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Abstract a-oxodtthtoesters react raptdly with dmzomethane at -80” yteldmg thtadtazolmes, which after N2 

extrusron form thtocarbonyl yhdes These yhdes undergo electrocychc nng closure However, m the presence of 

strong drpolarophlea they can be trapped to yield the correspondmg cycloadducts 

Introduction The Hmsgen method for obtammg thtocarbonyl yhdes based on the reactton of thtoketones and 

dmzoalkanes 1s an attracttve procedure owmg to the mild nature of the condrtrons requtred l 
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However, very few throketones are readily avatlable startmg matenals that are stabh?, this prompted us to study 

the reactton of dtazomethane and other throcarbonyl compounds 

While the reactron of dtthmesters and dtazomethane IS too slow to compete wtth the fast mtrogen extrusion from 

the thradrazolme, actrvatron of the dtthmester wtth an adJacent carbonyl group allows the reaction to proceed and 

the thtocarbonyl yhdes formed are easily mterceptable with dtpolarophtles 3 This 1s the case of drthroxalamtde S- 

benzyhde, however, drpolarophtles such as maletc anhydnde or acroleme, which have strong electrofihc groups 

lead to complex mtxtures, probably because of the presence of the nitrogen amide atom m the yhde 

To increase the potential usefulness of this reaction m the present work we studied the reaction of dmzomethane 

and a-oxodtthroesters 

Results a-oxodtthmesters can be readtly prepared from kketosulfones, tnethylamme and sulfup 
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Then deep purple colour and very fast reactron allow then tttratron with dmzomethane at -8O”, with the formatton 

of a thtadmzolme When the temperature 1s ratsed to -5O”, nitrogen extrusron produces the yhde We started our 

work wnh methyl 2-oxodrthtononanoate 1. In the absence of dtpolarophtles, thtocarbonyl yhdes usually 

dtmenze5, however, the reactton of 1 and dmzomethane led only to a monomenc product 2 showmg an M+ at 
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232 amu The presence of a singlet at 5 4ppm m Its 1H NMR spectrum IS m agreement with an electrocychc nng 

closure of the yhde Thrs reaction IS already known for thlocarbonyl yhdes.6 

k’+St~e CH,N, / -7EC ,,,,,+~;e _ 

1 S 
sc:: 

42, ASHe ) ds 

2 Stle 

M+= 232 uma 

RMN’H 54C2H.s) 

The presence of the mtetmediate yhde can easily be shown when the reaction IS camed out m MeOH and a trace 

of pTsOH acid Under these conditions, the yhde IS protonated and adds a MeOH molecule to yield compound 3 

The yhde, however, must undergo a very fast nng closure because even If the yltde IS generated m pure methyl 

acrylate, no cycloadduct 1s obtamed 

Stronger dlpolarophdes such as malelc anhydnde mainly produce the cycloaddltron compound ( 4,68%, 2, 

lo%), while no electrocychc nng closure can be detected with TCNE ( compound 5,81%) . 

I TCNE 0 

To increase the number of useful dipolarophlles It IS desirable to retard the nng closure of the yhde llns can 

be achieved by conJugatlng the carbonyl group of the yhde Non-bonding electrons, as In the case of 

dlthloxalamtde S-benzyllde, are the most effective kmd This yhde only dimenzes in the absence of 

dlpolarophdes, and no electrocychc nng closure can be detected An aromatic nng IS also efficient m fact the 
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cycloaddltron of the benzoyl dlthloester 6 with methyl acrylate allowed us to Isolate the correspondmg 

cycloadduct 7 at a yield of 60% 
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The retarding effect of a coqugated double bond IS less stnkmg The reactlon of the yhde correspondmg to the 

ttuocarbonyl compound 8 with methyl acrylate led to a 3 / 1 rnlxture of the cycloaduct 9 and the nng closure 

compound 10 

0 

sne 

Ch2=CH-COOMe 

8 

The stereoespecltity of these cycloaddltlons was mvestlgated using diethy dqanfumarate as the dlpolarophlle 

A smgle cycloadduct 12 was obtained at a 8 1% yield, showmg complete stereoespeclfity 

0 0 

SHe CH,N,, -70°C 

Dlethyl dlcyanfumamte 

11 
CN 

To study the stereochemlstry of these reactions, we attempted to reduce the carbonyl fimctlon of the cycloadduct 

4 to the correspondrng alcohol In the case of a CIS relatlonshlp between the C-2 alkyl chain and the C-3 

carboxylate, spontaneous lactomzatlon could be expected However, If the compound IS trans the tension of the 

two fused cyclopentane nngs should preclude lactone formation 

To reduce the carbonyl function, we first prepared the dlmethyl ester 13, treatmg the anhydnde 4 with MeOH 

and dlazomethane Reduction of this compound with NaBH4 led however only to mixtures which show a loss of 

the thlomethyl group m Its *H NMR spectrum We believe that this pomt to an ant1 arrangement between the 

thlomethyl and the C-3 proton 

A cleaner reactlon was obtamed when the dlacrd 14 was reduced with NaBH4 m bolhng THF In thrs case salt 

formation prevents ehmmatlon of the thlomethyl group After work up, two eplmenc alcohols 15a and 1 Sb were 

Isolated Lactoruzatlon could not be achieved from either hydroxyaad and hence a tms structure was deduced 
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EXPERIMENTAL PART 

Melting points are uncorrected All solvents and reagents were punlied by standard methods before use !H 

and l3C NMR spectra were recorded on a Bruker WP 200 SY (200 MHz) All the !H and 13~ NMR spectra 

were run on CDC13 solutions, unless implied otherwise Mass spectra were obtnned on a VG TS 250 mass 

spectrometer under 70 eV IR spectra were recorded on a Beckmann Acculab 8 Chromatographles were run on 

S102 columns, elutmg with hexane-ether mixtures of mcreasmg polanty 

SynthesJs of 4-methylthJo-5-heptyl-1,3-oxathrolene 2 Thlocarbonyl compound 1 (SO0 mg) was dmsolved 1n a 

CH2Cl2 (10 mly hexane (15 ml) mixture, at -8O”C, with strmng and under a nitrogen atmosphere An ethereal 

solution of dmzomethane -previously cooled to -80°C - was then dropped unt11 the purple colour of the solution 

disappeared The th1admzol1ne precipitated as a white sohd The reaction mixture was allowed to warm to -60°C 

and mtrogen began to be formed When the extrusion of N2 had finished, the reacnon mixture was warmed to 

room temperature, the solvent was removed by concentrating Jn vacua, and the crude residue (550 mg) was 

punfied by chromatography on s111ca gel The electrocychc nng closure compound 2 was isolated (370 mg, 

70%) IR (film) u 3000-2950, 1620, 1470, 1040 cm- ’ lH NMR(CDC13) 8 S 4 (2H, s, OCH2S), 2 3 (2H, t, 

I=7 6Hz), 2 2 (3H, s, SMe), 1 4 (2H, m), 1 3 (SH, m), 0 8 (3H, t) l3C NMR (CDCl3) 6 154 S (s), 103 (s), 

73 (t), 32 (t), 29 (t, 2C), 27 (t), 26 (t), 22 S (t), 19 (q), 14 (q) MS (m/e, % ) 232 (Mf, 40) 175 (73), 147 

(90), 127 (C7HlSCO+, 100) 57 (95) 

SyJltheSJS of 5-methylthJo-2-oxa-4-thJa-6-tndecanone 3 A so!utlon of the th1ocarbonyl compound l(l86 mg) 

m MeOH (10 ml) at -80°C was titrated with dmzomethane pTsOH (SO mg) 1n MeGH (2ml) was then added and 

the reaction mixture was allowed to warm The extrusion of nitrogen took place at -50°C When no bubbles of N2 

were vlslble, the solvent was evaporated off and the crude residue was washed with NaHC03 and extracted with 

ether Usual work up afforded compound 3 (196 mg, 88%) IR (film) u 2950-2840, 1710, 1470, 1190, 

1090, 900 cm-l lH NMR (CDC13) b 4 7 (2H, AB, J=ll SHZ), 4 S (IH, s), 3 3 (3H, s), 2 8-2 4 (2H, m), 

1 9 (3H, s), 1 S (2H, m), 1 2 (8H, m), 0 8 (3H, t) l3C NMR (CDC13) b 73 (t), 56 6 (d), 56 (c), 38 (t), 31 (t), 

29 (t, 2c), 24 (t), 22 (0, 13 7 (q), 12 (9) 

SynthesJs of the anhydnde 4 The th1ocarbonyl compound 1 (2 9 g) was dropped onto an ethereal solution of 

dlazomethane cooled to -8O”C, with vigorous stirring When tltratlon was complete, male1c anhydnde (1 46 g) 1n 
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acetone (I ml) was added The reactlon mixture was allowed to warm to -65°C and the mtrogen was extruded 

After stlrnng at this temperature for 12 hours, the solvent and the malelc anhydnde m excess were removed by 

concentmtmg rn vacua, to afford a crude matenal m which compound 2 (10%) and 4 were identified 4 IR 

(film) u 1840, 1780, 1700 cm-l 1~ NMR (CDC13) 6 4 45 (IH, d, J=8 2Hz), 3 85 (IH, t), 3 15 (lH, m), 

3 00 (IH, m), 2 65 (2H, m), 2 05 (3H, s), 1 50 (2H, m), 1 15 (8H, m), 0 75 (3H, t) 13C NMR (CDC13) 5 

201 6 (s), 171 5 (s), 168 2 (s), 73 (s), 52 (d, 2C), 344 8 (t), 34 0 (t), 31 4 (t), 29 (t, 2C), 25 4 (t), 22 3 (1), 

14 7 (q), 13 8 (q) The cycloadduct was punfied by treating the reaction mixture with Na2C03 and heating m a 

steam bath untzl all the anhydnde had been hydrolyzed The mixture was then extracted with ethyl acetate to 

remove lmpuntres The aqueous phase was aadlfied with HCl c and extracted twice with ethyl acetate, isolating 

the dlacld 14 (2 60 g, 57%) 1~ NMR (CDC13) 5 4 31 (lH, d, J=5 6Hz), 3 82 (lH, m), 3 40-2 70 (4H, m), 

2 00 (3H, s), 1 67 (2H, m), 1 30 (8H, m), 0 88 (3H, t) l3C NMR (CDC13) ij 201 2 (s), 168 7 (s), 169 6 (s), 

68 3 (s), 50 3 (d), 49 0 (d), 34 2 (t), 31 1 (t), 29 8 (t), 27 1 (1, ZC), 23 7 (t), 20 6 (t), 13 3 (q), 11 8(q) 

Synthesis of 3,3,4,4-tetracyan-2-methylth~o-2-octanoyltet~ydroth~ophene 5 A solution of the thtocarbonyl 

compound I(200 mg) m a l/l hexane- CH2C12 mixture was titrated at -80°C with dmzomethane according to the 

procedure previously described TCNE (120 mg) m ethyl acetate (2 ml) was then dropped The reaction rnncture 

was allowed to warm to -55°C and the evolution of nitrogen took place slowly The solutlon was then warmed to 

room temperature and the solvent removed by concentratmg IR vacua to afford a crude residue which was 

chromatographed on srl~ca gel (ether as eluent) rsolatmg compound 5 (300 mg, 9 1%) IR (film) u 2250 (CN), 

1710 (C=O) cm-l 1~ NMR (CDC13) 5 3 91 (2H, AB, J=12Hz), 2 85-2 76 (2H, m), 2 26 (3H, s, SMe), 1 80- 

1 52 (2H, m), 1 29-1 22 (8H, m), 0 93-O 80 (3H, m) l3C NMR (CDCl3) 6 197 6 (s, C=O), 109 4 (s, 2C), 

108 4 (s, 2C), 74 5 (s), 53 7 (s), 46 8 (s), 38 4 (t), 37 6 (t), 31 4 (t), 28 7 (t, 2C), 23 9 (t), 22 4 (t), 17 7 (q), 

13 6 (q) MS (m/e, %) 360 (M+, 5), 267 (15), l27(C7Hl5CO+, 100) 

Synthesn of 2-benzylth~o-Z-benzoyl-3-methoxycarbonyltet~ydroth~ophene 7 Benzylbenzoyl-carbodlthmate 

(450 mg) was dissolved m methyl acrylate (12 ml) and cooled down to -80°C The mixture was titrated with 

dmzomethane until a colourless solution was obtained The temperature was raised to -60°C and the extrusion of 

nitrogen began After exlrusron was complete, the solvent was evaporated under reduced pressure, rsolatmg after 

chromatography the cycloadduct 7 (350 mg, 57%) IR (film) u 1720, 1650, 1580, 1210, 740, 710 cm-l 1~ 

NMR (CDC13) 6 8 36-8 31 (2H, d), 7 54-6 95 (8H, m), 4 36 (IH, t, J=5 7Hz), 3 76 (3H, s), 3 65 (2H, AB, 

J=llHz), 3 58 (IH, m), 305 (IH, m), 3 67 (lH, m), 3 37 (lH, m) l3C NMR (CDC13) 6 193 3 (s), 171 4 

(s), 135 8 (s), 134 4 (s), 132 8 (d), 130 3 (d, 2C), 128 9 (d, 2C), 128 3 (d. ZC), 127 8 (d, 2C), 127 1 (d), 

70 5 (s), 54 5 (d), 51 6 (q), 37 9 (t), 33 3 (t), 33 1 (t) MS (ntie, %) 372 (M+, 3), 267 (M+ -CgHgCO+, 90), 

105 (CgHgCO+, 100) 

Syntheses ofthe cycloadduct 9 A solution of the thlocarbonyl compound 8 ( 140 mg) m methyl acrylate (8 ml) 

at -80°C was titrated with dmzomethane The temperature was rarsed to -60°C and mtrogen began to evolve 

When no further N2 was extruded, the reaction mixture was warmed to room temperature and the solvent 

evaporated under reduced pressure The crude residue was chromatographed to afford 9 (70 mg, 32 %) IR 

(film) u 1730 (GO), 1660 (C=O), 1615, 1435, 1350, 1200, 1130 cm-l 1~ NMR (CDCl3) 6 6 69 (lH, 

broad s), 4 16-4 11 (1H, dd), 3 77 (3H, s, COOMe), 3 55-3 42 (IH, m), 2 95-2 85 (lH, m), 2 57-2 40 (2H, 

m), 2 16 (3H, s, SMe), 2 01 (6H, s) MS (m/e, %) 274 (M+, lo), 191 (M+QH7CO+, loo), 132 (25), 83 

(C4H7CO+, 70) 
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Sqnrbess ofthe cycloadduct I2 A solution of the thmcarbonyl compound 11 (300 mg) m a CH2Cl2 (10 

ml)/ hexane (IO ml) mixture was cooled to -80°C and titrated with dlazomethane Diethyl dlcyanfumarate (411 

mg) was then added The temperature was talsed to -50°C and nitrogen was extruded When all the N2 had been 

evolved, the solutton was warmed to room temperature and the solvent removed by concentratmg III vacua to 

afford a crude residue (690 mg) which was puntied by crystalhzatton (600 mg, 81%) 1H NMR (CDC13) b 

4 40-4 26 (4H, m), 3 72-3 66 (IH, d), 3 45-3 40 (lH, d), 3 20 (IH, m), 2 13 (3H, s), 1 32-l 29 (6H, m), 

1 21-l 18 (3H, d), 1 10-l 08 (3H, d) 13C NMR (CDC13) 5 202 4 (s), 162 5 (s), 161 8 (s), 114 0 (s), 112 7 

(s), 73 2 (s), 64 6 (0, 64 4 (t), 57 0 (s, 20, 36 6 (d), 36 3 (t), 21 0 (q), 20 1 (q), 17 6 (q), 16 6 (q), 13 3 (q) 

Synlhesjs of 13 Compound 4 (3 10 mg) was dissolved m MeOH (10 ml) and refluxed for half an hour The 

solvent was evaporated and the residue was treated with an ethereal solutton of dmzomethane to afford the 

dlmethyl ester 13 (340 mg, 96%) IR (film) u 1740, 1700 cm -1 ‘H NMR (CDC13) b 4 26 (lH, d, J=5 lHz), 

3 70 (lH, t), 3 70 (3H, s, COOMe), 3 60 (3H, s, COOMe), 3 05 (3H, m), 2 6 (lH, m), 1 9 (3H, s), 2 54 (2H, 

m), 1 2 (8H, m), 0 8 (3H, t) 13C (CDCl3) b 203 4 (s), 170 6 (s), 170 2 (s), 69 7 (s), 52 1 (q), 51 9 (d), 51 5 

(q), 50 4 (d), 36 (t), 33 (0, 31 5 (t), 29 (t), 28 8 (t), 25 4 (t), 22 4 (t), 15 3 (q), 13 8 (4) MS (m/e, %) 376 

(M+, 2), 249(M+-C7Hl5CO+, loo), 189 (15), 131 (80) 

Synthesis of the epmenc alcohols 15a and 15b The cycloadduct 14 (200 mg) was dissolved m THF and 

NaBm pellets (50 mg) were added The reaction mixture was then refluxed for three hours The solution was 

poured mto HCl and stirred for 15 minutes After extractmg with ethyl acetate, estenficatlon with dmzomethane 

afforded a restdue which was chromatographed, lsolatmg the eplmenc alcohols 15a (70 mg, 35%) and 15b (30 

mg, 15%) 15a JR (film) v 3500, 1760-1740, 1450, 1150 cm-l lH NMR (CDC13) b 3 87-3 82 (lH, d), 

3 72 (3H, s), 3 66 (3H, s), 3 60 (lH, t), 3 22-3 12 (lH, m), 2 23 (3H, s), 1 37-l 20 (12H, m), 0 88 (3H, t) 

13C NMR (CDCl3) 5 170 9 (s), 170 7 (s), 78 4 (d), 74 6 (q), 55 0 (d), 52 6 (a), 52 0 (q), 51 5 (q), 33 3 (t), 

32 0 (t), 31 8 (t), 29 5 (t), 29 2 (t), 27 2 (t), 15 8 (q), 14 0 (q) MS (m/e, %) 378(M+, 2), 299 ( 40), 249 ( 

M+- C8Hl70, loo), 203 (40) 15b IR (film) u 3460, 1740, 1430, 1120 cm-l 1H NMR (CDC13) 6 3 73 

(3H, s), 3 71 (3H, s), 2 15 (3H, s), 1 34-l 28 (12H, m), 0 89 (3H, t) 13C NMR (CDC13) 6 170 9 (s), 170 7 

(s), 77 0 (d), 58 3 (d), 52 6 (d), 52 0 (q), 51 5 (q), 33 6 (t), 33 0 (t), 31 8 (t), 29 5 (t), 29 2 (t), 26 5 (t), 22 6 

(t), 15 1 (q), 13 9 (4) 
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