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ORGANIC PREPARATIONS AND PROCEDURES INT. 22(1), 71-76 (1990) 

A CONVENIENT SYNTHESIS OF N-[2-[[[5-[(DIMETHYLAMINO)METHYL]-2- 

FURANYLMETHYL]THIO]ETHYL,]THIENO-[3,4-d]ISOTHIAZOL-3-Ah4INE- 1,l -DI- 

OXIDE HYDROCHLORIDE, A POTENT GASTRIC ACID ANTISECRETORY AGENT 

Arthur A. Santilli*, Robert L. Morris?, Anthony C. Scotese? and Donald P. Smke 

Wyeth-Ayerst Research, Department of Chemistry, Princeton, NJ 08543-8000 

Previously we reported the synthesis and antisecretory activity of N-[2-[[[5-[(dimethyl- 

amino)methyl]-2-furanyl] methyl] thio] ethyl] thieno[3,4-d]isothiazol-3- mine-  1, 1-dioxide 

hydrochloride1 (2, Wy-45,727) (Scheme 1). The drug has been shown clinically to 

significantly reduce gasmc acid secretion in man?-5 a condition of prime importance for 

efficacious gastric and duodenal ulcer healing. Moreover, the gastric acid antisecretory 

activity of the drug, an H~receptor  antagonist, was shown to have significantly greater 

potency over ranitidine or cimetidine in both the rat and dog pharmacological models. 1 

- + 

MeS 

- 2 

- 4 

H 
3 (Wy-45,727) 

5 H - 
Scheme 1 
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SANTILLI, MORRIS, SCOTESE AND STRIKE 

During the initial phases of development of 2, 2-[[[5-(dimethylamino)-methyl-2- 

furanyll-methyl]thio]ethanamine (1> was used to displace the thiomethyl group in 3- 

(methylthio)thieno-[3,4-d]isothiazole 1,l -dioxide (u6 .  The use of 1 has two disadvantages. 

The amine is thermally unstable7 and also is restricted from general commercial use by 

patent.6 We have previously published an alternative route to 2 (Scheme 1) which avoids 

these encumbrances by employing 2-[2-(furanylmethyl)thio]ethanamine (4) a more stable 

amine intermediate which is currently in the public d0main.l Unfortunately, the preparation 

of 4 involves the use of furfuryl mercaptan, a compound with a severely noxious stench. We 

now describe an alternative synthetic pathway to 2 which obviates all of these disadvantages. 

The new approach (Scheme 2) starts with the alkylation of 2-aminoethanethiol hydro- 

chloride with ethyl 5-chloromethyl-Zfuroate(6) in ethanol to afford 5-[[(2-aminoethyl)thio]- 

methyl]-2-furancarboxylic acid ethyl ester, isolated as the hydrochloride 1 in 79% yield. Dis- 

placement of the thiomethyl group in 2 by one equivalent of 2 in refluxing ethanol in the 

presence of sodium carbonate gave 5[[[2-(thieno[3,4-d]isothiazol-3-ylamino)ethyl]-thio]- 

methyl]-2-furancarboxylic acid ethyl ester 1,l-dioxide (&) in 96% yield. The ester was 

converted to the corresponding carboxylic acid 9 in 64% yield by alkaline hydrolysis using 

5% aqueous sodium hydroxide solution followed by acidification. Conversion of 2 to the 

corresponding N,N-dimethyl carboxamide 14 in 87% yield was achieved by heating 2 with 

an excess of N,N-dimethylphosphoramidodichloridate in refluxing 1 ,Zdimethoxyethane. 

Previous attempts to form this carboxamide by treatment of the ester 8 with dimethylamine 

under a variety of conditions were unsuccessful. Liu and co-workers have described the use 

of N,N-dimethylphosphoramidodichloridate as a useful reagent for converting a carboxylic 

acid to the corresponding N,N-dimethyl carboxamide under mild conditions.8 They indicate 

that the reagent has a dual purpose - activation of the carboxyl group by formation of a mixed 

anhydride and the delivery of the dimethylamino moiety to the carbonyl center. The carbonyl 

group of the amide was successfully converted to a methylene group by first treating the 

amide with phosphoryl chloride followed by reduction of the resulting adduct with sodium 

borohydride in 1,2-dimethoxyethane. The product 2 isolated as a hydrochloride salt was 
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SYNTHESIS OF A THIENO[3,4-d]ISOTHIAZOL3-AMINE-1,1-DIOXIDE 

0 6  O L  

NSso2 1)NaOH - 
EtO-C 0 I \ S 2)HCl I1 

0 S H  0 

Scheme 2 

identical in all respects with the hydrochloride salt of the product prepared from the reaction 

of I with 2. The present synthesis of 2 utilizes a stable, non-patent restricted amine as a 

starting material which can be generated from non-foul smelling intermediates. 

EXPERIMENTAL SECTION 

Melting points were determined with a Thomas-Hoover melting point apparatus and are 
uncorrected. Spectra were recorded for all compounds and were consistent with assigned 
structures. 1H-NMR spectra were recorded either on a Varian FT-80A or an XL-100 
instrument. Chemical shifts are in parts per million (6) relative to tetramethylsilane. 
Coupling constants (J values) are in Hertz (Hz). Multiplicities are given as singlet (s), 
doublet (d), mplet (t), quartet (q), multiplet (m) and broad (br). Infrared spectra (IR) were 
recorded with a Perkin-Elmer Model 299 spectrometer and values are in cm-l. Elemental 
analyses were performed on a Perkin-Elmer Model 240-elemental analyzer. Yields have not 
been optimized. 

inoethvlMhiolmethvl1 I -  2 m c a r b o x v l i c  Acid Ethvl Ester Hvdro- 

b lor ide  (71.- To a mixture of 52.6 g (0.28 mole) of ethyl 5-chloromethyl-2-furoate (5> 

and 31.7 g (0.28 mole) of 2-aminoethanethiol hydrochloride in 500 mL of EtOH was added 

29.5 g (0.28 mole) of NaHC03. The reaction mixture was stirred under reflux overnight, 

filtered and the filtrate was evaporated to dryness. Approximately 100 mL of Et20 was 

added to the stirred residue. The precipitate which slowly formed was collected on a suction 

filter and was rinsed with Et20. EtOH-HC1 (g) was added to the ethereal filtrate and caused 
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SANTILLI, MORRIS, SCOTESE AND STRIKE 

the deposition of more product. The combined crops amounted to 59 g (79% yield). 

Recrystallization from CH3CN gave 45 g (60%) of pure product, mp. 140-144 '. IR (KBr): 

2930, 1705. lH-NMR (DMSO-d6): 6 8.30 (s, 3H), 7.48 (d, lH, J = 4), 6.63 (d, lH), 

4.25 (q, 2H, J = 7), 3.95 (s, 2H), 2.87 (m, 4H), 1.29 (t, 3H). 

Anal. Calcd. for C ~ O H ~ ~ C ~ N O ~ S :  C, 45.19; H, 6.07; N, 5.27 

Found: C, 44.99; H, 5.88; N, 5.34 

5-I112-(Thieno[3. 4-dlisothia z o l - 3 - v l a m i n o ) ~ v l l t  hiolmet hvll-2-furancarbox- 

vlic Acid Ethvl Ester 1.1-dioxide (8) .- A solution of 9.7 g (0.036 mole) of in 150 

mL of EtOH was added to a solution of 8.0 g (0.036 mole) of 29 in 150 mL of EtOH. 

Nap203 (3.8 g, 0.036 mole) was added and the mixture was stirred and heated overnight 

under reflux. The reaction mixture was filtered and the residue was mturated with a few mL 

of EtOH. The crystalline product was collected on a filter giving 14.7 g (96% yield). An 

analytical sample (mp. 136-139') was obtained by recrystallization of a sample from AcOEt. 

IR (KBr): 3330, 1720, 1300, 1130. IH-NMR (DMSO-dd: 6 9.43 (t, lH, J = 6.0), 8.39 

(dd, 2H, J = 2.5), 7.21 (d, lH, J = 4.0), 6.58 (d, lH), 4.32 (q, 2H; J = 6.0), 3.92 (s, 2H), 

3.55 (q, 2H, J = 6.0), 2.81 (t, 2H), 1.3 (t, 3H). 

Anal. Calcd. for C15H16N205S3: C, 44.98; H, 4.03; N, 7.00 

Found: C, 45.35; H, 4.03; N, 6.97 

5-III24Thienol3. 4-dlisothiazol-3-vlamino~et hvll thiolmet h vll-2-fu ranca rbox- 

vlic Acid 1.1 -dioxide (91 .- A suspension of & (4.0 g, 0.01 mole) in 120 mL of 5% 

NaOH solution was stirred at ambient temperature for 1.5 hr. The reaction mixture was 

filtered and the filtrate was cooled in ice and then acidified with concentrated HCI. The 

resulting precipitate was collected and rinsed with H20. Recrystallization of the crude 

product from EtOH gave 2.4 g (64%) of product, mp. 198-200". IR (KBr): 3300, 2550, 

1680, 1280, 1120. IH-NMR (DMSO-d6): 6 13.1 (s, IH), 9.45 (t, lH, J = 5.0), 8.40 (dd, 

2H, J = 2.0), 7.30 (d, lH,, J = 4.0), 6.50 (d, lH), 3.87 ( s ,  2H), 3.09 (q, 2H, J = 6.0), 

2.75 (t, 2H, J = 6.0). 

Anal. Calcd. for C13H12N205S3: C, 41.92; H, 3.25; N, 7.52 

Found: C, 41.80; H, 3.29; N, 7.68 
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SYNTHESIS OF A THIENO[3,4-d]ISOTHIAZOL-3-AMINE-l,l-DIOXIDE 

JV.N-Dimethvl -5-[[[2-(thieno13,4 -dlisothiai .o I * 3 - v  lam ino)ethvllthiol-methv Il- 

-f _ '  i .- To a solution of 0.5 g (0.0013 mole) of 9 in 

15 mL of 1,2-dimethoxyethane was added 1.6 mL (0.0013 mole) of N,N- 

dimethylphosphoramidodichloridate. The mixture was heated under reflux for 24 hr while 

continuously purging the reaction with N2. After the reaction was allowed to reach room 

temperature, the dimethoxyethane solution was decanted leaving a gray solid product. The 

product was triturated with ethanol and collected on a filter. The filtrate was slumed in water 

and again filtered. The combined precipitates after recrystallization from 2-ethoxyethanol 

amounted to 0.45 g (87% yield), mp. 220-222". IR (KBr): 3270, 1615, 1295, 1140. IH- 

NMR (DMSO-d6): 6 9.58 (t, lH, J = 6.0), 8.2 ( s ,  2H), 6.90 (d, lH, J = 4.0), 6.45 (d, 

lH), 3.9 ( s ,  2H), 3.65 (q, 2H, J = 6.0), 3.15 ( s ,  6H), 2.78 (t, 2H). 

Anal. Calcd. for C15H17N304S3: C, 45.09; H, 4.29; N, 10.52 

Found: C, 45.15; H, 4.31; N, 10.60 

- -  - methvlamlna)methvll2-furanvllmethvllt hiolethyll-thienol3.4- 

m- To 25 mL of POCl3 was 

added 0.45 g (0.0011 mole) of 10. The mixture was stirred with gentle heating until a 

solution was achieved. The reaction mixture was then cooled in ice and evaporated to 

dryness at ambient temperature using a high vacuum pump. To the residue was added 20 mL 

of 1,2-dimethoxyethane and the solution was cooled in ice. Sodium borohydride (0.15 g, 

0.004 mole) was added to the solution and the reaction was stirred and allowed to warm to 

room temperature. After 1 hr the reaction mixture was cooled in ice and 10 mL of 10% HCl 

was added dropwise. The mixture was evaporated at room temperature under vacuum. 

Water (20 mL) was added to the residue and the mixture was heated under reflux for 20 min. 

and was then filtered. The filtrate was made basic with 20% Na2C03 and extracted with 

CHCl3. The CHCl3 phase was dried over MgS04 and evaporated to dryness giving 0.16 g 

of crude product as the free base. Purification was achieved by passing a methanol solution 

of the base through a silica gel 60 column giving 0.08 g of pure free base. The product was 

dissolved in a few mL of EtOH and EtOH-HCl (g) was added (to pH 1). Chilling and 

scratching in ice caused precipitation of the hydrochloride salt, mp. 186-188'. (.07 g, 15% 

. .  - -  
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SANTILLI, MORRIS, SCOTESE AND STRIKE 

yield). IR (KBr) 3310, 2500, 1280, 1123. The IR and NMR spectra of this material are 

identical with that of Wy-45,727 prepared via the reaction of 1 with 2 (see reference 1). 

Anal. Calcd. for C15H20ClN303S3: C, 42.69; H, 4.78; N, 9.96 

Found: C, 42.91; H, 4.79; N, 9.97 
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Mr. B. Hofmann for help with interpreting the 1H-NMR spectra, Mrs. M. Winkler and C. 
Delfino for typing the manuscript. 
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