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On the basis of structural information for the cyclic hexapeptide endothelin (ET) receptor antagonist, TAK-
044, a series of thieno[2,3-d]pyrimidine-2,4-dione derivatives bearing a carboxyl group and aromatic rings that
were important for receptor binding were designed, synthesized, and evaluated for ET receptor binding affinities
and inhibitory activities against ET-induced vasoconstriction.

Optimization of each substituent in the thieno|2,3-d]pyrimidine ring led to the discovery of a novel and
potent nonpeptide ET receptor antagonist, 6-(4-methoxymethoxyphenyl)-S-methylsulfonylaminomethyl-1-(2-
methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-3-acetic acid (32g), which binded to
human ET, and ETy receptor subtypes with affinities (IC,)) of 7.6 and 100 nm, respectively.

Compound 32 g effectively antagonized ET-induced vasoconstriction and the inhibitory effect mediated by
the ETy receptor was more potent than that of bosentan, while the inhibitory effect mediated by the ET, recep-

tor was slightly less potent than that of bosentan.
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The discovery of endothelin-1 (ET-1), an extremely potent
and long-acting vasoconstrictor peptide comprised of 21
amino acid residues, led to considerable pathophysiologic in-
terest.”) ET-1 is one member of a family of isopeptides, in-
cluding ET-2 and ET-3,? that are structurally and functionally
related to the cardiotoxic sarafotoxins.” In addition, further
studies have revealed the existence of two receptor subtypes
designated ET, and ETg,” which are both G protein-coupled
receptors (GPCR). The ET, receptor binds ET-1 and ET-2
with greater affinity than ET-3, and mediates vasoconstric-
tion>® and smooth muscle proliferation.” In contrast, the
ETj receptor does not discriminate between ET-1, ET-2, and
ET-3, and mediates both vasoconstriction® and vasodila-
tion.”

Due to their peculiar pharmacological effects, ETs are
thought to play a major role in chronic diseases such as my-
ocardial infarction, heart failure, renal failure, pulmonary
hypertension, and subarachnoid hemorrhage.!” Therefore,
blockade of the ET receptors might be therapeutically effec-
tive in the treatment of the above conditions.

A large number of peptide ET receptor antagonists, repre-
sented by FR-139317') and BQ-123,'” have been reported.
Moreover, nonpeptide ET receptor antagonists have been re-
ported during the course of our work described in this paper.
These include Ro 46-2005,"" Ro 47-0203 (1, bosentan),'*
BMS 182874, SB 209670,'9 A-127722,'7 1.-749329,'®
and PD 156707.'”

In our search for a novel nonpeptide ET antagonist, we
first focused on the rigidity of the cyclic hexapeptide ET an-
tagonist TAK-044 (2),”” which results from the presence of
B-turn and y-turn structures. Introduction of crucial func-
tional moieties for ET receptor binding, i.e. a carboxyl group
and aromatic rings,?" onto a bicyclic heterocycle ‘scaffold’
which mimics the fixed main chain of TAK-044, provides
nonpeptide ET receptor ligands. Using the same strategy, we

* To whom correspondence should be addressed.
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have also discovered a novel, potent, and orally active non-
peptide LHRH receptor antagonist.” In addition, several
heterocyclic compounds bearing important functional groups
for receptor binding have been described in the literature as
synthetic nonpeptide antagonists of GPCRs, such as an-
giotensin II,*» cholecystokinin,”” substance P>* and vaso-
pressin,*®

The thieno[2,3-d Jpyrimidine-2,4-dione nucleus, bearing a
phenyl ring attached to the thiophene ring was selected as a
bicyclic heterocycle scaffold. Among the early compounds
synthesized based on this structure, the thieno[2,3-d |pyrimi-
dine-3-acetic acid derivative (7d), bearing a p-methoxy-
phenyl group at the 6-position, was found to be a lead com-
pound possessing micromolar binding affinities for cloned
human ET receptors (Fig. 1).

In this paper, we describe our synthetic studies starting
from the lead compound (7d) which culminated in the dis-
covery of a new class of potent nonpeptide ET antagonists,
represented by, 6-(4-methoxymethoxyphenyl)-5-methylsul-
fonylaminomethyl-1-(2-methylthiobenzyl)-2,4-dioxo-1,2,3,4-
tetrahydrothieno[2,3-d Jpyrimidine-3-acetic acid (32g), S-eth-
ylsulfonylaminomethyl-6-(4-methoxymethoxyphenyl)-1-(2-
methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]
pyrimidine-3-acetic acid (32h), and 6-(4-methoxymethoxy-
phenyl)-1-(2-methylthiobenzyl)-2,4-dioxo-5-propylsulfony-
laminomethyl-1,2,3,4-tetrahydrothieno[2,3-d |pyrimidine-3-
acetic acid (32i).

Chemistry The thieno[2,3-d Jpyrimidine-3-acetic acids
bearing various alkyl and aralkyl groups at the I-position
(7a—m) were generally synthesized by the route shown in
Chart 1. The 2-aminothiophene derivatives 4a—c were pre-
pared from the corresponding phenylacetone 3a—c using the
previously reported procedure.’” In addition, compound 4d
was obtained from 4c¢ by catalytic hydrogenation over 10%
palladium—charcoal. Compounds 4a, 4b, and 4d were con-
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3a: R'=4-MeO 4a: R'=4-MeO 5a: R'=4-MeO
3b: R'=2-MeO 4b: R'=2-MeO 5b: R'=2-MeO
3c: R'=4-Br 4c: R'=4-Br 5d: R'=H
4d: R'=H =1
Me, 0
/ I N CoR
R1 = N/go
b
6a-m: R>=Et
7a-m: R*=H
a: R'=4-MeO, R*zn-Bu h: R'=4-MeO, R*=CH,Ph(2-F)
b: R'=4-MeO, R’=(CH,),Ph(2-OMe)  i: R'=4-MeO, R*=CH,Ph(2-CN)
¢: R'=4-MeO, R>=CH,Ph j: R'=4-MeO, R*%=CH,Ph(2-NO,)
d: R'=4-MeO, R>=CH,Ph(2-OMe) k: R!=4-MeO, R%=CH,Ph(2-SMe)
e: R'=4-MeO, R*=CH,Ph(3-OMe) I: R'=2-MeO, R>=CH,Ph(2-OMe)
f: R'=4-MeO, R*=CH,Ph(4-OMe) m: R'=H, R%=CH,Ph(2-OMe)

g: R'=4-MeO, R’=CH,Ph(2-Me)

(a) 1) NCCH,CO,Et, AcOH, NH,OAc, benzene, reflux, 2) S, Et;NH, EtOH; (b) H,, Pd-C, AcONa, MeOH;
(c) 1) OCNCH,CO,Et, Py, 2) NaOEt, EtOH; (d) R%-X, K;CO3, DMF; (¢) IN NaOH, EtOH-THF.

Chart 1

verted to the thieno[2,3-dJpyrimidine-2,4-dione derivatives
5a, 5b, and 5d by reaction with ethyl isocyanatoacetate, fol-
lowed by cyclization with sodium ethoxide. After alkylation
of 5a, 5b, and 5d at the 1-position in the presence of potas-
sium carbonate, saponification of the ethyl ester group pro-
duced the carboxylic acids 7a—m. The nitro compound
6j was reduced with iron powder—acetic acid, formylated
with acetic formic anhydride,”® and then reacted with bo-
rane-methyl sulfide complex®” to afford 8, which was hy-
drolyzed to yield the methylamino derivative 9. Oxidation of
the methylthio group of 6k with m-chloroperbenzoic acid (1
or 2 equivalents) and subsequent alkaline hydrolysis fur-
nished 11a, b (Chart 2).

Using the general procedure shown in Chart 1, it would be

cumbersome to synthesize the substituted phenyl derivatives
at the 6-position starting from the corresponding phenylace-
tones. Thus, a Suzuki aryl-coupling reaction®” with an aryl-
boronic acid and a palladium catalyst was examined as an al-
ternative method. The key intermediates 14a, b were pre-
pared by reaction of 13 with 1 eq of N-bromosuccinimide
(NBS) and subsequent alkylation. Compound 13 was readily
obtained from the 2-aminothiophene 12. The 6-bromo deriv-
atives 14a, b reacted with arylboronic acids in the presence
of tetrakis(triphenylphosphine)palladium (0) and 2 M aqueous
sodium carbonate to produce 15a, b, which were converted
to the carboxylic acids 16a, b by alkaline hydrolysis (Chart
3). The arylboronic acids were prepared from the corre-
sponding bromobenzene derivatives by treatment with n-
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butyllithium, followed by reaction with triisopropyl borate
and subsequent acidic hydrolysis.>"
The synthesis of para-substituted phenyl derivatives at the
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(a) Fe, AcOH, MeOH; (b) 1) HCO,H, Ac,0, THF, 2) Me,S:BH,, CH,Cly;
(c) 1N NaOH, EtOH-THF; (d) m-CPBA(ieq. or 2eq.), CH,Cl,.

Chart 2

Vol. 46, No. 11

6-position was achieved by the procedures shown in Charts 4
and 5. After demethylation of Sa with aluminum chloride,
acetylation of 17 and subsequent benzylation yielded 18.
Compound 18 was then treated with aqueous potassium car-
bonate, followed by alkylation to afford 19a—f (Chart 4).
Compound 22 was obtained by the Friedel-Crafts acylation
of 5d, followed by benzylation. In addition, nitration of 5d
with sodium nitrate and concentrated sulfuric acid produced
24, which was converted to the amide 26 by benzylation, re-
duction, and subsequent acylation (Chart 5). Saponification
of these esters 19a—f, 22, 25, and 26 furnished the corre-
sponding carboxylic acids 20a—f, 23, 27, and 28.

Chart 6 shows the route used for the preparation of 5-acyl-
and S-sulfonylaminomethyl derivatives. After bromination of
19d with NBS in the presence of 2,2'-azobis(isobutyroni-
trile), the aminomethyl derivative 29 was obtained by reac-
tion with potassium phthalimide and subsequent hydrazinol-
ysis (Gabriel synthesis). Compound 29 was reacted with acid
chlorides, sulfonyl chlorides, and isocyanate to give 30a—j.
Compound 33 was prepared from 30g by reaction with
iodomethane in the presence of sodium hydride. The esters
29, 30a—j, and 33 were converted to the carboxylic acids 31,

o

Me,
9 N\,
Me, N CO,Et
0,Et ~ Br M
Tf —— M YeoE _be s N o
NH, SN0
H
12 13 R?
14a,b
Me, a: Rt:MeO
“co,R? b: R'=MeS
a7 l CO.R
4 . s
o
15a,b: R*=Et a: R1=Me0, Ar=3-MeOPh
16a,b: R*=H € b:R'=MeS, Ar=4-MeOCH,CH,Ph

(a) 1) OCNCH,CO,Et, Py, 2) NaOEt, EtOH; (b) NBS, CHCl;; (c) 2-methoxy- or 2-methylthio-
benzyl chloride, K,CO;, DMF; (d) ArB(OH),, Pd(PPhs),, 2M Na,CO3, DME, under Ar, reflux;

(e) IN NaOH, EtOH-THF.

Chart 3
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R'= H(a), Pr(b), Bu(c), CH,0Me(d), CH,SMe(e), CH,COMe().

(a) AICl3, MeSSMe, CH,CL; (b) 1) Ac,0, Py, 2) 2-methylthiobenzyl chloride, K,CO5, DMF; (c) [R'=H] aq.K,CO;, MeOH-THF,
[R'#H] 1) aq.K,CO;, MeOH-THF, 2) R'-X, K,CO; or NaH, DMF; (d) 1N NaOH, EtOH-THF.

Chart 4
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(a) PrCOCI, AICl;, PhNO,, 50°C; (b) 2-methylthiobenzyl chloride, K,CO;, DMF; (c) IN NaOH, EtOH-THF;
(d) NaNO,, conc.H,SOy; (e) Fe, conc.HCI, EtOH; (f) EtCOCI, E;N, CH,Cl,.

Chart 5
Me @ NH, o] R2NH (o]
N 1 1
MOMOM :LACOZE' abec MOMO /N CoR dore MOMOM NLACO’R
N0 - N0 e N
MeS Mesk/(> MeS
194 29: R'=Et 30a-j: R'=Et
f f
31: R'=H :] 32a-j: R'=H j

Me

MeSO,NH o MeSO,N o R%= MeCO(a), EtCO(b), PrCO(c),
N NCO,LE N COLR! BuCO(d), PhCO(e), EtNHCO(f),
morao-{D_%‘fNL L 2 . MOMOM L ? MeSO,(g), EtSO,(h), PrSO,(i),

L PhSO,j).
MeS MeS
30g 33: R'=Et
34: R'=H [MOMO=CH,;0CH,0]

(a) NBS, AIBN, CCl,, reflux; (b) potassium phthalimide, DMF; (c) H,NNH,-H,0, EtOH, reflux; (d) R, Et;N or Py, CH,Cly;
2

(e) EINCO, Py; (f) IN NaOH, EtOH-THF; (g) Mel, NaH, DMF.

Chart 6

32a—j, and 34 by alkaline hydrolysis.

Biology All the compounds prepared were evaluated for
inhibition of ['*I]ET-1 binding to cloned human ET, and
ETy receptors. The in vitro antagonistic activities of com-
pounds exhibiting high ET receptor binding affinities were
examined for the ability to inhibit the constriction of ring
preparations of porcine coronary artery induced by ET-1 at
3nMm and that of vein preparations induced by sarafotoxin
S6c, an ETy selective agonist, at 1 nM.

Results and Discussion

First, the ethyl ester (6d) was prepared in order to confirm
the role of the carboxylic function in the initial lead 7d as the
recognition site to interact with ET receptors. Subsequently,
we then carried out modification of the substituent at the 1-
position of 7d (7a—k, 9, 11a, b). The results are summa-
rized in Table 1. Ester (6d) had insignificant binding to both
ET, and ETg receptors at the concentration examined,
whereas the corresponding acid (7d) exhibited significant
binding affinities with IC, values of 1.9 um for the ET, re-

ceptor and 12 um for the ET receptor. These results demon-
strate that the carboxylic acid moiety at the 3-position was
important for ET receptor binding. With respect to the sub-
stituents at the 1-position, butyl (7a) and o-methoxy-
phenethyl (7b) derivatives were less potent than the o-
methoxybenzyl derivative (7d). Therefore, substituted benzyl
derivatives were next examined. Deletion of the o-methoxy
moiety on the phenyl ring of 7d (7¢) caused ca. 5-fold de-
crease in the affinities for both ET, and ETj receptors.
Transposition of the methoxy group of 7d into the meta posi-
tion (7e) maintained comparable affinities to 7d, but transpo-
sition to the para position (7f) decreased binding affinities.
In the series of ortho-substituted benzyl derivatives, electron-
donating substituents tended to improve binding affinities.
Methyl (7g) and methylamino (9) derivatives were almost
equipotent to 7d. Moreover, the methylthio derivative (7k)
had 3-fold higher affinity compared with 7d. On the other
hand, bulky and electron-withdrawing substituents, such as
methylsulfinyl (11a) and methylsulfonyl (11b) derivatives,
reduced affinities.
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Table 1. SAR of Thieno[2,3-d]pyrimidine-3-acetic Acids at the 1- and 3-
Positions
Me 0
MeOM N"co.R?
S r‘q (o]
R
ICy (M)
Compd. R! R?
ET, (Sf9) ETy (S9)
7a Bu H 160 230
7b m H 31 76
Te (H H 11 40
7d 2-OMe H 1.9 12
6d 2-OMe Et >20 >20
Te 3-OMe H 5.1 16
7f 4-OMe H 110 120
7g 2-Me H 1.8 14
7h % ] R= < 2-F H 5.1 20
7i R 2-CN H 13 63
7 2-NO, H 18 67
9 2-NHMe H 1.2 6
7k 2-SMe H 0.71 6.8
11a 2-SOMe H 170 440
11b \2-SO,Me H 100 190

a) All data are expressed as means of three or more determinations.

Table 2 shows the effects of substituents on the phenyl
group at the 6-position on receptor affinities. In the series
of 1-position o-methoxybenzyl derivatives, 6-(p-methoxy-
phenyl) derivative (7d) was the most potent compound, in
comparison with 6-phenyl (7m), 6-(o-methoxyphenyl) (71),
and 6-(m-methoxyphenyl) (16a) derivatives. This result led
us to examine 6-(p-substituted)phenyl derivatives. In the se-
ries of I-position o-methylthiobenzyl derivatives, introduc-
tion of a p-alkoxy group into the 6-phenyl ring enhanced
binding affinities. The affinities increased in the order of hy-
droxy (20a)<methoxy (7k)<butoxy (20c)<propoxy (20b).
Replacement of the 2-methylene moiety in the 4-propoxy
group of 20b with an oxygen (20d, IC,, values of 0.085 um
for the ET, receptor and 0.92 um for the ETy receptor) or a
sulfur atom (20e, IC;, values of 0.066 um for the ET, and
0.66 um for the ETy) markedly enhanced binding affinities.
However, replacement of the phenolic oxygen of 20d with
methylene (16b), or the methoxyl oxygen of 20d with a car-
bonyl moiety (20f) resulted in loss of this effect. Moreover,
ketone (23) and amide (28) were 10- and 480-fold less potent
than 20b in the affinity for the ET, receptor, respectively.
These results revealed that both the phenolic oxygen and the
other oxygen or sulfur atom of 20d and 20e were important
for high binding affinities, presumably due to the hydrogen
bond accepting characteristic of the methoxymethoxy and
methylthiomethoxy groups. In addition, the p-methoxy-
methoxy and p-methylthiomethoxy groups on the 6-phenyl
ring were stable and no degradation of 20d and 20e was ob-
served in this binding experiment [Tris~HCI, pH=7.2] (data
not shown).

The structure-activity relationship (SAR) of the sub-

Vol. 46, No. 11

Table 2. SAR of Thieno[2,3-d]pyrimidine-3-acetic Acids at the 1- and 6-
Positions
Me, 't
A N COH
n=/ S NS0
R1
ICs, (um)?
Compd. R! R?
ET, (Sf9) ETy (SP)

7m MeO H 12 39
7d MeO 4-OMe 1.9 12
16a MeO 3-OMe 130 94

7 MeO 2-OMe 90 130
Tk MeS 4-OMe 0.71 6.8
20a MeS 4-OH 1.6 11
20b MeS 4-OPr 0.25 2.6
20c MeS 4-OBu 0.49 4.5
20d MeS 4-OCH,OMe 0.085 0.92
20e MeS 4-OCH,SMe 0.066 0.66
20f MeS 4-OCH,COMe 0.4 7.1
23 MeS 4-COPr 24 13
16b MeS 4-CH,CH,OMe 1.9 11

27 MeS 4-NH, 4.0 12
28 MeS 4-NHCOEt 120 77

a) All data are expressed as means of three or more determinations.

Table 3. SAR of Thieno[2,3-d]pyrimidine-3-acetic Acids at the 5-Position

o™ O%f“

MeS
ICy, (um)?
Compd. R
ET, (S9) ET;, (S19)

20d H 0.085 0.92
31 NH, 0.62 3.8
32a NHCOMe 0.018 0.57
32b NHCOEt 0.047 1.0
32¢ NHCOPr 0.036 0.7
32d NHCOBu 0.18 1.6
32e NHCOPh 1.5 0.54
32f NHCONHEt 0.069 2.0
32¢g NHSO,Me 0.0076 0.10
32h NHSO,Et 0.0061 0.054
32i NHSO,Pr 0.022 0.047
32j NHSO,Ph 2.1 3.7
34 N(Me)SO,Me 0.42 0.13

a) All data are expressed as means of three or more determinations.

stituents at the 5-position was investigated, whereby the p-
methoxymethoxyphenyl moiety was used as the substituent
at the 6-position, which exhibited apparent in vitro antago-
nistic activities as discussed later (Table 3). Although intro-
duction of an amino moiety to the 5-methyl group of 20d
(31) attenuated binding affinities, acylation of the amino-
methyl group of 31 (32a—c) tended to enhance activities. In-
troduction of a larger acyl group, as in the case of 32d and
32e, tended to decrease activities. In addition, the ethylureido
derivative (32f) was 2-fold less potent than the butyrylamino
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Table 4. In Vitro Antagonistic Activities and Binding Affinities of Thieno[2,3-d ]pyrimidine-3-acetic Acids for the ET Receptor Subtypes

Relaxation (%)

Binding affinity

Compd. Artery (ET-1 3 nm)® Vein (S6¢ 1 nm)?
Concentration (um)" Concentration (um)” 1C,, (mm)?

0.01 0.1 1 10 0.01 0.1 1 10 ET, ETy
TAK-044 67 87 54 98 0.82 118
Bosentan 0 62 93 28 48 88 7 240
20d 39 499 589 999 85 920
20e 09 669 66 660
32g 367 667 1009 7.6 100
32h 339 539 98 6.1 54
32i 09 66 99¢) 22 47

All data are expressed as means of three or more determinations. a) Percentage values in relaxation of isolated porcine coronary artery constricted by ET-1 at 3nm.
b) Percentage values in relaxation of isolated porcine coronary vein constricted by sarafotoxin S6é¢ at 1nm. c¢) Concentrations of the compound used in these experiments.
d) IC,, values of ['®IJET-1 binding to the cloned human ET, and ETy, receptors (Sf9). e) These data were obtained using the corresponding potassium salts of the test com-

pounds.

derivative (32¢). In the case of sulfonamide derivatives, a
tendency similar to the results described for the acylamino
derivatives was observed. Small alkyl sulfonamides (32g—i)
were more potent than 20d, whereas the phenylsulfony-
lamino derivative (32j) was less potent than 20d. Further-
more, N-methylation of the methylsulfonylamino moiety (34)
decreased affinity for the ET, receptor compared with 32g.
The methylsulfonylamino (32g, IC,, values of 0.0076 um for
the ET, and 0.10 um for the ETy) and the ethylsulfonylamino
(32h, IC,, values of 0.0061 um for the ET, and 0.054 um for
the ETy) derivatives had the optimum ET receptor binding
affinities in this series. The propylsulfonylamino derivative
(32i) had the most potent activity for the ET receptor (ICs,
value of 0.047 um) in this assay.

Next, the in vitro antagonistic activities of the compounds
(20d, e, 32g, h, i) were examined. As already mentioned, the
ETy receptor mediates both vasoconstriction and vasodila-
tion. Taking into account the relationship between ETs and
chronic diseases, the inhibitory effects of these compounds
on vasoconstriction mediated by ET, and ETj receptors were
evaluated. Artery constriction is predominantly mediated by
the ET, receptor, and vein constriction is mediated predomi-
nantly by the ETj receptor.”’ Inhibition of constriction of ring
preparations of porcine coronary artery induced by ET-1 and
that of vein preparations induced by sarafotoxin S6¢ was in-
vestigated.

Table 4 shows the in vitro antagonistic activities and bind-
ing affinities of TAK-044, bosentan, and thieno[2,3-d Jpyrim-
idine-3-acetic acids (20d, e, 32g, h, i). Bosentan, 20d, 32g,
and 32h at 1 um caused 62, 3, 36, and 33% relaxation of pre-
constricted artery, respectively. Moreover, bosentan, 20d,
20e, 32g, 32h, and 32i at 1 um caused 48, 58, 66, 100, 98,
and 99% relaxation of pre-constricted vein, respectively. In-
hibition of the effects mediated by the ET receptor by com-
pounds 32g, 32h, and 32i was more potent than with bosen-
tan, whereas for the effects mediated by the ET, receptor,
32g and 32h were slightly less potent than bosentan. With
compounds 20d, 20e, 32¢g, 32h, and 32i, the order of the po-
tencies of relaxation of the artery and vein almost corre-
sponded to those of the binding affinities for the cloned ET,
and ETjy receptor subtypes, respectively. The ability of all
compounds to relax vein was more potent than the ability to
relax artery. On the other hand, the affinities of all com-

pounds for the ET, receptor are higher than those for the
ETg receptor.

These results suggest that compounds 32g, 32h, and 32i
are selective ETy antagonists in the functional assay, but non-
selective ET antagonists in the receptor binding assay. Re-
cently, intensive studies have suggested that there are phar-
macologically discernible ETg receptor subtypes and/or
major species differences.®*? The cloned human ETj recep-
tor was used for the binding assay, but a ring preparation of
porcine coronary vein was used for the functional assay. This
might explain the difference between binding affinity and an-
tagonistic activity for the ETy receptor, but the details remain
unclear.

In summary, we selected a thieno[2,3-d]pyrimidine-2,4-
dione nucleus bearing a phenyl ring as a scaffold, and intro-
duced a carboxyl group and aromatic rings, which were im-
portant for receptor binding, to this bicyclic heterocycle.
SAR studies of the lead compound (7d) led to the discovery
of novel and potent nonpeptide ET antagonists, 32g, 32h,
and 32i. These compounds represent a new class of nonpep-
tide ET antagonists possessing potent ET} antagonistic activ-
ities.

Experimental

Chemistry  All melting points were determined on a Yanagimoto micro
melting point apparatus and are uncorrected. The proton nuclear magnetic
resonance (‘'H-NMR) spectra were recorded on either a Varian Gemini-200
(200MHz) or a JEOL JNM-LA300 (300 MHz) spectrometer. Chemical
shifts are given in & values (ppm) using tetramethylsilane as the internal
standard. The following abbreviations are used: s=singlet, d=doublet, t=
triplet, q=quartet, quint=quintet, sext=sextet, m=multiplet, dd=doublets
of doublet, brs=broad singlet. The infrared (IR) spectra were recorded on a
JACSO FT/IR-7000 spectrometer. FAB mass spectra were recorded on a
JEOL JMS-HX110. Elemental analyses were within =0.3% of theoretical
values and were determined in Takeda Research Analytical Laboratories,
Osaka. Flash chromatography was performed with Merck silica gel 60 (Art.
9385, 230—400 mesh). The yields were not optimized.

Ethyl 2-Amino-5-(4-methoxyphenyl)-4-methylthiophene-3-carboxylate
(4a) A mixture of 4-methoxyphenylacetone 3a (16.5g, 0.10mol), ethyl
cyanoacetate (12.2 g, 0.10 mol), ammonium acetate (1.55 g, 20 mmol), acetic
acid (4.6ml, 80 mmol), and benzene (20ml) was refluxed for 24h while
water was azeotropically removed using Dean—Stark apparatus. After re-
moval of the solvent in vacuo, the residue was diluted with CH,CIl, and
washed with aqueous NaHCO, and brine. The organic layer was dried
(MgS0,) and concentrated in vacuo to give a dark brown oil, which was dis-
solved in EtOH (30 ml). To the solution were added sulfur powder (3.21g,
0.10mol) and diethylamine (10.4ml, 0.10 mol). The reaction mixture was
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Table 5. Physicochemical Data of Ethyl 2,4-Dioxo-1,2,3,4-tetrahydrothieno[2,3-d |pyrimidine-3-acetates
Analysis (%)
: mp (°C)
Compd. ‘E},Zl)d Recryst. Formula Caled (Found) 'H-NMR (in CDCL,) §
solvent? C H N
6a 81  1345—136  C,,H,N,0,S 6138 6.09 6.51 0.98 3H, t, J=7.6 Hz), 1.30 (3H, t, J=7.1 Hz), 1.43 (2H, sext, J=7.6 Hz),
EA-H (6136 624 6.36) 1.80(2H, quint, J=7.6 Hz), 2.50 (3H, s), 3.86 (3H, s), 3.96 (2H, t, J=
7.6Hz), 4.24 (2H, q, J/=7.1 Hz), 4.78 (2H, s), 6.97 (2H, d, J=8.8 Hz),
7.36 (2H, d, /=8.8 Hz)
6b 81 113—115  C,;H,,N,0,8 6376 555 5.51 1.31 3H, t,J=7.2Hz), 2.48 (3H, 5), 3.11 (2H, t, J/=7.7Hz), 3.85 (3H, 5),
EA-H (63.72 540 531) 3.86 (3H,s),4.14 (2H, t,J=7.7Hz), 4.25 (2H, q, J=7.2 Hz), 4.79 (2H, s),
6.82—7.33 (8H, m)
6¢ 81 126—128  C,;H,,N,O,S 64.64 521 6.03 1.31 3H,t,J=7.2Hz), 2.48 (3H, s), 3.84 (3H, s), 4.26 (2H, q, /=7.2 Hz),
EA-H (6465 544 577) 483(2H,s),5.19 (2H,s), 6.94 (2H, d, J=8.8 Hz), 7.30—7.38 (7H, m)
6d 78 141—142  C,H,N,0O,S 63.14 530 5.66 1.30 3H, t, J=7.2Hz), 2.49 (3H, s), 3.83 (3H, s), 3.87 (3H, 5), 4.25 (2H,
EE-H (63.01 548 548) q,/=7.2Hz),4.83(2H,s), 5.24 (2H, s), 6.86—6.96 (4H, m), 7.09—7.14
(1H, m), 7.22—7.31 (3H, m)
6e 91 144—145  C,H,N,0,S 63.14 530 5.66 1.30 3H, t,J=7.1Hz), 2.48 (3H, s), 3.79 (3H, s), 3.84 (3H, 5), 4.25 (2H,
EA-EE (6293 538 559) q,J=7.1Hz),4.83 (2H,s),5.16 (2H, s), 6.80—6.97 (5H, m), 7.22—7.32
(3H, m)
6f 87 167—168  C,iH,N,0,S 63.14 530 5.66 1.30 3H, t,J=7.1Hz), 2.47 (3H, s), 3.78 (3H, s), 3.84 (3H, 5), 4.25 (2H,
EA-EE (62.88 528 540) q,J=7.1Hz),4.82(2H,s), 5.12 (2H, s), 6.86 (2H, d, /=8.8 Hz), 6.94
(2H, d, J=8.8 Hz), 7.29 (2H, d, /=8.8 Hz), 7.35 (2H, d, /=8.8 Hz)
6g 78 127—128.5  C,qHy,N,0,S 65.25 548 5.85 1.31 (3H, t, J=7.2Hz), 2.40 (3H, 5), 2.50 (3H, s), 3.83 (3H, s), 4.25 (2H,
EA-H (6521 527 5.66) q,/=72Hz),4.85(2H,s), 522 (2H,s), 6.90—7.29 (8H, m)
6h 77 125—127  C,H,FN,0O,S  62.23 4.80 5.81 1.31 3H, t, J=7.2Hz), 2.49 (3H, s), 3.84 (3H, s), 4.26 (2H, q, /=7.2 Hz),
EA-H (6242 489 593) 4.84(2H,s), 5.28 (2H, s), 6.93 (2H, d, J=8.9 Hz), 7.05—7.15 (2H, m),
7.25—7.31 (4H, m)
6i 80 176—177  C,H;N;0,S 63.79 474 8.58 1.32 (3H, t,J=7.2Hz), 2.50 (3H, s), 3.84 (3H, 5), 4.26 (2H, q, J=7.2 Hz),
EA-H (63.84 484 8.41) 4.85(2H,s), 546 (2H, s), 6.93 (2H, d, /=9.0Hz), 7.28 (2H, d, /=9.0 Hz),
7.30—7.74 (4H, m)
6j 62 154—156  C,H,;N;0,8 5893 455 825 1.31 (3H, t,J=7.2Hz), 2.53 (3H, s), 3.83 (3H, s), 4.25 (2H, q, J=7.2 Hz),
EA-H (5878 446 826) 4.83(2H,s),5.65(2H,s), 6.92 (2H, d, J=8.8 Hz), 7.27 (2H, d, /=8.8 Hz),
7.22—8.21 (4H, m)
6k 88 144—145  C,H,N,0,S, 61.16 513 549 1.30 3H, t,J=7.1 Hz), 2.53 (3H, s), 3.87 (3H, s), 4.25 (2H, q, J=7.1 Hz),
E (60.98 534 534) 4.83(2H,s),5.25(2H,s), 6.87—6.94 (2H, m), 7.10—7.15 (1H, m), 7.23—
7.44 (6H, m)
61 90 147—148  C,iH,N,O.S 6291 532 564 1.30 (3H, t, J= 7.1 Hz), 2.36 (3H, s), 3.80 (3H, s), 3.86 (3H, s), 4.25 (2H,
EA -0.1H,0 (62.73 529 548) q,J=7.1Hz),4.83 (2H,s), 5.24 (2H, s), 6.86—7.02 (4H, m), 7.12—7.39
(4H, m)
6m 89 151152 C,sH,N,0,8 6464 521 6.03 1.30 (3H, t, J=7.1 Hz), 2.53 (3H, s), 3.87 (3H, s), 4.25 2H, q, /=7.1 Hz),
EA (6472 521 623) 4.83(2H,s),5.25 (2H, s), 6.87—6.94 (2H, m), 7.10—7.15 (1H, m),
7.23—7.44 (6H, m)
22 91 124—125  C,gH4N,0sS, 62.85 565 4.385 1.01 3H,t,J=7.3Hz), 1.31 (3H, t,J=7.1 Hz), 1.78 (2H, q, J=7.3 Hz),
EA-EE 0.3EtOAc (62.56 5.46 4.54) 2.54 (3H,s),2.58 (3H, s) 2.94 (2H, t, J=7.3 Hz), 4.26 (2H, q, J/=7.1 Hz),

4.80 (2H, s), 5.36 (2H, ), 7.01—7.36 (4H, m), 7.44 (2H, d, /=8.4 Hz),
7.98 (2H, d, J=8.4 Hz)

a) Recrystallization solvent: EA=ethyl acetate, EE=ethyl ether, E=ethanol, H=hexane.

stirred at 60 °C for 2 h. After evaporation of the solvent in vacuo, the residue
was diluted with water and extracted with EtOAc. The extract was washed
with brine and dried (MgSO,). The solution was concentrated in vacuo and
the residue purified by flash column chromatography (CH,Cl,). The result-
ing oily product was crystallized from ether-hexane to give 4a (11.5 g, 40%)
as pale yellow plates, mp 79—80°C. 'H-NMR (CDCl,) &: 1.37 (3H, t,
J=7.1Hz), 2.28 (3H, s), 3.83 (3H, s), 4.31 (2H, q, J=7.1Hz), 6.05 (2H,
brs), 6.91 (2H, d, /=8.8 Hz), 7.27 (2H, d, /=8.8 Hz). IR (KBr): 3426, 3328,
1651, 1586, 1550, 1505, 1485cm™'. FAB-MS m/e: 291 (M*). Anal. Calcd
for C,;H;;NO,S: C, 61.83; H, 5.88; N, 4.81; S, 11.01. Found: C, 61.81; H,
5.75; N, 4.74; S, 10.82.

Compounds 4b and 4¢ were prepared from 3b and 3¢ by a similar proce-
dure to that used for the preparation of 4a, in 12 and 47% yields, respec-
tively. 4b: mp 70—71 °C (from ether-hexane). 'H-NMR (CDCL,) §: 1.36
(3H, t, J=7.1Hz), 2.16 (3H, s), 3.82 (3H, s), 4.30 (2H, q, J=7.1 Hz), 6.05
(2H, brs), 6.93—7.01 (2H, m), 7.22—7.36 (2H, m). Anal. Calcd for
C,sH;;NO,S: C, 61.83; H, 5.88; N, 4.81; S, 11.01. Found: C, 61.97; H, 5.88;
N, 4.83; S, 11.06. 4¢: mp 105—106°C (from ether—hexane). 'H-NMR
(CDCL) 6: 1.37 (3H, t, J=7.1 Hz), 2.30 (3H, s), 4.32 (2H, q, J=7.1Hz),
6.12 (2H, s), 7.21 (2H, d, /=8.4Hz), 7.49 (2H, d, /=8.4 Hz). FAB-MS m/e:
339 (M*, ¥Br), 341 (M", *Br). 4nal. Calcd for C ,H,,BrNO,S: C, 49.42;

H, 4.15; N, 4.12; S, 9.42. Found: C, 49.43; H, 4.06; N, 4.13; S, 9.46.

Ethyl 2-Amino-4-methyl-5-phenylthiophene-3-carboxylate (4d) A mix-
ture of 4¢ (10g, 29.4mmol) and sodium acetate (4.90g, 59.7mmol) in
MeOH (300 ml) was hydrogenated over 10% palladium-charcoal (contain-
ing 50% H,0, 1.0 g) with vigorous stirring at room temperature for 5h. The
reaction mixture was filtered through Celite and the filtrate was concentrated
in vacuo. The residue was diluted with water and extracted with CHCI,. The
extract was washed with brine and dried (MgSO,). The solution was concen-
trated in vacuo to give the product (7.40 g, 96%) as a pale yellow oil. Crys-
tallization from ether-hexane afforded colorless needles, mp 64—65°C
(1it.” mp 95°C). '"H-NMR (CDCL,) &: 1.37 3H, t, J=7.1 Hz), 2.33 3H, s),
4.32 (2H, q, J=7.1 Hz), 6.09 (2H, br), 7.24—7.42 (5H, m). IR (KBr): 3388,
3278, 1665, 1584, 1549, 1481 cm™". Anal. Caled for C,HsNO,S: C, 64.34;
H, 5.79; N, 5.36. Found: C, 64.51; H, 5.77; N, 5.29.

Ethyl 6-(4-Methoxyphenyl)-5-methyl-2,4-dioxo-1,2,3,4-tetrahydroth-
ieno[2,3-d|pyrimidine-3-acetate (5a) A mixture of 4a (5.0 g, 17.2 mmol)
and ethyl isocyanatoacetate (2.9 ml, 25.8 mmol) in pyridine (20ml) was
stirred at 45 °C for 3 h. After evaporation of the solvent in vacuo, the residue
was dissolved in absolute EtOH (30 ml). To this solution was added ethano-
lic sodium ethoxide [prepared from sodium (0.79 g, 34.3 mmol) and absolute
EtOH (30 ml)]. After being stirred at room temperature for 1.5 h, the mixture
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Table 6. Physicochemical Data of 2,4-Dioxo-1,2,3,4-tetrahydrothieno[2,3-d |pyrimidine-3-acetic Acids

) mp (°C) Analysis (%)
Compd. Y‘x)eld Recryst. Formula Caled (Found) 'H-NMR §
%) solvent?
C H N
7a 96 195—197  C,H,N,058 59.69 551 6.96  0.94(3H,t,J=7.2Hz), 1.37 (2H, sext, J=7.2 Hz), 1.68 (2H, quint, J=7.2
E (59.57 538 6.80) Hz),2.44(3H,s),3.83 (3H, s), 3.95 (2H, t, J=7.2 Hz), 4.58 (2H, s), 7.07
(2H, d, J=8.8 Hz), 7.43 (2H, d, /=8 8 Hz)”
7b 82 2015203  C,H,,N,OS 6249 503 583 246 (3H,s),3.09 (2H,t,J=7.1Hz), 3.82 (3H, s), 3.84 (3H, ), 4.13 (2H,
E (6238 507 S5.71) t,J=7.1Hz),4.83 (2H, s), 6.79—7.31 (8H, m)”
Tc 78 194 CyH;0N,048 6329 462 642  249(3H,s),3.85(3H,s),4.91 (2H, s), 5.20 (2H, s), 6.94 (2H, d, J=9.0
E (63.06 4.57 6.51) Hz),7.31—7.38 (7H, m)®
7d 93 216—218  C,H,,N,08 61.79 475 6.00  2.41(3H,s),3.78 (3H,s), 3.85 (3H, 5), 4.61 (2H, 5), 5.14 (2H, s), 6.85—
EE-H (61.60 4.87 6.16)  6.92 (1H, m), 6.98—7.07 (4H, m), 7.25—7.36 (3H, m)”
Te 54 181—182  C,Hp,N,0,8 6062 4838 589  2.40(3H,s),3.72(3H,s),3.79 (3H, s), 4.63 (2H, 5), 5.17 (2H, s), 6.85—
EA-EE -0.5H,0 (60.76 474 5.87)  6.92(3H,m), 7.02 (2H, d, J=8.8 Hz), 7.23—7.36 (3H, m)”
7 81 193—195  C,,H,,N,0S 61.55 4.78 598  2.40(3H,s),3.72 (3H,s), 3.79 (3H, s), 4.62 (2H, s), 5.12 (2H, s), 6.91
E -0.1H,0 (61.26 4.83 590) (2H,d,J=8.8Hz), 7.03 (2H, d, /=8.8 Hz), 7.30 (2H, d, /=6.3 Hz), 7.35
(2H, d, J=6.3 Hz)”
7g 87  239—240  C,H,N,0,S 63.99 492 622  238(3H,s),2.48 (3H,s),3.82 (3H, s), 491 (2H, 5), 5.21 (2H, 5), 6.88—
E (63.92 497 629) 7.27(8H, m)?
7h 59 196—197  C,,H,FN,0,S 60.78 421 6.16  2.49(3H,s), 3.84 (3H, s), 4.91 (2H, s), 5.29 (2H, s), 6.94 (2H, d, J=8.8
E (60.73 424 6.06) Hz), 7.05—7.31 (6H, m)®
7i 71 260—262  C,H,jN;05S 62.22 417 907  2.42(3H,s),3.79 (3H, s), 4.61 (2H, s), 5.39 (2H, s), 7.00—7.93 (8H, m)”
E -0.1H,0 (61,92 423 8.90)
7 58 190—191  Cp,H,N,0,8 5738 398 873  245(3H,s),3.78 3H, s), 4.61 (2H, s), 5.56 (2H, ), 7.00 (2H, d, /=8.8
E (57.10 378 891) Hz),7.34 (2H, d, J=8.8 Hz), 7.26—8.23 (4H, m)?
7K 87 185—189  C,H,,N,0,S, 5893 529 490  2.50(3H,s),2.53 (3H, s), 3.83 (3H, 5), 4.92 (2H, s), 5.35 (2H, m), 6.89—
EA-H -0.1EtOAc (58.62 536 4.63)  7.32(9H, m)"
7 67 216—217.5 C,H,N,0O(S 61.55 478 598  2.24(3H,s),3.75 (3H, s), 3.84 (3H, 5), 4.62 (2H, 5), 5.13 (2H, 5), 6.85—
EE-H -0.1H,0 (61.39 479  6.00)  7.13 (5H, m), 7.22—7.45 (3H, m)?
7m 79 252—255  CyHyN,O.S8 63.03 465 639 246 (3H,s), 3.85(3H, s), 4.62 (2H, s), 5.16 (2H, s), 6.85—6.92 (1H, m),
EA -0.1H,0 (62.80 471 6.32)  7.02—7.07 (2H, m), 7.25—7.51 (6H, m)?
9 100 204—206  C,H,N,0,S 6192 498 9.03  2.45(3H,s),2.78 (3H, s), 3.81 (3H, s), 4.65 (2H, s), 5.07 (2H, s), 5.40
EA-H (61.66 5.02 8.82) (IH,s),6.53—6.65(2H, m), 6.82 (1H, d, J=7.2Hz), 7.03 (2H, d, /=8 .4
Hz), 7.17 (1H, t,J=7.2 Hz), 7.35 (2H, d, J=8.4 Hz)®
11a 67  223—224  C,H,N,0.S, 5782 445 562  245(3H,s),2.83 (3H,s), 3.81 (3H, s), 4.65 (2H, s), 5.24, 5.49 (each 1H,
E (5767 459 5.59)  ABq,J=16.7Hz), 7.05 (2H, d, J=8.8 Hz), 7.27 (1H, d, J/=7.6 Hz), 7.36
(2H, d, J/=8.8 Hz), 7.54 (1H, t, J=7.6 Hz), 7.64 (1H, t, J=7.6 Hz), 7.97
(1H, d, J=7.6 Hz)®
11b 96 142—145  C,H,N,0,S, 5590 4.69 501  2.47(3H,s),3.43 (3H, s), 3.80 (3H, s), 4.65 (2H, s), 5.67 (2H, 5), 7.03
EA-H -0.5EtOAc (5573 475 5.06) (2H,d,J=8.8Hz), 7.26 (1H, d, /=8.8 Hz), 7.36 (2H, d, /=8.8 Hz), 7.61—
7.73 (2H, m), 8.05 (1H, d, J=8.8 Hz)”
16a 84 221—222  C,H,N,08 61.55 478 598 246 (3H,s),3.78 (3H, s), 3.85 (3H, 5), 4.62 (2H, 5), 5.15 (2H, 5), 6.86—
EA-EE -0.1H,0 (6135 494 577)  6.97 (4H, m), 7.02—7.06 (2H, m), 7.27—7.39 (2H, m)*
16b 73 186—187  C,Hy,N,0sS,  60.10 524 539 247 (3H,s),2.57 (3H, s), 2.84 (2H, t, J=6.7H), 3.25 (3H, s), 3.56 (2H, t,
E -0.5H,0 (60.10 5.12 5.41) J=6.7H), 4.65(2H,s), 5.21 (2H, s), 6.97—7.42 (8H, m)”)
20a 72 244-246  C,H,N,05S, 5678 456 576  2.43(3H,s),2.57 (3H, s), 4.65 (2H, s), 5.21 (2H, 5), 6.84 (2H, d, J=8.8
EA-H (56.71 429 5.55) Hz),6.99 (1H, d, J=7.9Hz), 7.12—7.45 (5H, m), 9.76 (1H, s)*’
20b 78 185—188  C,H,N,0,S, 60.10 524 539  0.99 (3H,t,J=7.3Hz), 1.74 (2H, sext, /=7.3 Hz), 2.44 (3H, 5), 2.57
E -0.5H,0 (60.34 505 5.40) (3H,s),3.96 2H, d,J=7.3 Hz), 4.64 (2H, s), 5.21 (2H, s), 6.97—7.44
(8H, m)®
20c 72 178—180  C,;H,N,0,S, 61.81 538 534  0.98(3H,t,J=7.3Hz), 1.49 (2H, sext, J=7.3 Hz), 1.78 (2H, quint, J=
E (61.83 546 522) 7.3Hz),2.50(3H,s),2.53 (3H, s), 3.98 (2H, t, J=7.3 Hz), 4.92 (2H, s),
5.34 (2H, ), 6.88—7.32 (8H, m)”
20d 79 142—144  C,;H,,N,0.S, 57.57 4.83 537 243 (3H,s),2.55(3H,s), 3.38 (3H, s), 4.63 (2H, 5), 5.19 (2H, s), 5.21
EA-EE-H -0.5H,0 (5784 469 536) (2H,s), 6.96—7.17 (4H, m), 7.28—7.42 (4H, m)®
20e 79 152—154  C,H,,N,0,S, 56.80 4.58 530  2.18(3H,s), 243 (3H,s), 2.55 (3H, s), 4.63 (2H, 5), 5.20 (2H, 5), 5.30
EA-EE-H (56.52 4.62 5.29) (2H,s),6.96—7.18 (4H, m), 7.29—7.42 (4H, m)”
20f 78 285—290(d) C,H,N,O(S, 5612 4.44 493  2.17(3H,s),2.44 (3H,s), 2.57 (3H, s), 4.32 (2H, 5), 4.87 (2H, 5), 5.17
E ‘0.5CH,Cl, (5585 451 4.70) (2H,s),6.95—7.37 (8H, m)”
23 50 197—199  C,;H,N,0,S 61.84 504 534 094 (3H,t,J=72Hz), 1.66 (2H, q,J=7.2Hz), 2.55 (3H, s), 2.58 (3H,
E -0.1H,0 (61.64 S.09 5.32) s),3.02(2H,t,J=72Hz), 4.66 (2H, s), 5.24 (2H, s), 7.02 (1H, d, J/=7.7
Hz), 7.16 (1H, t, J=7.7Hz), 7.32—7.45 (2H, m), 7.58 (2H, d, J=8.2 Hz),
8.03 (2H, d, J/=8.2 Hz)®
27 70 >300 CyH,N,0,S, 4849 421 737  241(3H,s),2.56 (3H, s), 4.40 (2H, s), 5.16 (2H, s), 5.38 (2H, brs), 6.60
E -2.8HCI (4832 422 7.11) (2H,d,J=8.6Hz), 6.95—7.45 (6H, m)®
28 73 274—275  CoH,N,O.S, 5863 492 789  1.08(3H,t,J=7.5Hz),2.34 (2H, q,J=7.5Hz), 2.46 (3H, 5), 2.57 (3H, s),
E -0.5H,0 (58.71 490 7.79)  4.65(2H,s), 5.20 (2H, s), 6.98 (1H, d, J/=7.6 Hz), 7.15 (1H, t, J=7.6 Hz),

7.31—7.43 (4H, m), 7.68 (2H, d, J=8.6 Hz), 10.02 (1H, 5)”

NII-Electronic Library Service



1732 Vol. 46, No. 11
Table 6. (continued)
Analysis (%)
- mp (°C)
Compd. z:;)l)d Recryst. Formula Caled (Found) 'H-NMR §
solvent® c H N
31 100 >300 C,sHN,OS, 5396 511 7.44 2.54 (3H, s), 3.36 (3H, s), 3.88 (2H, 5), 4.45 (2H, ), 5.21 (2H, s), 5.22
EA -1.6H,0 (5376  5.00 7.34) (2H, s), 6.99-—7.15 (4H, m), 7.29—7.40 (4H, m)b)
32a 58 205—212  C,H,N;0,S, 5386 5.12 698 1.78 (3H, s), 2.55 (3H, s), 3.37 (3H, s), 4.36 (2H, s), 4.37—4.40 (4H, m),
EA-H -1.8H,0 (53.92 490 6.71) 5.19(2H,s),5.22 (2H, 5), 7.00—7.16 (4H, m), 7.34—7.41 (4H, m),
7.86—7.87 (1H, m)®
32 62 170—175  CuHuN;0,8, 5623 516 7.03 113 (3H,t,J=7.5Hz),221 2H, q,J=7.5Hz), 2.53 (3H, 5), 3.47 (3H, s),
M-EE -0.8H,0 (5620 527 721) 4.52(2H,d,J=6.6Hz), 4.94 (2H, s), 5.18 (2H, s), 5.35 (2H, s), 7.02—
7.34 (6H, m), 7.50 (2H, d, J=8.8 Hz)"
32¢ 69 170—172 C,0H;,N;0,8, 5741 532 693 0.92 3H, t,J=7.4Hz), 1.57—1.78 (2H, m), 2.13—2.17 (2H, m), 2.53
M -0.5H,0 (5726 543 6.75) (3H,s),3.47 (3H, s), 4.52 (2H, d, J=6.6 Hz), 4.95 (2H, 5), 5.18 (2H, s),
5.35(2H, s), 7.01—7.35 (6H, m), 7.50 (2H, d, /=8.5 Hz)
32d 96 177—179  C;H;3N;0,S, 5722 560  6.67 0.89 3H, t, J=7.3Hz), 1.26—1.38 (2H, m), 1.54—1.64 (2H, m), 2.17
M ‘H,0 (5726 535 6.86) (2H,t,J=7.7Hz),2.53 (3H, s), 3.47 (3H, s), 4.52 (2H, d, /=6.4 Hz),
4.95 (2H, s), 5.18 (2H, s), 5.36 (2H, s), 7.02—7.34 (6H, m), 7.50 (2H, d,
J=8.5Hz)?
32e 46 215218  C3,H,N;0,S, 5679 5.06 6.21 2.54 (3H, s), 3.35 (3H, s), 4.37 (2H, ), 4.60 (2H, 5), 5.19 (4H, 5), 7.03—
EA-H -2.5H,0 (56.51 479 6.25) 7.11 (4H, m), 7.28-—7.50 (7TH, m), 7.71 (2H, d, J=8.5 Hz), 8.56 (1H, t,
J=6.6Hz)"
32f 84 202—204  C,H,N,O,S, 5617 5.05 9.36 1.05 3H, t,J=7.2Hz), 2.52 (2H, 5), 3.07 (2H, g, J=7.2Hz), 3.47 3H, s),
M (55.97 527 9.38) 445(2H,s),4.88(2H,s),5.18 (2H, s), 5.35 (2H, ), 7.02—7.34 (6H, m),
7.48 (2H, d, J=8.6 Hz)”
32g 71 204206  CyuHyN,OS;  51.56 449 694  2.55(3H,s),2.89 (3H,s), 3.38 (3H, 5), 4.30 (2H, d, J=5.4 Hz), 4.67 (2H,
EA-EE (51.76  4.69 6.88) s),5.23(4H,s), 6.93 (1H, t,J=5.4Hz), 6.98—7.00 (1H, m), 7.09—7.17
(3H, m), 7.31—7.43 (4H, m)®
32h 80 125—128 C,;H,oN;0,S, 50.85 490 6.59 1.33 (3H, t,J=7.4Hz), 2.53 (3H, 5), 2.96 (2H, q, J=7.4Hz), 3.48 (3H, s),
EA-H ‘H,0 (51.15 478 6.54) 4.35(2H, d,J=6.6Hz),4.92 (2H,s), 5.19 (2H, 5), 5.36 (2H, s), 6.05 (1H,
t,J=6.6 Hz), 7.01—7.37 (8H, m)®
32i 93 123—124  C,Hy N;04S; 5232 502 654 0.98 (3H, t, /=7.2Hz), 1.77—1.78 (2H, m), 2.86—2.92 (2H, m), 2.53
EA-H -0.5H,0 (5221 487 6.51) (3H, s), 3.48 (3H, 5), 4.35 (2H, d, J=6.8 Hz), 4.92 (2H, s), 5.19 (2H, 5),
5.36 (2H, s), 6.04—6.05 (1H, m), 7.00—7.18 (5H, m), 7.32—7.37
(3H, m)?
32j 52 128129 C; HyoN;OgS; 55.02 447 6.21 2.54 (3H, s), 3.40 (3H, s), 4.19 (2H, d, J=5.4 Hz), 4.52 (2H, s), 5.13
IPE “0.5H,0 (5485 444 631) (2H,s),5.24 (2H, s), 6.87—7.55 (15H, m)?
34 93 200—204  C,H,N,O,S, 4878 516 6.32 2.54 (3H, s), 2.55 (3H, s), 2.84 (3H, s), 3.38 (3H, 5), 4.39 (2H, 5), 4.56
EA-EE -2.5H,0 (4860 495 6.27) (2H,s), 5.21 (4H, s), 7.03—7.15 (4H, m), 7.28—7.44 (4H, m)”

a) Recrystallization solvent: EA=ethyl acetate, EE=ethyl ether, E=ethanol, H=hexane, IPE=isopropyl ether, M=methanol.

was acidified with 2N HCI (20 ml, 40 mmol) and concentrated in vacuo (re-
moval of EtOH). The precipitate was collected by filtration, dried, and re-
crystallized from EtOH to give 5a (6.18 g, 96%) as colorless needles, mp
164—165°C. '"H-NMR (CDCL,) &: 1.30 (3H, t, J=7.2Hz), 2.45 (3H, s),
3.85 (3H, s), 4.26 (2H, q, /=7.2Hz), 4.78 (2H, s), 6.95 (2H, d, J=8.8 Hz),
7.31 (2H, d, /=8.8 Hz), 10.58 (1H, s). IR (KBr): 2914, 1742, 1713, 1655,
1605, 1568, 1528, 1499, 1450 cm™". Anal. Caled for C g H,gN,0;S: C, 57.74;
H, 4.85; N, 7.48. Found: C, 57.78; H, 5.03; N, 7.45.

Compounds 5b, d, and 13 were prepared by a similar procedure to that
used for the preparation of 5a, in 81, 86, and 88% yields, respectively. 5b:
mp 83—84°C (from ether-hexane). 'H-NMR (CDCl,) &: 1.29 (3H, t, J=
7.1Hz), 2.35 (3H, s), 3.83 (3H, s), 4.24 (2H, q, J=7.1Hz), 4.77 (2H, s),
6.96—7.05 (2H, m), 7.25—7.43 (2H, m), 10.47 (1H, s). Anal. Caled for
CsHsN,OsS-0.1H,0: C, 57.47; H, 4.88; N, 7.45. Found: C, 57.43; H, 4.90;
N, 7.33. 5d: mp 119—120°C (from EtOH). 'H-NMR (CDCl,) &: 1.30 (3H,
t, J=7.1Hz), 2.49 (3H, s), 4.26 (2H, q, J=7.1 Hz), 4.79 (2H, s), 7.35—7.47
(5H, m), 10.58 (1H, brs). 4nal. Caled for C,H;(N,0,S-0.1H,0: C, 58.91;
H, 4.94; N, 7.90. Found: C, 58.98; H, 4.72; N, 8.09. 13: mp 229—230°C
(from EtOH). 'H-NMR (CDCl,) &: 1.21 3H, t, J=.1Hz), 2.35 (3H, ), 4.14
(2H, q, J=7.1 Hz), 4.57 (2H, s), 6.74 (1H, s), 12.35 (1H, brs). Anal. Calcd
for C, H,;,N,0,8-0.5H,0: C, 47.65; H, 4.73; N, 10.10. Found: C, 47.90; H,
4.43; N, 10.07.

Ethyl 1-(2-Methoxybenzyl)-6-(4-methoxyphenyl)-5-methyl-2,4-dioxo-
1,2,3,4-tetrahydrothieno|2,3-d |pyrimidine-3-acetate (6d) A mixture of
Sa (0.60 g, 1.60 mmol), 2-methoxybenzyl chloride (0.51 g, 3.26 mmol), and
K,CO; powder (0.45 g, 3.26 mmol) in N,N-dimethylformamide (DMF, 7 ml)
was stirred at room temperature for 15h. After evaporation of the solvent in
vacuo, the residue was diluted with water and extracted with EtOAc. The ex-

b) inDMSO-d;. ¢) in CDCl,.

tract was washed with brine and dried (MgSO,). The solution was concen-
trated in vacuo and the residue purified by flash column chromatography
(EtOAc-hexane, 1:4 then 3:7). The resulting crystalline product was re-
crystallized from ether—hexane to give 6d (0.57 g, 72%) as colorless crys-
tals, mp 141—142°C. 'H-NMR (CDCly) 6: 1.30 (3H, t, J=7.2Hz), 2.49
(3H, s), 3.83 (3H, ), 3.87 (3H, 5), 4.25 (2H, q, J=7.2 Hz), 4.83 (2H, 5), 5.24
(2H, s), 6.86—6.96 (4H, m), 7.09—7.14 (1H, m), 7.22—7.31 (3H, m). IR
(KBr): 2982, 1756, 1710, 1665, 1607, 1562, 1535, 1477 cm™}. Anal. Calcd
for C,qHyN,04S: C, 63.14; H, 5.30; N, 5.66. Found: C, 63.01; H, 5.48; N,
5.48.

Compounds 6a—c, 6e—m, and 22 were prepared by a similar procedure
to that used for the preparation of 6d and their physicochemical data are
listed in Table 5.

1-(2-Methoxybenzyl)-6-(4-methoxyphenyl)-5-methyl-2,4-dioxo-1,2,3,4-
tetrahydrothieno[2,3-d|pyrimidine-3-acetic Acid (7d) To a solution of
6d (0.35g, 0.71 mmol) in MeOH (4 m!) and tetrahydrofuran (THF, 8 ml) was
added 1~ NaOH (3.6 ml, 3.6 mmol). After being stirred at room temperature
for 1.5h, the mixture was acidified with 1~ HCI (4ml, 4mmol) and ex-
tracted with EtOAc. The extract was washed with brine and dried (MgSO,).
After evaporation of the solvent in vacuo, the residue was crystallized from
ether-hexane to give 7d (0.31g, 93%) as colorless crystals, mp 216—
218°C. '"H-NMR (DMSO-d) &: 2.41 (3H, s), 3.78 (3H, s), 3.85 (3H, s),
4.61 (2H, s), 5.14 (2H, s), 6.85—6.92 (1H, m), 6.98—7.07 (4H, m), 7.25—
7.36 (3H, m). IR (KBr): 2966, 1731, 1702, 1659, 1607, 1562, 1535,
1479 cm™". Anal. Caled for C,,H,,N,0,S: C, 61.79; H, 4.75; N, 6.00. Found:
C,61.60; H, 4.87; N, 6.16.

Compounds 7a—¢, 7e—m, 9, 11a, b, 16a, b, 20a—f, 23, 27, 28, 31,
32a—j, and 34 were prepared by a similar procedure to that used for the
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Table 7. Physicochemical Data of Ethyl 5-Substitutedmethyl-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d Jpyrimidine-3-acetates

' mp (°C) Analysis (%)
Compd. Yield Recryst. Formula Caled (Found) 'H-NMR (in CDCl,) &
%) solvent® ’
C H N
30a 87 175—177 CuH,N,0,8, 5828 523 703  132(3H,t,J=7.2Hz), 196 (3H, s),2.53 (3H, 5), 3.47 (3H, 5), 4.28 (2H,
EA-H (5799 528 693) q,J=7.2Hz),4.51 (2H,d J=6.6Hz), 4.88 (2H,s), 5.18 (2H, 5), 5.35
(2H, s), 5.75 (1H, m), 7.02—7.34 (6H, m), 7.49 (2H, d, J=8.7 Hz)
30b 85 168—169 C,H,N,0,S, 5839 549 681  1.13(3H,tJ=7.5Hz), 1.32 3H,1,J=7.1 Hz),2.20 (2H, q,/=7.5Hz),
EA-H -0.3H,0 (5838 555 6.92) 2.53(3H,s),3.47 (3H,s),4.27 (2H, q, J=7.1Hz), 4.52 (2H, d, J=6.6
Hz), 4.87 (2H, 5), 5.18 (2H, 5), 5.35 (2H, 5), 7.02—7.15 (4H, m), 7.26—
7.34 (2H, m), 7.51 (2H, d, J=8.8 Hz)
30c 83 159—162  C,;H45N,0,8, 58.66 572 6.62 0.92 (3H, t,J=7.3Hz), 1.32 (3H, t, /=72 Hz), 1.70—1.71 (1H, m), 2.15
EA-H -0.5H,0 (58.74 5.54 6.55) (2H,t,J=7.3Hz),2.53 (3H,s),3.47 (3H, s), 427 (2H, q, J=7.2 Hz), 4.52
(2H, d, J=6.6 Hz), 4.88 (2H, s), 5.18 (2H, s), 5.35 (2H, 5), 7.01—-7.35
(6H, m), 7.50 (2H, d, J=8.5 Hz)
30d 96 163—165 C;,H3:N;058, 60.07 5.83 6.57 0.90 3H, t, J=7.3 Hz), 1.26—1.38 (5H, m), 1.52—1.62 (2H, m), 2.17
EA-H (5987 5.82 6.69) (2H,t,J=7.7Hz), 2.52 (2H, s),3.47 (3H, 5), 4.27 (2H, q, /=7.3 Hz), 4.52
(2H, 4, J=6.6 Hz), 4.86 (2H, 5), 5.18 (2H, 5), 5.35 (2H, ), 7.02—7.35
(6H, m), 7.50 (2H, d, J=8.6 Hz)
30e 90  Amorphous  C;H3N,0.S, 61.56 5.08 6.33 1.31 (3H, t, J=7.2Hz), 2.53 (3H, ), 3.48 (3H, 5), 4.28 (2H, q, J=7.2 Hz),
-0.2H,0 (61.52 497 637 4.73(2H,d,J=6.6Hz),4.91 (2H, s), 5.20 (2H, 5), 5.36 (2H, 5), 7.01—
7.14 (4H, m), 7.31—7.48 (5H, m), 7.58 (2H, d, /=8.5 Hz), 7.79 (2H, d,
J=7.1Hz), 8.28 (1H, t J=6.6 Hz)
30g 100 115—118 C,gH;N;O,S, 5348 5.08 6.54 1.33 (3H, t,J=7.1Hz), 2.53 (3H, s), 2.87 (3H, s), 3.48 (3H, 5), 4.27 (2H,
EA-H -0.1CH 4 (53.66 520 6.37) q,J=7.1Hz),4.37(2H, d, J=6.8 Hz), 4.85 (2H, s), 5.19 (2H, ), 5.36
(2H, 5), 6.07 (1H, t, J=6.8 Hz), 7.01—7.18 (4H, m), 7.27—7.36 (4H, m)
30h 86 153—155  C,gH33N;048, 5377 513 649 1.30—1.35 (6H, m), 2.53 (3H, s), 2.95 (2H, q, J=7.4 Hz), 3.48 (3H, s),
EA-H (53.58 522 6.24) 4.27(2H,q,J=7.2Hz),4.35 (2H, d, J=6.6 Hz), 4.85 (2H, 5), 5.19 (2H, s),
5.36 (2H, s), 6.07 (1H, t, J=6.6 Hz), 7.01—7.08 (4H, m), 7.29—7.37
(4H, m)
30 85 122123  CyHuN,0;8, 5445 533 635 098 (3H,t,J=7.2Hz), 1.32 3H,,J=7.2Hz), 1.77—1.78 (2H, m), 2.53
EA-H (54.19 531 6.18)  (3H,s), 2.88—2.89 (2H, m), 3.48 (3H, 5), 4.27 (2H, q, /=7.2 Hz), 4.35
(2H, d, J=6.9 Hz), 4.85 (2H, s), 5.19 (2H, s), 5.36 (2H, 5), 6.06 (1H, t,
J=6.9Hz), 7.01—7.37 (8H, m)
30 83  Amorphous 1.34 (3H, t, J=7.2 Hz), 2.52 (3H, s), 3.50 (3H, 5), 4.26—4.33 (4H, m),

4.82 (2H, s), 5.21 (2H, 5), 5.26 (2H, 5), 6.63 (1H, t, J=6.8 Hz), 6.97
(1H, d, J=7.2 Hz), 7.08 (2H, d, J=9.0 Hz), 7.14—7.20 (1H, m), 7.28—
7.60 (7H, m), 7.66 (2H, d, J=7.8 Hz)

a) Recrystallization solvent: EA=ethyl acetate, H=hexane.

preparation of 7d and their physicochemical data are listed in Table 6.

Ethyl 6-(4-Methoxyphenyl)-5-methyi-1-(2-methylaminobenzyl)-2,4-
dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidine-3-acetate (8) A mixture
of 6j (0.60g, 1.2mmol) and iron powder (0.36g, 6.1 mmol) in acetic acid
(25ml) was stirred at 80 °C for 2h. After cooling, the mixture was filtered
through Celite and the filtrate concentrated in vacuo. The residue was di-
luted with saturated NaHCO, and extracted with EtOAc. The extract was
washed with brine and dried (MgSO,), concentrated in vacuo, and the
residue purified by flash column chromatography (EtOAc-hexane, 3:7 then
4:6). The resulting crystalline product was recrystallized from EtOAc—
hexane to afford the 2-aminobenzy] derivative (0.445 g, 80%) as a colorless
crystalline powder, mp 138—140°C. 'H-NMR (CDCL,) 8: 1.30 (3H, t, J=
7.1 Hz), 2.47 (3H, s), 3.85 (3H, s), 4.25 (2H, q, J=7.1 Hz), 4.47 (2H, brs),
4.82 (2H, s), 5.16 (2H, s), 6.63—6.73 (2H, m), 6.96 (2H, d, /=8.8 Hz), 7.13
(1H, t, J=7.4Hz), 7.28—7.36 (3H, m). IR (KBr): 1754, 1705, 1636, 1562,
1528, 1502 cm™'. FAB-MS m/e: 480 (MH™).

To a solution of the 2-aminobenzyl derivative (0.30 g, 0.62 mmol) in THF
(5ml) was added acetic formic anhydride [prepared from acetic anhydride
(1ml, 10.6mmol) and formic acid (0.5ml, 13.3 mmol) according to the re-
ported procedure®®] at —20 °C. The mixture was stirred at the same temper-
ature for 30 min. The mixture was then concentrated in vacuo to give a white
powder which was dissolved in THF (5 ml). To the solution was added drop-
wise borane-methyl sulfide complex (0.25ml, 2.5 mmol) at 0°C. The reac-
tion mixture was stirred at room temperature for 30 min, and then gently re-
fluxed for 2 h. After cooling, MeOH (1 ml) was added at 0°C and the mix-
ture was stirred at room temperature for 1 h. The mixture was then treated
with ethanolic HCI to attain pH<2, and the resulting mixture was gently re-
fluxed for 0.5h. After addition of MeOH (20 ml), the mixture was concen-
trated in vacuo. The residue was diluted with saturated NaHCO, and ex-

tracted with EtOAc. The extract was washed with brine and dried (MgSQ,).
The solution was concentrated in vacuo and the residue purified by flash col-
umn chromatography (EtOAc—hexane, 1:4) to afford 8 (0.16g, 52%) as a
white solid. Recrystallization from EtOAc-hexane gave colorless crystals,
mp 188—189°C. 'H-NMR (CDCl,) §: 1.32 (3H, t, J=7.2 Hz), 2.46 (3H, s),
2.82 (3H, s), 3.85 (3H, s), 4.26 (2H, q, J=7.2 Hz), 4.83 (2H, s), 5.15 (2H, s),
6.59—6.69 (2H, m), 6.95 (2H, d, J=8.8 Hz), 7.21—7.36 (4H, m). IR (KBr):
3396, 1742, 1696, 1647, 1607, 1570, 1535 cm™". FAB-MS mf/e: 494 (MH™).
Anal. Caled for C,iH,sN,O4S: C, 63.27; H, 5.51; N, 8.51. Found: C, 63.20;
H, 5.69; N, 8.63.

Ethyl 6-(4-Methoxyphenyl)-5-methyl-1-(2-methylsulfinylbenzyl)-2,4-
dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidine-3-acetate (10a) To an
ice-cooled solution of 6k (0.35 g, 0.69 mmol) in CH,Cl, (10 ml) was added
dropwise a solution of m-chloroperbenzoic acid (50% purity, 0.26 g, 0.75
mmol) in CH,Cl, (10 ml). After 30 min at 0 °C, the mixture was diluted with
saturated NaHCO, and extracted with CH,Cl,. The extract was washed with
brine and dried (MgSO,). The solution was concentrated in vacuo and the
residue purified by flash column chromatography (CH,Cl,-MeOH, 20:1
then 10: 1) to give 10a (0.26 g, 72%) as a pale yellow amorphous powder,
mp 90—95°C. 'H-NMR (CDCLy) &: 1.30 (3H, t, J=7.1 Hz), 2.50 (3H, s),
2.83 (3H, s), 3.83 (3H, s), 4.25 (2H, q, J/=7.1Hz), 4.82 (2H, s), 5.19, 5.49
(each 1H, ABq, J=16.5Hz), 6.93 (2H, d, /=8.8 Hz), 7.23—7.28 (3H, m),
7.47 (1H, t, J=8.8 Hz), 7.57 (1H, t, J=8.8 Hz), 8.05 (1H, d, /=8.8Hz). [R
(KBr): 1748, 1709, 1665, 1609, 1564, 1535, 1477cm™". Anal. Caled for
CyeHN,0S, 0.2H,0: C, 58.89; H, 5.01; N, 5.28. Found: C, 58.89; H,
5.04; N, 5.22.

Compound 10b was prepared in 67% yield from 6k by essentially the
same procedure (using 2 eq of m-chloroperbenzoic acid) described for the
preparation of 10a, as pale yellow crystals (from EtOAc-hexane), mp 141—
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144 °C. '"H-NMR (CDCl,) &: 1.28 (3H, t, J=7.1 Hz), 2.53 (3H, s), 3.26 (3H,
s), 3.84 (3H, s), 4.23 (2H, q, J=7.1 Hz), 4.79 (2H, s), 5.64 (2H, s), 6.94 (2H,
d, /=8.9Hz), 7.22—7.32 (3H, m), 7.48—7.64 (2H, m), 8.11 (1H, d, J=
7.6Hz). IR (KBr): 1742, 1705, 1661, 1533, 1477, 1377cm™". Anal. Caled
for C,sH,N,O,S,: C, 57.55; H, 4.83; N, 5.16. Found: C, 57.64; H, 4.69; N,
5.16.

Ethyl 6-Bromo-1-(2-methoxybenzyl)-5-methyl-2,4-dioxo-1,2,3,4-tetra-
hydrothieno{2,3-d|pyrimidine-3-acetate (14a) A mixture of 13 (0.27 g,
1.01 mmol) and NBS (0.20g, 1.11mmol) in CHCI; (30ml) was heated
under reflux for 2.5 h. After cooling, the mixture was diluted with water and
extracted with CHCl;. The extract was washed with brine and dried
(MgSO,). After evaporation of the solvent in vacuo, the residue was purified
by flash column chromatography (EtOAc-hexane, 3 : 7 then 4:6) to give the
6-bromo derivative (0.31g, 90%) as pale yellow solid. Recrystallization
from EtOAc—hexane afforded colorless fine needles, mp 192—193 °C. 'H-
NMR (CDCly) é6: 1.33 (3H, t, J=7.1Hz), 2.39 (3H, s), 428 (2H, q,
J=7.1Hz), 4.75 (2H, s), 10.41 (1H, brs). FAB-MS m/e: 347 (MH*, Br),
349 (MH", *'Br).

To a mixture of the 6-bromo derivative (0.30 g, 0.86 mmol), K,CO, pow-
der (0.18 g, 1.30 mmol), and KI powder (72 mg, 0.43 mmol) in DMF (7 ml)
was added a solution of 2-methoxybenzyl chloride (0.16¢g, 1.02mmol) in
DMF (3 ml). After being stirred at room temperature for 16 h, the mixture
was concentrated in vacuo. The residue was diluted with water and extracted
with EtOAc. The extract was washed with brine and dried (MgSO,). After
removal of the solvent in vacuo, the residue was purified by flash column
chromatography (EtOAc-hexane, 1:4) to give 14a (0.38 g, 94%) as a white
solid. Recrystallization from EtOAc-ether-hexane afforded colorless crys-
tals, mp 124—126°C. 'H-NMR (CDCl,) &: 1.29 (3H, t, J=7.2Hz), 2.43
(3H, s), 3.88 (3H, s), 4.24 (2H, q, J=7.2Hz), 4.80 (2H, s), 5.17 (2H, s),
6.89—6.94 (2H, m), 7.10—7.13 (1H, m), 7.26—7.32 (1H, m). IR (KBr):
3422, 2972, 1748, 1707, 1669, 1560, 1501, 1475cm™'. Anal. Caled for
C\oH,oBIN,0,8 - 0.1C4H, : C, 49.46; H, 4.32; N, 5.89. Found: C, 49.39; H,
4.09; N, 6.09.

Compound 14b was prepared in 68% yield from 13 by the same proce-
dure described for the preparation of 14a as colorless crystals (from EtOAc—
hexane), mp 150—151°C. 'H-NMR (CDCl,) §: 1.30 (3H, t, J=7.1 Hz),
2.44 (3H, s), 2.55 3H, 5), 4.24 (2H, q, J=7.1 Hz), 4.82 (2H, s), 5.29 (2H, ),
6.97—7.34 (4H, m). IR (KBr): 1746, 1707, 1669, 1475 cm™". Anal. Calcd
for CjoH,oBIN,0O,S,: C, 47.21; H, 3.96; N, 5.80; S, 13.27. Found: C, 47.39;
H, 3.99; N, 5.86; S, 13.25.

Ethyl 1-(2-Methoxybenzyl)-6-(3-methoxyphenyl)-5-methyl-2,4-dioxo-
1,2,3,4-tetrahydrothieno[2,3-d | pyrimidine-3-acetate (15a) To a mixture
of 14a (0.26g, 0.56mmol), 3-methoxyphenylboronic acid (0.12g, 0.68
mmol), and 2M Na,CO; (1.40ml, 2.80 mmol) in 1,2-dimethoxyethane (10
ml) was added tetrakis(triphenylphosphine)palladium (0) (65mg, 0.056
mmol) under an argon atmosphere. The mixture was heated under reflux
with vigorous stirring under an argon atmosphere for 5h. After cooling, the
reaction mixture was diluted with EtOAc and filtered through Celite. The fil-
trate was diluted with water and extracted with EtOAc. The extract was
washed with brine and dried (MgSO,). After evaporation of the solvent in
vacuo, the residue was purified by flash column chromatography (EtOAc—
hexane, 1:4) to give 15a (0.22 g, 80%) as a pale yellow amorphous solid.
Crystallization from EtOAc-ether—hexane afforded colorless crystals, mp
140—141°C. 'H-NMR (CDCl,) &: 1.30 (3H, t, J=7.1Hz), 2.54 (3H, s),
3.82 (3H, 5), 3.87 (3H, s), 4.25 (2H, q, J=7.1 Hz), 4.83 (2H, 5), 5.25 (2H, s),
6.86—6.96 (SH, m), 7.10—7.14 (1H, m), 7.24—7.33 (2H, m). IR (KBr):
3438, 2976, 1748, 1709, 1661, 1593, 1562, 1531, 1495, 1473 cm™". Anal.
Caled for C,H,(N,0O.S: C, 63.14; H, 5.30; N, 5.66; S, 6.48. Found: C,
63.17; H, 5.35; N, 5.60; S, 6.58.

Compound 15b was prepared in 54% yield from 14b by the same proce-
dure described for the preparation of 15a as a colorless crystalline powder
(from EtOAc-hexane), mp 126—128°C. 'H-NMR (CDCly) 8: 1.30 (3H, t,
J=7.2Hz), 2.51 (GH, s), 2.54 3H, s), 2.89 (2H, t, J=6.9 Hz), 3.35 (3H, 5),
3.61 (2H, t, J=6.9Hz), 4.26 (2H, q, /=7.2Hz), 4.86 (2H, s), 5.34 (2H, s),
7.05—7.40 (8H, m). IR (KBr): 1754, 1709, 1663, 1477 cm™". Anal. Calcd
for C,gH,(N,O;S,: C, 62.43; H, 5.61; N, 5.20. Found: C, 62.32; H, 5.39; N,
5.09.

Ethyl 6-(4-Hydroxyphenyl)-5-methyl-2,4-dioxo-1,2,3,4-tetrahydrothi-
eno|2,3-d|pyrimidine-3-acetate (17) To an ice-cooled mixture of anhy-
drous aluminum chloride (2.90 g, 21.7 mmol) and dimethyl disulfide (2.45
ml, 27.2 mmol) in CH,Cl, (60 ml) was added dropwise a solution of 5a (2.0
g, 5.34 mmol) in CH,Cl, (40 ml) under a nitrogen atmosphere during 30 min.
After stirring at room temperature for 20 h, the mixture was poured into ice-
water and the resulting suspension was concentrated in vacuo. The concen-
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trate was diluted with water and extracted with EtOAc. The extract was
washed with brine and dried (MgSO,). The solution was concentrated in
vacuo, and the residue was purified by flash column chromatography
(EtOAc-hexane, 4 : 6 then 1: 1) to give 17 (1.64 g, 85%) as a white solid, mp
240—242°C. 'H-NMR (DMSO-d,) §: 1.22 (3H, t, J=7.1Hz), 2.37 (3H, s),
4.15 (2H, q, J=7.1Hz), 4.59 (2H, s), 6.85 (2H, d, J=8.6 Hz), 7.26 (2H, d,
J=8.6Hz), 9.73 (1H, s), 12.39 (1H, s). IR (KBr): 3356, 2992, 1720, 1690,
1667, 1611, 1593, 1568, 1537, 1502cm™". Anal. Caled for Cp;H (N,O,S-
0.1H,0: C, 56.38; H, 4.51; N, 7.73. Found: C, 56.28; H, 4.48; N, 7.64.

Ethyl 6-(4-Acetoxyphenyl)-5-methyl-1-(2-methylthiobenzyl)-2,4-dioxo-
1,2,3,4-tetrahydrothieno|2,3-d |pyrimidine-3-acetate (18) To a solution
of 17 (6.0g, 16.6mmol) in pyridine (100 ml) was added acetic anhydride
(32ml, 0.339mol). After stirring at room temperature for 3 h, the mixture
was concentrated in vacuo. The residue was diluted with aqueous HC1 and
extracted with EtOAc. The extract was washed with brine and dried
(MgS0,). The solution was concentrated in vacuo to give a pale orange
syrup, which was dissolved in DMF (60ml). To this solution were added
K,CO, powder (4.60g, 33.3mmol) and a solution of 2-methylthiobenzyl
chloride (5.80¢g, 33.6mmol) in DMF (20ml), and the reaction mixture
stirred at room temperature for 13 h. The mixture was concentrated in vacuo
and the residue was diluted with water. The resulting mixture was extracted
with EtOAc and the extract washed with brine and dried (MgSO,). After
evaporation of the solvent in vacuo, the residue was purified by flash column
chromatography (EtOAc-hexane, 1:3 then 3:7) to give 18 (6.02 g, 67%) as
an orange amorphous solid. 'H-NMR (CDClL,) &: 1.31 (3H, t, J=7.2Hz),
231 (3H, s), 2.52 (3H, s), 2.53 (3H, 5), 4.26 (2H, q, J=7.2 Hz), 4.85 (2H, 5),
5.34 (2H, s), 7.01—7.18 (4H, m), 7.23—7.38 (4H, m). IR (KBr): 2982,
1765, 1752, 1707, 1665, 1564, 1533, 1475cm™".

Ethyl 6-(4-Hydroxyphenyl)-5-methyl-1-(2-methylthiobenzyl)-2,4-dioxo-
1,2,3,4-tetrahydrothieno[2,3-d|pyrimidine-3-acetate (19a) To a solution
of 18 (6.0 g, 11.1 mmol) in MeOH (150 ml) and THF (200 ml) was added a
solution of K,CO; (3.10 g, 22.4 mmol) in H,O (70 ml). After stirring at room
temperature for 40 min, the mixture was acidified with 1~ HCI (50 ml) at
0°C and concentrated in vacuo. The concentrate was diluted with water and
extracted with EtOAc. The extract was washed with brine and dried
(MgSO0,). After evaporation of the solvent in vacuo, the residue was crystal-
lized from EtOAc—isopropyl ether to give 19a (4.33 g, 78%) as colorless
crystals, mp 177—178 °C. 'H-NMR (CDCL,) &: 1.32 (3H, t, J=7.2 Hz), 2.45
(3H, s), 2.52 3H, 5), 4.28 (2H, q, J=7.2 Hz), 4.87 (2H, 5), 5.28 (2H, 5), 5.75
(1H, s), 6.78 (2H, d, /=8.6 Hz), 6.97—7.14 (4H, m), 7.21—7.34 (2H, m).
IR (KBr): 3346, 2978, 1752, 1700, 1651, 1613, 1591, 1564, 1535, 1481
em™!, Anal. Caled for CysH,,N,0,8,-0.1H,0: C, 60.25; H, 4.89; N, 5.62; S,
12.87. Found: C, 60.09; H, 4.66; N, 5.57; S, 12.97.

Ethyl 6-(4-Methoxymethoxyphenyl)-5-methyl-1-(2-methylthicbenzyl)-
2,4-dioxo-1,2,3,4-tetrahydrothieno|2,3-d | pyrimidine-3-acetate (19d) To
an ice-cooled solution of 19a (0.50 g, 1.01 mmol) in DMF (4 ml) was added
sodium hydride (60% in oil, 43 mg, 1.08 mmol) under a nitrogen atmos-
phere. After stirring at 0°C for 30 min, chloromethyl methyl ether (0.15 ml,
1.97 mmol) was added to the mixture. The mixture was then stirred at room
temperature for 3h and concentrated in vacuo. The residue was diluted with
aqueous ammonium chloride and extracted with EtOAc. The extract was
washed with brine and dried (MgSO,), evaporated in vacuo, and the residue
purified by flash column chromatography (EtOAc-hexane, 1:3) to give 19d
(0.46 g, 85%) as a white amorphous solid. 'H-NMR (CDCL,) &: 1.30 (3H, t,
J=7.1Hz), 2.50 (3H, s), 2.53 (3H, 5), 3.48 (3H, s), 4.25 (2H, q, J=7.1 Hz),
4.85 (2H, s), 5.19 (2H, s), 5.34 (2H, s), 7.01—7.18 (4H, m), 7.22—7.35
(4H, m). IR (KBr): 2964, 1750, 1711, 1665, 1564, 1533, 1477 cm™".

Compounds 19b, ¢, e, f were prepared from 19a by a similar procedure to
that used for the preparation of 19d, in 84, 85, 77, and 48% yields, respec-
tively. 19b: mp 122—123°C (from EtOAc-hexane). 'H-NMR (CDCl,) &:
1.04 (3H, t, J=7.3Hz), 1.31 (3H, t, J=7.1 Hz), 1.82 (2H, sext, J=7.3 Hz),
2.50 (3H, s), 2.53 (3H, s), 3.93 (2H, t, J=6.5Hz), 4.26 (2H, q, J=7.1 Hz),
485 (2H, s), 534 (2H, s), 6.88—7.32 (8H, m). Anal. Caled for
CpH3N,0.S,: C, 62.43; H, 5.61; N, 5.20. Found: C, 62.24; H, 5.68; N,
5.06. 19¢: mp 85—88°C (from EtOAc-hexane). 'H-NMR (CDCly) 8: 0.98
(3H, t, J=7.7Hz), 1.31 (3H, t, J=7.1 Hz), 1.49 (2H, sext, J=7.7Hz), 1.78
(2H, quint, J=7.7Hz), 2.50 (3H, s), 2.53 (3H, s), 3.97 (2H, t, J=7.7 Hz),
4.25 (2H, q, J=7.1Hz), 4.85 (2H, s), 5.34 (2H, s), 6.90 (2H, d, J=8.8 Hz),
7.00—7.37 (6H, m). Anal. Caled for C,gH;,N,0,S,: C, 63.02; H, 5.84; N,
5.07. Found: C, 63.17; H, 5.94; N, 4.98. 19e: mp 110—111°C (from
EtOAc-ether-hexane). 'H-NMR (CDCly) 8: 1.30 (3H, t, J=7.1Hz), 2.26
(3H, s), 2.50 (3H, s), 2.53 (3H, s), 4.25 (2H, q, J=7.1 Hz), 4.85 (2H, 5), 5.16
(2H, s), 5.34 (2H, s), 6.94—7.18 (4H, m), 7.23—7.36 (4H, m). Anal. Calcd
for C,,H,eN,0,S;: C, 58.25; H, 5.07; N, 5.03; S, 17.28. Found: C, 58.20; H,
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5.22; N, 4.95; S, 17.07. 19f: mp 127—128°C (from EtOAc-hexane). 'H-
NMR (CDCly) &: 1.31 (3H, t, J=7.1Hz), 2.29 (3H, s), 2.50 (3H, s), 2.53
(3H, s), 425 (2H, q, J=7.1Hz), 4.56 (2H, s), 4.85 (2H, s), 5.33 (2H, s),
6.87—7.32 (8H, m). Anal. Calcd for C,gH,gN,0O,S,: C, 60.85; H, 5.11; N,
5.07. Found: C, 60.69; H, 5.05; N, 4.80.

Ethyl 6-(4-Butyrylphenyl)-5-methyl-2,4-dioxo-1,2,3,4-tetrahydrothieno-
[2,3-d]pyrimidine-3-acetate (21) To an ice-cooled mixture of 5d (0.39g,
1.10 mmol) in nitrobenzene (10 ml) were added successively aluminum chlo-
ride (0.63 g, 4.75 mmol) and butyryl chloride (0.21 ml, 2.20 mmol). The re-
action mixture was then stirred at 50 °C for 6 h. The mixture was poured into
ice-water and extracted with EtOAc. The extract was washed with brine and
dried (MgSO,). After removal of the solvent in vacuo, the residue was puri-
fied by flash column chromatography (EtOAc-hexane, 3: 1) to give 21 (0.05
g, 14%) as a pale yellow amorphous solid. '"H-NMR (CDCl,) é: 1.03 (3H, t,
J=72Hz), 1.32 3H, t, J=72Hz), 1.77 (2H, sext, J=7.2Hz), 2.54 (3H, s),
298 (2H, t, J=7.2Hz), 427 (2H, q, J=7.2Hz), 478 (2H, s), 7.51 (2H, 4,
J=84Hz), 8.02 (2H, d, J=8.4Hz), 10.20 (IH, s). FAB-MS m/e: 445
(MH™").

Ethyl 5-Methyl-6-(4-nitrophenyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno-
(2,3-d]pyrimidine-3-acetate (24) To an ice-cooled solution of 5d (2.20 g,
6.39 mmot) in concentrated sulfuric acid (12 ml) was added dropwise a solu-
tion of sodium nitrate (0.55g, 6.47mmol) in concentrated sulfuric acid
(15ml) over 10 min. The mixture was stirred at 0 °C for 1h and then poured
into ice-water and extracted with EtOAc. The extract was washed with brine
and dried (MgSO,). After evaporation of the solvent in vacuo, the residue
was purified by flash column chromatography (EtOAc-hexane-CH,Cl,
1:2:2) to give 24 (1.30g, 52%) as a yellow solid. Recrystallization from
EtOAc-hexane afforded yellow crystals, mp 277—280°C. 'H-NMR
(CDCLy) &: 1.33 (3H, t, J=7.2Hz), 2.56 (3H, s), 4.28 (2H, q, J=7.2 Hz),
4.79 (2H, s), 7.57 (2H, d, J=8.8Hz), 8.30 (2H, 4, J=7.2Hz), 10.66 (1H,
brs). IR (KBr): 1748, 1663, 1522, 1460, 1348cm™'. Anal. Caled for
C,.H;sN;0S-0.4H,0: C, 51.48; H, 4.01; N, 10.59. Found: C, 51.64; H,
3.79; N, 10.61.

Ethyl 6-(4-Aminophenyl)-5-methyl-1-(2-methylthiobenzyl)-2,4-dioxo-
1,2,3,4-tetrahydrothieno[2,3-d |pyrimidine-3-acetate (25) A mixture of
24 (3.30g, 8.47mmol), 2-methylthiobenzy!l chloride (1.76¢g, 10.2mmo}),
K,CO, powder (1.76¢, 12.7mmol), and KI powder (0.28 g, 1.69 mmol) in
DMF (100ml) was stirred at room temperature for 48h. The mixture was
concentrated in vacuo, and the residue was diluted with water and extracted
with EtOAc. The extract was washed with brine and dried (Na,SO,). After
removal of the solvent in vacuo, the residue was purified by flash column
chromatography (CH,Cl,) to afford the 2-methylthiobenzyl derivative (2.80
g, 69%) as a yellow amorphous solid. 'H-NMR (CDCly) &: 1.32 (3H, ¢,
J=7.2Hz), 2.54 (3H, s), 2.60 (3H, s), 4.26 (2H, q, J=7.2 Hz), 4.85 (2H, s),
536 (2H, s), 7.01—7.36 (4H, m), 7.51 (2H, d, J=8.9Hz), 8.25 (2H, d,
J=8.9 Hz).

A mixture of the 2-methylthiobenzyl derivative (3.0 g, 5.71 mmol), con-
centrated hydrochloric acid (2.0ml), and iron powder (1.2 g, 20.4 mmol) in
EtOH (40ml) was heated under reflux with vigorous stirring for 30 min.
After cooling, the mixture was filtered through Celite and the filtrate was
concentrated in vacuo. The residue was diluted with saturated NaHCO; and
extracted with EtOAc. The extract was washed with brine and dried
(Na,SO,). The solution was concentrated in vacuo, and the residue was re-
crystallized from EtOAc—isopropyl ether to give 25 (2.08 g, 74%) as color-
less prisms, mp 172—173 °C. 'H-NMR (CDCl,) é: 1.30 (3H, t, /=7.1 Hz),
2.49 (3H, s), 2.53 (3H, s), 3.78 (2H, brs), 4.25 (2H, q, J=7.1 Hz), 4.84 (2H,
s), 5.32 (2H, s), 6.67 (2H, d, J=8.5Hz), 7.03—7.32 (6H, m). IR (KBr).
3372, 1752, 1702, 1657, 1609, 1537, 1479 cm™'. Anal. Caled for
C,sH,sN;0,8,: C, 60.59; H, 5.08; N, 8.48. Found: C, 60.56; H, 4.93; N,
8.49.

Ethyl 5-Methyl-1-(2-methylthiobenzyl)-2,4-dioxo-6-(4-propionylamino-
phenyl)-1,2,3 4-tetrahydrothieno[2,3-d |pyrimidine-3-acetate (26) To a
solution of 25 (0.30g, 0.61 mmol) in CH,Cl, (10ml) were added triethy-
lamine (0.10ml, 0.73 mmol) and propionyl chloride (0.11ml, 1.22 mmol).
After stirring at room temperature for 1.5h, the mixture was diluted with
aqueous ammonium chloride and extracted with CH,Cl,. The extract was
washed with brine and dried (MgSQ,). After evaporation of the solvent in
vacuo, the residue was purified by flash column chromatography (EtOAc—
hexane—-CH,Cl,, 5:5:1). The crude product was crystallized from EtOAc—
hexane to give 26 (0.25 g, 74%) as colorless crystals, mp 218—219°C. H-
NMR (CDCl,) &: 1.22—1.34 (6H, m), 2.41 (2H, q, J=7.5Hz), 2.51 (3H, s),
2.53 (3H, s), 4.26 (2H, q, J=7.1 Hz), 4.85 (2H, s), 5.32 (2H, s), 7.00—7.56
(9H, m). IR (KBr): 1707, 1661, 1537, 1479 em™'. Anal. Caled for
CH,N,0,S,: C, 60.96; H, 5.30; N, 7.62. Found: C, 60.82; H, 5.08; N,
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7.78.

Ethyl 5-Aminomethyl-6-(4-methoxymethoxyphenyl)-1-(2-methylthio-
benzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidine-3-acetate
(29) To a solution of 19d (6.10g, 11.30mmol) in CCl, (200ml) were
added NBS (2.11g, 11.85mmol) and 2,2'-azobis(isobutyronitrile) (0.19g
1.13 mmol) and the reaction mixture heated under reflux for 2h. After cool-
ing, insoluble material was removed by filtration and the filtrate diluted with
water and extracted with CHCl,. The extract was washed with brine and
dried (MgSO,). After evaporation of the solvent in vacuo, the residue was
purified by flash column chromatography (EtOAc-hexane, 1:3 then 3:7).
The crude product was crystallized from EtOAc—ether—hexane to afford the
5-bromomethyl derivative (5.73 g, 82%) as a white crystalline powder, mp
108—110°C. '"H-NMR (CDCly) §: 1.31 (3H, t, J=7.1Hz), 2.53 (3H, s),
3.49 (3H, s), 4.26 (2H, q, J=7.1 Hz), 4.79 (2H, s), 4.88 (2H, 5), 5.20 (2H, 9),
5.35 (2H, s), 7.04—7.19 (4H, m), 7.24—7.35 2H, m), 745 2H, d, J=
9.0Hz).

A mixture of the 5-bromomethyl derivative (1.26 g, 2.03 mmol) and potas-
sium phthalimide (0.44 g, 2.13 mmol) in DMF (30 ml) was stirred at room
temperature for 4 h. The mixture was concentrated in vacuo, and the residue
was diluted with water and extracted with EtOAc. The extract was washed
with brine and dried (MgSO,). After evaporation of the solvent in vacuo, the
residue was purified by flash column chromatography (EtOAc-hexane, 3:7
then 1:1). Crystallization from EtOAc~ether gave the 5-phthalimidomethyl
derivative (1.05g, 75%) as white crystals, mp 180—182°C. '"H-NMR
(CDCly) 6: 1.28 (3H, t, J=7.1Hz), 2.49 (3H, 5), 3.37 3H, ), 422 (2H, q,
J=7.1Hz), 481 (2H, s), 491 (2H, s), 5.22 (2H, 5), 5.31 (2H, ), 6.70 (2H, d,
J=8.8 Hz), 7.04—7.32 (4H, m), 7.57—7.66 (4H, m).

To a mixture of the S-phthalimidomethyl derivative (0.95 g, 1.38 mmol) in
EtOH (50 ml) was added hydrazine monohydrate (0.34 ml, 6.92 mmol) and
the reaction mixture stirred at 80 °C for 16 h. After cooling, the mixture was
concentrated in vacuo and the residue was diluted with saturated NaHCO,.
The resulting mixture was then extracted with CH,Cl,. The extract was
washed with brine and dried (MgSO,). After removal of the solvent in
vacuo, the residue was purified by flash column chromatography (CHCl,~
MeOH, 20: 1) to give 29 (0.64 g, 84%) as a white solid. Recrystallization
from EtOAc—hexane afforded a white crystalline powder, mp 114—116°C.
'H-NMR (CDCL,) &: 1.31 (3H, t, J=7.1 Hz), 2.53 (3H, 5), 3.48 (3H, 5), 3.92
(2H, s), 426 (2H, q, J=7.1Hz), 4.86 (2H, s), 5.19 (2H, s), 5.35 (2H, s),
7.01—7.35 (8H, m). IR (KBr): 1705, 1671, 1584, 1531 cm™'. Anal. Caled
for CpH,sN;04S,: C, 58.36; H, 5.26; N, 7.56. Found: C, 58.22; H, 5.34; N,
7.54.

Ethyl 5-(3-Ethylureidomethyl)-6-(4-methoxymethoxyphenyl)-1-(2-
methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d |pyrimidine-
3-acetate (30f) A mixture of 29 (0.30 g, 0.54 mmol) and ethyl isocyanate
(45 ul, 0.57 mmol) in pyridine (5ml) was stirred at room temperature for
2h. After evaporation of the solvent in vacuo, the residue was diluted with
aqueous ammonium chloride and extracted with CH,Cl,. The extract was
washed with brine and dried (MgSO,). After evaporation of the solvent in
vacuo, the residue was recrystallized from EtOAc-hexane to give 30f (0.33
g, 98%) as a colorless crystalline powder, mp 207—208°C. 'H-NMR
(CDCL) &: 1.08 (3H, t, J=7.1Hz), 1.32 (3H, t, J=7.1Hz), 2.52 (3H, s),
3.11—3.20 (2H, m), 3.47 (3H, s), 4.16 (1H, t, J=5.8Hz), 426 (2H, q,
J=7.1Hz), 4.46 (2H, m), 4.86 (2H, s), 5.18 (2H, s), 5.35 (2H, s), 6.07 (1H,
t, J=6.8 Hz), 7.01—7.34 (6H, m), 7.51 (2H, d, /=8.6 Hz). IR (KBr): 1756,
1711, 1665, 1630, 1562, 1535cm™". Anal. Caled for CyHy,N,0,S,: C,
57.49; H, 5.47; N, 8.94. Found: C, 57.24; H, 5.63; N, 8.99.

Ethyl 6-(4-Methoxymethoxyphenyl)-5-methylsulfonylaminomethyl-1-
(2-methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d | pyrimi-
dine-3-acetate (30g) To an ice-cooled solution of 29 (0.80 g, 1.44 mmol)
in CH,Cl, (20ml) was added triethylamine (0.22ml, 1.58mmol) and
methanesulfony! chloride (0.12ml, 1.55mmol). After stirring at 0°C for
30 min, the mixture was diluted with brine and extracted with CH,Cl,. The
extract was washed with brine and dried (MgSO,). After evaporation of the
solvent in vacuo, the residue was purified by flash column chromatography
(EtOAc-CH,Cl,-MeOH, 5:1:0 then 10:2: 1) to give 30g (0.91 g, 100%) as
a white solid. Recrystallization from EtOAc-hexane afforded white crystals,
mp 115—118°C. '"H-NMR (CDCl,) &: 1.33 (3H, t, J=7.1 Hz), 2.53 (3H, s),
2.87 (3H, s), 3.48 (3H, s), 4.27 (2H, q, J=7.1Hz), 4.37 (2H, d, /=6.8 Hz),
4.85 (2H, s), 5.19 (2H, s), 5.36 (2H, s), 6.07 (1H, t, J=6.8 Hz), 7.01—7.18
(4H, m), 7.27—7.36 (4H, m). IR (KBr): 3274, 2960, 1744, 1709, 1657,
1607, 1557, 1533, 1485cm™". Anal. Caled for C,gH; N;O,8;-0.1CH,,: C,
53.48; H, 5.08; N, 6.54; S, 14.97. Found: C, 53.66; H, 5.20; N, 6.37; S,
15.09.

Compounds 30a—e, h—j were prepared by a similar procedure to that
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used for the preparation of 30g and their physicochemical data are listed in
Table 7.

Ethyl 6-(4-Methoxymethoxyphenyl)-5-(N-methyl-N-methylsulfony-
laminomethyl)-1-(2-methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno-
[2,3-d|pyrimidine-3-acetate (33) To an ice-cooled solution of 30g (0.23
g, 0.36 mmol) in DMF (4 ml) was added sodium hydride (60% in oil, 15 mg,
0.38 mmol) under a nitrogen atmosphere. After stirring at 0°C for 30 min,
iodomethane (0.12ml, 1.93 mmol) was added dropwise to the mixture,
which was then stirred at 0°C for 30 min and at room temperature for 2 h.
After evaporation of the solvent in vacuo, the residue was diluted with aque-
ous ammonium chloride and extracted with EtOAc. The extract was washed
with brine and dried (MgSO,). The solution was concentrated in vacuo, and
the residue purified by flash column chromatography (EtOAc—hexane, 4:6
then 9: 11) to give 33 (0.21 g, 89%) as a white amorphous powder. 'H-NMR
(CDCLy) &: 1.31 (3H, t, J=7.2Hz), 2.54 (3H, s), 2.66 (3H, s), 2.87 (3H, s),
3.47 (3H, s), 4.25 (2H, q, J=7.2 Hz), 4.65 (2H, 5), 4.85 (2H, 5), 5.19 (2H, s),
5.37 (2H, s), 7.03—7.08 (3H, m), 7.13—7.18 (1H, m), 7.29—7.40 (4H, m).
IR (KBr): 2930, 1750, 1711, 1663, 1607, 1562, 1535, 1477 cm™'. FAB-MS
mle: 648 (MH™).

Potassium Salt of 6-(4-Methoxymethoxyphenyl)-5-methylsulfonyl-
aminomethyl-1-(2-methylthiobenzyl)-2,4-dioxo-1,2,3,4-tetrahydrothieno-
[2,3-d|pyrimidine-3-acetic Acid (32g) To a solution of 32g (0.13 g, 0.215
mmol) in EtOH (7ml)}-THF (3 ml) was added a solution of KHCO, (21.5
mg, 0.215 mmol) in H,0O (1.5ml) at 70 °C. After stirring at 70 °C for 2 min,
the mixture was stirred at room temperature for 15 min. After evaporation of
the solvent in vacuo, the residue was recrystallized from EtOAc—ether to af-
ford the potassium salt of 32g (0.123 g, 89%) as a white powder, mp 243—
247°C. 'H-NMR (DMSO0-d,) §: 2.55 (3H, s), 2.88 (3H, s), 3.38 (3H, s),
4.22 (2H, s), 429 (2H, d, J=4.6Hz), 5.19 (2H, s), 5.23 (21, 5), 6.92 (1H,
brs), 7.01—7.15 (4H, m), 7.29—7.42 (4H, m). IR (KBr): 3500, 3256, 2932,
1698, 1659, 1599, 1531, 1479 cm™'. FAB-MS m/e: 644 (MH"). Anal. Caled
for C,sH,KN;O4S;- 0.5H,0: C, 47.84; H, 4.17; N, 6.44. Found: C, 47.86; H,
4.30; N, 6.53.

Potassium salts of 20d, 20e, 32h, and 32i were prepared by a similar pro-
cedure to that used for the preparation of the potassium salt of 32g, in 86,
91, 78, and 98% yields, respectively.

Potassium Salt of 20d: mp 192—198 °C (from EtOAc-EtOH). 'H-NMR
(DMSO-d,) : 2.43 (3H, s), 2.55 (3H, s), 3.37 (3H, s), 4.17 (2H, s), 5.14
(2H, ), 5.21 (2H, s), 6.99—7.15 (4H, m), 7.26—7.40 (4H, m). Anal. Caled
for C,sHp,KN,O4S,-0.5H,0: C, 53.65; H, 4.32; N, 5.01. Found: C, 53.39; H,
4.18; N, 4.80.

Potassium Salt of 20e: mp 149—155°C (from EtOAc~EtOH). 'H-NMR
(DMSO-d;) 8: 2.17 (3H, s), 2.43 (3H, s), 2.55 (3H, s), 4.17 (2H, s), 5.14
(2H, s), 5.29 (2H, s), 6.99—7.15 (4H, m), 7.26—7.40 (4H, m). Anal. Calcd
for CysH,;KN,0;85-0.4C,H,0 1.6H,0: C, 50.47; H, 4.69; N, 4.56. Found:
C, 50.22; H, 4.93; N, 4.86.

Potassium Salt of 32h: mp 155—160°C (from EtOAc-EtOH-ether). 'H-
NMR (DMSO-dy) &: 1.16 (3H, t, J=7.2Hz), 2.55 (3H, s), 2.98 (2H, q,
J=72Hz), 3.38 (3H, s), 4.20—4.28 (4H, m), 5.19—5.23 (4H, m), 6.87—
7.42 (9H, m). Anal. Caled for C,;H,iKN,0,S,-0.5H,0: C, 48.63; H, 4.38;
N, 6.30. Found: C, 48.84; H, 4.66; N, 6.37.

Potassium Salt of 32i: mp 148—153 °C (from EtOAc—EtOH-ether). 'H-
NMR (DMSO-d,) 6: 0.91 (3H, t, J=7.3 Hz), 1.59 (2H, sext, J=7.3 Hz), 2.55
(3H, ), 2.92 (2H, t, J=7.3 Hz), 3.38 (3H, s), 4.24—4.29 (4H, m), 5.19 (2H,
s), 5.23 (2H, s), 6.85—7.15 (5H, m), 7.29—7.42 (4H, m). Anal. Calcd for
CH30KN;04S;-0.5H,0: C, 49.39; H, 4.59; N, 6.17. Found: C, 49.33; H,
4.84; N, 6.28.

Expression of Human ET, and ETg Receptors in Sf Cells Human
ET, cDNA* and ET,; cDNA* were cloned from human placenta mRNA
using reverse transcription and polymerase chain reaction methods. Human
ET, and ET, ¢cDNAs were subcloned individually into a transfer vector,
pBlueBaclIll (Invitrogen). The transfer vectors harboring ET, and ET,
¢DNA were co-transfected into Sf9 cells separately with AcMNPV genomic
DNA to generate the recombinant baculovirus. Human ET, and ETj recep-
tors were expressed in Sf9 cells infected by the recombinant baculovirus as
described previously.’® Sf9 cell membranes were prepared according to the
protocol previously reported.3®

Inhibitory Effect on the Specific Binding of ['*I] ET-1 to the Cloned
Human ET, and ETg Receptors The receptor binding experiments were
performed as described previously.’” Briefly, Sf9 cell membranes (1.4 ug
protein/ml for the ET, receptor and 0.7 ug protein/ml for the ET, receptor)
suspended in binding assay buffer (20 mum Tris, 2mm EGTA, 5 mm magne-
sium acetate, 0.1% bovine serum albumin, 0.5 mM phenylmethylsulfonyl flu-
oride, 20 ug/ml leupeptin, 4 ug/ml E-64, 1 pig/ml pepstatin A, and 0.03%
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sodium azide, pH 7.2) were incubated with 100 pm ['*I]JET-1 (Amersham)
and various concentrations of a test compound at 25 °C for 1 h. The mixture
was diluted with chilled assay buffer supplemented with 0.05% 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS) and fil-
tered through a glassfiber filter GF/F (Whatmann). Radioactivity on the filter
was counted in a y-counter to determine bound ['*I|ET-1. The concentration
of a test compound inducing 50% inhibition of the specific binding (ICs,
value) was derived by fitting the data into a pseudo Hill equation:

10g[%SPB/(100—%SPB)] =nlog C—log(IC,)]

where %SPB is specific binding as a percentage of maximum specific bind-
ing, n is a pseudo Hill constant, and C is the concentration of a test com-
pound.

Inhibitory Effect on Constriction of Ring Preparations of Porcine
Coronary Artery Induced by ET-1 and of Vein Preparations Induced by
Sarafotoxin S6c  The vasoconstriction assay was performed according to a
procedure analogous to that described previously.?” Ring preparations of
porcine coronary artery or vein (3mm diameter) were placed in an organ
bath filled with Krebs solution gassed with 95% 0,—5% CO, at 37°C and
allowed to stand for 1.5h at a resting load of 2 g tension for arteries or 0.5 g
tension for veins. The preparations were constricted with 60mwm KCl1 for
10min and then washed and allowed to stand for 1 h at the resting load.
After pre-treatment of test compounds at various concentrations or vehicle
[0.1% dimethyl sulfoxide (DMSO)] for 30 min, artery preparations con-
stricted with ET-1 at 3 nm and vein preparations constricted with sarafotoxin
Sé6c at 1 nm were used to determine the inhibitory effects of test compounds.
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