,H,,NO,
3.4-(-OCH,O-)-C,H,CH,CH,- = F  52.9  79—80 M C15H,,NO,
(CeH,),CHCH,~ F  80.0 132133 Et  CyH,NO,
(CeH.,):C(CH,)CH,— 1l 76.1 115—116 M CyH,,NO,

N, : Cl  51.3  99—100 Et C1H,NO
C6H5-\—/—CH2—— 18711903
CH,CH,C(CH,),CHy~ cl 56.0 oOi — C,,H,,NO,
CH,(CH,),C(CH,),CHy- cl 739 oi — Cy,HyNO,
CH,(CH,),C(CH,),CH,~ cl 57.9  oil — Cy5H,5NO,
Geranyl- Cl 86.5 Oil — C1sH NOg
Phytyl- F 795 Oil — CyeH,,NO,
CH,=CH-CH,C(CH,),CH, Ccl 742  Oil — C,sH,,NO,
Geranyl-C(CH,),CH, ci  6l.2 oOil — CyoH,oNO,
VA F 7.1 Oi — CyoH, NO,
<—>— \ " F  75.0 Oil — C1eHysNO,
<_.>-CH2~ F  75.5  77—78 M C15H,NO,

| <_~>—CH2CH2— Cl  62.0  67—68 M CyHyoNO,
<:><gg:_ ‘ Cl 8.9 5960  Et-W  C,H,NO,
<—><g§:SH3 | F  89.0 oi — C1sHyNO,
<—><8EZEH2CH3 c1 73.1 - Oi — CyH,yoNO,
SN— 2
' ><8§:_ . Cl  63.0. 4748 M C,,H,NO,
Isobornyl- Cl 78.5 109—110 M CeH,y NOg
Bornyl- Cl  78.8  107—108 M CyH,,NO,
I-Menthyl- Cl 8.3 6465 M CyoH,,NO,
(N >~—CH2— Cl 62.9 135—136 M C1aH1oN:Os

T S-CH,CH,- F 709  61—62 M C1aHN,0,
CH,” : ,
(N_>—CH20H2~ : F  75.0  104—105 M CysH N0,
{ =>-—CH2CH2CH2— F 757  86—87 M CaaH1aN30,
I slﬁ\Cchm— F  67.2  63—64. M C1,H,,NOS
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Yield mp Recrystn.
A X (%) (0 solventn ~Formula¥

. ﬂ\CHzCHZ- F 57.2 5254 M C1H,,NO,
N-—CH, F 8.6 9293 M CH,,N;0,8
\S/\CH,CH,-
Iy ,’\CHz_ F 682 Oi — CisHyN,0,

|

COC,H,
(CH,),CHNH-CH,CH,~ F  72.1 215-216 M-E  Cy,H,N,0, HCl
(CH,),CNH-CH,CH,~ F 745 243 244 M-E  C,H,N,0, HCl
(CaH,),N-CH,CH,~ Cl  61.6 162163 M-E  Cy,H,N,0, HCl
(C;H.,),N—CH,CH,~ cl 710  Oi — C1aH,,N,O,
{is0-C4H ;) ,N-CH,CH,— cL 67.2  Oi — C1H,,N,0,
7N\
0 N-CH,CH, F 824 828  EA-H C,H,N,0,
N/
CH,~N N-CH,CH,- Cl 69.1 201-202 EtW  CyH,N,0,-HCl-2H,0

N/

N
( N-CH,CH, Cl 53.3 195196 Et-E  C.,H,N,0, HCl
N

—\,

N-CH,CH,- Cl 68.6 210211 M-E  CguHyN,0, HCl

—

a) E=Et,0, EA=AcOEt, Et=EtOH, M=MeOH, W=H,0.

b) All compounds were analyzed for C, H and N; analytical results obtained for these elements were
within +0.4% of calculated values. Oily compounds were purified by column chromatography and
used for the subsequent reactions. -

TasLE IX. Nitro Compounds (XII)
NaH

A-OH + c1{ =>—N02 . a-0X =>—N02
N- N-
Yield mp Recrystn. .
A (%) °C) solventa Formula?
l >—CH2— 55.8 6162 M C,,H, N0,
< >— 57.7 oil — CyHuN,0,
TN (CHs 42.2 38—39 E-H CoH o N,0
. CHz—- . . 13+-18+%2+'8
< >—CH2CH2— 59.9 68—69 M CsH,N,0,
(CaHa);N-CH,CH,— 52.1 oil — CusHasN,0,
+Ho, .
< N-CH.CH,- 31.0 7172 M CuoHyN,0,
<_>—CH2CH2— 75.0 7273 Et CysH N0,
< _>—CH2CH2— 73.5 56—57 E-H CyH N0,
N_
<_;I\7—CH2(1H2— 87.7 116—117 M Cy,H, N0,

a, b) See the corresponding footnotes in Table VIII.

crystals (20.0 g, 79.1%). Recrystallization from EtOH gave light yellow prisms, mp 77—78°C. IR piuo
cm~1: 1575, 1345. NMR 4: 2.60 (4H, t, J=5), 3.76 (4H, t, J=5), 4.64 (2H, t, J=6), 6.92 (1H, 4, J=9),
8.41 (1H, q, J=9 and 3), 9.12 (1H, d, /=3). Anal. Calcd for C;;H,;N,0,: C, 52.17; H, 5.97; N, 16.59.
Found: C, 52.14; H, 5.92; N, 16.47.

The 2-alkoxy-5-nitropyridines (XII) listed in Table IX were similarly prepared.
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TasrLe X. 3-Aryl-2-chloropropionic Acids (I)

A-O -<i>—CHzCHCOOR

|
Cl
A R Yioeld“) Formula?
(%) .
3-CH,0-CyH,C(CH,),CH,~ Me 54.0 CpH,:ClO,
4-CH,0-C,H,C(CH,),CH,~ Me 49.0 CyrH,:CIO,
4-C,H,~C,H,C(CH,),CH,~ Me 66.7 CoyH,,ClO,
4-C,H,0-C4H,C(CH,),CH,~ Me 49.7 Cy,H,,CIO,
4-HO-C4H,C(CH,),CH,~ Et 46.0 CyoH,,CIO,
3,4-(CH;0) ,~CoH,C(CH,),CH Me 50.0 CasHrCIO;
4-CH, C,H,CH,CH,~ Et 40.7 CaoHasClO;
9-CH,0-C,H,CH,CH,~ Me 41.4 CsH,,CIO,
4-CH,0-C4H,CH,CH, Me 47.0 C1oHyClO,
4-C,H,~C,H,CH,CH,~ Me 64.9 CyoH;C10,
4-C,H,0-C,H,CH,CH, Me 51.7 CyoHy:ClO,
4-C1-C4H,CH,CH,- Me 35.1 CyeH1sCLO,
9-CH,O-, 4-CHy~C,H,CH,CH~ Me 68.9 CaoHy,CIO,
3,4-(CH,0),~C,H,CH,CH, Me 46.7 CaoHasClO;
3,4,5-(CH,0)4~CoH,~CH,CHy— Me 64.0 CayH,;ClO,
34 (-OCH,0-)-C,H CH,CH~ Me 66.7 CoH,,ClO,
(CoHy)CHCH,~ Et 67.5 CagH,4ClO;
| (CoH) 4C(CH,) CH,~ Et 78.0 CysHasClO;
) Et 78.5 CyaH,:CI0
| CGHS\/CH B 22++25 3
CH,CH,C(CH,),CH,~ Et 63.3 C1-Hy:ClO,
CH,(CH,),C(CH,),CH,~ Me 60.9 C1HClO,
CH,(CH,) ,C(CH,),CH,— Et 64.1 CyoHiClO,
Geranyl- Et 52.8 Cy HoClOg
Phytyl- Et 69.3 CarH i ClO,
CH,=CH-CH,C(CH,),CH,~ Et 58.0 C1sHpsCl0,
Geranyl-C(CH,),CH,— Et 52.8 Cy:HyrClO,
N/ \CH Me 54.0 C.H,;ClO;
<">_, Me 77.1 CeHaiClO,
<—>—CH2— Me 75.4 Cy7H,:CI0,
<_>—CH2CH2~ ‘ Me 78.5 C1sH,:ClO0;
TN\ (CHLCH, Me 73.2 CoH 4 Cl0;
. \CHZ_
>/CH20H2CH3 Et 76.7 CpHyClO,
L \CHZ_ H
|_><(C3§:_ Me 78.1 C1eHyC10;
Isobornyl- Me 75.0 " CyoH,,ClO,
Bornyl- Me 74.3 CyoH,,ClO;
}-Menthyl- Me 78.8 CyoH 24ClO,
(N_>_c}12_ | Me 54.3 C1eH1sCINO,
<—_;I\¢—CH2CH2— Me 412 CyrH(CINO;
<=\>-CH2CH2—- Me 30.1 C,5HaoCINO,
cuy N
(N_>_CH2CH2_ Me 51.3 C,.H,sCINO,
<N=>_CHZCHZCH2— Me 43.6 CysH 5oCINO, |
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Yield®

A . R (%) Formula?

I y\CHchz— Me 72.7 CsH,,Cl0,S
- ,‘\CHECHZ_ Me 65.4 CeH,,CIO,
N-—-CH, Me 67.0 C1oHyCINO,S
\S\CH,CH,-
In ,’\CHz_ Me 65.1 CyH,,CINO,
COC,H;
(CH,),CHNH-CH,CH, Me 37.8 C1oH,,CINO,
(CH,),CNH-CH,CH,— Me 48.3 C o H,CINO,
(C,H,),;N-CH,CH,~ Me 53.0 C,eH,,CINO,
(C,H,),N~CH,CH,~ Me 53.5 C15He,CINO,
(is0-CoH ) ;N~CH,CH,~ Me 33.8 C1sH,,CINO,
0 N-CH,CH,- Me 45.1 C1sHaCINO,
N/
CHN N-CH,CH,- Me 31.6 C1rH,:CIN,O,

N/ .
AN
( N-CH,CH,- Me 48.1 C1sHy,CINO,
N

N-CH,CH,~ Me 52.7 C,,H,,CINO,

—_

a) Overall yield from the corresponding nitro compound (VIII).
b) All compounds were oily products and were purified by column chromatography on silica gel.

3-Aryl-2-chloropropionic Acids (I)

Typical examples are given to illustrate the general procedure.

Methyl 2-Chloro-3-[4-(1-methylcyclohexylmethoxy)phenyl]propionate A mixture of 4-(1-methylcyclo-
hexylmethoxy)nitrobenzene (60.2 g), 10% Pd-C (3.0 g) and MeOH (400 ml) was hydrogenated at room tem-
perature and atmospheric pressure. The catalyst was filtered off and the filtrate was concentrated iz vacuo.
The residual oil was dissolved in acetone (500 ml). To this stirred and ice-cooled solution, conc. HCI (60 ml)
and a solution of NaNO, (18.2 g) in H,0 (40 ml) were added dropwise below 5°C. The whole was stirred at
5°C for 30 min, then methyl acrylate (124 g) was added thereto and the temperature was raised to 35°C.
Cu,O (0.8 g) was added to the mixture in small portions with vigorous stirring. After N, gas evolution had
ceased, the reaction mixture was concentrated in vacwo, diluted with H,O and extracted with Et,0. The
usual work-up gave a crude oil, which was purified by column chromatography on silica gel (700 g) using
Et,O-hexane (1: 10, v/v) as an eluent to give a pure oil (61.0 g, 77.8%). IR »iiicm™1: 1745. NMR (CiDy)
4: 1.0 (3H,s), 1.39 (10H, brs), 2.97 (1H,q, /=14 and 7),3.17 (1H,q, /=14 and 7), 3.24 (3H, s), 3.45 (2H, s),
4.30 (1H, t, J=17), 6.75 (2H, d, J=9), 6.95 (2H, d, J=9). The ester was converted to the corresponding
acid by the usual alkaline hydrolysis in quantitative yield, mp 104—105°C (from hexane). IR »5 cm~1:
1710. NMR 6: 1.0 (3H, s), 1.43 (10H, brs), 3.05 (1H, q, J=14and 7), 3.31 (1H, q, /=14 2and 7), 3.60 (2H, s),
4.39 (1H, t, J=17), 6.81 (2H, d, J=9), 7.10 (2H, d, J=9), 10.56 (1H, br s). Anal. Caled for C;;H,;ClO;:
C, 65.69; H, 7.46. Found: C, 65.60; H, 7.30.

The 3-(4-alkoxyphenyl)-2-chloropropionates listed in Table X were similarly prepared. The unlisted
compounds were reported in preceding papers.? )

Methyl 2-Chloro-3-{2-[2-(3-pyridyl)ethoxy]-5-pyridyl} propionate A mixture of 5-nitro-2-[2-(3-pyrid-
yl)ethoxy]pyridine (15.0 g), 109 Pd-C (2.0 g) and MeOH (150 ml) was hydrogenated at room temperature
and atmospheric pressure. After removal of the catalyst by filtration, acetone (100 ml) was added to the
filtrate. To this stirred and ice-cooled solution, conc. HCl (25 ml) and a solution of NaNO, (4.6 g) in H,O
(10 ml) were added dropwise below 5°C. The mixture was stirred at 5°C for 30 min and methyl acrylate
(35 g) was added thereto. The temperature was raised to 35°C and Cu,O (1.0 g) was added to the mixture
in small portions with vigorous stirring. After N, gas evolution had ceased, the reaction mixture was concen-
trated in vacwo, diluted with H,O, neutralized with conc. NH,OH and extracted with AcOEt. The extract
was washed with H,O, dried (MgSO,) and concentrated. The residual oil was chromatographed on silica
gel (150 g) using Et,O-hexane-Et,N (25: 25: 1, v/v) as an eluent to give a pure oil (6.5 g, 33.29%). IR wix
cm-1: 1735. NMR 6: 3.08 (2H,t, J=17),3.0—3.5 (2H, m), 3.73 (3H, s), 4.43 (1H, t, J=7), 4.57 (2H, t, J=7),
6.73 (1H, d, /=8), 7.2—7.8 (3H, m), 8.02 (1H, 4, /=2), 8.5—8.7 (2H, m).
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TaBLE XI. Methyl 3-(2-Alkoxy-5-pyridyl)-2-chloropropionates (I)

-0 =>-CH29HCOOMe
- al

' Yield®
A 12
(%) Formula

l-_>~CH2— 60.2 CisHaoCINO,
<*>- 41.2 CysH,,CINO,
< ><gﬁz_ 8.7 C1 H,,CINO,
< >—CH2CH2— 63.9 CyyH,,CINO,
(CaHy):N-CHaCHy- 19.6 C1oHy;CIN,O,
N\
< N-CH:CH- 53.3 C1eHasCIN,O,
N ‘ . .
¢ N-CHiCHs- 58.6 | CosHCIN,O,
< >—CH2CH2— 746 C1sHyCINO,
<=N\¢—CH2CH2— | 21.5 CyeH,1,CIN,O,

@, b) See the corresponding footnotes in Table X.

The 3-(2-alkoxy-b-pyridyl)-2-chloropropionates listed in Table XI were similarly prepared.
Thiazolidine-2,4-diones (I1I) '

‘Typical examples are given to illustrate the general procedure.

Method A 5-[4-(1-Methylcyclohexylmethoxy)benzyl]thiazolidine-2,4-dione (49, ADD- 3878) A mix-

- ture of 2-imino-5-[4-(1-methylcyclohexylmethoxy)benzyl]thiazolidin-4-one (6.0 g), 2~ HCI (10 ml) and 2-
methoxyethanol (40 ml) was refluxed for 6 h, cooled and diluted with H,0 to give crystals of 49. Recrystal-
lization from 859%, EtOH gave colorless plates (5.3g, 88.3%), mp 130—131°C. IR »Ju' cm—: 3160, 3050,
1750, 1685. NMR 4: 1.03 (3H, s), 1.47 (10H, br s), 3.08 (1H, q, J=14 and 9), 3.48 (1H, q, /=14 and 4),
3.67 (2H, s), 4.56 (1H, q, /=9 and 4), 6.92 (2H, d, J=9), 7.23 (2H, d, J=9), 9.12 (1H, br s). Anal. Calcd
for C,xH,3)NOGS: C, 64.84; H, 6.95; N, 4.20. Found C, 64.78; H, 6.88; N, 4.10.

The starting materlal used for this method was prepared as follows :

2-Imino-5-[4-(1-methylcyclohexylmethoxy)benzyl]thiazolidin-4-one: A mlxture of methyl 2-chloro-3-
[4-(1-methylcyclohexylmethoxy)phenyl]propionate (13.2 g), thiourea (5.0 g), NaOAc (3.3 g) and 2-methoxy-
ethanol (80 ml) was stirred at 100°C for 10 h and concentrated in vacuo. H,0O (50 ml)~hexane (50 ml) was
added to the residue and the insoluble solid was filtered off (10.8 g, 80.4%,). Recrystallization from EtOH
gave colorless prisms, mp 262—264°C (dec.). IR »Y¥u! cm—1: 3220, 1685. NMR (d-DMSO) 4: 0.96 (3H, s),
1.40 (10H, brs), 2.79 (1H, q, /=14 and 9), 3.28 (1H, q, /=14 and 4), 3.62 (2H, s), 4.48 (1H, q, /=9 and 4),

1 6.82 (2H,d, /=9),7.12 (2H,d, J=9), 8.65 (1H, brs), 8.85 (1H, brs). Anal. Calcd for C;;H,,N,0,S: C, 65.08;
H, 7.28; N, 8.43. Found: C, 64.92; H, 7.31; N, 8.27.

The 2-iminothiazolidin-4-ones (II) listed in Table XII were similarly prepared.

Method B——-5-{4-[2-(2-Methoxy-4-methylphenyl)ethoxy]benzyl} thiazolidine-2,4-dione (17): A mix-
ture of methyl 2-chloro-3-{4-[2-(2-methoxy-4-methylphenyl)ethoxy]phenyl}propionate (13.0 g), thiourea
(5.5 g) and sulfolane (150 ml) was stirred at 120°C for 10 h, then 2 N HCI (50 ml) was added thereto. The
mixture was stirred at 100°C for 8 h, cooled, diluted with H,O and extracted with Et,0. The extract was
washed with H,O, dried (MgS0,) and concentrated to give 17 as crystals (10.5 g, 78.99,). 'Recrystallization
from AcOEt-hexane gave colorless prisms, mp 92—93°C. IR »Xu° cm—1: 3180, 1750, 1690. NMR J: 2.34
(3H, s), 3.02 (1H, q, /=14 and 9), 3.05 (2H, t, J=7), 3.47 (1H, q, /=14 and 4), 3.80 (3H, s), 4.12 (2H, t,
J=T1),4.45 (1H, q, /=9 and 4), 6.6—7.4 (7TH, m), 9.15 (1H, br s). Auxal. Calcd for C,H,NO,S: C, 64.68;
H, 5.70; N, 3.77. Found: C, 64.55; H, 5.59; N, 3.81. ' .

Method C——5-[4-(1-Methylcyclohexylmethoxy)benzyl]thiazolidine-2,4-dione (49, -ADD-3878): A
mixture of methyl 3-[4-(1-methylcyclohexylmethoxy)phenyl]-2-thiocyanatopropionate (2.0 g), 6 n HCI (20 ml)
and EtOH (20 ml) was refluxed for 50 h, cooled, diluted with H,O and extracted with Et,0. The extract
was washed with H,0, dried (MgSO,) and concentrated to give 49 as crystals (1.35 g, 70.39%). Recrystalliza-
tion from 859, EtOH gave colorless plates, mp 130—131°C. This sample was identical with an authentic
sample of 49 prepared by method A.
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TasLE XII. 2-Iminothiazolidin-4-ones (II)

A—O-<i>—CHz(]3H—C=O

S NH
N C 7/
NH
Yielda mp Recrystn.

A (%) (oc) solvent® Formula‘”
Geranyl- 54.9 189—190 A CaoHaeN,0,5
Phytyl- 62.0 173174 A CaoHsN,0,5
< >- 66.7 260—261% Et C1sHaoN,0,5
<—->—CH2— 78.0 2532540 Et CyH,oN,0,S
<_><ggfﬂ3 74.1 237—238% Et CyoH,sN,0,5
<—><8§§fHZCH3 73.0 2332349 Et CaoH,aN,0,S
|~><gg:_ 75.6 2592600 Et Cy7H,uN,0,5
Tsobornyl- 79.5 2632649 Et CaoH e N,0,S
Borayl- 86.6 2592699 Et Cu0H . N,0,5
I-Menthyl- 75.1 2182209 Et CaoH3aN,055
6 N-CH:CHy- 50.0 191—192 EA-M CyHuN,0,5

N/

a) Yield from the corresponding 3-aryl-2-chloropropionic acid (I).

b) Dec.

¢) A=acetone, EA=AcOEt, Et=EtOH, M=MeOH.

d) All compounds were analyzed for C, H and N; analytical results obtained for these elements were
within 0.4%, of calculated values.

The starting materials used for this method were prepared as follows:

Methyl 3-[4-(1-Methylcyclohexylmethoxy)phenyl]-2-thiocyanatopropionate: A mixture of methyl 2-
chloro-3-[4-(1-methylcyclohexylmethoxy)phenyl]propionate (3.25 g), potassium thiocyanate (1.46 g) and
DMSO (35 ml) was stirred at 100°C for 2 h, poured into H,O and extracted with Et,0. The extract was
washed with H,O, dried (MgSO,) and concentrated to give crystals (3.18 g, 91.6%). Recrystallization
from hexane gave colorless needles, mp 54—55°C. IR »¥&! cm~1: 2140, 1730. NMR 4: 1.00 (3H, s), 1.43
(10H, brs), 3.11 (1H,q, /=14 and 7), 3.38 (1H, q, /=14 and 7), 3.62 (2H, s), 3.78 (3H, s), 3.94 (1H, t, J=7),
6.85 (2H, d, J=9), 7.13 (2H, d, J=9). Awnal. Calcd for C,;yH,;NO,S: C, 65.69; H, 7.25; N, 4.03. Found:
C, 65.74; H, 7.47; N, 4.16.

The following compounds were similarly prepared.

Ethyl 3-[4-(2-Methyl-2-phenylpropoxy) phenyl]-2-thiocyanatopropionate: Oil. Yield 90.6%. IR
v cm~1: 2145, 1735. NMR 6: 1.20 (3H, t, J=7), 1.43 (6H, s), 3.13 (1H, q, /=14 and 7), 3.22 (1H, q,
J=14 and 7), 3.83 (1H, t, /=7), 3.86 (2H, s), 4.13 (2H, q, J=17), 6.68 (2H, d, /=9), 7.00 (2H, d, J=9),
7.2—7.5 (5H, m).

Ethyl 3-[4-(2,2-Dimethylpropoxy)phenyl]-2-thiocyanatopropionate:  Oil. Yield 82.4%. IR 3%
cm~1: 2145, 1735. NMR 6: 1.03 (9H, s), 1.26 (3H, t, J=7), 3.18 (1H, q, /=14 and 7), 3.25 (1H, q, /=14
and 7), 3.56 (2H, s), 3.92 (1H, t, J=17), 4.21 (2H, q, J=T7), 6.82 (2H, d, J=9), 7.12 2H, d, J=9).

Ethyl 3-[4-(2,2-Dimethyl-3-phenylpropoxy)phenyl]-2-thiocyanatopropionate: Oil. Yield 80.0%. IR
viet cm1; 2145, 1735. NMR 6: 1.0 (6H, s), 1.23 (3H, t, J=17), 2.67 (2H, s), 3.16 (1H, q, /=14 and 7),
3.26 (1H,q, J=14 and 7), 3.47 (2H, s), 3.88 (1H, t, J=7), 4.17 (2H,q, J=7), 6.77 (2H,d, J=9), 7.06 (2H, d,
J=9), 7.10 (6H, br s).

Ethyl 3-[4-(3-Phenylpropoxy)phenyl]-2-thiocyanatopropionate: Oil. Yield 85.1%. IR »ihgcm™1:
2145, 1735. NMR é6: 1.21 (3H, t, J=7), 1.9—2.4 (2H, m), 2.76 (2H, t, J=7), 3.14 (1H, q, /=14 and 7),
3.21 (1H,q, J=14 and 7), 3.86 (2H, t, J=7),3.90 (1H, t, J=7), 4.14 (2H, q, /=17), 6.74 (2H, d, /=9), 7.04
(2H, d, J=9), 7.12 (5H, s).

Method D 5-[4-(1-Methylcyclohexylmethoxy)benzyljthiazolidine-2 4-dione (49, ADD-3878): A
mixture of 2-bromo-3-[4-(1-methylcyclohexylmethoxy)phenyllpropionitrile (2.5 g), thiourea (0.85g) and
sulfolane (20 ml) was stirred at 110°C for 2 h, then 2 N HCI (20 ml) was added thereto. The mixture was
refluxed for 8 h, cooled, diluted with H,0O and extracted with Et,0O. The usual work-up gave 49 (2.0 g,
80.0%), mp 130—131°C (from 85% EtOH). This sample was identical with an authentic sample of 49
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prepared by method A.

The starting compounds used for this method were prepared as follows.

2-Bromo-3-{4-(1-methylcyclohexylmethoxy)phenyl]propionitrile: A mixture of 4-(1-methylcyclohexyl-
methoxy)mtrobenzene (6.0 g), 10%, Pd-C (0.5 g). and MeOH (60 ml) was hydrogenated at room temperature
and atmospheric pressure. The catalyst was filtered off and the filtrate was concentrated. The residual oil
was dissolved in acetone (60 ml). To this stirred and ice-cooled solution, 47% HBr (12.5 g) and a solution
of NaNO, (1.82 g) in H,0O (4 ml) were added dropwise below 5°C. The mixture was stirred at 5°C for 30 min,
then acrylonitrile (7.6 g) was added thereto and the temperature was raised to 35°. Cu,O (0.3 g) was added
to the mixture in small portions with vigorous stirring. After N, gas evolution had ceased, the reaction
mixture was concentrated, diluted with H,0 and extracted with Et,0. The usual work-up gave a crude oil,
which was purified by column chromatography on silica gel (80 g) using Et,O-hexane (1: 10, v/v) as an
eluent to give a pure oil (3.9 g, 48.1%). IR »ie:cm~': 2230. NMR é: 1.02 (8H, s), 1.43 (IOH, br s), 3.23
(2H, d, J=7), 3.60 (2H, s), 4.27 (1H, t, J=17), 6.78 (2H, d, /=9), 7.10 (2H, d, J=9).

The following compound was similarly prepared.

2-Bromo-3-(4-cyclohexyloxy)phenylpropionitrile: Oil. Yield 42.99. IR % cm-1: 2230. NMR 4:
1.2—2.2 (10H, brs), 3.15 (2H,d, J=7),4.30 (1H, m), 4.82 (1H,t, [=7),6.84 (2H,d, J=9), 7.14 (2H, 4, J=9).

- Method E 5-(4-Geranyloxybenzyl)thiazolidine-2,4-dione ' (41) and 3—Gerany1—5—(4—hydroxybeuzyl)-

thiazolidine-2,4-dione (X, A=geranyl): A mixture of 87 (1.12 g}, 50% NaH in oil (0.48 g) and DMSO (10 ml)
was stirred at room temperature for 15 min and a solution of geranyl bromide (1.08 g) in DMSO (2 ml) was
added thereto. The mixture was stirred at room temperature for 30 min, poured into H,O, acidified with
2N HCl and extracted with Et,0. The extract was washed with H,O, dried (MgSO,) and concentrated.
The residual oil was chromatographed on silica gel (30 g) with cyclohexane-AcOEt (4: 1, v/v). The first
part of the eluate gave X (A=geranyl) (0.45 g, 25.0%,), mp 83—=84°C (from cyclohexane). IR p¥ue cm—1:
3400—3200, 1740, 1660. NMR ¢: 1.63 (3H, s), 1.68 (3H, s), 1.73 (3H, s), 2.0 (4H, m), 3.00 (1H, q, /=14
and 9), 3.43 (1H, q, /=14 and 4), 4.13 (2H,d, J=T7), 4.37 (1H, q, /=9 and 4), 5.02 (1H, m), 5.87 (1H, m),
6.72 (2H, d, J=9), 7.03 2H, d, J=9). Anal. Calcd for C,,H,;NO,S: C, 66.82; H, 7.09; N, 3.90. Found:"
C, 66.51; H, 7.01; N, 3.81. The following part of the eluate gave 41 (0.9 g, 50.0%), mp 55—56°C (from
cyclohexane-hexane). IR »Xu cm—': 3200, 1760, 1680. NMR 4: 1.60 (3H, s), 1.67 (3H, s), 1.70 (3H, s),
2.1 (4H,m), 3.00 (1H, q, /=14 and 9), 3.43 (1H, q, /=14 and 4), 4.46 (1H,q, /=9 and 4), 4.51 (2H, d, J=17),
5.08 (1H, m), 5.28 (1H, t, J=17), 6.80 (2H, d, J=9), 7.10 (2H, d, J=9), 8.93 (1H, br s). Anal. Calcd for
CyoH,;sNO,S: C, 66.82; H, 7.09; N, 3.90. Found C, 66.78; H, 6 81 N, 3.63.

The following compounds were similarly prepared

5-(4-Phytyloxybenzyl)thiazolidine-2,4-dione (42): mp 81—33°C (from hexane). Yield 40.9%. IR
yhaet em~t: 3220, 1760, 1710. NMR 6. 0.8—0.9 (12H, br s), 1.1—2.3 (24H, m), 3.07 (1H, q, /=14 and 9),
3.50 (1H,q, /=14 and 4),4.44 (1H, q, /=9 and 4), 4.47 (2H,d, J=7),5.43 (1H,t, J=7),6.80 (2H, q, J=9),
7.11 (2H, d, J=9), 8.50 (1H, br s). . 4nal. Calcd for C4H,,NO,S: C, 71.81; H, 9.44; N, 2.79. Found: C,
© 72.10; H, 9.56; N, 2.68. ,

5-(4-Hydroxybenzyl)-3-phytylthiazolidine-2,4-dione (X, A=phytyl): Oil. VYield 21.39%. IR »i
cm~!: 3300—3200, 1740, 1670. NMR ¢: 0.85—0.95 (12H, br s), 1.15—2.3 (24H, m), 3.10 (1H, q, /=14
and 9),3.47 (1H, q, /=14 and 4), 4.60 (1H, q, /=9 and 4), 4.65 (2H, d, [=7),5.45 (1H, t, J=7), 6.81 (2H, d,
J=9),7.15 (2H, 4, J=9). i

Method F 5-[4-(2-Pyrrolidinylmethoxy)benzyljthiazolidine-2,4-dione Hydrochloride (64-HCl): A
mixture of methyl 3-[4-(1-benzoyl-2-pyrrolidinylmethoxy)phenyl]-2-chloropropionate (6.4 g), thiourea
(1.8 g) and BuOH (40 ml) was stirred at 110°C for 12 h and concentrated in vacuo. The residue was extracted
with CHCl,, and the extract was washed with H,0, dried (MgSO,) and concentrated. The residue was
dissolved in AcOH (40 ml) and conc. HCl (40 ml). The mixture was refluxed for 32 h, cooled, diluted with
H,0 and extracted with AcOEt. The aqueous layer was concentrated 4» vacuo and CHCI3 (30 ml)-MeOH
(5 mi) was added to the residue. The insoluble solid was filtered off and the filtrate was concentrated to
leave a crystalline residue. Recrystallization from EtOH gave colorless prisms (1.8 g, 33.3%), mp 162—
164°C. IR »Nud cm—1: 3350, 2700—2400, 1740, 1690. NMR (d-DMSO) 4: 1.7—2.3 (4H, m), 2.8—4.0 (5H,
m), 4.17 (2H, d, J=6), 4.82 (1H, q, /=9 and 4), 6.90 (2H, d, J=9), 7.18 (2H, d, J=9), 10.2 (8H, br). Aunal.
Caled for C;3HgN,0,S-HCL: C, 52.55; H, 5.59; N, 8.17. Found: C, 52.66; H, 5.86; N, 7.77.

5-(4-Aminobenzyl)thiazolidine-2,4-dione (74): = A mixture of 5-(4-nitrobenzyl)thiazolidine-2,4-dione
(10.0 g), 10% PdA-C (10.0 g) and MeOH (150 ml)-AcOEt (150 ml) was hydrogenated at room temperature
and atmospheric pressure. After removal of the catalyst by filtration, the filtrate was concentrated in vacuo
~ to give crystals of 74.(7.8 g, 88.6%,). Recrystallization from MeOH gave light yellow prisms, mp 162—163°C.
IR »Yue cm—1; 3360, 3300, 2650 (br), 1735, 1690. NMR (d,-DMSO) 4: 2.85 (1H, q, /=14 and 8), 3.23 (1H, q,
J=14 and 4), 4.73 (1H, q, =8 and 4), 6. 48 (2H, d, /=9), 6.88 (2H, d, J=9), 7.0—7.6 (3H, br). Awnal.
Caled for C,gH,(N,0,S: C, 54.05; H, 4.54; N, 12.01. Found: C, 54.02; H, 4.48; N, 12.78. &

The starting materlal used for thls method was prepared as follows.

Ethyl 2-Chloro-3-(4-nitrophenyl)propionate; Conc. HCl (25 ml) and a solution of NaNO, (7.8 g) in H,0O
(15 ml) were added dropwise to a stirred and ice-cooled solution of p-nitroaniline (13.8 g) in acetone (150 ml)
below 5°C. The whole was stirred at 5°C for 30 min, then ethyl acrylate (60 g) was added thereto and the
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temperature was raised to 10°C. Cu,0 (0.1 g) was added to the mixture in small portions with vigorous
stirring. After N, gas evolution had ceased, the reaction mixture was concentrated in vacuo, diluted with
H,O and extracted with Et,0. The usual work-up gave an oily residue, which was purified by column chro-
matography on silica gel (150 g) using Et,O-hexane (1: 10), v/v} as an eluent to give the title compound
as an oil (16.5 g, 64.0%). IR »2%cm~1: 1735, 1520, 1345. NMR ¢: 1.23 (3H, t, J=7), 3.28 (1H, q, /=
14 and 7), 3.35 (1H, q, /=14 and 7), 4.15 (2H, q, J=7), 4.40 (1H, q, J=7), 7.38 (2H, 4, J=9), 8.07 (2H, d,
J=9).

' 5-(4-Nitrobenzyl)thiazolidine-2,4-dione: A mixture of ethyl 2-chloro-3-(4-nitrophenyl)propionate (13.0 g),
thiourea (7.6 g) and sulfolane (120 ml) was stirred at 120°C for 5 h and 2~ HCI (80 ml) was added thereto.
The mixture was stirred at 100°C for 15 h, cooled and diluted with H,O to give crystals. Recrystallization
from MeOH gave colorless rods (9.0 g, 71.4%), mp 186—187°C. IR »33¥' cm~': 3250, 1750, 1695, 1345.
NMR (de-DMSO) 6:.3.23 (1H, q, /=14 and 9), 3.57 (1H, q, /=14 and 4), 4.85 (1H, q, J=9 and 4), 7.45
(2H, d, J=9), 8.05 (2H, d, J=9), 11.9 (1H, brs). Awnal. Calcd for C,;H N,0,S: C, 47.62; H, 3.20; N, 11.11.
Found: C, 47.59; H, 3.31; N, 11.30.

5-[4-(p-Toluenesulfonylamino)benzyl]thiazolidine-2,4-dione (75): Reaction of 74 (4.0 g) and p-toluene-
sulfonyl chloride (3.8 g) gave the title compound (6.5 g, 95.6%), mp 224—225°C (from MeOH). IR »3i*
cm~1: 3230, 1745, 1660. NMR (d,-DMSO) 6: 2.32 (3H, s), 2.97 (1H, q, /=14 and 9), 3.28 (1H, q, /=14 and
4), 4.79 (1H, q, /=9 and 4), 7.07 (4H, s}, 7.32 (2H, d, J=9), 7.62 2H, d, J=9), 10.13 (1H, s}, 12.0 (1H,
br s). Anal. Calcd for C,,H,(N,0,S,: C, 54.26; H, 4.29; N, 7.44. Found: C, 54.18; H, 4.18; N, 7.32.

5-(4-Propionylaminobenzyl)thiazolidine-2,4-dione (76): Reaction of 74 (2.2 g) and propionyl chloride
(1.0 ml) gave the title compound (1.55 g, 55.8%), mp 140—141°C (from AcOEt). IR »33' cm~*: 3330, 1750,
1690, 1655. NMR (d-DMSO) 6: 1.10 (3H, t, j=T7), 2.30 (2H, q, J=17), 3.00 (1H, q, /=14 and 9), 3.38 (1H,
q,J=14and 4),4.82 (1H,q, J=9and 4),7.12 (2H,d, /=9),7.52 (2H, d, J=9). Anal. Calcd for C;3H,;,N,0,S:
C, 56.11; H, 5.07; N, 10.07. Found: C, 55.79; H, 5.12; N, 9.83. ‘

5-(4-Nicotinoylaminobenzyl)thiazolidine-2,4-dione (77): Reaction of 74 (2.2 g) and nicotinoyl chloride
[prepared from sodium nicotinate (1.74 g) and phosphorus oxychloride (0.97 g) according to the method of
Rossels et al.®] gave the title compound (1.0 g, 30.69%,), mp 271—272°C (from DMF-H,0). IR »3' cm~1:
3380, 1740, 1690, 1670. NMR (d-DMSO) 4: 3.08 (1H, q, /=14 and 8), 3.38 (1H, q, /=14 and 5), 4.88
(1H,q, J=8and 5), 7.27 (2H, d, | =9),7.4—7.7 (1H, m), 7.75 (2H, d, J=9), 8.32 (1H,d, J=7), 8.8 (1H, m),
9.1 (1H, m), 10.42 (1H, br s), 11.9 (1H, br s). A4nal. Calcd for C,(H;3N;0,S: C, 58.71; H, 4.00; N, 12.84.
Found: C, 58.39; H, 4.01; N, 12.94.

5-[4-(3-Aminopropionylamino)benzyl]thiazolidine-2,4-dione Hydrobromide (78-HBr): A mixture of 5-
[4-(3-benzyloxycarbonylaminopropionylamino)benzyl]thiazolidine-2,4-dione (1.9 g) and 259, HBr in AcOH
(w/w, 20 ml) was stirred at room temperature for 30 min and diluted with Et,O (100 ml). The crystalline
precipitate was filtered off and recrystallized from MeOH to give 78-HBr (1.02 g, 61.49%), mp 242—243°C.
IR pXulot cm—1: 3300, 2700-—2300, 1750, 1690, 1660. NMR (d,-DMSO) ¢: 2.72 (2H, t, J=7), 2.9—3.5 (4H, m),
4.83 (1H, q, /=7 and 4), 7.16 (2H, d, J=9), 7.56 (2H, d, J=9), 7.8 (3H, br s), 10.17 (1H,s). Amnal. Calcd
for C;3H,;N;O,S-HBr: C, 41.72; H, 4.31; N, 11.23. Found: C, 41.25; H, 4.33; N, 11.16.

The starting material used for this method was prepared as follows.

5-[4-(3-Benzyloxycarbonylaminopropionylamino)benzyljthiazolidine-2,4-dione: EtyN (1.4 ml) and ethyl
chloroformate (0.96 ml) were added dropwise to a stirred and ice-cooled solution of N-benzyloxycarbonyl-f-
alanine (1.1 g). The mixture was stirred with ice-cooling for 15 min, and a solution of 74 (2.22 g) and Et;N
(1.4 ml) in CH,Cl, (10 ml) was added dropwise thereto at —10°C. The reaction mixture was stirred at
room temperature overnight, concentrated in vacuo, diluted with 2 N HCI (50 ml) and extracted with AcOEt.
The extract was washed with H,O, dried (MgSO,), and concentrated to leave an oil, which was treated with
Et,0 to give the title compound (3.1 g, 72.6%) as a powder. Crystallization from EtOH-Et,0 gave colorless
prisms, mp 139—141°C. IR »¥' cm~': 3300, 1750, 1720, 1680. NMR (de-DMSO) 6: 2.4—2.7 (2H, m),
3.0—3.6 (4H, m), 4.90 (1H, q, /=8 and 5), 5.03 (2H, s), 7.1—7.6 (9H, m), 7.2 (1H, br s), 9.8 (1H, br s), 11.8
(LH, br s). Admnal. Caled for C,,H,,N;0,S: C, 59.00; H, 4.95; N, 9.83. Found: C, 58.82; H, 4.96; N, 9.65.

5-[4-(6-Aminohexanoylamino)benzyl]thiazolidine-2,4-dione (79): A mixture of 5-[4-(6-fer#-butoxy-
carbonylaminohexanoylamino)benzyl]thiazolidine-2,4-dione (2.6 g) and 25% HBr in AcOH (w/w, 20 ml)
was stirred at room temperature for 30 min then concentrated. The residue was charged on a column packed
with Amberlite IRC-400 (AcO-) (25 ml) and eluted with 70% MeOH (v/v). The solvent was evaporated
off to give 79 as crystals (0.76 g, 47.9%), mp 216—218°C (from DMF-Et,0). IR »X! cm~: 3500, 3300,
3150, 1670. NMR (de-DMSO) 6: 1.1—1.9 (6H, m), 2.2—3.4 (6H, m), 4.77 (1H, m), 7.1—7.7 (4H, m), 7.6
(2H, m), 9.8 (1H, br s), 11.8 (1H, br s). A#nal. Calcd for C,H,;N;0,S: C, 56.29; H, 6.20; N, 12.31. Found:
C, 56.50; H, 6.46; N, 12.29. ;

The starting material used for this method was prepared as follows.

5-[4-(6-fert-Butoxycarbonylaminohexanoylamino)benzyljthiazolidine-2,4-dione: Et,N (1.4 ml) and ethyl
chloroformate (0.96 ml) were added dropwise to a stirred and ice-cooled solution of 6-fert-butoxycarbonyl-
aminohexanoic acid (2.15 g) in CH,Cl, (10 ml). The mixture was stirred with ice-cooling for 15 min and a
solution of 74 (2.2 g) and Et;N (1.4 ml) in CH,Cl, (10 ml) was added dropwise thereto at —10°C. The reaction
mixture was stirred at —10°C for 30 min and at room temperature for 1 h, concentrated in vacuo, neutralized
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with 10%, (w/w) citric acid aq. solution and extracted with AcOEt. The extract was washed with H,O,
dried (MgSO,) and concentrated to leave the title compound as a crude oil (4.0 g, quant.). IR »iaicm™:
3350, 3130, 1760, 1710, 1680. NMR (de-DMSO) §: 1.2—1.7 (6H, m), 1.35 (9H, s), 2.1—2.5 (2H, m), 2.8—3.5
(4H, m), 4.80 (1H, q, /=38 and 5), 6.53 (1H, br s), 7.1—7.6 (4H, m), 9.75-(1H, br s), 11.93 (1H, br s). The
crude oil was used for the subséquent reaction without purification.
5-(4-Ethoxycarbonylmethylcarbamoylaminobenzyl)thiazolidine-2,4-dione (80): A solution of ethoxy-
carbonylmethylisocyanate (0.65 g) in THF (5 ml) was added dropwise to a stirred and ice-cooled solution of
74 (1.1 g) in THF (10 ml). The mixture was stirred at 0°C for 1 h and at room temperature for 10 h, poured
into HyO and extracted with AcOEt. .The usual work-up gave crystals of 80 (0.55 g, 30.7%,). Recrystalli-
zation from EtOH gave colorless prisms, mp 161—162°C. IR »3ut cm**: 3330, 8170, 1750, 1690. NMR 4:
1.28 (3H,t, /=17),3.01 (1H,q, /=14 and 8), 3.43 (1H, q, /=14 and 4), 8.97 (2H,d, J=5),4.18 (2H, q, J=7),
4.53 (1H, q, /=8 and 4), 6.37 (1H, t, J=5), 7.08 (2H, d, J=9), 7.38 (2H, d, J=9), 8.5 (1H, br s), 11.8 (1H,
brs). Awnal. Caled for C;;H ;N;O,S: C, 51.27; H, 4.88; N, 11.96. Found: C, 51.12; H, 4.83; N, 11.77.

5-(4-Phenethylaminobenzyl)thiazolidine-2,4-dione Hydrochloride (81-HCl): A mixture of 5-{4-[N-
phenethyl-N-(p-toluenesulfonyljamino]benzyl} thiazolidine-2,4-dione (3.5 g), conc. H,SO, (15 ml) and AcOH
(15 ml) was stirred at 100°C for 1 h, cooled, neutralized with sat. aq. NaHCO, and extracted with AcOEt
The extract was washed with H,O, dried (MgSO,) and concentrated. The oily residue was treated with a
solution of HCl in Et,0 (3.54 mmol/g, 10 ml) to give crystals of 81-HCI (1.7 g, 63.4%). Recrystallization
from acetone gave colorless rods, mp 156—157°C. IR »¥u° cm*1:.3300—2200, 1750, 1690. NMR (d,-DMSO)
0: 2.8—3.6 (6H, m), 4.86 (1H, q, /=8 and 4), 7.25 (5H, s), 7.28 (2H, d, J=9), 7.40 (2H, d, J=9), 8.1—8.7
(2H, br), 12.0 (1H, br). Anal. Caled for C;gH,N,0,S: C, 59.58; H, 5.28; N, 7.72. Found: C, 59.88;
H, 5.36; N, 7.65. :

The starting material used for this method was prepared as follows.

4-[N-Phenethyl-N-(p-toluenesulfonyl)amino]aniline: A mixture of 4-(p-toluenesulfonylamino)aniline®.
(13.1 g), 50% NaH in 0il (2.64 g) and DMF (150 ml) was stirred at room temperature for 30 min, then pheneth-
yl bromide (11.1 g) was added thereto. The mixture was stirred at 70°C for 2 h, poured into H,O and ex-
tracted with' AcOEt. The extract was washed with H,O, dried (MgSO,) and concentrated to leave an oil,
which was chromatographed on silica gel (100 g). Elution with CHCI; gave crystals of the title compound
(13.6 g, 74.6%), mp 105—106°C (from MeOH). IR »¥¥! cm~—1: 3470, 3370, 1335, 1155. NMR é: 2.43 (3H, s),
2.85 (2H, t, J=17), 3.7—4.0 (4H, m), 6.63 (2H, d, J=9), 6.90 (2H, d, J=9), 7.2—7.8 (9H, m). Anal. Calcd
for C,yH,,N,0,5: C, 68.83; H, 6.05; N, 7.65. Found: C, 69.04; H, 6.00; N, 7.74.

Methyl 2-Chloro-3-{4-[N-phenethyl-N-(p-toluenesulfonyl)amino]phenyl} propionate: Conc.HCI (8.7 ml)
and a solution of NaNO, (2.64 g} in H,O (10 ml) were added dropwise to a stirred and ice-cooled solution
of 4-[N-phenethyl-N-(p-toluenesulfonyl)amino]aniline (12.7 g) in acetone (150 ml)-MeOH (100 ml) below 5°C.
The mixture was stirred at 5°C for 15 min and methyl acrylate (18.0 g) was added thereto. The temperature
was raised to 35°C and Cu,O (0.5 g) was added portionwise to the mixture with vigorous stirring. After N,
gas evolution had ceased, the mixture was concentrated in vacuo, diluted with H,O and extracted with Et,0.
The extract was washed with H,O0, dried (MgSO,) and concentrated. The residue was chromatographed on
silica gel (200 g) with cyclohexane-AcOEt (8: 1, v/v) to give a pure oil (9.8 g, 59.8%). IR w»m:cm~: 1750,
1350, 1160. NMR 4: 2.38 (3H, s), 2.6—3.0 (2H, m), 3.1—3.6 (2H, m), 3.73 (3H, s), 3.7—4.0 (2H, m), 4.40
(1H, q, /=9 and 4), 6.9—7.7 (13H, m). '

* 5-{4-[N-Phenethyl-N-(p-toluenesulfonyl)amino]benzyl} thiazolidine-2,4-dione: A mixture of 2-chloro-3-
{4-[N-phenethyl-N-(p-toluenesulfonyl)amino]phenyl} propionate (9.5 g), thiourea (3.1g)- and sulfolane
(100 ml) was stirred at 110°C for 16 h, then 1 x HCl (40 ml) was added. The mixture was refluxed for 8 h,
cooled, diluted with H,O and extracted with Et,0. The extract was washed with H,O, dried (MgSO,) and
~ concentrated. The residue was chromatographed on silica gel (100 g) with cyclohexane-AcOEt (3: 1, v/v)

-to give the title compound as an oil (6.5 g, 67.7%). IR »ii cm™': 3210, 17565, 1705, 1340, 1155. NMR d:
2.40 (3H, s), 2.6—4.1 (6H, m), 4.53 (1H, q, /=9 and 4), 7.0—7.7 (18H, m), 9.5 (1H, br s).
5-[4-(5-Chloro-2-methoxybenzoylamino)benzyl]thiazolidine-2,4-dione (82): A mixture of 5-chloro-2-
methoxybenzoic acid (1.51 g), thionyl chloride (1.73 ml) and C;H, (20 ml) was refluxed for 1h, then con-
centrated iz vacuo to leave an oil. The oil was dissolved in DMF (10 ml) and the solution was added to a
solution of 74 (1.8 g) in DMF (10 ml). The mixture was stirred at room temperature for 30 min, diluted
“with H,O and extracted with AcOEt. The extract was washed with H,0, dried (MgSO,) and concentrated
to give crystals of 82 (1.55 g, 48.49%). Recrystallization from MeOH gave colorless prisms, mp 221-—222°C.
IR pNuct cm—1: 3320, 3100, 1740, 1685, 1640. NMR (d,-DMSO) ¢: 3.08 (1H, q, /=14 and 8), 3.40 (1H, q,
J=14 and 4), 4.85 (1H, q, /=38 and 4), 7.0—7.8 (TH, m), 10.25 (1H, s), 12.1 (1H, br s). Anal. Calcd for
CysHy;CIN,0,S: C, 55.32; H, 3.87; N, 7.17. Found: C, 55.20; H, 3.81; N, 7.26.
5-(4-Piperazinylbenzyl)thiazolidine-2,4-dione Hemihydrate (83-1/2H,0): A mixture of 74 (2.64 g), bis(2-
chloroethyl)amine hydrochloride (2.5 g) and MeOH (15 ml) was refluxed for 25 h. After removal of the
-solvent, the residue was partitioned between CHCl; and sat. aq. NaHCO,. The CHCI, layer was separated,
washed with H,O, dried (MgSO,) and concentrated. The oily residue was chromatographed on silica gel
(100 g) using CHCl-MeOH (9: 1, v/v) as an eluent to give crystals of 83. Recrystallization from MeOH
gave colorless prisms (0.22 g, 6.2%), mp 221—223°C. IR »33i cm~1: 1690. NMR (de-DMSO) d: 2.7—3.4
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(10H, m), 4.57 (1H, q, =9 and 4), 6.83 (2H, d, J=9), 7.10 (2H, d, J=9), 9.0 (1H, br), 12.0 (1H, br). Anal.
Caled for C,,H,,N;0,8-1/2H,0: C, 55.98; H, 6.04; N, 13.99. Found: C, 56.11; H, 5.79; N, 14.02.

Diethyl 4-(4-Chlorophenoxy)butylmalonate: Diethyl malonate (7.7 g) and a solution of 4-(4-chloro-
phenoxy)butyl bromide!® (11.5 g) in EtOH (80 ml) were added dropwise to a stirred solution of Na (1.1g)
in EtOH (80 ml) at room temperature. The mixture was refluxed for 3 h, cooled, diluted with H,0 and
extracted with Et,0. The usual work-up gave an oily residue which was chromatographed on silica gel
(150 g). Elution with Et,0O-hexane (1: 2, v/v) gave a pure oil (11.8 g, 78.7%). IR »mzcm~ 1745, 1725.
NMR é: 1.25 (6H, t, J=7), 1.5—2.2 (4H, m), 3.33 (1H, t, /=7), 3.88 (2H, t, J=7), 4.15 (4H, q, /=17), 6.68
(2H, 4, J=9), 7.10 (2H, 4, J=9).

Diethyl @-Chloro-«-[4-(4-chlorophenoxy)butyllmalonate: A mixture of diethyl 4-(4-chlorophenoxy)-
butylmalonate (10.0 g) and sulfuryl chloride (5.9 g) was heated at 70°C for 1 h, then concentrated. The
residue was dissolved in Et,0 (200 ml). The solution was successively washed with H,0, sat. ag. NaHCO,
and H,0, dried (MgSO,) and concentrated to give crystals (8.9 g, 81.7%). Recrystallization from hexane
gave colorless rods, mp 51—52°C. IR »¥u cm~1: 1740. NMR 4: 1.27 (6H, t, J=7), 1.4—2.0 (4H, m),
2.29 (2H, t, J=17), 3.91 (2H, t, J=6), 4.26 (4H, q, J=7), 6.78 (2H, d, J=9), 7.22 (2H, d, J=9). Anal.
Caled for C;;H,,CL,0;: C, 54.12; H, 5.88. Found: C, 54.29; H, 5.89.

2-Chloro-6-(4-chlorophenoxy)hexanoic Acid: A mixture of diethyl a-chloro-«-[4-(4-chlorophenoxy)butyl]-
malonate (3.77 g), AcOH (15 ml) and 6 n HCl (15 ml) was refluxed for 20 b, cooled, diluted with H,O and ex-
tracted with C4H,. The extract was washed with H,0, dried (MgSO,) and concentrated to give crystals
(1.62 g, 58.5%). Recrystallization from cyclohexane gave colorless plates, mp 86—87°C. IR »Ji¥' cm~:
1720. NMR 6: 1.4—2.3 (6H, m), 3.91 (2H, t, /=86),4.33 (1H,t, /=7),6.78 (2H,d, J=9),7.22 (2H, d, /=9),
10.54 (1H, s). Amnal. Caled for C;,H,,C1,0,;: C, 52.01; H, 5.09. Found: C, 52.08; H, 5.03.

5-[4-(4-Chlorophenoxy)butyl]thiazolidine-2,4-dione (84): A mixture of 2-chloro-6-(4-chlorophenoxy)-
hexanoic acid (2.8 g), thiourea (1.1 g) and 2-methoxyethanol (20 ml) was stirred at 110°C for 3 h, then 2 n
HCI (20 ml) was added thereto. The mixture was refluxed for 8 h, cooled, diluted with H,O and extracted
with AcOEt. The usual work-up gave 84 as crystals (2.0 g, 66.7%). Recrystallization from AcOEt-hexane
gave colorless prisms, mp 79—80°C. IR »}¥ut cm~1: 3160, 1745, 1690. NMR 4: 1.6—2.6 (6H, m), 3.92
(2H, t, J=17), 4.30 (1H, t, J=17), 6.75 (2H, 4, J=9), 7.21 (2H, d, J=9), 8.70 (1H, br s). Anal. Calcd for
CsH,CINO,S: C, 52.09; H, 4.71; N, 4.67. Tound: C, 52.11; H, 4.85; N, 4.80.

2-Hydroxy-2-(4-phenethyloxyphenyl)acetic Acid: CHBr, (12.6 g) was added to a stirred and ice-cooled
mixture of 4-phenethyloxybenzaldehyde!® (11.3 g), LiCl (4.2 g), KOH (11.2 g), H,0 (50 ml) and dioxane
(50 ml). The mixture was stirred at 5°C for 25 h then at 35°C for 25 h, acidified with 2 x HCl and extracted
with Et,0. The usual work-up gave crystals of the title compound (9.8 g, 72.19%,). Recrystallization from
AcOEt-hexane gave colorless needles, mp 136—137°C. IR piuet cm—1: 3450, 1745, 1715. NMR 4: 3.07
(2H, t, J=17), 4.0 (1H, br s), 4.15 (2H, t, J=17), 5.16 (1H, s), 6.87 (2H, d, J=9), 7.28 (5H, s), 7.35 (2H, d,
J=9). Awnal. Caled for C;4H,;O4: C, 70.57; H, 5.92. Found: C, 70.74; H, 5.96.

Methyl 2-Hydroxy-2-(4-phenethyloxyphenyl)acetate: Reaction of 2-hydroxy-2-(4-phenethyloxyphenyl)-
acetic acid (2.7 g) and a solution of CH,N, in Et,0 gave the title compound as an oil (2.8 g, quant.). IRk
cm~1:3500,1735. NMR 4:3.10 (2H, t, J=7), 3.42 (1H,d, J=5),3.73 (3H,s),4.20 (2H,t, J=17),5.15 (1H, d,
J=5), 6.8—7.4 (9H, m).

Methyl 2-Chloro-2-(4-phenethyloxyphenyl)acetate (XI): Thionyl chloride (0.22 ml) and pyridine (0.23
ml) were added to a solution of methyl 2-hydroxy-2-(4-phenethyloxyphenyl)acetate (0.8 g) in C;Hg (10 ml).
The mixture was stirred at room temperature for 1 h and at 50°C for 30 min, then concentrated in vacuo.
The residue was diluted with H,O and extracted with Et,0. The usual work-up gave an oily residue, which
was chromatographed on silica gel (20 g). Elution with cyclohexane—AcOEt (9: 1, v/v) gave XI as an oil
(0.56 g, 66.0%). IR viscm~!: 1755. NMR 6: 3.08 (2H, t, /=6), 3.75 (3H, s), 4.18 (2H, t, J=6), 5.3
(1H, s), 6.7—7.5 (9H, m).

5-(4-Phenethyloxyphenyl)thiazolidine-2,4-dione (85): A mixture of XI (0.56 g), thiourea (0.28 g) and
sulfolane (3 ml) was stirred at 110°C for 6 h, then 2 v HCl (3 ml) was added thereto. The mixture was stirred
at 100°C for 15 h, diluted with H,0O and extracted with Et,0. The usual work-up gave crystals of 85 (0.32 g,
55.6%). Recrystallization from EtOH gave colorless prisms, mp 121—122°C. IR »EE cm~1: 3190, 1755,
1725, 1685. NMR 6: 3.10 (2H, t, J=17), 4.20 2H, t, J=7), 5.33 (1H, s), 6.97 (2H, d, J=9), 7.37 (2H, d,
J=9),7.39 (6H,s), 9.0 (1H, brs). Amnal. Caled for C;;H;NO,S: C, 65.16; H, 4.82; N, 4.47. Found: C, 65.06;
H, 4.80; N, 4.60.

Ethyl 2-Chloro-3-(4-pivaloylphenyl)propionate: A solution of ethyl! 2-chloroacetoacetate'® (1.6 g) in
DMF (40 ml) was treated with 50% NaH in oil (0.48 g) and the mixture was stirred at room temperature
for 30 min. 4-Pivaloylbenzyl bromide!® (2.1 g) was added to the mixture. The whole was stirred at 70°C
for 2 h, poured into ice-H,0, acidified with 2~ HCl and extracted with AcOEt. The extract was washed
with H,0, dried (MgSQO,) and concentrated. The residue was dissolved in EtOH (20 ml), and Ba(OH),-
8H,0 (1.2 g) was added to the stirred and ice-cooled solution. After being stirred for 20 min, the mixture
was poured into ice-H,O and extracted with AcOEt. The extract was washed with H,O, dried (MgSO,)
and concentrated. The residue was chromatographed on silica gel (40 g) using cyclohexane-iso-Pr,O (4: 1,
v[v) as an eluent to give the title compound (1.16 g, 48.3%,) as a pure oil. IR w3 cm~1: 1740, 1670. NMR
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-'6:1.23 3H, t, J=17), 1.32 (9H, s), 8.10 (1H, q, /=14 and 7), 3.40 (1H, q, /=14 and 7), 4.13 (2H, q, J=7),
4.33 (1H, t, J=17), 7.20 (2H, 4, J=9), 7.65 (2H, d, J=9).

Ethyl 2-Chloro-3-(3, 4—d1methoxyphenyl)proplonate Reaction of 3,4-dimethoxybenzyl chloride'® (22.5
g) and 2-chloroacetoacetate!® (19.8 g) gave the title compound as an oil (12.7 g, 38.8%). IR »iescm—t:
1740. NMR é: 1.21 (3H, t, J=17), 3.00 (1H, q, /=14 and 7), 3.30 (1H, q, /=14 and 7), 3.75 (GH, s), 4.15
(2H, q, J=17), 4.27 (1H, t, J=T7), 6.66 (3H, s).

2-Chloro-3-(2,4,5-triethoxyphenyl)propionic Acid: The condensation of 2-chloroacetoacetate!® (4.13 g)
with 2,4,5-triethoxybenzyl chloride (6.5 g) followed by treatment with 2 x KOH (30 ml) gave the title com-
pound as crystals (5.5 g, 69.9%), mp 98—99°C (from AcOEt-hexane). IR »¥u'cm—2: 1725. NMR 6: 1.37
(3H, t, J=7), 1.40 (3H, t, /=7), 1.42 (3H, t, J=1), 8.08 (1H, q, /=14 and 7), 3.38 (1H, q, J=14 and 7),
. 3.83—4.4 (6H, m), 4.63 (1H, t, J=17), 6.52 (1H, s), 6.78 (1H, s), 10.66 (1H, s). Axal. Calcd for C,;H,,ClO;:
C, 56.87; H, 6.68. - Found: C, 56.98; H, 6.70. ) , v
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