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SYNTHETIC COMMUNICATIONS, 24(22), 3297-3306 (1994) 

CHEMOSELECTIVE REDUCTION OF VINYLOGOUS 

THIOESTERS OF THIOCHROMONES -I- 

Pradeep Kumar*, Ashok T. Rao and Bipin Pandey 
Division of Organic Chemistry: Technology 

National Chemical Laboratory, Pune - 411 008, India 

Abstract: The chemoselective reduction of vinylogous thioesters of thioch- 

romones 3 into thiochromanones 4 is described. 

The various analogues of thiochroman-4-ones and benzothiazepins have 

received considerable attention due to their biological and commercial rele- 

vance. 1,2 We have recently reported an efficient methodology for thiochro- 

mones based on novel cyclization and consecutive processes involving 

phosphacumulene ylide as synthon.3 In continuation, it would be interesting 

if reduction of 4H- l-benzothiopyran-4-ones (thiochromones) 3 to 

2,3-dihydro-4H-l-benzothiopyran-4-ones (thiochromanones) 4 could be 

effected, which could turn out to be a valuable precursor for benzothiazepin 

ring system. A recent communication by Herndon et al.4 describing the 

complexity of chemoselective reduction of vinylogous esters by using various 

reducing agents has prompted us to report our study. We were aware about 

~~ 
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3298 KUMAR, RAO, AND PANDEY 

the various methods available for the chemoselective reduction of enone to 

ketone e.g., hydride related reagents with/without Lewis acids and various 

electron transfer reagents, but we were also conscious that these methods 

would create problem for even remote carbon-sulfur b0nds.5-~ Perhaps this 

is why the majority of synthesis of these skeletons does not involve reductive 

methods.8 This communication describes the results of our work on the 

catalytic reduction of sensitive vinylogous thioesters of thiochromones. 

Scheme 

Toluene or 
dioxone 

80-91 o/o 

+ -  reflux,6-15h = + Ph3P-?=C=N-Ph 
R 

8 
1 a-e 2 3a-e 

4a-d  5 ~ - d  6c-e  

The synthesis of 2-substituted thiochromones 3 could be easily accom- 

plished by the reaction of Sacyl(aroy1)thiosalicylic acids la-e with highly 

reactive N-phenyl(triphenylphosphorany1idene)ethenimine 2 under very mild 

conditions3 (Scheme). Presumably, vinylogous thioesters should be more 

sensitive than vinylogous esters as C-S bonds are known to be weaker than 
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VINYLOGOUS THIOESTERS OF THIOCHROMONES 3299 

C-0  bonds. Hence, prior to attempting any standard methods of reduction of 

enones to ketones, the conjugate interaction of carbon-sulfur bond to enone 

skeleton was visualized, which should result in an enhanced polarization of 

carbonyl in 3, compared to a normal enone. Indeed the reaction of 3 with 

Zn/AcOH, Lilliq.NH3, Wilkinson’s catalyst, diimideg and cyclohexene/Pd-C 

10% (catalytic hydrogen transfer) 10 failed to give the desired product. 

Reduction with 5% Pd-C in ethyl acetate was also not encouraging as it led to 

low yield of the desired products, even after prolonged reaction. Alternatively, 

catalytic hydrogenation of 3 with excess 10% Pd-C was attempted. A typical 

procedure involves hydrogenation of compound 3 (1 equiv) with 10% Pd-C 

(30 Wt % on the basis of substrate) at 30 psi in ethyl acetate at room 

temperature (Scheme). As shown in Table, 2-methylthiochromone 3a on 

catalytic reduction using 10% Pd-C in ethyl acetate gave the desired 

2-methylthiochroman-4-one 4a. Similarly, 2-ethylthiochromone 3b furnished 

the desired 2-ethylthiochroman-4-one 4b, whereas compound 3c under similar 

conditions afforded a mixture of products eg. 4c, 5c and 6c. Similarly, 3d 

resulted in the formation of a mixture of products 4d, 5d and 6d. In contrast, 

3e under identical conditions furnished totally reduced product 6e. 11 These 

results clearly indicate that the nature of substituents at 2 position in 3 

influences the course of catalytic reduction. Thus, an electron-donating 

substituent such as p-methoxyphenyl at 2-position e.g., 3e leads to complete 

reduction of carbonyl and secondary hydroxyl skeletons to saturated analogue 

6e, whereas an electron-attracting substituent e.g., p-chlorophenyl e.g., 3d 

gives the ketone 4d in addition to side products 5d and 6d. Besides, sulfur is 

known to deactivate the reactivity of Pd-C for enhancing selectivity.6 Though 
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3300 KUMAR, RAO, AND PANDEY 

Table : Catalytic reduction of thiochromones 3 to 4,s and 6 

Substrate Reaction Producta Yieldb( %) Producta Yieldb( W )  Producta Yieldb( %) 

timeh 

3a 10 4a (65) 5dC (0) 6aC (0) 

3b 10 4b (62) Sbc (0) 6bc (0) 

3c 15 4c (45) Sc (18) 6c (31) 

3d 20 4d (10) 5d (25) 6d (40) 

3e 15 4ec (0) 5eC (0) 6e (66) 

a: All products were characterized by their IR, IHNMR and mass spectral 

data. b: The products were separated and purified by silica gel column 

chromatography using light petroleum-acetone 100 : 0 for 6, 98 : 2 for 4 and 

90 : 10 for 5 as eluent. c: The formation of these products could not be 

detected in the reaction mixture. 

Pd-C catalyst (10wt % on the basis of substrate) was useful to reduce the 

substrate, but due to other sequential reductions, a significant amount of 

starting material along with varying proportion of products were recovered. 

Therefore, for completion of the reaction, an excess amount ( 30%) of the 

catalyst was needed. This could perhaps be attributed to the poisoning and 

deactivation of the catalyst due to its long exposure to the sulfur containing 

substrates. The side products formed during reduction are also useful skel- 

etons. 12 Compounds 5c-d formed during the reaction can be easily oxidized 

to the desired 2-substituted thiochromanones 4c-d by known procedure. 13 

Since chemoselectivity in reduction can be manipulated by the choice of a 
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VINYLOGOUS THIOESTERS OF THIOCHROMONES 3301 

suitable solvent,l4 the effect of various solvents was examined. However, the 

reduction in ethanol did not yield any product. Recently, Busacca et al.15 

have reported that dioxane can alter the chemoselectivity of reduction in 

related systems. However, with our substrates in dioxane, the concomitant 

reduction of carbonyl in 3e could not be avoided. Alternatively, one could 

protect the ketone prior to catalytic reduction. However, various methods 

available for ketone protection16 e.g., ethylene glycol/p-toluenesulfonic 

acid, 17 2,2-diethyl- 1,3-propanedioI/pyridinium p-toluenesulfonatel8 also 

failed with these skeletons. Once again, the conjugative interaction of C-S 

bond might be reducing the electrophilicity of the carbonyl, ultimately creating 

problem for protection. It is noteworthy that analogous skeletons with varied 

side products have recently been reported by Clayton et al. 19 using conven- 

tional approach. 

In summary, chemoselective reduction of thiochromones 3 by 10% Pd-C 

to thiochromanones 4 has been established. To our knowledge, this is the first 

report of the use of Pd-C for chemoselective reduction in these systems. The 

degree of chemoselectivity appears to be a function of the nature of substituent 

at 2-position. 

EXPERIMENTAL SECTION 

General Information 

Melting points were determined with a Mel-Temp. apparatus and are 

uncorrected. Infrared spectra were recorded on a Perkin-Elmer Model 683 

grating infrared spectrophotometer. Proton and l3C NMR spectra were 

recorded on Varian FT-80A, Bruker AC-200 NMR spectrometers. The 

chemical shifts are reported in parts per million (6) with tetramethyl silane as 
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3302 KUMAR, FUO, AND PANDEY 

internal standard. Mass spectra were obtained with a Finnigan MAT-1020- 

B-70-ev mass spectrometer. 

General Method for the Catalytic Reduction of Thiochromones 3 to 4, 

5 and 6 

A solution of 2-substituted-4H-l-benzothiopyran-4-one (1 equiv.) in dry 

ethyl acetate was subjected to hydrogenation with 10% Pd-C (30 wt% on the 

basis of substrate) at 30 psi at room temp. for 10-20h (Table). The progress 

of reaction was monitored by TLC. The catalyst was filtered off and solvent 

was evaporated under reduced pressure. The crude product was purified by 

silica gel column chromatography using petroleum ether : acetone 1OO:O for 

6,98:2 for 4, and 90: 10 for 5 as eluent. 

2-Methyl-1-benzothiopyran-4-one 3a on catalytic reduction gave 

2-Methylthiochrornan-4-one 4a (65 %) liquid [lit. b.p. 146- 1470/9mm];20 IR 

maxlcm-l (Neat) 3100-2825,1680,1590; 1H-Nh4R (CDC13) 6: 1.46(d, J=7.2 

Hz,3H, CH3), 2.75-3(ddd, J=16.3,8.8and 2Hz,2H,CH2) 3.64(m, lH, CH), 

7.16-7.4(m, 3H, Ar), 8.1 (dd, J=7.8and 1.6Hz, IH, Ar); MS: rn/z(%) M+ 

178(40), 136(100), 108(28). 

2-Ethyl-1-benzothiopyran-4-one 3b on catalytic reduction gave 

2-Ethylthiochroman-4-one 4b (62 %) liquid; IR max/cm-l (Neat) 2980,1680, 

1600; lH-NMR (CDC13) 6 1.05 (t, J=7.3 Hz, 3H, CH3), 1.4 (m, 2H, CH2), 

3.45(m, lH, CH), 7.1-7.4(m, 3H, Ar), 8.l(dd, J=7.8and 1.7Hz, lH, Ar); MS: 

m/z (%) M+ 192 (33), 166(11), 162(100), 152(40), 77(23). 

2-Phenyl-1-benzothiopyran-Cone 3c on catalytic reduction gave 

2-Phenylthiochroman-4-one 4c, 2-Phenylthiochrornan-4-01 5c and 

3,4-Dihydro-2-phenyl-2H-benzothiopyran 6c. 

4c: (45%) m.p. 50OC [lit. m.p. 51.5-52.20121;IR max/cm-l (CHC13) 2960, 
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VINYLOGOUS THIOESTERS OF THIOCHROMONES 3303 

1680, 1600; lH-NMR (CDC13) 6: 3.35 (9, J=7.9 and 2.6 Hz, 2H, CH2), 4.8 

(dd, J=7.9and 2.6Hz, lH, CH), 7.2-7.65(m, 8H, Ar), 8.18(dd, J=7.9and 1.6 

Hz, lH, Ar); MS : rn/z(%) M+ 240(44), 226(30), 136(100). 

5c: (18%) m.p. 136-14OOC [lit. m.p. 144-1450121; IR vmax/cm-l (Nujol) 3350, 

2960, 1600; lH-NMR (CDC13) 6: 2.4-2.65(m,2H,CH2), 4.6 (dd, J=11.6and 

3.7Hz, lH, CH-CgHg), 5 (m, lH, CH-OH), 7.15-7.9(m, 9H, Ar); MS :rn/z(%) 

M+ 242(9), 233(6), 197(22), 105(100). 

6c: (31%), colourless liquid; IR vmax/cm-l (Neat) 2940, 2860, 1600, 1470, 

1280; lH-NMR (CDC13) 6: 2-2.2(m, 2H, CH2), 2.65-2.9(dd, J=5.6and 3 Hz, 

2H, Benzylic CH2), 4.18-4.38(dd, J=6  and 3.6Hz, lH, S-CH-C@5), 7-7.2(m, 

9H, Ar). MS: rn/z(%) M+ 226(62), 135(100), 121(51), 91(60). 

2-(4-Chlorophenyl)-l-benzothiopyran-4-one 3d on catalytic reduction gave 

2-(4-Chlorophenyl)thiochroman-4-one 4d, 2-(4-Chlorophenyl) thiochroman- 

4-01 5d and 3,4-Dihydro-2-(4-chlorophenyl)-2H-benzothiopyran 6d. 

4d: (lo%), colourless liquid; IR vmax/cm-l (Neat) 2980, 1680, 1600, 1500; 

lH-NMR (CDC13) 6: 3.35 (9, J=7.3 and 2.4Hz, 2H, CH2), 4.75 (dd, J =  12.2 

and 3.9Hz, lH, S-CH-C@4-C1), 7.05-7.48(m, 7H, Ar), 8.2 (dd, J=8.3 and 2 

Hz, lH, Ar); MS: rn/z(%) M +  274(5), 244(10), 226(52), 135(100). 

5d: (25%) m.p. 209-21OOC; IR vmaxlcm-l (CHC13) 3600,2960,1600, 1550, 

1460; lH-NMR (CDC13) 6: 1.75 @r, OH), 2.38-2.65(m, 2H, CH2), 4.6 (dd, 

J =  10.5and 3.4Hz, 1H, S-CH-C6H4-C1), 5 (4, J =  12.2and 4.9Hz, lH, CH-OH), 

7.2-7.9(m, 8H, Ar); MS: m/z(%) M+ 276(8), 258(5), 230(53), 138(100), 

1 1 l(22). 

6d: (40%), m.p. 65-69OC; IR wnax/cm-l (CHC13) 2980, 1600; 1H-NMR 
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3304 KUMAR, RAO, AND PANDEY 

(CDC13) 6: 2.4 (m, 2H, CH2), 3 (q, J=6.5 and 3.5Hz, 2H, Benzylic CH2), 4.5 

(dd, J=10.9and 3.5Hz, lH,S-CH-C6H4-C1), 7.l(m,4H, Ar); 7.4(m,4H, Ar); 

MS: m/z(%) M+ 260(98), 226(15), 191(18), 134(100), 120(25). 

2-(4-Methoxyphenyl)-l-benzothiopyran-4-one 3e on catalytic reduction gave 

6e as only product. 

6e: (66%) semisolid; IR vIcm-1 (CHC13), 2980, 1600, 1480, 1400, 1280; 

1H-NMR (CDC13) 6: 2-2.2 (2H, m, CH2), 2.95 (9, J=7.6 and 4.4 Hz, 2H, 

Benzylic CH2), 3.75(s,3H,OCH3), 4.15to 4.35(ddd, J=10,4and 1.3Hz, lH, 

S-CH-C6Hd-OMe), 6.8-7.25(m, 9H, Ar); MS: m/z(%) M +  256(15), 226(30), 

12 1 (100). 
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