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Abstract: Centrally constrained thieno[2,3+]thiophene sulfonamides have provided a potent, selective, orally 
active series of platelet aggregation inhibitors. Compound 21 showed excellent activity in the dog after a 
single oral dose of 200 ps/kg. 0 1997 Elsevier Science Ltd. 

One of the latter steps in thrombosis is the aggregation of platelets mediated by fibrinogen binding to 
the platelet glycoprotein IIb/IIIa (GPIIb/lIIa). 1 This occurs via recognition of the tripeptide sequence. arginyl 
glycyl aspartate (RGD). The binding of peptide and small molecule RGD mimics to GPIIb/IIIa has been 
reported to cause inhibition of platelet aggregation.2 From our own efforts, compound I (AGGRASTAv”), 
a tyrosine derivative with an a-sulfonamide, is now in phase III clinical trials: 1 More recently. several related 

compounds have been reported, 4a-C all of which are typified by the lead structure 2, which utilizes a 
sulfonamide and a centrally constraining isoindolinone. Compound 2 was shown to be a nanamolar in vitro 
inhibitor of platelet aggregation and active after oral administration.ha 

1, AGGRASTATTM 

With these precedents in mind, and mindful of our prior experience utilizing thienothiophene analogs as 
membrane permeant agents5 we wanted to test whether these dipolar, lipophilic ring systems would offer an 

opportunity to achieve orally active inhibitors. Accordingly. we decided to prepare the series described by 3 
and 4. 
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4.n=l 

Thienol3,2hJthiophene, 5, was lithiated in the 5-position5 and then alkylated with 6nto give 7 in good 
yield. The delicate task of removing the aceta) to liberate the aldehyde 8 in the presence of the BOC group 

was solved by treating an acetone solution of 7 with TFA (10% final concentration) for 10 min then promptly 

working up with base. Sodium chlorite oxidation of 8 pave the key intermediate 9. The thieno[2,3- 
hlthiophene 105 was converted to 11 in a similar fashion. 
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Compound II was prepared more directly by treatment of 125 with two equiv of n-BuLi in 91 
THF/HMPA by volume at -7X “C, followed by 6. In the absence of HMPA, kinetic alkylation in the 3-position 
predominated, while in the presence of HMPA the ortho lithiation template was disrupted and alkylation 
occured only in the 5-position. 

Acid 11 was coupled with the varied amine portion 137.X using EDC to afford the protected 
intermediate 14. Deblocking gave 4, the final material for testing. The thienol3.2~hjthiophene derivatives 3 

beginning with the acid 9, were prepared in the same way. 

To investigate the optimum distance between the thienothiophene and the piperidine ring. we 
additionally prepared the analogs 4a and 4b with one and three methylene units, respectively Analog 4b was 
prepared in a manner analogous to that of 4. except that the final coupling was with 13. R = 3- 
pyridylsulfamoyl. 
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The compound 4a. with a single methylene unit, merits some discussion. The thienol2.3-hlthiorhene, 
10. was lithiated and then treated with known aldehyde, 15.” to give 16 in excellent yield. The acetal was 
hydrolyzed with I M KHS04 and the resulting aldehyde was oxidized to the acid 17 with sodium chlorite. 
The secondary hydroxyl group of 17 was reduced by treatment with EtlSiH in TFA for 6 days; and as 

expected, the BOC group was also removed. The BOC group was readily reinstalled to give IX, which was 
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coupled with 13, R = 3-pyridylsulfamoyl, and deblocked to give the final product 4a. When these compounds 
were assayed for inhibition of platelet aggregation, 4b had ICs() = 2 1 nM, 4a had IC50 = 23 nM, and 4, R = 3- 
pyridylsulfonyl, had ICso = X nM,to supporting synthetic efforts in the series possessing the ethylene spacer. 

Table I. a-Substituted Tbieno[2,3-bltbiophene Analogs of 4.l’ 

Table II. a-Substituted Thieno[3,2-blthiophene Analogs of 3.l 1 
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As shown in the Tables, the aryl- and alkylsulfamoyl analogs were more potent inhibitors of platelet 
aggregation than the ureas and unsubstituted parents. The concentration of GPIIb/lIIa sites on platelets in the 
test milieu was about 20 nanomolar. so there is an experimental floor to the data. To verify the relative activity 
of the most potent compounds. the in vitro SPA-A4d and KD~~ values were determined and these data are in 
general agreement with the relative potencies of the initial platelet aggregation data. Again, the arylsulfamoyl 
analogs appeared to be the most potent. 

The antiplatelet behavior of compounds was appraised by measuring ex vivo inhibition of platelet 
aggregation after oral administration to dogs. In the dog, compound 21 showed excellent oral activity that was 
characterized by >80% inhibition of aggregation throughout X h with a 24 h inhibition of 50% at an oral dose 

of 200 /@kg. This data suggests the potential for once a day oral dosing. 

Figure 1. Effect of once-daily administration (gastric lavage) of 21 at 
three dosage levels on the extent of ex vivo platelet aggregation in 
response to ADP (IO pM ADP + 1 pM epinephrine) in conscious dogs. 
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