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Condensed Thienopyrimidines. I. Synthesis and Gastric Antisecretory Activity of 2,3-Dihydro-5H-

oxazolothienopyrimidin-5-one Derivatives
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A practical preparation of various 2,3-dihydro-5H-oxazolo[3,2-a]thieno[3,2-d]-, [3,4-d ]-, and [2,3-d ]pyrimidin-
S-one derivatives was developed starting from the corresponding aminothiopheneesters in two steps, and their chloro-
substituted derivatives were prepared. These compounds were evaluated for gastric antisecretory activity in pylorus-
ligated rats, compared to the anti-ulcer standard, cimetidine, and their structure-activity relationships are discussed.
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In the treatment of peptic ulcers it is generally considered
important to improve an imbalance between gastric acid
secretion factors and defensive factors." Since the discovery
of cimetidine, clinically applied as a histamine H, receptor
antagonist, inhibitors of acid secretion have received much
attention.

In the previous paper? we reported the practical prepara-
tion of a new heterocyclic compound, 2,3-dihydro-5H-
oxazolo[3,2-a]thieno[3,2-d|pyrimidin-5-one (1a). In the
biological screening of 1a, a significant gastric antisecretory
activity was found in the pylorus-ligated rat model of Shay
et al.> Histamine H, receptor antagonists share common
structural features, i.e., an ethylthiomethyl chain connect-

ing a basic substituted heterocyclic or aromatic ring to a
neutral moiety incorporating a guanidine substituted with
an electron-withdrawing moiety, as in the typical example
of cimetidine. However, 1a does not satisfy the above
common structural requirement and it appears to be an
anti-ulcer agent of a new structural type. We modified the
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TaBLeE I.  Alkyl-Substituted 2,3-Dihydro-5H-oxazolothienopyrimidin-5-ones (1, 14 and 22)
. 0 Rst. Ri 0 R5R4 R1 0 R5R4
N ~= N N
RI~ ] /K/Ra S R3 Ry 2/\/‘(* R3
o ;(:’*0 S ~\NF0
R2 R2
1 14 22
° nalysis (9
Compd . Yield mp (°C) C/:lc‘:iy(Fofléc)i)
No. ' R, R, R, R, Rs Method* ) (Rccrys)t, Formula
solv.) C H N s
1a% H H H H H A, B 183—185 CgHgN,0,S
(dec.)
ib H H Me H H A 78 162—164 CyHgN,0,S 51.91 3.87 13.45 15.40
(E) (52.01 3.87 13.42 15.29)
1c H H Et H H A 76 132—134 C,0HoN,O,8 54.02 4.54 12.60 14.42
(E) (54.22 4.65 12.68 14.48)
1d H H H Me Me B 70 139—141 C,oH;oN,0,S 54.04 4.54 12.60 14.42
(EA-H) (54.20 4.44 12.28 14.47)
le Me H H H H A (B) 78 (71) 179—181 C,HgN,0,S 51.91 3.87 13.45 15.40
(E-EA) (51.87 3.70 13.52 15.27)
if Et H H H H A 74 119—121 C,oH,(N,0,S 54.04 4.54 12.60 14.43
(EA-H) (54.10 4.42 12.71 14.37)
1g Ph H H H H B 58 240—242 C,,H;,N,0,S 62.21 3.73 10.36 11.86
(EA) (62.29 3.57 10.33 11.67)
1h Me H Me H H A 86 114—116 C,oH;(N,0,8 54.04 4.54 12.60 14.42
(EA-H) (54.24 4.63 12.51 14.58)
1i Me H H Et H B 27 115—117 C,;H51N,0,8 55.91 5.12 11.86 13.57
(EA-H) (56.07 5.18 11.64 13.89)
1j Me H H Me Me B 76 188—189 C,;H,;,N,0,S 55.92 5.12 11.86 13.57
(EA) (56.03 5.23 11.74 13.88)
1k H Me H H H A 74 260-—262 Cy,HgN,0,S 51.91 3.87 13.45 15.40
(C-E) (51.87 3.72 13.56 15.47)
1l H Ph H H H B 63 150—152 C,,H(N,0,S 62.21 3.73 10.36 11.86
(EA) (62.27 3.64 10.46 11.62)
Im Me Me H H H B 72 182184 C,oH,,N,0,S 54.04 4.54 12.60 14.43
(EA-H) (54.23 4.40 12.69 14.61)
14a H H H H H A 79 151154 C3HN,0,S 49.48 3.11 14.42 16.51
(EA) (49.45 3.20 14.39 16.37)
14b H H Me H H A 45 117119 CyHgN,0,S 51.91 3.87 13.45 15.40
(EA) (51.83 3.62 13.30 15.55)
14¢ H H H Me Me B 39 112—113 C,oHoN,0,S 54.04 4.54 12.60 14.43
(EA-H) (54.32 4.53 12.72 14.78)
14d H H Me Me Me B 27 126—128 C,,H;;N,0,S 55.91 5.12 11.86 13.57
(EA-H) (55.65 5.03 11.78 13.51)
14e Me H H H H B 93 145—147 C,HgN,0,S 51.91 3.87 13.45 1540
(EA-H) (51.57 3.95 13.36 15.35)
14f H Me H H H B 87 129—130 CyHgN,0,S 51.91 3.87 13.45 15.40
(EA-H) (51.77 3.80 13.26 15.56)
l4g H Et H H H B 94 117—121 C,0H,(N,0,S 54.04 4.54 12.60 14.42
(EA-H) (53.90 4.46 12.46.14.41)
14h Me Me H H H B 65 193194 C,0H,(N,0,S 54.04 4.54 12.60 14.42
(EA-H) (53.97 4.52 12.68 14.76)
22a H H H H H A (B) 72 (9) 203-—205 C4HgN,0,8-1/5H,0 48.58 3.26 14.16 16.21
(E) (48.55 3.06 13.96 16.45)
22b Me H H H H B 77 >270 CoHgN,0O,S-1/5H,0 51.03 3.99 13.22 15.13
(E) (51.28 4.12 13.17 15.18)
22¢ Ph H H H H B 20 232234 C.H;oN,0,S 62.21 3.73 10.36 11.86
(M) (62.14 3.62 10.43 11.82)
22d H Me H H H A (B) 69 (19) 187—188 C,HgN,0,S 51.91 3.87 13.45 15.40
(E) (51.62 3.81 13.43 15.35)
22e H Ph H H H A 74 252—254 C,,H,,N,0,S-1/5H,0 61.39 3.83 10.23 11.70
(C-EA) (61.57 3.69 10.44 11.63)
221 Et Me H H H B 35 123125 C,,H,,N,0,8 55.91 5.12 11.86 13.57
(EA-H) (55.94 5.03 11.92 13.82)
22g (CH,), H H H B 20 196—198 C,,H,,N,0,8 58.05 4.87 11.28 12.91
(EA) (57.99 4.73 11.12 12.84)
a) Experimental section. ) C, CHCl;; E, EtOH; EA, AcOEt; H, hexane; M, MeOH. ¢) Ref. 2. d) This compound could not be obtained by method B.
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structure of 1a in an attempt to improve its pharmacologi-
cal activity. In the present paper, we describe the prepara-
tion of positional isomers of the thiophene ring moiety in
1a, alkyl(chloro)-substituted derivatives, and the determi-
nation of their structure—activity relationships for gastric
antisecretory activity.

Chemistry The two methods used for the preparation of
2,3-dihydro-5H-oxazolothienopyrimidin-5-one derivatives
(1a—m, 14a—h, and 22a—g) are shown in Chart 1. The first
one involves carbamates (3, 11, and 19) as intermediates
(method A). Reaction of methyl 3-aminothiophene-2-
carboxylates (2a, e, f, k) with ethyl chloroformate in
toluene followed by heating with ethanolamine gave cy-
clized products, 3-(2-hydroxyethyl)thieno[3,2-d]pyrimidine-

2093

2,4(1H, 3H)-diones (4a, e, f, k). Treatment of 4 with thionyl
chloride (SOCI,) afforded the 3-(2-chloroethyl) derivatives
Sa, e, f, k, which yielded the corresponding tricyclic com-
pounds 1a, e, f, k by heating with triethylamine (Et,N) in
ethanol (EtOH).

The other method involves ureas (6, 15, and 23) as
intermediates (method B). Treatment of 2a,e, g, 1, mwith 2-
chloroethyl isocyanate or alkyl-substituted 2-bromoethyl
isocyanates 9, which were obtained by Kampe’s method,*
gave the N’-(2-haloethyl) ureas 6a, d, e, g, i, j» 1, m in
excellent yields. The desired tricyclic compounds 1a, d, e, g,
i, j, I, m were formed by the intramolecular cyclization of 6
with a base. By proceeding with method A or method B, the
corresponding 14a, ¢c—h and 22a—g were synthesized
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TaBLE II.  Various 2,3-Dihydro-5SH-oxazolothienopyrimidin-5-one Derivatives (31, 33, and 36)

R O

Me O 0
= N N S N
S_ CIW M -Qr
L0 QL WD)

Cl
31 33 36
Analysis (%)
Compd. R, Yield mp (°C) Recryst. Formula Calced (Found)
No. ) solv.
C H Cl N S
31a H 65 183—185 AcOEt CgH,CIN,0,S 42.02 220 1550 12.25 14.02
(42.08 1.92 1538 1233 13.92)
31e Me 60 221223 AcOEt C,H,CIN,O,S 4454 291 1461 11.54 1321
(4452 299 1475 1141 13.15)
33 15 217219 AcOEt C,H,CIN,0,S 44.54 291 1461 11.54 1321
(4429 281 1448 11.32 13.44)
36 87 165——166 AcOEt-hexane C,oH,(N,0,S 54.04 453 12.60 14.43
(54.01 4.40 12.61  14.31)

starting from aminothiophenecarboxylates (10a, ¢—h and
18a—g, respectively). The physical properties of 1, 14, and
22 are summarized in Table 1.

In method B, 22a, ¢—g were obtained from 23 in only
poor yields, different from the case of 1 or 14, because of
the formation of by-product. The ring closure reaction of
23¢, for example, afforded 22¢ in 209, yield together with
24¢ (Chart 2). The structure of 24c¢ was determined as
follows. In the mass spectrum (MS), 24¢ showed a mo-
lecular ion peak at m/z 302, indicating the elimination of
hydrogen chloride from 23c. The presence of an ester group
in 24¢ was confirmed by the absorption at 1705cm™!
(C=0) in the infrared (IR) spectrum and the signal at
03.60ppm (s, OCH;) in the nuclear magnetic resonance
spectrum (NMR). The structure of 24c was confirmed to
be methyl 2-(2-0xo0-1-imidazolidinyl)-4-phenylthiophene-3-
carboxylate by identification with a sample prepared by the
alternative route shown in Chart 2.

Treatment of 18c¢ with methyl chloroformate followed
by reaction with N-(2-bromoethyl)phthalimide in the pres-
ence of sodium hydride (NaH) afforded the N-(2-phthal-
imidoethyl) derivative 26. Reaction of 26 with hydrazine
in methanol (MeOH) gave the amino compound 27, which
was treated with potassium hydroxide (KOH) in MeOH
to obtain the desired cyclic compound 24c, together with
the decarboxylated product 28 as a by-product.

TaBLe III. Gastric Antisecretory Activity of Tricyclic Thienopyrimidine
Derivatives
Compd. Gastric ax}ti.secretory Compd. Gastric al?ti_secretory
No. activity No. activity
(%, 50mg/kg, i.d.) (%, 50 mg/kg, i.d.)
1a 77 14d 56
1b 78 14e 61
1c 51 14f 68
1d 78 14g 25
le 70 14h 75
if 28 22a 44
1h 55 22b 39
1i 29 22d 28
1j 58 22g 30
1k 49 31a 82
1 49 31e 64
1m 32 33 56
14a 78 36 38
14b 67 Cimetidine 46

Formation of 24 in the course of ring closure of 23 can be
rationalized in terms of the reaction sequence outlined in
Chart 3. The reaction is assumed to occur via route a or
route b. Formation of 22 might proceed via the presumed
oxazoline intermediate 29 (route a), which has not been
isolated or detected. The same reaction mechanism was
proposed for the synthesis of 2,3-dihydro-5H-oxazolo[2,3-
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TaBLE IV. 3-Aminothiophene-2-carboxylate Derivatives (3, 6, 7 and 8) and Thieno[3,2-d]pyrimidine-2,4(1 H,3H)-dione Derivatives (4 and 5)
Cco R R
S 2Me S OH S Cl
R1—@ RH\\/TL/J\ ,E/\R; R1X\r ,T/\F';
NHCO2Et N~ O N0
R2 R2 H R2 H
3 4 5
OH
5 COMe g, o 5 .CO2H 5 CONH Y
R1-%\/T[ X R1-g\/\l[ Rrg\j[ R3
NHCONH x( NHCO2Et NHCO2Et
R R3 R2 R2
7 8
5 Analysis (%)
: mp (°C) °
Cc;rlr:)pd. R, R, R, R, R, X ‘Z;l)d (Recryst. Formula Caled (Found)
. o a)
solv.) C H N S - ClBn
3a” H H 63—66 CyH,,NO,S
3e Me H 96 49—51 C,oH,;3NO,S 49.37 5.39 5.76  13.18
(EA-H) (49.29 541 576  13.27)
3f Et H 81 0il? C,;H,sNO,S 51.35 588 544 1246
(51.13 593 551 12.76)
3k H Me 94 81—83 C,0H,;3NO,S 4937 539 576 13.18
(EA-H) (49.09 5.29 5.63  13.37)
4a? H H H 261—262 (dec.) CgHgN,0,S8
4b H H Me 89 205207 CoH,,N,0,8 4773 446 1238 14.17
(M) (47.63 434 1244 14.35)
4c H H Et 85 187—188 C,oH,N,0,S 50.00 504 11.66 13.34
(D-C) (49.79 5.08 11.77 13.48)
de Me H H 54 274--277 (dec.) CoH,(,N,0,S 4778 446 1238 14.17
(D-M) (47.92 432 1239 14.1D)
4f Et H H 2 247—249 (dec.) C,oH;,N,0,8 4999 503 11.66 13.34
(D-M) (4993 497 11.57 13.16)
4h Me H Me 69 236—239 C,oH,N,0,8 50.00 5.04 11.66 13.34
(E) (49.82 477 1142  13.06)
4k H Me H 61 261—263 (dec.) CyH,(N,0,S 47.78 446 12.38 14.17
M) (47.70 430 1246 14.28)
5a% H H H 214—217 (dec.) CgH,CIN,0O,S
5b H H Me 83 192—194 CyH,CIN,0,S 44.18 3.71 1145 13.10 14.49
(E) (4430 3.65 11.37 13.32 14.33)
5c H H Et 90 197—198 (dec.) C,oH;,CIN,0,S 46.42 429 10.83 1239 13.70
(E) (46.17 416 10.84 1248 13.72)
Se Me H H 93 207—210 CyH,CIN,O0,S 44.18  3.71 1145 13.10 14.49
(EA) (4387 3.76 1116 1343 14.22)
5f Et H H 83 239241 C,oH;,CIN,0,S 46.42 429 10.83 1239 13.70
(M-EA) (46.67 435 1065 12.74 13.37)
5h Me H Me 75 214217 C,oH,,CIN,0,S 46.42 429 1083 1239 13.70
(M-C) (46.23 416 1071 1241 13.77)
5k H Me H 95 248—251 C,H,CIN,0,S 44.18 3.71 1145 13.10 14.49
(M-EA) (44.12 376 1143 13.02 14.40)
62" H H H H H 147—150 C,H,,CIN,0,S Lit.¥ mp 139—142°C
6d H H H Me Me Br 24 98—100 C,;H,sBrN,0,S 3941 451 8.36 9.56 23.84
(EA-H) (39.64 454 8.63 9.78 23.64)
6e Me H H cl 89 130—131 C,oH,+CIN,0,8 4340 474 1012 1159 1281
(EA-H) (43.04 464 1004 11.86 12.86)
6g Ph H H H Cl 83 157—159 C,sH,;CIN,0,S 53.17 446  8.27 9.46 10.46
(EA-H) (53.17 440 8.33 9.37 10.52)
6i Me H H Et Br 40 119—121 C,,H,,BrN,0,S 4127 491 802 9.18 2288
(EA-H) (4126 493 177 9.18 22.83)
6j Me H H Me Me Br 46 129—130 (dec.) C,,H,;BrN,0,S 41.27 491 8.02 9.18 22.88
(EA-H) (41.15 506  7.88 9.48  22.73)
6l H Ph H H H 58 118—120 C,sH,sCIN,0,S 5317 446 827 946 10.46
(EA-H) (5333 435 850 9.59 10.23)
6m Me Me H H H Cl 77 198—199 C,;H;sCIN,0,S 4544 . 520 9.63 11.03 12.19
(EA) (45.44 5.19 9.70  11.26 12.43)
Ta H H 77 154—156 (dec.) CgHyNO,S 44.65 " 4.21 6.51 14.90
(EA-H) (4451 427 653 15.03)
Te Me H 76 173—175 (dec.) C,H,;NO,S 47.15 484 611 1398
(C-EA) (46.74 4.82 6.09 14.36)
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TaBLE IV. (continued)
o Analysis (%)
. mp (°C) y
C‘;“(’)pd' R, R, R, R, R, X ‘iﬁ;')d (Recryst. Formula Calcd (Found)
. () a)
solv.) C H N S CI(Br
8b H H Me 63 108—110 C,;H;(N,0,S 48.52 592 1029 11.77
(EA) (48.22 594 1007 11.84)
8¢ H H Et 65 110-—112 C,H;zN,0,S 50.34 6.34 9.78 11.20
(EA) (50.46  6.55 9.73 11.37)
8h Me H Me 64 96—97 C,,H3N,0,S 50.34  6.34 9.78 11.20
(EA-H) (50.49  6.31 9.94 11.23)
a) C, CHCl;; D, DMF; E, EtOH; EA, AcOEt; H, hexane; M, MeOH. 5) Ref. 2. ¢) bp 130°C (SmmHg). d) Ref. 8.

blquinazolin-5-one by Kampe.> On the other hand, 24 was
produced by intramolecular cyclization on the nitrogen
atom (route b). Cyclization of 24 to the tricyclic compound
22 was not induced with a base under the same conditions.
No corresponding imidazolidinone analogue was isolated
in the course of tricyclic derivative formation from the
isomeric ureas (6 and 15). It is not clear why compounds 24
are formed only in the case of the syntheses of the
oxazolo[3,2-a]thieno[2,3-d]pyrimidin-5-one derivatives (22)
from 23. The different reactivities of 23 toward 6 or 15
might, however, be explained by the difference in basicity
between 2 or 10 and 18.9

Various R;-substituted oxazolothienopyrimidines were
synthesized by using method A, as it was hard to prepare 2-
haloethyl isocyanates 9 bearing an alkyl-substituent at only
the C-2 position (R,=Rs=H). The absence of a ring
closure product from carbamates 3 to 4 led us to investigate
an alternative synthetic route. Carboxylic acids 7a, e ob-
tained by the hydrolysis of 3a, e were condensed with alkyl-
substituted ethanolamines to furnish 4b, ¢, h.

Chloro-substituted compounds on the thiophene ring
(31a, e and 33) were synthesized as follows. Treatment of
15a, e (23b) with sulfuryl chloride (SO,Cl,) in chloroform
(CHCI,) gave ureas 30a, e (32), which were cyclized with
NaOH to form the corresponding tricyclic compounds 31a,
e (33).

In order to compare the pharmacological activity with
that of 1, the thienopyrimidine derivative (36) containing an
oxazine ring was synthesized according to the sequence
illustrated in Chart 5. The data for these derivatives are
summarized in Table II.

Pharmacology and Structure—Activity Relationships The
biological results are listed in Table III. The tricyclic
compounds prepared in the present study were evaluated

for gastric antisecretory activity using pylorus-ligated rats. -

In the test, the compounds were administered at doses of
50 mg/kg by intraduodenal (i.d.) injection.

The structure—activity relationships in these compounds
are as follows. These tricyclic compounds generally were
more potent than cimetidine in gastric antisecretory ac-
tivity. The oxazolothienopyrimidine le exhibited more po-
tent activity than the oxazinothienopyrimidine 36. As
for the positional isomers of the thiophene ring, oxazolo-
[3,2-a]thieno[3,2-dlpyrimidines 1 and oxazolo[3,2-a]thieno-
[3,4-dlpyrimidines 14 exhibited stronger activity than
oxazolo[3,2-a]thieno{2,3-d]pyrimidines 22. It was noted
that the activity was strongly influenced by the substituents
(R, and R,) on the thiophene ring. Decreasing the number

of substituents on the thiophene ring resulted in a marked
increase of activity. A dialkyl-substituted derivative (1m)
showed weak activity. Substituents (R;, Ry, and R;) on the
oxazolidine ring had no significant influence on the activity
(1a, 1b, and 1d). These compounds have no histamine H,
receptor antagonist activity.”

The results of further investigation on the syntheses and
structure—activity relationships of oxazolothienopyrimidine
derivatives will be reported in a forthcoming paper.

Experimental

All melting points are uncorrected. IR spectra were measured on a
JASCO A-102 spectrometer. NMR spectra were recorded with a Varian T-
60A (60 MHz) or EM-390 (90 MHz) spectrometer and the chemical shifts
are expressed in ppm from tetramethylsilane as an internal standard; s,
singlet; d, doublet; t, triplet; q, quartet; quint, quintet; dd, doublet of
doublets; m, multiplet; br, broad. MS were obtained with a JEOL JMS-
01SG or JMS-G300 mass spectrometer. Merck silica gel (Kieselgel 60 Art.
7734) was employed for column chromatography.

Methyl 3-Ethoxycarbonylamino-5-methylthiophene-2-carboxylate (3e)
General Procedure A solution of methyl 3-amino-5-methylthiophene-2-
carboxylate (2e) (10.8 g) and ethyl chloroformate (8.2 g) in toluene (140 ml)
was refluxed for 3h. The solvent was removed in vacuo, and the residue
was chromatographed on silica gel with AcOEt-hexane (3: 1) as an eluent.
Recrystallization from AcOEt—hexane gave 3e (15.0g, 98%) as colorless
needles. Other compounds (3, 11, and 19) were similarly prepared. Other
data are listed in Tables IV—IX.

3-(2-Hydroxyethyl)-6-methylthieno[ 3,2-d}pyrimidine-2;4(1 H,3 H)-dione
(4e) General Procedure for 3-(2-Hydroxyethyl) Derivatives A mixture of
3e (2.0 g) and ethanolamine (2.5 g) was stirred at 130—135°C for 1 h and
then cooled. Water was added to the mixture and the resulting crystalline
solid was collected by filtration. Recrystallization from dimethylform-
amide (DMF)-MeOH afforded 4e (1.0g, 54%) as colorless needles.
Other compounds (4, 12, and 20, except 4b,4¢, 4h, and 12b) were similarly
prepared. Other data are listed in Tables IV—IX.

3-(2-Hydroxypropyl)thieno[ 3,2-d]pyrimidine-2,4(1H,3H)-dione (4b)
General Procedure for 4c, 4h, and 12b A solution of 8b (4.45¢) in DMF
(15ml) was refluxed for 4 h. After evaporation of the solvent, CHCI, was
added to the residue, and the resulting crystalline solid was collected by
filtration. Recrystallization from MeOH afforded 4b (3.28g, 89%) as
colorless needles. Other compounds were similarly prepared. Other data
are listed in Tables IV—VII.

3-(2-Chloroethyl)-6-methylthieno[3,2-d|pyrimidine-2,4(1 H, 3H)-dione
(5e) General Procedure A suspension of 4e (1.0g) in CHCl; (20 ml) was
treated with SOCI, (0.7g) and the whole was refluxed for 1h. After
cooling, the precipitate was collected, washed with water and CHCl,, and
recrystallized from AcOEt to obtain 5e in 939 yield (1.0 g) as colorless
needles. Other compounds (5, 13, and 21) were similarly prepared. Other
data are listed in Tables IV—IX.

2,3-Dihydro-7-methyl-5H-oxazolo[3,2-a]thieno[ 3,2-d ]pyrimidin-5-one
(1e) General Procedure Method A: Et;N (0.9 g) was added to a stirred
suspension of Se (0.9 g) in EtOH (15 ml) and the whole was refluxed for 2 h.
After evaporation of the solvent, water was added to the residue and the
resulting mixture was extracted with CHCl;. A residue obtained from the
CHC; extracts was chromatographed on silica gel and eluted with AcOEt.
Recrystallization from EtOH-AcOEt gave le (0.6g, 78%) as colorless
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TABLE V. Spectral Data for 3-Aminothiophene-2-carboxylate Derivatives (3, 6, 7 and 8) and Thieno[3,2-d|pyrimidine-2,4(1H,3H)-dione Derivatives
(4 and 5)

Compd. IR NMR
No. KBr, cm™! Solvent é: ppm
3e 1730, 16759 CDCl, 1.30 (3H, t, J=6.9 Hz, OCH,CH,), 2.47 (3H, s, ArCH,), 3.84 (3H, s, OCH,;), 422 2H, q, /=6.9
Hz, OCH,CHS,), 7.96 (1H, s, ArH), 9.3—9.7 (1H, br, NH)
3f 1730, 16759 CDCl, 1.31 (6H, t, J=7.4Hz, OCH,CH,, ArCH,CH,), 2.81 (2H, q, /=7.6 Hz, ArCH,CH,), 3.85 (3H, s,
OCH,), 4.22 (2H, q, /=7.2Hz, OCH,CH,), 7.67 (1H, s, ArH), 9.4—9.7 (1H, br, NH)
3k 1735, 1690 CDCl, 1.31 (3H, t, J=7.4Hz, OCH,CH,;), 2.24 (3H, s, ArCH,), 3.86 (3H, s, OCH,), 421 2H, q, /=74
Hz, OCH,CH,), 7.13 (1H, s, ArH), 8.1—8.4 (1H, br, NH)
4b 1700 (sh), 1690, DMSO-d, 1.06 (3H, brd, J=5.7Hz, CHj;), 3.54—4.19 (3H, m, NCH,CHO), 4.4—4.9 (1H, br, OH), 6.94 and
1630 8.06 (each 1H, d, J=5.4 Hz, ArH x 2)
4c 1705, 1660, DMSO-d; 0.89 (3H, t, J=7.1 Hz, CH,CH,), 1.18—1.56 (2H, m, CH,CHj,), 3.58—4.07 (3H, m, NCH,CHO),
1645 4.5—4.7 (1H, br, OH), 6.93 and 8.05 (each 1H, d, /=4.8 Hz, ArH x 2)
4e 1690, 1650 (sh), DMSO-d, 2.53 (3H, s, ArCH,), 3.58 (2H, t, J=6.8 Hz, NCH,CH,0), 3.95 (2H, t, J=6.8 Hz, NCH,CH,0),
1640 6.71 (1H, s, ArH)
4f 1705, 1685, DMSO-d; 1.25 (3H, t, J=7.5Hz, ArCH,CH,), 2.87 (2H, q, J=7.5Hz, ArCI_-_izCH3), 3.55(2H, t, J=6.5Hz,
1635 (sh), 1625 NCH,CH,0), 3.95 (2H, t, J=6.5Hz, NCH,CH,0), 6.71 (1H, s, ArH)
4h 1720 (sh), 1710, DMSO-d;  1.03 (3H, brd, J=4.8Hz, CH,;), 2.52 (3H, s, ArCH,), 3.63—4.11 (3H, m, NCH,CHO), 4.65 (1H,
1630 brd, J=4.2Hz, OH), 6.71 (1H, s, ArH), 11.5—11.9 (1H, br, NH)
4k 1695, 1640 (sh), - DMSO-d;  2.22 (3H, s, ArCHs;), 3.60 (2H, t, J=6.8 Hz, NCH,CH,0), 3.99 (2H, t, J=6.8 Hz, NCH,CH,0),
1625 4.73 (1H, brt, J=5.9Hz, OH), 7.52 (1H, s, ArH), 11.5—11.8 (1H, br, NH)
5b 1710, 1650 DMF-d, 1.53 3H, d, J=6.0Hz, CH,), 3.97—4.73 (3H, m, NCH,CHO), 7.08 and 8.15 (each 1H, d, J=4.8
i : Hz, ArH x 2), 11.4—12.3 (1H, br, NH)
Sc 1710, 1655 DMSO-dg  1.01 (3H, t, J=7.4Hz, CH,CH,), 1.43—2.05 (2H, m, CH,CH,), 3.99—4.51 (3H, m, NCH,CHO),
6.95 and 8.07 (each 1H, d, J=4.8 Hz, ArH x 2), 10.98 (1H, brs, NH)
Se 1710, 1660 (sh),” CDCl, 2.56 (3H, s, ArCH;), 3.78 (2H, t, J=7.1 Hz, NCH,CH,Cl), 441 (2H, t, J=7.1 Hz, NCH,CH,Cl),
1650 6.63 (1H, s, ArH), 10.3—10.6 (1H, br, NH)
5f 1715, 1695, DMSO-d; 1.25 (3H, t, J=7.5Hz, ArCH,CH,), 2.88 (2H, q, /J=7.5Hz, ArCH,CH,), 3.77 (2H, t, J=6.5Hz,
1640 NCH,CH,C}), 4.20 (2H, t, J=6.5Hz, NCH,CH,Cl), 6.73 (1H, s, ArH), 10.95 (1H, brs, NH)
5h 1700, 1640 DMSO-d;, 1.47 (3H, d, J=6.3Hz, CH,;), 2.52 (3H, s, ArCH,), 3.86—4.60 (3H, m, NCH,CHO), 6.72 (1H, s,
ArH), 11.92 (1H, brs, NH)
5k 1705, 1635 DMSO-d;  2.23 (3H, s, ArCH,), 3.80 (2H, t, J=6.5Hz, NCH,CH,Cl), 4.23 (2H, t, J=6.5Hz, NCH,CH,(l),
7.73 (1H, s, ArH), 10.84 (1H, brs, NH)
6d 1660 CDCl, 1.49 (6H, s, CH, x 2), 3.80 (2H, s, NCCH,Br), 3.86 (3H, s, OCH,), 7.41 and 7.97 (each 1H, d, /=
5.7Hz, ArH x 2), 4.7—5.0 and 9.2—9.6 (each 1H, br, NH x 2)
6e 1700, 16659 CDCl,4 2.45 (3H, s, ArCH,), 3.65 (4H, brs, NCH,CH,Cl), 3.82 (3H, s, OCHj;), 7.72 (1H, s, ArH), 5.2—
5.5 and 9.4—9.7 (each 1H, br, NH x 2)
6g 1695 (sh), 1670¢ DMSO-d,  3.33—3.80 (4H, m, NCH,CH,Cl), 3.86 (3H, s, OCH3), 7.40—7.85 (SH, m, PhH x 5), 8.05 (1H, brt,
J=35.3Hz, CONHCH,), 8.32 (1H, s, ArH), 9.38 (1H, brs, NH)
6i 1690, 1665% CDCl, 0.98 (3H, t, J=7.2Hz, CH,CH,), 1.50—1.92 (2H, m, CH,CH,;), 2.46 (3H, s, ArCHj;), 3.60 (2H,
brt, J=3.2 Hz, NCHCH,Br), 3.83 (3H, s, OCH,;), 3.70—4.10 (1H, m, NCHCH,Br), 4.93 (1H,
brd, J=9.0Hz, NH), 7.73 (1H, s, ArH), 9.50 (1H, brs, NH)
6j 1660 CDCl, 1.47 (6H, s, CH, x 2), 2.44 (3H, s, ArCHj;), 3.80 and 3.83 (5H, each s, OCH;, NCCH,Br), 7.70 (1H,
s, ArH), 4.7—5.0 and 9.3—9.6 (each 1H, br, NH x 2)
6l 1710, 16707 CDCl, 3.17—3.35 (4H, m, NCH,CH,CI), 3.89 (3H, s, OCH,), 7.23—7.57 (6H, m, PhH x 5, ArH), 5.1—
5.3 and 8.2—8.3 (each 1H, br, NH x 2)
6m 1695, 1645 DMSO-d;  1.93 and 2.33 (each 3H, s, ArCH, x 2), 3.23—3.70 (4H, m, NCH,CH,Cl), 3.77 (3H, s, OCH3), 7.17
(1H, brt, J=15.7Hz, NHCH,), 8.40 (1H, brs, NH)
Ta 1735, 16559 CDCl, 1.34 (3H, t, J=6.9Hz, OCH,CH,), 4.26 (2H, q, J=6.9 Hz, OCH,CH;), 7.54 and 7.96 (each 1H, d,
J=5.4Hz, ArH x2), 9.2-—9.6 and 10.4—10.8 (each 1H, br, OH, NH)
7e 1740, 16359 DMSO-d, 1.27 3H, t, J=6.5Hz, OCH,CH,), 2.49 (3H, s, ArCH,), 4.20 (2H, g, J=6.5Hz, OCH,CHj,), 7.54
(1H, s, ArH), 9.61 (1H, brs, NH or OH)
8b 1730, 1620 CDCl, 1.25 (3H, d, J=6.6 Hz, CHj;), 1.30 (3H, t, J=6.9 Hz, OCH,CH,), 3.03—3.39 and 3.43—3.75 (each

1H, m, NCH,CHO), 3.82—4.31 (1H, m, NCH,CHO), 4.21 (2H, q, J=6.9 Hz, OCH,CH,), 7.29 and
7.92 (each 1H, d, J=4.8 Hz, ArH x 2), 2.5—2.9, 6.0-—6.4 and 10.1—10.4 (each 1H, br, NH x 2, OH)
8¢ 1730, 1605 DMSO-d;  0.89 (3H, t, J=7.2Hz, CH,CH,), 1.25 3H, t, J=7.1 Hz, OCH,CH,), 1.10—1.60 (2H, m, CH,CH,),
2.92—3.73 (3H, m, NCH,CHO), 4.15 (2H, q, J=7.1 Hz, OCH,CH,), 4.65 (1H, brd, J=4.8 Hz,
OH), 7.72 (2H, s, ArH x 2), 8.03 (1H, brt, J=5.6 Hz, ArCONH), 10.4—10.7 (1H, br, NHCO,Et)
8h 1725, 16159 CDCl, 1.23 (3H, d, J=6.6 Hz, CH,), 1.29 (3H, t, J=6.9 Hz, OCH,CH,), 2.47 (3H, s, ArCH,), 3.03—3.38
and 3.42—3.81 (each 1H, m, NCH,CHO), 3.82—4.38 (1H, m, NCCHO), 4.20 (2H, q, /=69 Hz,
OCH,CH,), 7.64 (1H, s, ArH), 2.6—2.8, 5.8—6.2 and 10.1—10.5 (each 1H, br, NH x 2, OH)

a) CHCL,.

needles. CHClI, extracts was recrystallized from EtOH-AcOEt to give le (1.6g,
Method B: An aqueous 10% NaOH solution (4.4ml) was added 71%). Other compounds (1, 14, 22, 31, and 33) were similarly prepared by

dropwise to a stirred solution of 6e (3.0 g) in dioxane (5ml) under reflux, the method indicated in Table I. Other data are listed in Tables I—II and

and then the whole was stirred for 15min at the same temperature. After X—XIL.

evaporation of the solvent, water was added to the résidue and the Methyl 3-[ N'-(2-Chloroethyl)ureido]-5-methylthiophene-2-carboxylate

resulting mixture was extracted with CHCl;. A residue obtained from the (6e) General Procedure A mixture of methyl 3-amino-5-methylthio-
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TaBLE VI. 4-Aminothiophene-3-carboxylate Derivatives (11, 15, 16 and 17) and Thieno[3,4-d]pyrimidine-2,4(1 H,3 H)-dione Derivatives (12 and 13)

R1

R1 Ri1 OH
= CO2Me /\(0H j« /\rCl S/L:[C02Me RL RS St[COZH );[CONH’\/
R/ NHCO2Et /& Ao = NHCONHKR(X RZ/ NHCO2Et NHCO2Et

2 3

R2
11 12 13 15 16 17
o Analysis (%)
. mp (°C) o
Compd. R, R, R, R, R X Yield (Recryst. Formula Caled (Found)
No. (%) solv.)¥
C H N S Cl1(Br)
11a H H 81 50—52 C,H,,;NO,S 47.15 484 611 1398
(EA-H) (47.09 4.58 6.03 13.99)
12a H H H 39 247248 (dec.) CyHgN,O,S 4528 380 13.20 15.11
M) (4521 3.72 1321 1497)
12b H H Me 16 184—186 CoH(N,0,S 4773 446 1238 14.17
M) (47.71 444 1231 1421)
13a H H H 69 205—208 (dec.) CgH,CIN,0,S 41.66 3.06 12.14 1390 15.37
(D-M) (41.49 290 12,10 14.17 15.45)
13b H H Me 56 203—206 C,H,CIN,0,S 4418 371 1145 1310 14.49
(E) (4439 3.58 11.38  13.40 14.13)
15a” H H Cl 111113 CyH,,CIN,O58 Lit.” mp 110—112°C
15¢ H H H Me Me Br S5 Oil® C,,H,sBrN,0,S
15d H H Me Me Me Br 61 0il? C,,H,;BrN,0,S
15¢Y  Me H H H H Cl 89 133134 C,oH,;CIN,0,S8 Lit.” mp 112—116°C
15f H Me H H H Cl 56 157—159 C,0H,5;CIN,O,S 4340 473 1012 11.59 12.81
(EA-H) (43.47 476 1036 1149 12.62)
15¢g H Et H H H Cl 45 151—153 C,H,;CIN,O0,S 4544 520 9.63 11.03 1219
(EA-H) (45.46 5.17 949 11.26 12.20)
15h Me Me H H H Cl 83 165—167 C,,H,sCIN,O,S 4544 520 9.63 11.03 1219
(EA) (45.34  5.20 9.61 11.11 12.39)
16a® H H 148—149 CzHyNO,S Lit.Y mp 152—154°C
17b H H Me 60 0oil? C,H(N,0,S 48.52 592 1029 11.77

(48.38  5.63 10.32 11.65)

a) See footnote a in Table IV. b) Ref. 8. ¢) The material was used for the subsequent step without further purification. d) Ref. 9. e) bp 150°C (0.01 mmHg).

TaBLE VII. Spectral Data for 4-Aminothiophene-3-carboxylate Derivatives (11, 15 and 17) and Thieno[3,4-d]pyrimidine-2,4(1 H,3H)-dione

Derivatives (12 and 13)

Compd. IR NMR

No. KBr, cm ™! Solvent §: ppm

11a 1735, 1705 CDCl, 1.31 (3H, t, /=7.2Hz, OCH,CH,), 3.89 (3H, s, OCH,), 4.24 (2H, q, /=7.2Hz, OCH,CH,), 6.43
and 8.03 (each 1H, d, J=3.6 Hz, ArH x 2), 8.9—9.7 (1H, br, NH)

12a 1690, 1650 DMSO-d, 3.41—3.72 (2H, m, NCH,CH,0), 3.96 (2H, t, J=5.1 Hz, NCH,CH,0), 4.71 (1H, t, J=5.6 Hz,
OH), 6.84 and 8.38 (each 1H, d, J=3.6 Hz, ArH x 2), 11.0-—11.4 (1H, br, NH)

12b 1725, 1640 DMSO-dy,  1.04 (3H, brd, J=5.7Hz, CH;), 3.61—4.13 (3H, m, NCH,CHO), 4.64 (1H, brd, J=4.5Hz, OH),
6.83 and 8.36 (each 1H, d, J=3.3Hz, ArH x2), 11.0—11.4 (1H, br, NH)

13a 1720, 1665 DMSO-d, 3.76 (2H, t, J=6.9 Hz, NCH,CH,Cl), 4.18 (2H, t, /=6.9 Hz, NCH,CH,Cl), 6.89 and 8.41 (each 1H,
d, J=3.6Hz, ArH x2), 11.2—11.4 (IH, br, NH)

13b 1720, 1660 (sh) DMSO-d, 1.49 (3H, d, J=6.6 Hz, CH;), 3.87—4.70 (3H, m, NCH,CHO), 6.88 and 8.44 (each 1H, d, J=3.3

1640 Hz, ArH x2), 11.2—11.5 (1H, br, NH)

15¢ 1690 (sh), 1680% CDCl, 2.64 (3H, s, ArCH,), 3.56-—3.73 (4H, m, NCH,CH,Cl), 3.90 (3H, s, OCH,), 7.46 (1H, s, ArH),
4.9—5.3 and 9.3—9.5 (each 1H, br, NH x 2)

15f 17054 DMSO-d;  2.21 (3H, s, ArCHy;), 3.23—3.86 (4H, m, NCH,CH,Cl), 3.76 (3H, s, OCH,), 6.6—6.9 and 7.8—8.0
(each 1H, br, NH x 2), 7.99 (1H, s, ArH)

15g 1715, 1645 DMSO-dg  1.17 (3H, t, J=7.5Hz, CH,CHj;), 2.66 (2H, q, J=7.5Hz, CH,CH,;), 3.17—3.80 (4H, m, NCH,-
CH,C1), 3.74 (3H, s, OCH,), 8.04 (1H, s, ArH), 6.6—6.9 and 7.8—8.0 (each 1H, br, NH x2)

15h 16904 CDCl, 2.29 and 2.57 (each 3H, s, ArCH; x 2), 3.17—3.70 (4H, m, NCH,CH,CI), 3.81 (3H, s, OCH,),
5.1—5.3 and 7.0-7.2 (each 1H, br, NH x 2)

17b 1720, 1645 CDCl, 1.17—1.46 (6H, m, OCH,CHj,, CHs,), 3.03—3.38 and 3.47—3.77 (each 1H, m, NCH,CHO), 3.83—
4.13 (1H, m, NCH,CHO), 4.20 (2H, q, J=7.0Hz, OCH,CH,), 7.64 (2H, s, ArH x 2), 2.0—2.4,
6.5—6.9 and 9.7—10.0 (each 1H, br, NH x 2, OH)

a) CHCl,.

phene-2-carboxylate (2¢) (3.5g) and 2-chloroethyl isocyanate (4.0g) in the AcOEt extracts was chromatographed on silica gel and eluted with
AcOEt (40ml) was refluxed for 2h and then cooled. The mixture was AcOEt-hexane (1:4). Recrystallization from AcOEt-hexane gave 6e
poured into water and extracted with AcOEt. A residue obtained from (5.0g, 89%) as colorless needles. Other compounds (6, 15, and 23) were
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TaBLE VIII. 2-Aminothiophene-3-carboxylate Derivatives (19 and 23) and Thieno[2,3-d|pyrimidine-2,4(1 H,3H)-dione Derivatives (20 and 21)
R1 CorMe Ri O oH Rt O R1
92‘8/\/( Rzm/\r\g Rz\(/fN/\(C[ RZ@CO2MG RuRs
STSNHCO2E¢ SN0 s-\n4o R S ~“NHCONH K(X
H H
R3
19 20 21 23
o Analysis (%)
. mp (°C)
C‘;'I?d' R, R, R, R, R, X ‘E},Zl)d (Recryst Formula Caled (Found)
solv.) cC H N S cl
19a H H 69 71—73 CyH,;NO,S 47.15 4.84 6.11 13.98
(EA-H) (47.19 4.69 6.06 13.93)
19d H Me 73 70—72 C,oH;;NO,S 49.37 5.39 5.76  13.18
(EA-H) (49.32 516 571 13.32)
19¢ H Ph 72 106—107 C,sHsNO,S 59.00 4.95 4.59 10.50
(EA-H) (59.11 499 473  10.42)
20a H H H 40 258—260 (dec.) CgHgN,O,8 4528 3.80 13.20 15.11
(E) (45.19 369 13.15 15.08)
20d H Me H 39 277279 (dec.) CyH,(N,O,8 47.78 4.46 1238 14.17
M) (47.56 443 1237 14.18)
20e H Ph H 34 281—284 (dec.) C,,H,;,N,0,S 5832 4.20 9.72 1l.12
(D) (58.02 4.18 9.84 11.195)
21a H H H 86 219—222 (dec.) CgH,CIN,O,S 4166 3.06 12.14 1390 1537
(EA) (41.55 3.09 12.00 14.01 15.12)
21d H Me H 59 228—231 (dec.) CyH,CIN,O,S 4418 371 1145 13.10 14.49
(M) (4421 386 11.23 1337 14.23)
21e H Ph H 61 232—236 (dec.) C4H,,CIN,0,8 54.18 3.70 9.03 1033 11.42
(D-M) -1/5H,0 (54.04 3.77 9.24 10.41 11.28)
23a*9 H H H H H Cl 86—88 Lit.”” mp 85—87°C
23b Me H H H H Cl 97 121—122 C,0H,;CIN,O;S 4340 474 10.12 11.58 12.81
(EA-H) (43.53 4.63 1028 11.83 13.03)
23c Ph H H H H Cl 56 118—120 C,sH,5sCIN,O,;S 53.18 446 8.27 9.46 10.46
(E) (53.14 442 8.27 9.42 1041)
23d H Me H H H Cl 94 112—114 C,0H,;CIN,0;8 4340 474 10.12 11.58 1281
(EA-H) (43.45 469 10.19 11.86 12.86)
23e H Ph H H H Cl 59 143—146 C,sH,5CIN,0S 53.18 4.46 8.27 9.46 10.46
(EA-H) (53.02 4.41 8.36 9.38 10.77)
23f9 Et Me H H H Cl 80 74—75 C,3H,,CIN,0;S 48.97 6.01 8.79 10.06 11.12
(EA-H) (49.16 6.07 891 10.13 11.14)
23g” (CH,), H H H Cl 72 123—125 C,4H,CIN,0,S 50.83  5.79 8.47 9.69 10.72
(EA-H) (50.88 5.89 8.58 9.87 10.69)
a) See footnote a in Table IV. ) This material is the ethyl ester derivative because of the use of ethyl 2-aminothiophene-3-carboxylate as the starting material. ¢) Ref.

8.

similarly prepared. Other data are listed in Tables IV—IX.

3-Ethoxycarbonylaminothiophene-2-carboxylic Acid (7a) General Proce-
dure A solution of 3a% (2.00 g) and aqueous 10%, NaOH solution (5 ml)
in DMF (15ml) was stirred at room temperature overnight, and then the
reaction mixture was poured into ice water (ca. 200ml). After the
precipitate was filtered off, the filtrate was adjusted to pH 2.0 with aqueous
109, HCI solution and the resulting crystalline solid was collected by
filtration. Recrystallization from AcOEt-hexane afforded 7a (1.44 g, 77%)
as colorless needles. Other compounds (7e and 16a) were similarly
prepared. Other data are listed in Tables IV—VIL.

3-Ethoxycarbonylamino-N-(2-hydroxypropyl)thiophene-2-carboxamide
(8b) General Procedure Diethyl phosphorocyanidate (DEPC, 90%, purity)
(5.98 g) and Et;N (3.37g) were added to a stirred solution of 7a (6.88 g)
and 1-amino-2-propanol (2.48 g) in DMF (15ml) at room temperature.
After being stirred for 5 h, the reaction mixture was poured into ice water
and extracted with AcOEt. A residue obtained from the AcOEt extracts
was chromatographed on silica gel and eluted with CHCl,-AcOEt (3:1).
Recrystallization from AcOEt gave 8b (5.15g, 63%) as colorless needles.
Other compounds (8 and 17) were similarly prepared. Other data are listed
in Tables IV—VIL

Methyl 5-Chloro-4-[ V'-(2-chloroethyl)ureido]-2-methylthiophene-3-car-
boxylate (30e) General Procedure A mixture of 15e (4.8 g) and SO,Cl,
(2.5g) in CHCl,y (55ml) was refluxed for 1h. A residue obtained by
evaporation of the solvent was chromatographed on silica gel and eluted
with CH,Cl,—AcOEt (10: 1). Recrystallization of the product from AcOEt

gave 30e (3.4 g, 63%,) as colorless needles. Other compounds (30 and 32)
were similarly prepared. Other data are listed in Tables XII and XIIL

N-(3-Chloropropyl)-3-ethoxycarbonylamino-5-methylthiophene-2-carbox-
amide (34) Et;N (1.88 g) was added dropwise to a solution of 7e (2.00 g),
3-chloropropylamine hydrochloride (1.20g) and DEPC (909 purity)
(1.58 g) in DMF (15 ml) at room temperature. After being stirred for 6 h,
the reaction mixture was poured into ice water and extracted with AcOEt.
A residue obtained from the AcOEt extracts was chromatographed on
silica gel and eluted with AcOEt—hexane (1:3) to give 34 (1.50 g, 57%) as
an oil. Anal. Caled for C;,H,,CIN,O,S: C, 47.29; H, 5.62; Cl, 11.63; N,
9.19; S, 10.52. Found: C, 47.06; H, 5.75; Cl, 11.30; N, 8.93; S, 10.71. IR
(CHCl,): 1730, 1625cm™!. NMR (CDCly) 6: 1.37 (3H, t, J=7.2Hz,
OCH,CH,), 2.07 (2H, quint, J=6.4 Hz, NCH,CH,CH,Cl), 2.47 (3H, s,
ArCH,), 3.41—3.70 (4H, m, NCH,CH,CH,Cl), 4.19 (2H, q, J=7.2Hz,
OCH,CH,), 7.66 (1H, s, ArH), 5.6—5.9 and 10.2—10.4 (each 1H, br,
NH x 2).

3-(3-Chloropropyl)-6-methylthieno[ 3,2-d]pyrimidine-2,4(1H,3 H)-dione
(35) A solution of 34 (1.5g) in DMF (6 ml) was refluxed for 3h. After
evaporation of the solvent, the residue was recrystallized from EtOH to
give 35 (0.9 g, 70%;) as colorless needles. mp 206—208 °C. Anal. Calcd for
C,0H;,CIN,0,8: C, 46.42; H, 4.29; Cl, 13.70; N, 10.83; S, 12.39. Found: C,
46.53; H, 4.29; Cl, 13.47; N, 10.73; S, 12.60. IR (CHCl;): 1705, 1655 (sh),
1650cm~'. NMR (CDCl,) é: 2.19 (2H, quint, J=6.8 Hz, NCH,CH,-
CH,Cl),2.56 (3H, s, ArCH,), 3.62(2H,t,J=6.8 Hz, CH,Cl),4.21 (2H, t,J =
6.8 Hz, NCH,), 6.66 (1H, s, ArH), 10.9—11.2 (1H, br, NH).
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TaBLE IX. Spectral Data for 2-Aminothiophene-3-carboxylate Derivatives (19 and 23) and Thieno[2,3-d]pyrimidine-2,4(1H,3H)-dione Derivatives
(20 and 21)
Compd. IR NMR
No. KBr, cm™! Solvent 5: ppm
19a 1725, 1680 CDCl,4 1.33 (3H, t, J=7.2Hz, OCH,CHy,), 3.87 (3H, s, OCH,), 4.29 (2H, q, J=7.2Hz, OCH,CH,), 6.25
and 7.16 (each 1H, d, J=6.0Hz, ArH x 2), 10.0—10.4 (1H, br, NH)
19d 1720, 1680 CDCl, 1.33 (3H, t, J="7.1 Hz, OCH,CH,), 2.34 (3H, d, J=1.8 Hz, ArCH,), 3.83 (3H, s, OCH,), 4.28 (2H,
. q, /=7.1Hz, OCH,CH,), 6.79 (1H, d, J=1.8 Hz, ArH), 9.8—10.3 (1H, br, NH)
19 1720, 1685 cDCl, 1.35 (3H, t, J="7.2 Hz, OCH,CHS,), 3.90 (3H, s, OCH,), 4.32 (2H, g, J=7.2Hz, OCH,CHj,), 7.15—
7.67 (6H, m, PhH x 5, ArH), 10.0—10.4 (1H, br, NH)
20a 1675, 1655 (sh), DMSO-d, 3.54 (2H, t, J=6.5Hz, NCH,CH,0), 3.96 (2H, t, J=6.5Hz, NCH,CH,0), 7.10 and 7.16 (each 1H,
1645 d, J=6.0Hz, ArH x 2), 4.5—5.2 and 11.0—12.9 (each 1H, br, NH, OH)
20d 1690, 1625 DMSO-d, 2.37 (3H, d, J=1.5Hz, ArCH,), 3.52 (2H, t, J=6.6 Hz, NCH,CH,0), 3.95 (2H, t, J=6.6 Hz,
NCH,CH,0), 6.86 (1H, d, J=1.5Hz, ArH), 44—5.2 and 10.8—11.4 (each 1H, br, NH, OH)
20e 1675, 1630 DMSO-d, 3.58 (2H, t, J=6.5Hz, NCH,CH,0), 3.99 (2H, t, J=6.5Hz, NCH,CH,0), 7.29—7.80 (6H, m,
ArH, PhH x 5)
21a 1710, 1640 DMSO-d, 3.78 2H, t, J=6.9 Hz, NCH,CH,Cl), 4.20 (2H, t, J=6.9 Hz, NCH,CH,Cl), 7.15 and 7.20 (each
1H, d, J=5.7Hz, ArH x 2), 11.0—11.6 (1H, br, NH)
21d 1710, 1635 DMSO-d, 2.39 (3H, d, /J=0.9Hz, ArCH,), 3.76 (2H, t, J=6.9 Hz, NCH,CH,Cl), 4.18 (2H, t, J=6.9 Hz,
NCH,CH,Cl), 6.87 (1H, d, J=0.9Hz, ArH), 10.9—11.5 (1H, br, NH)
2le 1725, 1625 DMSO-d, 3.80 (2H, t, J=6.8 Hz, NCH,CH,Cl), 4.22 (2H, t, J=6.8 Hz, NCH,CH,Cl), 7.22—7.76 (6H, m,
PhH x 5, ArH), 10.4—10.8 (1H, br, NH)
23b 1690, 1665% CDCl, 2.31 (3H, s, ArCH,;), 3.22—3.75 (4H, m, NCH,CH,Cl), 3.88 (3H, s, OCH,;), 6.27 (1H, s, ArH),
5.4--5.7 and 10.6—10.9 (each 1H, br, NH x 2)
23c 1720, 1710, CDCl, 3.56 (3H, s, OCH,), 3.65—3.82 (4H, m, NCH,CH,Cl), 6.50 (1H, s, ArH), 7.33 (5H, s, PhH x 5),
1655 5.5—5.8 and 10.6—10.9 (each 1H, br, NH x 2)
23d 1690 (sh), 1670” CDCl, 2.33 (3H, d, J=1.2Hz, ArCH,), 3.59—3.73 (4H, m, NCH,CH,Cl), 3.81 (3H, s, OCH,;), 6.76 (1H,
d, J=1.2Hz, ArH), 5.4—5.8 and 10.1—10.4 (each 1H, br, NH x 2)
23e 1690, 1655 CDCl; 3.56—3.80 (4H, m, NCH,CH,Cl), 3.87 (3H, s, OCHj;), 7.11—7.67 (6H, m, PhH x 5, ArH), 5.70
and 10.36 (each 1H, brs, NH x 2)
23f 1700, 1665,” CDCl,4 1.06 (3H, t, J=7.5Hz, ArCH,CH,), 1.37 (3H, t, /=6.9Hz, OCH,CH,;), 2.21 (3H, s, ArCH;), 2.71
1645 (2H, q, J=7.5Hz, ArCH,CH,), 3.53—3.75 (4H, m, NCH,CH,Cl), 4.32 (2H, q, J=6.9 Hz, OCH,-
CH,), 5.4—5.7 and 10.7—10.9 (each 1H, br, NH x 2)
23g 1690, 1660 CDCl, 1.36 (3H, t, J=7.0Hz, OCH,CH,), 1.65—2.00 (4H, m, 5,6-CH, x 2), 2.43—2.92 (4H, m, 4,7-CH,
x 2), 3.59—3.83 (4H, m, NCH,CH,Cl), 4.30 (2H, q, J=7.0 Hz, OCH,CH,;), 5.3—5.6 and 10.7—
11.0 (each 1H, br, NH x 2)
a) CHCl;. b) Nujol.

TaBLE X. Spectral Data for Alkyl Substituted 2,3-Dihydro-5H-oxazolothienopyrimidin-5-ones (1, 14 and 22)

Compd. IR NMR
No. KBr, cm™! Solvent &: ppm

1b 1690, 1610 CDCl, 1.63 (3H, d, J=6.0Hz, 2-CH,), 3.89 (1H, dd, J=11.4, 8.1 Hz, 3-H), 448 (1H, dd, /=114, 8.4 Hz,
3-H), 4.95—5.40 (1H, m, 2-H), 7.14 and 7.73 (each H, d, /J=4.8 Hz, ArH x 2)

1c 1695, 1610 DMSO-d, 0.98 (3H, t, /J=7.5Hz, CH,CH,), 1.67—2.08 (2H, m, CH,CH,), 3.89 (1H, dd, J=11.1, 7.5Hz,
3-H), 4.38 (1H, dd, J=11.1, 9.0 Hz, 3-H), 4.85—5.25 (1H, m, 2-H), 7.19 and 8.11 (each 1H, d, J=
5.1Hz, ArH x2)

1d 1670, 1605 CDCl, 1.80 (6H, s, CH; x 2), 4.38 (2H, s, 2-Hx 2), 7.15 and 7.72 (each 1H, d, J=5.1 Hz, ArHx 2)

le 1680, 1610% CDCl, 2.57 (3H, s, ArCH,), 4.22—4.43 (2H, m, NCH,CH,0), 4.67—4.89 (2H, m, NCH,CH,0), 6.83
(1H, s, ArH)

1f 1690 (sh), 1680, CDCl, 1.35 (3H, t, J=7.5Hz, ArCH,CH,), 2.90 (2H, q, J=7.5Hz, ArCH,CH,), 4.25—4.44 2H, m,

1610 NCH,CH,0), 4.67—4.90 (2H, m, NCH,CH,0), 6.87 (1H, s, ArH)

1g 1680, 1610% DMSO-d, 4.15—4.36 (2H, m, NCH,CH,0), 4.65—4.86 (2H, m, NCH,CH,0), 7.44—7.94 (6H, m, PhH x5,
ArH)

1h 1680, 1605* CDCl, 1.62 (3H, d, J=5.7Hz, 2-CH;), 2.58 (3H, s, ArCHj,), 3.88 (1H, dd, /=114, 7.5Hz, 3-H), 4.46 (1H,
dd, J=114, 8.4Hz, 3-H), 4.91—5.35 (1H, m, 2-H), 6.86 (1H, s, ArH)

1i 1690 (sh), 1680,% CDCl, 0.95 (3H, t, J=7.5Hz, CH,CH,), 1.57—2.24 (2H, m, CH,CH,;), 2.56 (3H, s, ArCH;), 4.36—4.95

1610 (3H, m, 2-H x 2, 3-H), 6.84 (1H, s, ArH)

1j 1690, 1600 CDCl,4 1.77 (6H, s, CH; x 2), 2.54 (3H, s, ArCH;), 4.33 (2H, s, 2-H x 2), 6.82 (1H, s, ArH)

1k 1680, 1610 DMSO-d, 2.20 (3H, d, J=1.8 Hz, ArCH,), 4.15—4.33 (2H, m, NCH,CH,O0), 4.66—4.88 (2H, m, NCH,CH,-
0), 7.75 (1H, d, J=1.8 Hz, ArH)

11 1685, 1615% CDCl, 4.26—4.45 (2H, m, NCH,CH,0), 4.69—4.87 (2H, m, NCH,CH,0), 7.25—7.90 (6H, m, PhH x 5,
ArH)

Im 1680, 1610 CDCl, 2.18 and 2.46 (each 3H, s, ArCH, x 2), 4.26—4.44 (2H, m, NCH,CH,0), 4.66—4.89 (2H, m,
NCH,CH,0)

14a 1700, 1645 DMSO-d, 4.06—4.24 (2H, m, NCH,CH,0), 4.59—4.77 (2H, m, NCH,CH,0), 7.36 and 8.41 (each 1H, d,

J=3.0Hz, ArH x2)
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TaBLE X. (continued)
Compd. IR NMR
No. KBr, cm ™! Solvent é: ppm
14b 1690, 1640 CDCl, 1.60 (3H, d, J=6.0Hz, 2-CH,), 3.77 (1H, dd, J=11.1, 7.5 Hz, 3-H), 4.37 (1H, dd, J=11.1, 8.1 Hz,
3-H), 4.83—5.27 (I1H, m, 2-H), 7.18 and 8.18 (each 1H, d, /=3.3 Hz, ArH x 2)
14c 1695, 16504 CDCl, 1.77 (6H, s, CH; x 2), 4.30 (2H, s, 2-H x 2), 7.18 and 8.18 (each 1H, d, J=3.6 Hz, ArH x2)
14d 1700, 1690 (sh),? CDCl, 1.44 (3H, d, J=6.3Hz, 2-CH,), 1.51 and 1.75 (each 3H, s, 3-CH, x 2), 4.47 (1H, q, J=6.3 Hz,
1650 2-H), 7.15 and 8.15 (each 1H, d, J=3.0Hz, ArH x2)
14e 1685, 16659 CDCl, 2.88 (3H, s, ArCH,), 4.12—4.30 (2H, m, NCH,CH,0), 4.58—4.81 (2H, m, NCH,CH,0), 6.87
(1H, s, ArH)
14f 1690, 1660% CDCl, 2.53 (3H, s, ArCHj), 4.14—4.33 (2H, m, NCH,CH,0), 4.57—4.80 (2H, m, NCH,CH,0), 7.95
(1H, s, ArH)
14g 1700, 1660 DMSO-ds  1.22 (3H, t, J=7.5Hz, CH,CH,), 2.90 (2H, q, J=7.5Hz, CH,CH,), 4.04—4.26 (2H, m, NCH,-
CH,0), 4.59—4.77 (2H, m, NCH,CH,0), 8.19 (1H, s, ArH)
14h 1695, 1660% CDCl, 2.42 and 2.80 (each 3H, s, ArCH, x 2), 4.09—4.27 (2H, m, NCH,CH,0), 4.56—4.74 (2H, m,
NCH,CH,0)
22a 1690, 1680, DMSO-ds  4.13—4.34 (2H, m, NCH,CH,0), 4.68—4.90 (2H, m, NCH,CH,0), 7.31 (2H, s, ArH x2)
1610
22b 1695, 1600 DMSO-d,  2.41 (3H, d, /=1.5Hz, ArCH,), 4.07—4.30 (2H, m, NCH,CH,0), 4.65—4.89 (2H, m, NCH,-
CH,0), 6.85 (1H, d, J=1.5Hz, ArH)
22¢ 1665 DMSO-d;  4.05—4.28 (2H, m, NCH,CH,0), 4.68—4.90 (2H, m, NCH,CH,0), 7.24 (1H, s, ArH), 7.30—7.67
(5H, m, PhH x 5)
22d 1690 (sh), 1680, DMSO-d;  2.43 (3H, d, /=1.2Hz, ArCH;), 4.11—4.30 (2H, m, NCH,CH,0), 4.65—4.86 (2H, m, NCH,CH,-
1600 0), 6.96 (1H, d, J=1.2Hz, ArH)
22e 1695, 1680 (sh), DMSO-ds  4.15—4.33 (2H, m, NCH,CH,0), 4.70—4.91 (2H, m, NCH,CH,0), 7.31—7.84 (6H, m, ArH,
1605 PhH x 5)
22f 1680, 16109 CDCl, 1.15(3H, t, J=7.5Hz, ArCH,CHj,), 2.33 (3H, s, ArCH,), 2.87 (2H, q, J=7.5Hz, ArCH,CH,),
4.20—4.43 (2H, m, NCH,CH,0), 4.66—4.87 (2H, m, NCH,CH,0)
22g 1675, 16109 cDCl, 1.67—2.06 (4H, m, 7,8-CH, x 2), 2.92—3.06 (4H, m, 6,9-CH, x 2), 4.20—4.41 (2H, m, NCH,CH,-
0), 4.67—4.88 (2H, m, NCH,CH,0)
@) CHCl,.

TaBLE XI. Spectral Data for Various 2,3-Dihydro-5H-oxazolothieno-
pyrimidin-5-one Derivatives (31, 33 and 36)

Compd. IR NMR

No.

KBr,cm™!  Solvent J: ppm

31a 1700, 1640  DMSO-d; 4.05—4.19 (2H, m, NCH,CH,0),
4.63—4.79 (2H, m, NCH,CH,0),
8.34 (1H, s, ArH)

DMSO-ds 2.77 (3H, s, ArCH,), 4.00—4.21
(2H, m, NCH,CH,0), 4.61—4.80
(2H, m, NCH,CH,0)

DMSO-d; 2.39 (3H, s, ArCH,), 4.11—4.32

(2H, m, NCH,CH,0), 4.69—4.90

(2H, m, NCH,CH,0)

2.08—2.41 (2H, m, 3-H x 2), 2.54

(3H, d, J=1.8Hz, ArCH,), 4.10

(2H, t, J=6.2Hz, 4-Hx2), 4.45

(2H, t, J=5.4Hz, 2-H x2), 6.79

(1H, d, J=1.8 Hz, ArH)

3le 1690, 1635
33 1685

36 16759 CDCl,

a) CHCl,,.

3,4-Dihydro-8-methyl-[ 1,3]Joxazino[3,2-a]thieno[3,2-d]pyrimidin-6-
(2H)-one (36) A suspension of 35 (1.2g) and K,CO; (0.8¢g) in Me,CO
(50 ml) was refluxed for 6h. A precipitate was filtered off and the filtrate
was concentrated in vacuo. The residue was dissolved in AcOEt. This
solution was washed with water, dried over MgSO, and concentrated to
dryness. The resulting crystalline product was recrystallized from AcOEt—
hexane to afford 36 (0.9 g, 879%) as colorless needles. Other data are listed
in Tables IT and XI.

Formation of Methyl 2-(2-Oxo-1-imidazolidinyl)-4-phenylthiophene-3-
carboxylate (24c) on a Synthesis of 22c  An aqueous 109, NaOH solution
(6.0ml) was added dropwise to a stirred solution of 23¢ (501 mg) in
dioxane (2 ml) under reflux, and then the whole was stirred for 15 min at
the same temperature. After evaporation of the solvent, water was added

to the residue and the mixture was extracted with CH,Cl,. A residue
obtained from the CH,Cl, extracts was chromatographed on silica gel
using AcOEt-hexane (2: 1) as an eluent to give 22¢ (78 mg, 20%) and 24¢
(84 mg, 197). 24c was recrystallized from MeOH as colorless plates. mp
189—191°C (dec.). Anal. Caled for C;sH,,N,0,S: C, 59.59; H, 4.67; N,
9.27; S, 10.60. Found: C, 59.32; H, 4.56; N, 9.25; S, 10.46. IR (KBr):
1705cm™!. NMR (DMSO-d,) 6: 3.26—3.97 (4H, m, NCH,CH,N), 3.60
(3H, s, OCH,), 7.13 (1H, s, ArH), 7.18—7.47 (5H, m, PhH x 5), 8.1—8.3
(1H, br, NH).

Methyl 2-Methoxycarbonylamino-4-phenylthiophene-3-carboxylate (25)
Starting with 18¢ and methyl chloroformate, the procedure described
for the synthesis of 3e afforded the desired product (25). Yield 83%.
mp 104—105°C. Anal. Caled for C,H,;NO,S: C, 57.72; H, 4.50; N,
4.81; S, 11.01. Found: C, 57.80; H, 4.47; N, 4.86; S, 11.28. IR (KBr): 1731,
1659cm™'. NMR (CDCLy) 4: 3.55 and 3.86 (each 3H, s, OCH, x 2), 6.54
(1H, s, ArH), 7.32 (SH, s, PhH x 5), 10.56 (1H, brs, NH).

Methyl [N-Methoxycarbonyl- N-(2-phthalimidoethyl)amino]-5-phenyl-
thiophene-3-carboxylate (26) A solution of 25 (5.00g) in dry DMF
(25 ml) was added dropwise to a suspension of NaH (55%, dispersion in oil)
(1.50g) in dry DMF (50ml) at 0°C during 10min under a nitrogen
atmosphere and the whole was stirred at room temperature for 1h. A
solution of N-(2-bromoethyl)phthalimide (9.10 g) in dry DMF (50 ml) was
added dropwise to the mixture and the resulting solution was stirred at
100 °C for 6.5 h. After evaporation of the solvent, water was added and the
mixture was extracted with AcOEt. A residue obtained from the AcOEt
extracts was chromatographed on silica gel and eluted with AcOEt-hexane
(1:2). Recrystallization of the product from CH,Cl,-AcOEt gave 26 (1.
18g, 159%) as colorless needles. mp 149—151°C. Anal. Caled for
C,.HyoN,O(S: C, 62.06; H, 4.34; N, 6.03; S, 6.90. Found: C, 62.24; H,
4.26; N, 6.33; S, 6.66. IR (KBr): 1716cm™~'. NMR (CDCl,) §: 3.63 (5H,
brs, OCH;, NCH,CH,-Phth), 3.99—4.08 (5H, m, OCH,, NCH,CH,-
Phth), 6.95 (1H, s, ArH), 7.34 (5H, s, PhH x 5), 7.65—7.96 (4H, m,
PhthH x 4).

Methyl 2-[ N-(2-Aminoethyl)- V-methoxycarbonylamino]-5-phenylthio-
phene-3-carboxylate (27) A solution of 26 (1.12g) and hydrazine mono-
hydrate (0.25 g) in MeOH (20 ml) was refluxed for 3.5h. A residue obtained
from evaporation of the solvent was dissolved in water, and the solution
was acidified with 109, HCI solution. The precipitate was filtered off, the
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TaBLe XII. Intermediates of Chloro-Substituted 2,3-Dihydro-5H-oxazolothienopyrimidin-5-ones (30 and 32)
R Me
~-CO2Me CO2Me
S __ ol = |
NHCONH ">~ S~ NHCONH ™>~Cl
Cl
30 32
Analysis (%)
Compd. Yield mp (°C) Calcd (Found)
No. R, (%) (Recryst. solv.)* Formula
C H Cl N S
30a% H 91 163—165 CyH,(,CLL,N,0,8 36.38 3.39 23.86 9.43 10.79
(EA) (36.33 3.18 23.91 9.47 10.92)
30e Me 63 165—167 (dec.) C,0H;,CLN,0;S 38.60 3.89 22.79 9.00 10.30
(EA) (38.54 3.76 22.98 8.94 10.37)
32 93 170—172 (dec.) CoH,CLN,0,S 38.60 3.89 22.79 9.00 10.30
(EA) (38.69 3.77 23.06 9.18 10.45)

a) See footnote a in Table IV. b) This compound was reported in ref. 8, but its physical data were not given.

TaBLE XIII. Spectral Data for Intermediates of Chloro-Substituted 2,3-
Dihydro-5H-oxazolothienopyrimidin-5-one (30 and 32)

Compd. IR NMR
No.
KBr,cm™'  Solvent o: ppm

30a 1645, 1715 DMSO-dy 3.20—3.83 (TH, m, OCH;, NCH,-
CH,Cl), 6.76 (1H, brt, J=5.7 Hz,
NH), 8.11 (1H, s, ArH), 8.14 (1H,
brs, NH)

30e 1725, 1690 DMSO-d, 2.50 (3H, s, ArCH,), 3.20—3.79
(4H, m, NCH,CH,Cl), 3.71 3H, s,
OCH,), 6.70 (1H, brt, J=5.4Hz,
NH), 8.17 (1H, brs, NH)

32 1714, 1653 DMSO-d, 2.22 (3H, s, ArCH,), 3.33—3.90

(4H, m, NCH,CH,Cl), 3.84 3H, s,
OCHS,), 8.32 (1H, brt, J=5.4Hz,
NH), 10.47 (1H, brs, NH)

filtrate was washed with AcOEt and the aqueous layer was basified with
concentrated NH,OH solution and extracted with AcOEt. The AcOEt
extracts yielded a crystalline product. Recrystallization from AcOEt—
hexane gave 27 (0.60g, 75%) as colorless needles. mp 92—94°C. Anal.
Caled for C,oH,gN,0,S: C, 57.47; H, 5.43; N, 8.38; S, 9.59. Found: C,
57.68; H, 5.33; N, 8.34; S, 9.67. IR (KBr): 1715cm™~'. NMR (CDCl,) §:
1.50 (2H, brs, NH x 2), 2.93 (2H, t, J=6.0Hz, CH,NH,), 3.63 and 3.69
(each 3H, s, OCH, x 2), 3.79 (2H, t, /=6.0 Hz, NCH,CH,NH,), 7.02 (1H,
s, ArH), 7.36 (5H, s, PhH x 5).

Preparation of 24c and 1-(4-Phenyl-2-thienyl)imidazolin-2-one (28) A
solution of 27 (152mg) and KOH (85% purity) (33 mg) in MeOH (4 ml)
was stirred at room temperature for 6h. A residue obtained from
evaporation of the solvent was dissolved in water and the solution was
extracted with CH,Cl,. The extracts were dried over MgSO, and con-
centrated to dryness, and the product was separated by preparative thin
layer chromatography on silica gel using AcOEt-hexane (3: 1) as an eluent
to give 24c (38 mg, 289%) and 28 (10mg, 9%). 24¢c: mp 186-—190 °C. The

sample was identical with the specimen prepared via route b. 28: mp 232—
234°C (dec.). Anal. Caled for C,,H,,N,0S- 1/3H,0: C, 62.38; H, 5.10; N,
11.19; S, 12.81. Found: C, 62.33; H, 4.90; N, 11.24; S, 12.92. IR (KBr):
1638cm™'. NMR (DMSO-d;) §: 3.33--3.47 (4H, m, NCH,CH,N), 6.28
(1H, s, ArH), 7.23 (6H, s, PhH x 5, ArH), 7.4—7.6 (1H, br, NH).

Gastric Secretion in Pylorus-Ligated Rats Sprague Dawley (Charles
River Co., Ltd.) male rats, weighing 200—230 g, were divided into groups
of four animals each and fasted for 24 h with free access to water before the
experiment. The animals were anesthetized with ether and the pylorus was
ligated by the method of Shay er al.® Fifty mg/kg of a test compound
suspended in 0.5% carboxymethylcellulose solution was given intra-
duodenally immediately after ligation of the pylorus in a volume of 2 ml/kg
of body weight. Four hours later the animals were sacrificed by carbon
dioxide. The gastric contents were centrifuged at 3000 rpm for 10 min,
after which the volume of the gastric juice was measured and expressed as
ml/100 g body weight.
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