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Abstract - Several thieno[2,3-d]pyrimidine analogues of the potent antitumor
agent N-{4-{2-(2-amino-4(3H)-oxo-7H-pyrroloj2,3-djpyrimidin-3-yl)ethyl]-
benzoyl}-L-glutamic acid (LY231514, 7) have been prepared by two different
strategies. The first involved S-alkylation of the 6-mercaptopyrimidines (13)
and (14) with the a-haloketone (12), followed by cyclization to the thieno-
pyrimidines (17) and (18) respectively. The second involved synthesis of
the 2-amino-3-carbomethoxy- and 2-amino-3-cyano-thiophenes (19) and
(20} which were cyclized with acetonitrile to the corresponding
thienopyrimidines (21) and (22). Compounds(@7, 18, 21, and 22)were
hydrolyzed to the acids which were coupled with dimethyl L-glutamate, and
the resulting monopeptide esters were saponified to the target analogs.

Inhibition of thymidylate synthase (TS), which mediates the methylation of 2'-deoxyuridine-5'-
monophosphate (dAUMP) to give 2'-deoxythymidine-5'-monophosphate (dTMP) and is thus essential for de
novo DNA biosynthesis, has long been recognized as a prime objective for the development of an effective
antitumor chemotherapeutic a,gent.1 Several folate cofactor analogues which are TS inhibitors have emerged
as clinical candidates. The earliest of these, the quinazoline antifolate CB3717 (1),2 was withdrawn from

clinical trials because of unexpected renal toxicity.3 Newer TS inhibitors of continuing interest are second-
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generation quinazoline antifolates with greater water solubility (and thus lower toxicity) than CB3717; e.g. the

2-desamino-,43 2-desarino-2-methyl- (IC1198583),6-8 and 2-desamino-2-methyl thiophene (ZD1694,

Tomudex)9-12 analogues (2), (3) and (4), the non-classical quinazoline (5) (AG 337),13 and the
benzoquinazoline (6) (1843U89).14

A significant departure from the quinazoline family of TS inhibitors involved replacement of the ring-B fused
benzene ring by a fused pyrrole ring, together with removal of the nitrogen atom from the bridge. The lead
compound in this new series is N-{4-[2-(2-amino-4(3H)oxo-7H-pyrrolo[2,3-d]pyrimidin-5-yl)ethyl]-
benzoyl }-L-glutamic acid (LY231514, 7), which is currently in Phase II clinical trials.15 A previous paper16
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from our laboratories described the synthesis of B-ring modifications of LY231514 in which the pyrrole ring
was replaced by a pyrazole ring. The present paper describes an additional B-ring modification of LY231514

in which the pyrrole moiety is replaced with a thiophene ring. Since thiophene is isosteric with benzene,

o
o NH
HN COzH
PO (o
HaN" NN COzH
7 o}
R' NH
4 5 :
INT COsH
AE] (e
R2°N” 8~ ¢ COH
1 7
8; R = NHp, R' = OH
9 R=R= NHy
10; R = Me, R' = OH
11; R =Me, R' = NH

compounds (8), (9), (10) and (11) may be regarded as analogues of the quinazoline series of TS inhibitors,
but with presumably different aqueous solubility and transport properties. Preparation of these target
molecules involved synthesis of the key intermediates (17), (18), (21), and (22) which were then converted
to the corresponding target molecules using conventional chemistry.

The first synthesis of 2,4-diamino-5-substituted thieno[2,3-d]pyrimidines, published by Roth in 1969,17
involved the reaction of 2,4-diamino-6-mercaptopyrimidine with various oi-haloketones to form intermediate
pyrimidine sulfides which underwent cyclization in very low yield upon heating in diphenyl ether. This
general strategy was adopted as our first approach (Scheme I). Thus, the key intermediate «t-chloroketone
(12) was prepared as previously described,183.b and alternatively by a palladium-catalyzed Heck coupling
approach from ethyl p-iodobenzoate and ¢-buty] acrylate (see Scheme II). Reaction of 12 (Alk = Me) with 2-
amino-4-hydroxy-6-mercaptopyrimidine (13)!9 in DMF then gave pyrimidine sulfide (15) in 68% yield.

Surprisingly, an attempt to prepare 16 by the reaction of 2,4-diamino-6-mercaptopyrimidine (14) with 12 was
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unsuccessful under these reaction conditions. Compound (16) could, however, be prepared by generation of
the anion of 14 with Et3N and NaOAc followed by addition of the o-chloroketone (12} and heating the
solution at 80 °C for 2 h. Both the sulfides (15) and (16) cyclized in the presence of p-toluenesulfonic acid to

give the corresponding thieno[2,3-d]pyrimidines (17) and (18).
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Since the reaction of the ¢i-chloroketone (12) with mercaptopyrimidines (13) and (14) was capricious, and
the cyclization of 15 and 16 to 17 and 18 respectively required harsh reaction conditions, we also explored
an alternate approach involving initial construction of the thiophene ring followed by annulation of the
pyrimidine ring (Scheme I11).20

Thus, reaction of 12 with sodium hydrosulfide at 0 - 5 °C for 2 h, followed by addition of a mixture of

methyl cyanoacetate and Et3N in MeOH, gave the 2-amino-3-carbomethoxythiophene (19) in 65% yield.21

All attempts to jsolate the intermediate a-mercaptbketone from 12 were unsuccessful. In situ formation of
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the a—mer-captoketone from chloroketone (12) followed by treatment with malononitrile was also successful,
and gave the corresponding 2-amino-3-cyanothiophene (20) in 85% yield. Both thiophenes (19) and (20)
underwent cyclization with acetonitrile in dry HCI to give the cyclized thieno[2,3-d]pyrimidines (21) and (22)
in reasonable yield.22

Saponification of the benzoate esters (17), (18}, (21}, and (22) (Scheme V), followed by coupling of the
resulting carboxylic acids (23-26) with dimethyl L-glutamate using 6-chloro-2,4-dimethoxy-1,3,5-triazine/N-
methylmorpholine,23 gave the intermediates (27-30). Final alkaline hydrolysis of 27-30 followed by

acidification with acetic acid yielded the glutamic acid derivatives (8-11).

Scheme IV

COsMe

17; R =NHs, R' = OH
18; R=R' = NH;

2%, R =WMeg, R' = OH

22, R = Me, R' = NHz

COOH-

RN s b

23; R = NHo, R' = OH
24; R = R = NH,

25; R = Me, R' = OH

26; R = Me, R' = NH;

&1

27; R = NHp, R' = OH
28; A = R' = NHy.

29; R = Me, R' = OH

30; R = Me, R' = NH,

{a} 1 N NaOH; (b) glutamate coupling; (c) 1 N NaOH.




HETEROCYCLES, Vol. 43, No. 2, 1996 355

Biological evaluation of compounds (8), (10), and (11) revealed that they were essentially inactive (IC50 >

20 mg/ml) as cell growth inthibitors.

EXPERIMENTAL SECTION

1-Chloro-4-(4-carboethoxyphenyl)-2-butanone (12, Alk = Et): A mixture of ethyl 4-iodobenzoate
(5.00 g, 18.1 mmol), +-butyl acrylate (5.36 g, 41.8 mmol),Pd(CAc)2 (0.5 g, 2.23 mmol), acetonitrile (50 ml)
and Et3N (30 ml) was heated at 80 °C for 15 h in a sealed tube. The reaction mixture was cooled and
evaporated 1o dryness under reduced pressure, and the residue was dissolved in CH2Cl2 and filtered through a
silica gel column using CH2Cl? as eluent. Fractions containing the product were pooled and evaporated, the
light yellow residual solid was triturated with a small amount of hexane, and the resulting white solid was
recrystallized from hexane to give 4.35 g (91%) of t-butyl 3-(4-carboethoxyphenylacrylate, mp 68
°C. [{1HNmr (CDCI13) 8 1.39 (t, J = 7.27 Hz, 3 H), 1.53 (s, 9 H), 437 (q, J = 6.9 Hz, 2 H), 6.44 (4, J =
16.11 Hz, 1 H), 7.55 (d, J =7.32 Hz, 2 H), 7.60 (d, J = 15.42 Hz, 1 H), 8.03 (d, J = 8.12 Hz, 2 H); HRms
calcd for C16H2004 276.1361, found 276.1360. Anal. Caled for C16H2004: C, 69.55; H, 7.30. Found:
C, 69.58; H, 7.14).

To a solution of 5.0 g. of the above acrylate in 250 ml of MeOH was added 1.3 g of 10% Pd/C and the
mixture was hydrogenated overnight at 50 psi of hydrogen. The mixture was then filtered through Celite, the
filtrate evaporated to a smaller volume and then passed through silica gel, using CH2C12/MeOH (1:1, then
1:2). Fractions containing the product were pooled and evaporated to give crude r-butyl 3-(4-
carboethoxyphenyl)propionate. A suspension of 1.6 g. of this material in 20 m] of nitromethane was cooled to
0 °C, and dry HCI gas was bubbled through the solution for 5 min. After stirring for 10 min at G °C and then
at 30 min at room temperaure, the solution was filtered, washed with cyclohexane and dried to give 1.1 g
(89%) of 3-(4-carboethoxyphenyl)propionic acid, mp 109 °C (lit., 132 mp 108-110.5 °C). Subsequent
conversion to (12, Alk = Et) was carried out as previously described for the corresponding methyl ester (12,

Alk = Me)18b; yield 78%, mp 72 °C (lit.,! 82 mp 72-73 °C).
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4-[2-Amine-4(3H}-oxopyrimidin-6-yl]thio-4-(4-carbomethoxyphenyl)-2-butanone (15). To
a suspension of 2-amino-4-hydroxy-6-mercaptopyrimidine (13) (0.88 g, 6.1 mmol) in DMF (30 ml), the o-
chloroketone (12)18a,b (Ajk = Me, 1.63 g, 6.8 mmol) was added, the mixture was stirred at 55 °C for 1 h,
and then 6ooled to room temperature and poured into ice-cold water (200 ml). The precipitated solid was
filtered, washed with water and dried. Recrystallization of the crude material from MeOH gave 15 (1.41 g,
68%) as a white solid: mp 286-289 °C; IH nmr (DMSO-dg) §2.84 (1, 2 H, 7 =7.1 Hz),294 ¢, 2H,J=7.1
Hz), 3.80 (s, 3 H), 3.95 (s, 2 H), 5.35 (s, 1 H), 6.61 (s, 2 H), 731 (d,2H,/=8.1Hz),782(d,2H,J=
8.1 Hz), 10.63 (br s, 1 H); EIms, m/z7 (relative intensity) 347 (3), 329 (45), 180 (100); HRmS calcd for
C16H17N304S 347.0939, found 347.0926.

4-[2,4-Diaminopyrimidin-6-yl]thio-4.(4-carbomethoxyphenyl}-2-butanone (16). To a mixture
of 2,4-diamino-6-mercaptopyrimidine (14) hemisulfate (1.91 g, 10 mmol) and NaQAc (2.46 g, 30 mmol) in
30% aqueous MeOH (50 mi) was added EtsN (1.01 g, 10 mmol), and the mixture was heated to 80 °C for 10
min. To the resulting mixture, a solution of ai-chloroketone (12, Alk = Me) (3.03 g, 12.6 mmol} in MeOH
(30 ml) was added and heating was continued for additional 2 h. The reaction mixture was filtered and the
filtrate was concentrated in vacuo. The solid product was filtered, washed with water and chromatographed
on silica gel eluting with 3% MeOH/CH2Cl2. Fractions containing the product were combined and evaporated
to give 16 (2.73 g, 79%) as a light yellow solid: mp 140-142 °C; 1H nmr (DMSO-dg) 5 2.82 (t, 2H, J = 6.9
Hz), 2.97 (t, 2 H, J = 6.9 Hz), 3.79 (s, 3 H), 3.92 (s, 2 H), 5.53 (s, 1 H), 5.93 (s, 2 H, exchangeable with
D20), 6.19 (s, 2 H, exchangeable with D20), 7.32 (d, 2 H, J = 8.1 Hz), 7.84 (d, 2 H, J = 8.1 Hz); Elms,
m/z (relative intensity) 346 (5), 328 (30), 179 (74), 155 (100); HRms calcd for C16H17N403S 346.1099,
found 346.1099. Anal. Caled for C1gH17N403S: C, 55.48: H, 5.24; N, 16.17; S, 9.26. Found: C, 55.61;
H, 5.10; N, 15.92; S, 9.00.

Methyl 4-[2-(2-Amino-4(3H)-oxothieno[2,3-d]pyrimidin-5-yl)ethyl]benzoate (17). A
mixture of 15 (1.04 g, 3 mmol) and p-toluenesulfonic acid (100 mg) in ethylem;. glycol (10 ml) was heated at
190 °C for 1 h. The dark red solution was cooled to room temperature, poured into ice-cold water (100 ml)

and extracted with EtOAc (4 x 200 ml). The combined extracts were dried (MgSO4) and concentrated in
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vacuo. The crude product was chromatographed on silica gel eluting with 70% EtOAc/hexanes. Fractions
containing the product were combined and evaporated to give 17 (0.73 g, 74%) as a light yellow solid: mp
290-293 °C (decomp.); |H nmr (DMSO-d§) & 2.89-3.02 (m, 4 H), 3.79 (s, 3 H), 6.48 (s, 1 H), 6.50 (s, 2
H), 7.32 (d, 2 H, J = 8.1 Hz), 7.84 (d, 2 H, J = 8.1 Hz}); Elms, m/z (relative intensity) 329 (42), 180 (100);
HRms caled for C16H]15N3038 329.0834, found 329.0831.

Methyl 4-{2-(2,4-Diaminothieno[2,3-d]pyrimidin-5-yl)ethyl]lbenzoate (18). Compound (16)
(843 mg, 2.43 mmol) was cyclized in the presence of p-toluenesulfonic acid (100 mg) as described above, and
the crude product was recrystallized from MeOH to give 18 (443 mg, 55%) as a light brown solid: mp 202-
204 °C (decomp.); 1H nmr (DMSO-d6) § 3.06 (t, 2H, J = 6.9 Hz), 3.12 (1, 2 H, J = 6.9 Hz), 6.27 (brs, 2
H, exchangeable with D20), 6.51 (s, 1 H), 6.69 (s, 2 H, exchangeable with D20), 7.35(d, 2H, /= 8.1
Hz), 7.83 (d, 2 H, J = 8.1 Hz); Elms, m/z (relative intensity) 328 (35), 179 (100); HRms caled for
C16H16N4028S 328.0994, found 328.0993.

Methyl 4-{2-[2-Amino-3-carbomethoxythiophen-4-yl]ethyl}benzoate {(19). A solution of
NaSH (1.50 g, 26.7 mmol) in MeOH (100 ml) was prepared and cooled to -10 °C. To this, a solution of the
a~chloroketone (12, Alk = Me) (2.40 g, 10 mmol) in MeOH (40 ml) was added, and the resulting reaction
mixture was stirred at -10 °C for 2 h. A mixture of methyl cyanoacetate (1.01 g, 10 mmol) and Et3N (5 ml) in
MeOH (10 ml) was added and stirring was continued for an additional 3 h at -5 - § °C. The reaction mixture
was poured onto water (400 ml) and extracted with ether (3 x 500 ml). The combined extracts were dried
(MgS0O4) and concentrated in vacuo. The crude product was chromatographed on silica gel eluting with 17%
EtOAc/hexanes. Fractions containing the product were combined and evaporated to give 19 (2.08 g, 65%) as
a white solid. A small sample of 19 was recrystallized from EtOAc-hexanes: mp 148-150 °C; 1H nmr
(CDCl13) 8 2.88-3.02 (m, 4 H), 3.85 (s, 3 H), 3.90 (s, 3 H), 5.79 (s, | H), 6.10 (br s, 2 H, exchangeable
with D20), 7.24 (d, 2 H, /= 8.1 Hz), 7.95 (d, 2 H, /= 8.1 Hz); HRms calcd for C16H|7N04S 319.0878,
found 319.0884. Anal. Calcd for C1gH17NQ4S: C, 60.18; H, 5.37; N, 4.39; S, 10.04. Found: C, 60.39;
H, 5.51; N, 4.39; 8, 10.01.
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Methyl 4-[2.(2-Amino-3-cyanothiophen-4-yl)ethyl]lbenzoate (20). A solution of NaSH (1.50. g,
26.7 mmol) in MeOH (100 ml} was prepared and cooled to -10 °C. To this, a solution of the ct-chloroketone
(12, Alk =Me) (2.4 g, 10 mmol) in MeOH (30 ml) was added and the resulting reaction mixture was stirred
at -10 °C for 2.5 h. A mixture of malononitrile (0.66 g, 10 mmol) and EtzN (1.01 g, 10 mmol) in MeOH (20
ml) was added and stirring was continued for an additional 2 h at -5 - 0 °C. The reaction mixture was poured
onto water (100 ml) and extracted with ether (4 x 300 ml). The combined extracts were dried (MgSO4) and
concentrated in vacuo. The crude product was chromatographed on silica gel eluting with 35%
EtOAc/hexanes. Fractions containing the product were combined and evaporated to give 20 (2.42 g, 85%) as
a light yellow solid. A small sample of 20 was recrystallized from CH2Cl2: mp 138-140 °C; 1H nmr
(CDCI3) & 2.84 (1, 2 H, J = 7.5 Hz), 2.96 (t, 2 H, J =7.5 Hz), 3.90 (s, 3 H), 4.60-5.00 (br s, 2 H), 5.88 (s,
iH),7.24(d,2H,J=28.1Hz),7.95 (d, 2 H, J = 8.1 Hz); Elms m/z (relative intensity) 286 (M+, 13), 254
(29), 228 (48), 197 (37); HRms caled for C15H14N2028 286.0776, found 286.0766. Anal. Calcd for
C15H14N2028: C, 62.92; H, 4.93; N, 9.78; §, 11.20. Found: C, 62.70; H, 5.01; N, 9.79; S, 11.31.

Methyl 4-[2-(2-Methyl-4(3H)-oxothieno[2,3-d]pyrimidin-5-yl)ethyl]lbenzoate (21). A stream
of dry HCI was bubbled through a suspension of 19 (850 mg, 2.67 mmol) in MeCN (50 mi) for 8 h. The
reaction mixture was stirred at 25 °C for an additional 72 h. The excess MeCN was removed in vacuo and the
solid was dissolved in water (20 ml). The pH of the solution was adjusted to 9 with conc. NH4OH and the
precipitated solid was filtered, washed with water and dried. The crude product was purified by silica gel
chromatography eluting with 60% EtOAc/hexanes. Fractions containing the product were combined and
evaporated to give 21 (350 mg, 40%) as a light brown solid. A small sample of 21 was recrystallized from
MeOH-MeCN: mp 250-252 °C; H nmr (DMSO-dg) 8 2.31 (s, 3 H), 2.95 (t, 2 H, J=7.3 Hz), 3.14 (t, 2 H,
J=73Hz),379(s,3H),698(s, 1 H),7.34(d,2H,/=81Hz),7.84 (d, 2 H, J= 8.1 Hz), 12.30 (s, 1
H, exchangeable with D20); Elms m/z (relative intensity) 328 (M*, 100), 296 (30), 268 (24); HRms calcd
for C{7H16N203S 328.0881, found 328.0876. Anal, Calcd for C17H16N2038S: C, 62.18; H, 491; N,
8.53; 5, 9.76. Found: C, 62.47; H, 5.01; N, 8.30; §, 9.88.
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Methyl 4-[2-(4-Amino-2-methylthieno[2,3-d]pyrimidin-5-yl)ethyl]lbenzoate (22). Compound
(20) (286 mg, 1 mmol) was reacted with MeCN (15 ml) in the presence olf dry HCl as described above (but
for 4 h; silica gel chromatography eluting with 60% EtOAc/hexanes) to give 22 (280 mg, 86%) as a light
yellow solid. A small sample of 22 was recrystallized from MeOH-MeCN: mp 216-218 °C; 1H nmr (DMSO-
dgyd2.36 (s, 3 H),2.98 (1,2 H, J=76Hz), 3.21 (t, 2 H, /= 7.6 Hz), 3.79 (s, 3.H), 6.92 (br, s, 2 H,
exchangeable with D20), 7.34 (d, 2 H, J = 8.2 Hz), 7.83 (d, 2 H, J = 8.2 Hz); Elms m/z (relative intensity)
327 (M™, 31), 178 (100); HRms caicd for C17H]7N302S8 327.1041, found 327.1040. Anal. Calcd for
C17H17N3028: C, 62.37; H, 5.23; N, 12.83; 8, 9.79. Found: C, 62.39; H, 5.33; N, 13.09; S, 9.96.

4-[2-(2-Amino-4(3H)-oxothieno[2,3-d]pyrimidin-5-yl}ethyllbenzoic Acid (23). To a
suspension of compound {17) (330 mg, 1 mmol) in MeOH (5 ml) was added | ¥ NaOH (4 ml), and the
mixture was allowed to stir at room temperature for 12 h. It was then acidified with CH3C02H(g1) and the
solid was filtered, washed with water and dried to give 23 (300 mg, 95%) as a light yellow solid: mp > 320
°C; 1H nmr (DMSO-dg) § 2.92-3.08 (m, 4 H), 6.48 (br s, 2 H), 6.51 (s, 1 H), 7.30 (d, 2 H, J = 8.0 Hz),
7.81(d, 2 H, J = 8.0 Hz), 10.81 (s, 1 H), 12.75 (br 5, 1 H); HRms caled for C15H13N303S 315.0677,
found 315.0665,

4-[2-(2,4-Diaminothieno[2,3-d]pyrimidin-5-yl)ethyl]benzoic Acid (24). Compound (18) (360
mg, 1 mmol) was saponified in 80% MeOH (25 ml) and 1 N NaOH (3 ml} as described above (but at reflux 7
for 4 h) to give 24 (340 mg, 99%) as a white solid: mp > 300 °C; 1H nmr (DMSO-dg) 8 2.95 (t, 2 H, /= 6.6
Hz), 3.11 (t, 2 H, J = 6.6 Hz}, 6.01 (s, 2 H, exchangeable with D20}, 6.43 (s, 2 H, exchangeable with
D20), 647 (s, 1 H), 7.33 (d, 2 H, J = 8.0 Hz), 7.81 (d, 2 H, /= 8.0 Hz); FABHRms caled for
C15H15N402S (MHY) m/z 315.0916, found 315.0907.

4-[2-(2-Methyl-4(3m-oxothieno[2,3-i]pyrimidin-S-yl)ethyl]benzoic Acid (25). Compound
(21) (340 mg, 1.04 mmol) was saponified in 1 N NaOH (4 ml) and MeOH (20 mi) as described above (but at
reflux for 90 h) to give 25 (207 mg, 66%) as a white solid: mp 280-283 °C (decomp.); !H nmr (DMSO-dg) §
231(s,3H),293(t,2H,J=75Hz),3.12(, 2H, J=75Hz), 698 (s, ] H), 7.30 (d, 2 H, J = 8.] Hz),
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7.80 (d, 2 H, J = 8.1 Hz), 12.30 (s, 1 H, exchangeable with D20); Elms m/z (relative intensity) 314 o+,
38), 179 (100), 138 (26); HRms calcd for C1gH14N203S 314. 0725, found 314.0727. Anal. Calcd for
C16H14N2013S8-0.5 H20: C, 59.43; H, 4.68; N, 8.66; §, 9.92. Found: C, 59.76; H, 4.38; N, 8.02; §,

9.92.

4-[2-(4-Amino-2-methylthieno[2,3-d]pyrimidin-5-yl)ethyl]lbenzoic Acid (26). Compound
(22) (654 mg, 2 mmol) was saponified in 1 ¥ NaOH (4 ml) and MeOH (10 ml} as described above (but at
reflux for 3 h) to give 26 (560 mg, 89%) as a white solid: mp > 300 °C (decomp.); IH nmr (DMSO-dg, 300
Hz) 6 2.36 (s, 3 H), 2.96 (t, 2 H, J= 7.5 Hz), 3.21 (, 2 H, J = 7.5 Hz), 3.79 (s, 3.H), 6.88 (s, 2 H,
exchangeable with D20), 693 (s, 1 H), 7.29 (d, 2 H, J = 7.8 Hz), 7.80 (d, 2 H, J = 7.8 Hz); Elms m/z
(relative intensity) 313 (80, M*), 178 (100), 137 (40); HRms calcd for C1gH15N302S 313.0885, found
313.0892. Anal. Calcd for C1gH15N3028 - 0.5 H2O: C, 59.61; H, 5.00; N, 13,03. Found: C, 59.31; H,
© 4.69; N, 12.87.

Dimethyl N-{4-[2-(2-Amino-4(3H)-oxothieno(2,3-d]pyrimidin-5-yl)ethyl]benzoyl}-L-glu-
tamate (27). To a suspension of 23 (236 mg, 0.75 mmol) in DMF (15 ml) at 25 °C was added N-
methylmorpholine (NMM, 0.098 ml, 0.89 mmol) followed by 6-chloro-2,4-dimethoxy-1,3,5-triazine (168
mg, 0.90 mmol) and the resulting sofution was stirred at 25 °C for 1 h. NMM (0.125 ml, 1.14 mmol) was
added to the solution followed by dimethyl L-glutamate hydrochloride (191 mg, 0.90 mmol), and the resulting
mixture was stirred at room temperature for 2 h. The reaction mixture was concentrated in vacue (0.5 mm Hg)
and the residue was taken up in CH2Cl2 (50 ml). The CH2Cl2 layer was washed with 5% NaHCO3, dried
(MgS04), and concentrated in vacuo. The residue was chromatographed on silica gel eluting with 10%
MeOH/CH2CI2. Fractions containing the product were combined and evaporated to give a gummy residue
which was triturated with ether-hexanels. The solid product was filtered and dried to give 27 (250 mg, 72%)
as a white solid: mp 212-214 °C; 1H nmr (DMSO-dg) 6 1.95-2.12 (m, 2 H), 2.42 {t, 2 H, 7 = 6.4 Hz), 2.88-
3.04 (m, 4 H), 3.54 (s, 3 H), 3.60 (s, 3 H), 4.38-4.45 (m, 1 H), 6.48 (br s, 2 H), 6.51 (s, 1 H), 7.30 (d, 2
H,J =7.0 Hz), 7.77 (d, 2 H, J = 7.0 Hz), 8.64 (d, | H, J = 7.4 Hz), 10.80 (s, 1 H).
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Dimethyl N-{4-[2-(2,4-Diaminothieno[2,3-d]pyrimidin-5-yl)ethyl]benzoyl}-L-glutamate
(28). The acid (24) (236 mg, 0.75 mmol) was coupled with dimethyl I-glutamate (169 mg, 0.8 mmol) as
described above (but for 3 h; silica gel chromatography, eluting with 70% EtOAc/hexanes) to give 28 (280
mg, 78%) as a white solid: mp 130-132 °C; IH nmr (DMSO-dg) §2.02-2.17 (m, 2 H), 237 (t, 2H, /= 7.6
Hz), 2.98-3.11 (m, 4 H), 3.54 (s, 3 H), 3.63 (s, 3 H), 4.55 (m, 1 H), 5.15 (s, 2 H}), 5.77 (s, 2 H), 6.27 (s,
1H),7.14 (d, 2 H, J=79 I-_Iz), 772 (d,2H,J=79Hz), 807 (d, | H, J= 7.6 Hz); Elms (relative
intensity) m/z 471 (30, 439 (10), 297 (13), 268 (24), 179 (100); HRms calcd for C22H25N505S 471.1576;

found, 471.1581.

Dimethyl N-{4-[2-(2-Methyl-4(3&)-oxothien0[2,3-ﬂpyrimidin-5-yrl)ethyl]benzoyl}-L-
glutamate (29). The acid (25) (157 mg, 0.5 mmol) was coupled with dimethyl L-glutamate (120 mg, 0.55
mmol) as described above (but for 12 h; silica gel chromatography, eluting with 2% MeOH/CH2CI2) to give
29 (190 mg, 81%) as a white solid: mp 174-176 °C; IH nmr (CDCI3)  2.11-2.47 (m, 4 H), 2.55 (s, 3 H),
303(2H,/=75Hz),325(,2H,J=75Hz), 3.64 (s, 3 H), 3.77 (5, 3 H), 4.81 (m, 1 H), 6.69 (s, 1
H), 717 (d, 1 H,/=74 Hz), 726 (d,2 H,J=78 Hz), 773 (4, 2 H, J = 7.8 Hz), 12.56 (s, 1 H); Elms
m/z (relative intensity) 471 (M, 16), 439 (17), 311 (R), 297 (58), 268 (100), 179 (64); HRms caled for
C23H25N306S 471.1464, found 471.1473.

Dimethyl N-{4-[2-(4-Amino-2-methylthieno(2,3-dlpyrimidin-5-yl)ethyl]benzoyl}-L-gluta-
mate (30). The acid (26) (313 mg, 1 mmol) was coupled with dimethy} L-glutamate (241 mg, 1.14 mmol)
as described above (but for 4 h; silica gel chromatagraphy eluting with 3% MeOH/CH2Cl12) to give 30 (360
mg, 77%) as a white solid: mp 124-126 °C; 1H nmr (CDCI3) § 2.07-2.50 (m, 4 H), 2.52 (s, 3 H), 3.06-3.13
(AA'BB’,4H),362(s,3H),3.74(s.3H), 476 (m, 1 H), 572 (s, 2 H), 6.7) (5, 1 H), 7.16 (d, 2H, J =
8.1 Hz), 7.21(d, 1 H, J=7.8 Hz), 7.70 (d, 2 H, J = 8.1 Hz); Elms m/z (relative intensity) 470 (M*, 12),
438 (22), 296 (20), 267 (38), 178 (100); HRms caled for C23H26N405S 470.1624, found 470.1621. Anal.
Calcd for C23H26N4058: C, 58.71; H, 5.57; N, 11.91; §, 6.81. Found: C, 58.93; H, 5.51; N, 11.88; 8,
6.64.
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N-{4-[2-(2-Amino-4(3H)-oxothieno[2,3-d]pyrimidin-5-yl)ethyl]benzoyl}-L-glutamic Acid
(8). A solution of 27 (100 mg, 0.21 mmol) in 1 N NaOH (! ml) was allowed to stir at room temperature for
24 h. The reaction mixture was acidified with gl. AcOH and the solid product was filtered, washed with
water, and dried to give 8 (85 mg, 90%) as a white solid: mp 292-295 °C (decomp.); 1H amr (DMSO-d6) &
1.91-2.07 (m, 2 H), 2.31 (t, 2 H, J = 7.2 Hz), 2.90-3.03 (m, 4 H), 4.35 (m, 1 H), 6.49 (br s, 2 H), 6.51 (s,
1H),7.27(d, 2 H, J=8.0 Hz), 7.76 (d, 2 H, J = 8.0 Hz), 8.47 (d, 1 H, J = 7.5 Hz), 10.82 (s, 1 H), 12.43
(br 5, 2 H). Anal. Calcd for C2gH20N406S: C, 54.05; H, 4.54; N, 12.61; S, ?’.21. Found: C, 54.24; H,
4.51; N, 12.40; §, 7.31.

N-{4-[2-(2,4-Diaminothieno[2,3-d]pyrimidin-5-yl)ethyl]benzoyl}-L-glutamic Acid (9).
Compound (28) (157 mg, 0.33 mmol) was saponified in 0.5 N NaOH (2 ml) as described above to give 9
(119 mg, 81%) as a white solid: mp 208-210 °C (decomp.); 1H nmr (DMSO-dg) 6 1.87-2.10 (m, 2 H), 2.31
(tt2H,7=7.0Hz),295(t, 2 H, J = 6.8 Hz), 3.11 (t, 2 H, J = 6.8 Hz), 4.36 (m, 1 H), 5.99 (s, 2 H), 6.42
(s,2H), 647 (s, 1 H), 730 (d, 2 H, J=7.8 Hz), 7.78 (d, 2 H, J = 7.8 Hz), 848 (d, 1 H, J = 7.4 Hz),
11.50-13.50 (br s, 2 H); FABHRms calcd for C20H22N505S (MH*) 444.1342, found: 444.1331, Anal.

Caled. for C2oH21N50s8S: C, 54.17; H, 4.77; N, 15.79; S, 7.23. Found: C, 54.01; H, 4.59; N, 15.53; S,
7.12.

N-{4-[2-(2-Methyl-4(3H)-oxothieno{2,3-d]pyrimidin-5-yl)ethyl]benzoyl}-L-glutamic Acid
{10}. Compound (29) (100 mg, 0.21 mmol) was saponified in 0.5 N NaOH (1.5 ml) as described above to
give 10 (72 mg, 77%) as a white solid: mp 220-222 °C; 1H nmr (DMSO-dg) 5 1.86-2.10 (m, 2 H), 2.25-
237 (m2H),231(,3H),293(, 2H,J=75Hz),3.12(, 2 H, J="7.5Hz), 433 (m, 1 H), 6.97 (s, |
H), 7.27(d, 2 H, J= 8.0 Hz), 7.76 (d. 2 H, J = 8.0 Hz), 8.47 (d, 1 H, J = 7.5 Hz, exchangeable with D70),
12.30 (s, 1 H, exchangeable with D20); FABHRms calcd for C21H22N30gS (MH1) 444.1229, found
444.1232. Anal. Calcd for C21H21N3065-H20: C, 54.66; H, 5.02; N, 9.11; S, 6.95, Found: C, 54.39;
H, 4.93; N, 9.04; S, 6.95.
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N-{4-[2-(4-Amino-2-methylthieno[2,3-d]pyrimidin-5-yl)ethyl|benzoy})-L-glutamic Acid
(11). Compound (30) (235 mg, 0.5 mmol) was saponified in 1 N NaOH (1.5 ml) as described above to
give 11 (146 mg, 66%) as a white solid: mp 150-152 °C; 'H nmr (DMSO-ds) § 1.89-2.05 (m, 2 H), 2.31 (t,
2H,/=74Hz),236(,3H),296(t,2H,J=73Hz),323(t,2H,J="73 Hz), 4.31-4.37 (m, 1 H),
6.92 (s, 3 H, 2.H exchangeable with D20), 7.33 (d, 2H, /=8.1 Hz), 776 (d, 2 H, /= 8.1 Hz}, 849 (d, 1
H, J = 7.6 Hz, exchangeable with D20),12.10-12.80 (br s, 2 H, exchangeable with D20); FABHRms calcd
for C21H23N4058 (MHT): 443.1389; found: 443.1391. Anal. Caicd for Co1H20N40s8: C, 57.00; H, 5.01;
N, 12.67; S, 7.23. Found: C, 56.88; H, 4.89; N, 12.44; §, 7.01.
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