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--A new synthetic approach to 2-alky-, Bary-, and 2-N-alkylamindhiazoles has been canied 

out. This strategy is based on the high versatility of synthons derived from 2-methylthidhiazoles. 

The preparation of a number of thiazoles with a broad biologic activity and hetero substituems at C2 position of ring has 

been carried out by the Hantzsch methcd from an a-halo carbonyl or a-halo nitrile compound and th'ocarbamates or 

ureas.7-3 Other synthetic routes have aimed to the formation of thiazole C4-C5 bond using acyl- and 

cyanoiminothiocarbonates as pre~ursors.~ A suitable choice of these starting materials allows for the introduction of a 

variety of substituents in C2, C4, and C5 positions. Other syntheses of C2-substituted thiazoles have been reported by 

van Leusews Vandenberghe,6 and several dher authors.'Some of these methods have been re~iewed.~ 

We have repotled an alternative method that allows for selection in the nature of the substituents on C4 and C5 positions 

of 2-methykhiothiazolesP" This route has shown to be an useful approach to the synthesis of thiazoles because the 2- 

methylsulfenyl group can be replaced by carbon- and heteroatomic nucleophiles. Thus, thiazoles of type (4) (Scheme 1) 

have been obtained from readily available precursors such as alkylamines (l) and dnhioesters (3) yh the dimethyl N- 

(alkylimino)dnhiocarbonates (2) (Scheme I ) ."  

4 
Scheme 1 

The nature of C4 and C5 substiiuents may be varied wlh a suitable selection of the alkylamine and dithioester. A 

subsequent replacement of the 2-methylthio group may be accomplished by two akernative paths: a C-subtilution to 



thiazoles (5) by a cross-coupling reaction with Grignard reagents or a reaction with heteroatomic reagents to yield 

thiazoles (6). In the latter case, a previous oxidation of 2-methylthio group is required to obtain the best results. 

In this paper, the smpe of this new strategy has been broadened by investigating the cross-coupling and N-substitution 

reactions on a typical substrate (Whenyl-2-methylthio-4-thievlthiazole &a)). - 
The synthesis of (?(a) has been carried out in 70% yield from dimethyl N-(2-thienyl)iminodihiocahnate (2a) 

(unpublished data) and methyl tiihiobemoate &)." We have selacted the thiazole @a) as starting material because its 

structure resembles several other heterocyclic compounds with antiinflamatory and cytostal'c activit ie~.'~, '~ 

The cross-coupling reactions of &I with aryl and alkyl Grignard reagents in ether and a catalytic amount (2.5% mol) of 

tichloro[bis(diphenyIphosphino)ethane]nickel(ll) complex, Ni(dppe)CI2. may be accomplished alter the method described 

by Pri&~en'~ (Scheme 2). The results are collected in Table 1 .  

Table 1. Cross-coupling reactions of &I with Grignard reagents (R3MgBr) in Et20 catalyzed by Ni(dppe)CI2 

Run R3 - Compound Yield (%) - 
1 Ph a 90a 60-61 

2 p-MeOC,H4 Sk 95b 130-131 

3 m-MeCsH, 5C 87 105-107 

4 n-Pr 93 oil 

5 Me 2 1 6C oil 

6 &-C& 3 36 oil 

7 Bu'CH, %I ..d .. 

8 EU' a ..d .. 

842% (THF). b34% (THF). WeMgl was used. dNo reaction. 

The yields are strongly dependent on the nature of the Grignard reagent. The best resuns have been observed with a y l  

and primary alkyl substituents (Table 1 :  runs 1-4). 0-Substituents in the alkyl groups lead to a significant decrease of the 

yields (Table 1; run 4 B. 7). Likewise. m-alkyl deriiat'ives are less reactive than the primary alkyl compounds (Table 1; 

run 4 E. 6), and the reaction failed with neopentyl and M-alkyl reagents (Table 1; runs 7 and 8). Furthermore, a 

negative influence of the replacement of bromine for iodide has been observed (Table 1; run 4 B. 5). This fact may bs 

attributed to an important selfcoupling of the Griinard reagent (radial reaeion path) with an alkylmagnesium iodide 

whereas an oxidative adtiaion-reductive elimination may be the preferred reaction path with other Grignard reagent.15 
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The reaction mechanism probably starts from the reduction of CI2(dppe)Ni(ll) by the alkylmagnesiurn halide to produce a 

Ni(0) complex that is the true catalyst, and leads to a Ni(ll) complex by an oxidative addition to the C2-S bond of thiazole 

(48). Transmetallation of this complex with the Grignard reagent originates a new complex that leads to the final product 

6) through a reductwe elimination step with regeneration of the Ni(0) complex and completion of the catalytic cycle. 

The N-substitution reactions with hydrazine, morpholine, and cyclohexylamine have been carried out on the 2- 

methylsulfonyl deriwal'we (4E) obtained by oxidation of h. We have tested the use of potassium pennanganate and a- 

chloropebenzoic acid as oxidants.16-le The results are collected in Table 2. 

Table 2. Observed yields in the oxidation reactions of &to Bmethylsulfonyl-5-phenyl-4-(2-thienyl)thiazole &) 

Run - Reaction conditions k, yield(%) Reference 

1 KMn04M20-CH2CIflEBA152 W20°C 36 16 

2 KMn04M20-CH2CI@,N+,lU52 W20°C 38 16 

38 KMn04/AcOW0.5 W4Z0C 57 17 

4 MCPBNCH,C144 W200C 98 18 

aln this reaction the 2-methylsulfinyl-5-phenyl4-(2-thienyl)thiazole 0 was isolated in 14% yield. 

The best resun was achieved with m-chioroperbenzoic acid. The reaction was followed by tlc and the 2-methylsulfinyl 

derivative could be observed as an intermediate compound that quantitatively yields & in 4 h (Scheme 3). 

The methylsulfonyl group was selected instead of the methylsulfenyl group because the former is a better leaving group 

than the second one. Likewise, Willmslg has recently used 2-methylsulfonylbenzothiazoles for Q-nucleophilic substkution 

reactions by phenols in good yields, and HortsmannZ0 has obtained 2-hydrazinylbenzothiazoles by reaction of 2- 

methylsulfonylbenzothiazoles wilh hydrazine in water-ethanol. 



MCPBA - 1 j, 
room temperature Ph s S02Me 

6c, N-cyclohexylamino (36%) 

sa-E 
Scheme 3 

The reaction of with N-nucleophiles in water-ethanol led to low yields. Therefore, the N-substitution of the 

methylsulfonyl group was performed by reaction with the amine at reflux in absence of solvent. In these conditions the 

compounds &-&)were oMained in moderate-god yieMs. 

All the prepared compounds were characterized by combustion analysis and their structures have been established from 

their ir, 'H-nmr, and 13C-nmr data. The most imponant features of the 13C spectra are collected in Table 3. 

The most significative resuns for the structural elucidation are related to 13C-nmr signals of thiazole carbons in the z- 
(5a-h), 2s- (4a-c), and 2N-substituted derivatives (M-c) (Figure 1). 

I 
128.1.1284 ppn 

4a-c 

Figure 1 

The assignment of signals to thiazole carbons follows from comparison of these results with the spectroscopic data 

reported for 4.5diphenyl-2-methytthiothiazole ( 6 : 170.5 (C2), 149.1 (C4), 134.9 (C5) (unpublished data). The most 

relevant observation is the significant shielding observed for the C5 carbon in the C2-N-substituted derivatives (6a-a in 

relation to the similar compounds of series (4) and (5). A similar eflect has been observed for the C4 signal of thiazole in 

a series of 5-aminothiazoles2' with respect to the 5C-substituted  analogue^.'^ In both cases, this shielding may be 

accounted from an electron-releasing mesorneric effect of the N-heteroatom on C2 and C5 carbons, respectively (Figure 

2). 
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Table 3. 13C-nmr data of thiazoles &-&), @-a, and (ha-&) in CDCl,. 

R3 

SMe 

SOMe 

S02Me 

Ph 

pMeOC,H4 

m-MeC,H4 

n-C7H7 

Me 

EYELP-C& 

NH2-NH- 

N-morpholinyl 

N-cyclohexylamino 

=In DMSOds. bunobserved signals in the spectra. 

An unequivocal assignment of thiophene and phenyl carbon signals has been followed from 20 heteronudear correlation 

(HETCOR) spectraP while the remaining signals were assigned fmm reported data tor model compounds." '21.a 

Figure 2 

EXPERIMENTAL 

Benzyiiriethylammonium chloride, potassium M-butoxide, magnesium, m-chloroperbenzoic acid, and cyclohexylamine 

were purchased from Merck; 2-aminomethyiihiophene. mrpholine, haloalkyl and haloaryl derivatives and 

dichloro[bis(diphenyIphosphino)ethane]nickel(lI) from Aldrich: bromobenzene from Doesder, and hydrazine hydrate 

(80%) were from Scharlau. The tlc plates (silica gel 60 FZw of 0.20 mm thickness), and the powdered silica gel (23400 

mesh, 60 F2%) tor flash chromatography were purchased from Merck. 
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The melting points were measured on a Gallemkapf apparatus and are uncorrected. Combustion microanalysis were 

performed in the 'Cemro de InveStigaCan y Desarrollo' (C.S.I.C.), Barcelona (Spain). Ir spectra were oblained with a 

Perkin Elmer 781 spectrophotometer. 'H- and 13C-nmr spectra were recorded on a Varian VXR 3005 spectrometer of 

the 'Servici de Resonancia Magnt5tiia Nudeaf, Universidad Compbtense. Madrid (Spain) ('H: 300 MHz; '3C: 75 MHz). 

in CDCI3 as solvent and 29E°K. The chemical shills are quoted as 6 values from TMS as internal reference. 

- - . .  . .  P N .  This compound was prepared in 88% yield by the reported procedure 

(unpublished data) from 2.03 g (10 mml )  of 2-aminothiophene. The CNde product is obtained with a high puriiy (>98%), 

and this was tested by t k  chromatography on silica gel (hexanelethyl acetate: 9515 vlv). and 1H-nmr. Ir(film): 3110, 1585, 

920, 710 cm-1. lH-Nmr, 6 (ppm): 2.44 (s, 3H, SMe), 2.57 (s. 3H, SMe), 4.80 (s, 2H, CH,), 6.95 (m, 2H, HZ and H3 of 

thiazole ring), 7.10 (m, IH, H4 of thiazole ring). 13C-Nmr, 6 (ppm): 14.5 (SMe), 14.6 (SMe), 51.5 (CH,), 123.3 (C3). 

123.8 (C4). 126.4 (C5), 144.1 (CZ), 159.9 (C=N). 

. . 
Methvl This compound was obtained in 82% yield by the reported (Lii.Z4: 85%), 

145"C/12 torr. The crude product was purified by distillation under reduced pressure, and this puiBy was tested by tlc 

chromatography on silica gel (hexanelethyl acetate: 9515 vN), and 'H-nmr. Ir (film): 3080, 2910, 2000, 1605, 1580, 1495. 

1455, 1325, 1240, 890, 770, 695 cm-l. 'H-Nmr, 6 (ppm): 2.76 (s, 3H, SMe), 7.34-7.40 (m, 2H, a-H), 7.49-7.53 (m, IH, 

Q-H), 7.98-8.01 (m, 2H, pH). 13C-Nmr. 6 (pprn): 21.0 (SMe), 127.0 (m-C), 128.6 k c ) ,  129.0 b - C ) ,  132.5 @-C), 195.3 

W,Me). 

p a .  This compound was prepared by the reported procedure" from 2.56 g 

(12 mmol) of Za, 2.67 g (24 mmol) of potassium M-butoxide in 50 ml of dry THF, and 2.24 g (13 mmol) of in 7 ml of 

dry THF. Yield: 97% (3.36 g). The purity of crude was tested by tlc chromatography on silica gel (hexanelethyl acetate: 

9515 vN), and was purified by recrystallization from n-penlane (whie needles). mp 91-9Z°C. Ir (KBr): 3090, 3020, 2950, 

1610, 1590, 1560, 1490, 865, 850, 710 cm-l. 'H-Nmr, 6 (ppm): 2.74 (s, 3H, SMe), 6.87 (dd, 3J= 5.25 HZ, 3J= 3.9 HZ, 

IH, HE), 7.03 (dd, 3J=3.9 Hz, 4J= 1.2 Hz, IH, H7), 7.19 (dd, 3J= 5.25 HZ, ,J= 1.2 HZ, IH, H9), 7.39-7.47 (m, 5H, Ph). 

13C-Nmr, 6 (ppm): 16.5 (SMe), 125.6 (C9), 125.7 (C7), 127.1 (C8), 128.1 (C5). 128.8 (C13), 128.9 (CII), 130.1 (CI~), 

131.2 (C6), 137.5 (CIO), 144.0 (C4), 164.3 (C2). Anal. Calcd forC14HllNS,: C, 58.09; H. 3.84; N, 4.84. Found: C, 57.92: 

H, 3.75; N. 4.77. 

GeneralPmcedure To a stirred solution of 4a (0.400 

g, 1.384 mmol) in dry ether (15 ml) was added a solution of Grignard reagent (1.85 mmol) in dry ether (4 ml) and 

Cl,(dppe)Ni(ll) (18 mg, 0.035 mmol). The reaction mixture was stined at r w m  temperature for 16 h, and was then 

quenched by pouring into a saturated aqueous ammonium chloride solution (15 mi), and extracted wiih ether (3 x 15 ml). 

The combined ethereal extracts were dried on MgSO, (12 h), and the solvent was evaporated to dryness. The product 
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was purified by a flash chromatography on silica gel (compounds 5a. 2, &. 51) using hexaneldichloromethane (111 v/v) 

as eluent, or by recrystallization from the suitable solvent (compounds 31 and a. 
2.5-DiDhenvl-4-12-lhienvl)thiarole a. Yield: 90%. This compound was isolated as a solid by flash chromatography and 

recrystallized from pentane. mp 60-6I0C. Ir (KBr): 1610, 1530. 1490, 1470, 1450, 930, 870, 850, 700 cml.  1H-Nmr, S 

(ppm): 6.88 (dd, 3J= 3.9 HZ, 3J= 5.1 HZ. IH, HE), 7.08 (dd, 3J= 3.9 Hz, 4J= 1.2 HZ, IH, H7), 7.20 (dd. 3J= 5.1 HZ, 4J= 

1.2 Hz, IH, H9), 7.40 (m, 6H, Ph), 7.50 (m, 2H, Ph), 7.99 (m, 2H, Ph). 13C-Nmr, 6 (ppm): 125.5 (C9), 125.6 (C7), 126.3 

(C16). 127.0 (CE), 128.6 (C13), 128.75 (C15), 128.7 (C12). 129.9 (CII), 130.9 (C17), 131.3 (C6), 133.1 (C14). 137.8 

(CIO), 144.9 (C4). 165.4 (C2). Anal. Calcd for C1,Hl3NS,: C, 71.44; H. 4.10; N, 4.38. Found: C. 71.02; H. 3.98: N, 4.41. 

5Phend-4-121hienvl)-2-ID-methoxMhenvllt a. Yield: 95%. This compound was isolated as a white 

crystalline solid. mp 130-13I0C (recrystallized from ether). Ir(KBr): 1610, 1585. 1490. 1470, 1380, 840, 760 cm'. 'H- 

Nmr, 6 (ppm): 3.83 (s, 3H, OMe), 6.89 (dd, 3J=5.1 Hz, 3J= 3.9 Hz, IH, HE), 6.94 (AA' subrnultiplet of an AA'XX spin 

system, 2H, H15), 7.07 (dd, 3J= 3.9 HZ, 4J= 1.2 HZ, IH, H7), 7.21 (dd, 3J= 5.1 HZ, 4J= 1.2 HZ, IH, H9), 7.39-7.51 (m, 

5H. Ph at C5), 7.92 ( W  submukiplet of an AA'W spin system, 2H, H16). I3C-Nmr, 6 (ppm): 55.2 (OMe), 114.8 (C16). 

125.4 (C9), 125.6 (C7). 126.1 (C14), 127.1 (CE), 127.8 (C15). 128.5 (C13), 128.7 (C12), 129.8 (CII), 131.5 (C6), 144.5 

(C4), 161.1 (C17), 165.4 (C2). Anal. Calcd for C,H1,NOS2: C. 68.73; H, 4.33; N, 4.01. Found: C. 68.22; H, 4.28; N, 

3.86. 

5- Phenvl-4-- - -  - ' a. Yield: 87%. This mmpound was isolated as a white crystalline sold. mp 

105-107°C (recrystallized from 0-pentane). Ir (KBr): 1610, 1450, 845, 795, 770 cm-I. 'H-Nmr, 6 (ppm): 2.41 (s, 3H, 

SMe), 6.89 (dd, 3J= 5.25 Hz, 3J= 3.9 Hz, IH, HE), 7.08 (dd, 3J= 3.9 Hz, 4J= 1.2 Hz, 1H, H7), 7.21 (dd, 3J= 5.1 Hz, 4J= 

1.2 Hz, IH, H9), 7.39-7.41 (m, 3H, Ph at C5), 7.49-7.52 (m, 2H, Ph at C5), 7.21 (br s, IH, H17), 7.31 (1, 3J= 7.8Hz, IH, 

HIE), 7.777.78 (br d, 3J= 7.8 Hz, IH, H19), 7.28 (br s, IH, H15). 1%-Nmr, 6 (ppm): 21.3 (Me), 123.5 (Gig), 125.5 (C9). 

125.7 (C7), 126.8 (C18), 127.1 (C8), 128.5 (C13), 128.6 (C15), 128.7 (CII), 129.9 (C12), 130.8 (C17), 131.4 (C6), 133.0 

(C16), 137.8 (C14). 144.8 (C4), 165.7 (C2). Anal. Calcd forC1,H15NS2: C, 70.99; H, 4.70; N. 4.36. Found: C. 70.90; H. 

4.62; N, 4.22. 

- - SPhenvl 2. Yield: 93%. This compound was isolated as an oil. Ir(film): 1590, 1490. 

1380, 750. 690 cm-l. 'H-Nmr, 6 (ppm): 1.06 (1, 3J= 7.3 Hz, 3H. C&CH2CH2), 1.85 (quartet of triplets, 3J= 7.3 Hz, 3J= 

7.6 Hz, 2H, CH3CH2CH2), 2.98 (1, 3J= 7.6 HZ, 2H, CH3CH2CH2), 6.85 (dd, 3J= 5.1 HZ, 3J= 3.6 HZ, IH, HE), 6.99 (dd, 3J= 

3.6 Hz, 4J= 1.2 Hz, IH, H7), 7.17 (dd, 3J= 5.1 Hz, 4J= 1.2 HZ, IH, H9), 7.36-7.46 (m, 5H, Ph). 13C-Nmr, 6 (ppm): 13.7 

(C16), 23.3 (C15), 35.3 (C14), 125.3 (C9), 125.5 (C7), 127.1 (CE), 127.9 (C5), 128.4 (C13), 128.7 (C12 or CII), 130.0 

(C11 or C12). 131.8 (C6), 137.9 (CIO), 143.4 (C4). 169.3 (C2). Anal. Calcd for Cl6Hl5NS,: C, 67.33: H, 5.30; N, 4.91. 

Found: C. 67.09; H, 5.15: N. 4.83. 
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2-Melhvl-5-DhenVI-4-/2-thienvllthiarole&. Yield: 16%. This compound was isolated as an oil. Ir(film): 1590, 1380, 710 

cm-l. 'H-Nmr, 6 (ppm): 2.76 (s, 3H, Me). 6.89 (dd. 3J= 5.1 HZ, 3J= 3.6 Hz, IH, HS), 7.02 (dd, 3J= 3.6 HZ. 4J= 1 .I Hz. IH. 

H7), 7.20 (dd, 3J= 5.1 HZ, 4J= 1.1 HZ, IH,  H9), 7.36-7.44 (m, 5H, Ph). l3C-Nmr, S (pprn): 29.7 (Me), 125.6 (Cg), 125.9 

(C7), 127.2 (C8). 127.6 (C5). 128.7 (C13), 128.9 (C12or CII) ,  130.1 (C11 or C12), 130.6 (C6 or CIO), 131.5 (C10 or 

C6). 143.4 (C4). 164.5 (C2). Anal. Calcdfor C1,Hl1NS2: C,65.33; H, 4.31; N. 5.44. Fwnd: C, 65.43; H, 4.19; N, 5.32. 

- - 2-Dvclowntvl 5. YieM: 36%. This compound was isolated as an oil. Ir(filrn): 1600, 

1520,780,700 cm-l. 'H-Nmr, 6 (ppm): 1.66-1.92 (m, 8H, cyclopentyl ring), 3.40-3.50 (m, IH, H14), 6.87 (dd, 3J= 3.7 Hz, 

3J= 5.1 Hz, IH,  HE), 7.00 (dd, 3J= 3.7 Hz, ,J= 1.2 Hz, IH, H7), 7.18 (dd, 3J=5.1 Hz, ,J= 1.2 HZ, IH,  H9), 7.37-7.47 (m, 

5H, Ph). I3C-Nmr, S (ppm): 25.4 (C16), 34.4 (C151, 44.1 (C14). 125.3 (C9), 125.5 (C7), 127.1 (CE), 128.4 (C13), 128.7 

(GI2 or CII ) ,  129.8 (C5), 130.1 (C11 or C12), 131.9 (C6), 138.0 (CIO), 143.2 (C4), 174.4 (C2). Anal. Calcd for 

CI8Hl7NS2: C, 69.41; H. 5.50; N. 4.50. Found: C, 69.33; H. 5.38: N. 4.17. 

2-MethVISUlfinVI-SOhenvl-e(2-thienvllthi a. To a solution of 4a (0.350 g, 1.2 mmol) in acetic acid (9 ml) at 

42% was slowly added during 0.30 h a solution of potassium permanganate (0.38 g, 2.4 mmol) in distilled water (9 ml). 

The reaction mixture was then cooled at r w m  temperature with a bath of water and quenched with 0.2 ml of a saturated 

solution of sodium bisulphiie and 4.5 rnl of a solution of ammonium hydroxide/water (80120 vlv). The reaction mixture 

was extracted with ethyl acetate (3 x 5 rnl). The combined organic layers were washed with water (2 x 5 ml) and dried 

(MgSO,) and evaporated to dryness. A flash chromatography on silica gel (hexandethyl acetate: 70130 vh) of the crude 

(0.357 g) allowed the isolation of hvo compounds that were dentilied as 2-methylsulfinyl-5-phenyl-4-(2-1hienyl)thiazole 

m) (0.055 g; yield: 14%) and 2-methylsullonyl-5-phenyl-4-(2-1hienyl)thioe &) (0.220 g; yield: 57%) from their ir. 'H-, 

and '3C-nmr spectra. 

42. This compound was isolated as oil. lr(film): 1570, 1400, 1325, 1195, 1020, 890, 810 cm-l. 'H-Nmr, 6 (ppm): 3.09 (s, 

3H, SOMe), 6.90 (dd, 3J= 5.1 HZ, 3J= 3.6 HZ, IH,  HS), 7.05 (dd, 3J= 3.6 HZ, ,J= 1.2 HZ, IH,  H7), 7.24 (dd, 3J= 5.1 HZ, 

4J= 1.2 HZ, I H, H9), 7.46 (m, 5H, Ph). '3C-Nmr, 6 (ppm): 43.2 (SOMe), 126.2 (C9), 126.4 (C7). 127.2 (CS), 128.9 (C12), 

129.4 (C5). 129.9 (C13), 130.2 (CII), 135.4 (CIO), 136.4 (C6), 146.2 (C4). 174.0 (C2). 

2-MelhVbUllonVI-5-Dhenvl-4-/2-thienvllt 4E. To a solution of 4a (0.255 g. 0.881 m m l )  in dry methylene 

chloride (4.0 ml) was slowly added m-chloroperbenzoic acid (0.415 g, 2.4 rnmol). The evolution of reaction mixture was 

followed by tlc (hexanelethyl acetate: 80120 vlv), and after 1 h the compound ($8) was unobserved and the principal 

compound of reaction mixture was the sulfoxide 0. After 3 h at rmrn temperature the sulfoxide @) was quanlaat'vely 

transformed in the sulfone &). The reaction mixture was then diluted with ether (50 ml) and successively washed with 

solutions of NalS03 (5% 2x1 0 ml), NaHCO, (5% 2 x 10 ml), and water (2 x 5 rnl). The organic layer was dried (MgSO,) 

and evaporated to dryness. The crude was purified by recrystallization from methanol. Yield: 98%. mp 135-136°C. 
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Ir(KBr): 1610, 1590, 1560, 1490, 1450, 1340, 865, 850 cm-l. 'H-Nmr, 6 (ppm): 3.41 (s, 3H, S02Me), 6.91 (dd, 3J= 3.6 

Hz, 3J= 5.1 HZ, IH, HE), 7.1 1 (dd, 3J= 3.6 HZ, 4J= 1.2 Hz, IH, H7), 7.26 (dd, 3J= 5.1 HZ, 41- 1.2 HZ, IH, H9), 7.48 (m, 

5H, Ph). '3C-~mr. 6 (ppm): 43.2 (S02Me), 126.8 (C9). 127.1 ((27). 127.2 (CE), 129.0 (C12), 129.2 (C5), 129.8 (C13), 

129.9 (CII), 135.4 (CIO), 137.4 (C6), 146.6 (C4), 163.1 (C2). Anal. Calcd for C14H11N02S2: C, 58.11: H. 3.83; N. 4.84. 

Found: C, 58.23: H. 3.61: N.4.97. 

s of 4c wlth m. In a dried nitrogen-filled mund- 

bottomed flask fitted with magnetic stirrer and a lubber septum & (0.5 g, 1.56 mmol) was dissolved in the amine (5.33 

mmol). The solution was then healed at the boiling point of the amine for 4.5 h, and then was allowed to reach the mom 

temperature. The reaction mixture was then hydrolyzed with a solution of 5N NaOH up to reach a pH 9. Ether was added 

(25 ml) and the organic layer was decanted, washed with water (20 ml) until pH 7, and dried (MgSO,). The sobent was 

evaporated and the clude products @-6s;) were purified by a flash chromatography on silica gel (hexanelethyl acetate: 

80120 vlv). 

- - -12. This compound was obtained from 0.50 g (1.56 mmol) of & and 12 ml 

of hydrazine hydrate (80%). The Clude product (0.438 mg) was purified by a flash chromatography and recrystallization 

from methanol. Yield: 0.354 g (83%). mp 148-149°C. Ir(KBr): 3200, 1645, 1610, 1525, 895, 765, 710 cm-l. 1H-Nmr 

(DMSO-d,), 6 (ppm): 4.06 (br s, 2H, NH2). 5.97 (d, 3J= 3.0 HZ. 2H, H7 and HE), 6.43-6.52 (m, 6H, Ph and H9), 7.83 (br 

s, IH, NH). 13C-Nmr, 6 (ppm): 118.4 (C51, 124.1 (C9), 125.2 (C7). 127.2 (CE), 127.8 (C13), 128.9 (CII), 129.8 (C12), 

132.7 (C6). 133.0 (C19). 139.5 (C4), 173.7 (C2). Anal. Cakd for C13H11N3S2: C, 57.11: H, 4.06: N, 15.37. Found: C, 

57.29; H. 3.95: N. 15.01. 

&. This compound was obtained from 0.50 g (1.56 mmol) of & and 

0.46 g (5.33 mmOl) Of morpholine. The Clude product (0.544 g) was purified by a flash chromatography and 

recrystallization fmm methanol. Yield: 0.272 g (53%). mp 150-15I0C. Ir(KBr): 1575, 1540, 1520, 895, 745, 690 cm-1. 1H- 

Nmr, S (ppm): 3.40-3.82 (AA'XX system, 8H, X: 3.49 ppm: A: 3.81 ppm; JAA.=0.87 Hz, JAx= 6.82 Hz, J,,= 0.87 Hz, 

JAY= 3.07 Hz, morpholine ring), 6.84 (dd, 3J= 3.6 HZ, 3J= 5.1 HZ, IH, HE), 6.99 (dd, 3J= 3.6 Hz, 4J= 1.2 HZ, IH, H7), 

7.14 (dd, 3J= 5.1 HZ, 4J= 1.2 Hz, IH, H9), 7.32-7.42 (m, 5H, Ph). 13C-Nmr, 6 (ppm): 48.2 (C14), 66.1 (C15). 119.8 (C5), 

125.1 (C9), 125.2 (C7), 127.1 (C8), 128.0 (C13). 128.7 (CII), 130.1 (C12), 132.1 (C6), 138.5 (C4), 140.3 (CIO), 168.5 

(C2). Anal. Calcd ~ O ~ C ~ , H , ~ N ~ O S ~ :  C, 62.16; H, 4.91: N, 8.53. Found: C, 61.97; H, 4.82; N, 8.37. 

- - - - 2 IN. This compound was obtained from 0.5 g (1.56 mml) of & 

and 0.528 g (5.33 mmol) of cyclohexylamine. The crude product (0.520 g) was purified by a flash chromatography and 

recrystallization from hexane. Yield: 0.190 g (36%). mp 140-l4l0C.. Ir (KBr): 3160. 1560. 1510, 880. 750. 705 cm-1. 1H- 

Nmr, 6 (ppm): 1.30 (m, 5H, cyclohexyl ring), 1.61 (m, IH, cyclohexyl ring), 1.74 (m, 2H, cyclohexyl ring), 2.08 (m, 2H, 
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cyclohexyl ring), 3.25 (m, IH, H14). 5.37 (d, 3J= 7.8 HZ, IH,  NH), 6.84 (dd, 3J= 5.1 HZ, 3J= 3.6 Hz, IH, H7), 6.97 (dd, 

3J= 3.6 Hz, 4J= 1.2 Hz, IH,  Ha), 7.14 (dd, 3J= 5.1 Hz, 4J= 1.2 HZ, IH,  H9), 7.3d (m. 3H, Ph), 7.44 (m, 2H, Ph). 13C-Nmr, 

6 ( P P ~ ) :  24.5 (C16), 25.3 (C17), 32.8 (C15), 118.8 (C5). 124.7 (C9). 125.0 (C7), 126.9 (C8). 127.6 (C13). 128.5 (C12), 

129.3 (C12), 129.5 (C4), 132.3 (C6). 138.3 (C11). 166.3 (C2). Anal. Cakd for C,,H,N,S,: C. 67.02; H, 5.92; N. 8.23. 

Found: C, 67.12; H, 5.85; N, 8.35. 
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