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Abstract VinyIthto phthaIrmrdes 1, synlhestzed by adduron of plttol~r~ttdosulphenyl chloride to sonie alkynes, react wrth 2 

equivalents of Ittlt~un:tnetl~ylboro~~ hy&rde to gnu wnylthro substituted thurones 3 wrth high degree of diasteroselechvrly The 

reactron of 1 wth 1 equrvolenl of the same hydnde affords dlvmyl drsulphldes 6 whrrh resulted to be tntermedtotes UI the 

fonnahon of thuranes 3 smce the reoctton of 6 WIUI 1 equivalent of Irtl~lumtnethylbororl hydnde give the eplsulphldes 3 UI the 

same duastereolsomenc mu-lure Mechamsms for these reactions are proposed 

In the development of our studies on the reactivity of sulphenyl hahdes2 we started an 

mvesttgatton on the chennstry of phthahmrdosulphenyl chlorrdel Thus partrcular sulphenyl chloride, 
due to the presence of the sulphur-nitrogen bond offers the chance to lmk together the synthetic 

potentral of sulphenyl chlorrdes and sulphenamtdes 2 
Sulphenamrdes can be constdered rruld sulphur electrophrles whtch can be usefully employed 

for the mtroductron of thro-substituted residues into organic molecules Thus N-thtophthahmrdo 

dertvattves have been reacted wtth vartous nucleophtles includmg thto1s3, a1cohols4, amines5, 

hydrrde$ and carbamons1*7 to give symmetrtcal or unsymmetrtcal duulphrdes, sulphemc esters, N- 
substituted sulphenarmdes, thuranes and sulphtdes respectively 

Usually N-thlophthahnndo derivatives are synthesized by reaction of the potassmm or sodmm 

salts of phthahmrde wrth the appropriate sulphenyl halides8 However :t 1s also posstble to prepare thus 
class of compounds by reaction of phthahnudosulphenyl chloride with a nucleophde 6 

In a prehmmary paper we reported the syntheses of phthahmtdovmyl sulphenamtdes 1 by 
reaction of phthalrmrdosulphenyl chloride and alkynes and we outlmed their reactivity towards 
nucleophtles such as carbamons and functtonahzed sodtum amtdesl (Scheme 1) In all cases we 

obtained the substrtutton of the phthahmtdo residue with formatton of compound of type 2 
In thts paper we report the reacttvtty of some phthaltmtdovtnyl sulphenamides towards 
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aluminum and boron hydrides wi-uch leads to the formatlon of unexpected thnrane derlvatlves 

tic1 Nu R-Cl 
Phth-S-Cl + R-R’ - 

Phth-S/-7R’ - Nu--RI 

1 2 

1 Scheme 

The reaction of la (R = R1 = Me) with 2 eqmvalents of hthmm triethylboron hydride (Super- 

HydndeR) m dry THF at -78O under nitrogen, gave, m satlsfactoIy yields (66%), the dlastereomerlc 

thnranes 3a as a 93 7 mixture of the E,E and Z,E isomers (equation 1) The same rmxture of products 

was obtained when la was reacted with other hydrides such as NaBH4 or LIA1H4 

la (E,E)-3a (Z,E)-3a 

1 Equation 

The structure of the thllranes 3a was deduced from nmr and GC-MS data The lH nmr 

spectrum of the major isomer (E,E)-3a showed two narrow quartets at 2 38 and 2 22 6 (J = 156 Hz) 

for the vmyhc methyls, a smglet and a doublet at 176 and 158 6 for the two methyl groups of the 

thurane rmg, and a quartet at 3 23 6 (J = 6 11 Hz) for the hydrogen atom The Z,E isomer 3a was 

present as mmor component m the reactlon rruxture and showed a singlet at 180 6 and a doublet at 

173 6 (J = 5 94 Hz) for the resonances of the thnrane methyl protons and a quartet at 3 07 6 for the 

methyruc proton The resonances of the vmyhc methyls of this Isomer could be not detected, however 

It IS reasonable to assume an accIdenta isocromsm with the correspondmg methyl groups of the major 

isomer The 13C nmr spectrum of (E,E)-3a was also consistent with the proposed structure (see 

expenmental) 
The structure and the lsomerlc dlstrlbutlon of the thnranes 3a IS also supported by the reactlon 

sequence shown m equations 2 and 3 The desulphurlzatlon of the thuranes by tnphenylphosphme, a 

reaction which occurs with retention of configuratlon9 gave the sulphides (E,E)-4a and (Z,E)-4a in 
93 7 ratlo The same lsomerlc dlstributlon was found m the sulphones 5a obtamed by oxldatlon of 4a 
\nth m-chloroperbenzoic acid. It is known this reaction proceeds without affecting the 

stereochenustry of the double bondlo, so that the stereochenustry of Sa reflects that of 4a and 3a 

M PbC’ 
s-e 

Me 

3a CE,E)-4a (Z.E)-4a 
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C1 m-CPBA 

CH,Cl, 
Cl 

4a (E,E)-Sa 

Eauatlon 3 

(Z,E)-Sa 

A close mspectlon of the chemical shifts of the vmyhc protons of 3a and 5a clearly indicates 

that the major Isomer has a E,E stereochenustry In fact it is well accepted that a suIphony1 group CLS to 

a vmyhc proton exerts qmte a strong downfield shift on this protonll In our case the vmyhc proton of 
the major Isomer of 5a was found at 6 74 S Hhlle the mmor isomer has the correspondmg resonance a 

6 20 6 Smularly the chenucal shifts of the vmyhc protons of 4a ( 5 66 6 for the major Isomer and 5 75 6 

for the mmor one) were also mdlcatlve of an E,E stereochenustry for the major Isomer, since a vmyhc 

proton CIS to a sulphlde sulphur IS expected upfield with respect to the chemical shift of the 

corresponding proton tram to the same group 1 1 

An even higher dlastereoselectlvlty (96 4) was observed m the synthesis of the thuranes 3b from 

the phthalmudovmylsulphenamlde lb (R = R’ = Et) and two equivalents of Super-Hydnde (equation 

4) 

E~CI 
Phlh-S/-7& 

+ 2 LIEtjBH 

lb (E,E)-3b (Z.E)-3b 

Eouatlon 4 -- 
The formation of the thuranes (E,E)-3 and (Z,E)-3 in the reaction of the sulphenanudes 1 and 

hydride ions 1s not easily ratlonahzable 

In order to have information on this reaction we reacted la and lb with only one equivalent of 

LIEt3BH In this case we obtained good yields of the dlsulphldes 6a (95% yield) and 6b (84% yield) 

respectively (equation 5) 

R-c1 + LlEt3BH -78oc 
Phth-PR’ THF 

la,b 6a,b 

la,6a R=R’=Me 

lb,6b R=R’=Et 

2 Equation 
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The E,E stereochemrstry of the dtsulphtdes 6 was proved by the reaction of 6a wtth methyl 

hthmm which gave the methyl vmylsulphtde 7 tdentrcal to the product formed tn the addrtton of 

methanesulphenyl chlorrde to 2-butyne l2 Compound 7 was also obtamed m the reactron of la with 

methyllnhmm (Scheme 2) 

la + MeLt 

6a + MeLr - “tic1 Me 

Me-S-e 
= Me + MeSCl 

Scheme 2 

Further reactton of the dlsulphrde 6a (or 6b) wtth one equivalent of LrEt3BH gave a n-nxture of 

the thnranes 3a (or 3b) Identical to that obtained directly from la (or lb) and two equrvalents of 

Super-Hydride (equation 6) 

CLR 
R,,-+,_,R1 + LrEt,BH z 

CC1 

-78OC ;++I + R?+, 

6a,b (E,E)-3a,b (Z,E)-3a,b 

3a. 6a R = R1 = Me 

3b,6b R=R’=Et 

Equation 6 

This result shows that the dlsulphldes 6 are probable mtermedlates m the syntheses of the 

thnranes 3 Moreover we have observed that nunute amounts of the correspondmg dtsulphtdes 6 were 

always present when sulphenamrdes 1 were reacted vvxh two equtvakntc of LrEt3BH A rational for 

the formation of drsulphtdes 6 from 11s outhned m Scheme 3 

Rwa - H- R-Cl H- R-Cl 

Phth-PR’ H-?R’ d--R1 

1 8 9 

Rwa + 1 - 

-CR1 

9 6 

Scheme2 
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Attack of the hydrtde ton at sulphur IS expected smce tt 1s a known reactto& m stmtlar systems 

Furthermore thtolate ton attack at the sulphenamtde sulphur 1s a general reaction for thts class of 
compounds3 The only point that deserves some comment IS the observed retention of conftguratton of 
the throlate ion 9 Thus lmpltes that attack of 9 to 1 IS faster than any E-Z rsomerlzatron of 9 which 

nnght occur vru a throne mtermedrate 

Sulphur-sulphur bond breakmg and new carbon-sulphur bonds formatton are the most relevant 

molecular rearrangements m the transformation of 6 into the thuranes 3 (equation 6) With the aim of 

obtammg some insight on the mechanism of thts rearrangement, we studied the reaction of the 

phthahmldo derrvatlve lc (R = Me, R’ = H) wrth Super-Hydnde Usmg two equrvalents of the 
hydride we obtained exclustvely the thurane 3c (equation 7) 

M-Cl 

Phth-PI-I 
+ 2 LlEtjBH 

lc 3c 

The behavtour of lc was found to be similar to that of la and lb it reacted with one equtvalent 

of LtEt3BH to give the correspondmg dtsulphtde 6c which gave the thurane 3c upon reaction wtth a 

second equivalent of the hydride (Scheme 4) 

MbCl LtEt3BH 

Phth-s/-\H - 
Me 

lc 6c 3c 

I I 

2 LlE$BH 

Scheme 4 
The formation of 3c, as well as that of 3a and 3b, can be rattonahzed by assuming that the 

attack of the hydride ton at the halogen substttuted vmyltc carbon of 6c generates the sulphur 

stabilized carbamon 1Oc (Scheme 5) 1,2-Sulphur shift gives the thtolate ton llc and mtramolecular 
nucleophthc substttutton of chlortde ion ytelds the thnrane 3c. 

Albeit other mechanisms may be operattve, some can be ruled out by taking mto account the 
structure of 3c In parttcular we can rule out tnmal attack of the hydride ton at the dtsulphide lmkage 

of 6c which generates 9c (Scheme 6). In fact a dtfferent thnrane dertvattve 14 1s expected d the new 
carbon-sulphur bond IS formed by attack of 9c on 6c 
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6c 

6c 

Cl e 
1,2 S shift H 

x 
Sd 

- M-Cl 

5 Scheme 

!k + 6c - 

14 

scheme f! 

Indeed in our reactton condrtrons hydride ran attack at the dlsulphlde sulphur of 6 1s a reaction 

that takes place We observed scramblmg of the vmylthto resrdues when a nuxture of 6a and 6b was 

reacted with less than one eqmvalent of Super-Hydride (equatron 8) However our results Indicate that 

this reactton cannot be responsrble for the formation of the thtiranes 3 

LrEt3BH CWJe 
6a+6b - Me/--SObEt + hltxture of Thuranes 

ErCl 

The last pomt to dtscuss IS the remarkable dtastereoselectrvny observed rn the formatton of 3s 
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and 3b Accordmg to the proposed mechamsm (Scheme 5) this behavtour can be explamed assuming 

different stablhttes for the conformers of the carbantons 10a and 10b (Figure l), obtained by hydride 
attack on chloro substituted carbon of the dtsulphldes 6a and 6b, and/or actlvatlon energies for the 
1,Zsulphur shift leadmg to the (E,E)-3a and (E,E)-3b lower that leading to the correspondmg Z,E 

Isomers 

10a lob 

1 Flpure 

This hypothesis IS supported by the reaction of the dlsulphlde 6c with hthmm trlethylboron 

deutertde (LtEtsBD) which gave a 1 1 mixture of the two dlastereomerlc deuterated thuranes 15 

(equation 9) 

Mb’1 
Phth-PH 

+ 2 LlEt BD 3 
g $-@!+a + $T$+Ll 

Me Me 

lc (E,E)-15 (Z,E)-15 

Eauatlon 9 

Thus tt seems that sterlc hmdrance exerts a strong effect m the stereochermstry of the reaction 
whether on the conformer population of 10 or their rearrangement rate 

To verify this hypothesis we reacted the phthalmudovmylsulphlde Id (R = t-Bu, R’ = H) wth 

two equivalents of LlEt3BH, unfortunately we dtd obtain any thurane On the other hand the reaction 

of Id wtth one equivalent of Super-Hydride gave the correspondmg dtsulphlde 6d as an unstable 

compound which m solution or on silica gel decomposed to 3-chloro-2,5-dl-t-butylthlophene 16 
(Scheme 7) 

t-Bu\__,Cl LlEt3BH CL t-Bu 

Phth-n R-s/v = 
t-BpCl t-B 

Id 6d 16 

t-B t-B t-Bu 

16 17 
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The structure of 16 IS based on gc-ms analysrs and on lH and 13C nmr data Moreover 
reductrve dehalogenatron of 16 with t-butyllnhmm afforded the 2,5-dr-t-butylthrophene 17 (Scheme 7) 
which was identified by comparrson wrth hterature data 13 

The unusual behavlour of the t-butyl substnuted drsulphrde 6d and the possible mterventron of 
a throne mtermedrate14 in the formatron of the 3-chloro-2,5-dl-t-butylthrophene 13 are currently under 

study m this laboratory 

In conclusion we have shown that the reactron of phthahnudovmyl sulphenamldes wnh hydrrde 
represents a valuable method for the synthesis of both the drvmyldlsulphrdes 6 and the thuranes 3, an 

unusual class of substnuted thuranes 

By choice of reaction condrtlons rt IS possrble to modulate the reaction and generate 

vmylthrolate Ions which stereospeclfrcally give the dwmyldrsulphtdes The drsulphldes themselves can 

be utdrzed for the regtospeclfrc and highly dlastereoselectrve synthesis of vrnylthro substituted 

thuranes 

Experimental 

All the reactions were run under an atmosphere of dry mtrogen 2-Butyne, 3-hexyne, propyne, 
3,3-dimethyl-1-butyne, Super-HydndeR, Super-DeutendeR, Methyll:th:um and r-Butylhthmm were 

purchased from Aldrrch and used without further purrfrcatron Phthahmldosulphenyl chloride was 

synthesized using a lnerature procedure6. Silica gel (E.Merck 70-230 Mesh) was used for column 
chromatography All IH nmr spectra were performed in CDC13 and were recorded at 200 MHz on a 

Varran Germm 200 or at 600 MHZ on a Bruker AMX 600 (for compound 3b), resrdual CHC13 was 

used as reference at 7 26 ppm. 13C Nmr were recorded at 50 MHz and chemrcal shifts were 
referenced to the central peak of the solvent (CDC13) at 77 00 ppm GC-MS spectra were performed 

wnh a Auto-Hrgc-Ms QMD 1000 Carlo Erba Meltmg pomts were measured on a Buchr 510 Meltmg 
Point and are uncorrected Mlcroanalysls were obtamed wrth an Elementary Analyzer 245 C Perkm- 

Elmer 

General procedure for the synthesis of N(vinylthio)phthalimides 1 

To a solutron of 3 3 eq of alkyne m 5 mL of anhydrous CH2C12 m an inert atmosphere (N2), a 

solutron of phthahmrdosulphenyl chloride in 8 mL of anhydrous CH2C12 was added at 0 OC wa a 
syringe The reaction mixture was kept at 0 OC for 15 mm then allowed to warmed up to room 
temperature After an addnronal 15 mm the colorless solutron was diluted with 50 mL of CH2C12, 
washed twrce with saturated NaHC03 and twrce wrth water 

The organic layer was dried (Na2S04) and evaporated to grve a crude materral whrch was 
chromatographed on silica gel (eluent petroleum ether dlethyl ether = 3 1) and recrystallized using n- 
hexane 

la Yield 94% mp 121-122 OC. *H nmr (CDCl3) 6 8 00-7 90 (m, 2 H arom), 7 80-7.70 (m, 2 H, 

arom), 2 62 (q, J = 155 Hz, 3H), 2 05 (q, 3 H) 13C nmr (CDCl3) 6 167 72,(s); 136 42(s), 134 65(d), 
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13182(s); 126 74(s), 123.93(d), 24 60(q), 20 04(q) MS, m/z, (relative mtenslty) 267,(M+, 23), 232,(M 

- Cl, 28); 148, (PhthH+, 60) 120, (M - Phth, 100) Anal Calcd for Cl2HlOClN02S C, 53 83, H, 3 76, 

N, 5 23 Found, C, 54 15; H, 3 73; N, 5 08 
lb Yield 86% mp 96-98 OC lH nmr (CDC13) 6 8 00-7 90 (m, 2 H arom), 7 80-7 70 (m, 2 H, 

arom),309(q,J=744Hz,2H),233(q,J=739,2H),137(t,J=739Hz,3H),122(t,J=744 

Hz, 3 H) 13C nmr (CDC13) 6 168 14(s), 143 44(s), 134 84(d), 132 53(s), 132 10(s), 124 01(d), 30 97(t), 

26 60(t), 12 92(q), 11 85(q) MS, m/z, (relative intensity) 295,(Mt, 17), 260, M - Cl, 45) 

148,(PhthH+, 100) Anal Calcd for Cl4Hl4ClN02S C, 56 85, H, 4 77, N, 4 73 Found, C, 56 55, H, 

4 66, N, 4 98 
lc Yield 87% mp 106-108 OC lH nmr (CDCl3) 6 8 00-7 90 (m, 2 H arom), 7 80-7 70 (m, 2 H, 

arom); 6 66 (q, J = 138 Hz, 1 H), 2 01 (d, 3 H) 13C nmr (CDCl3) 6 167 80(s), 134 99(d), 134 03(s), 

131 88(s), 124 22(d), 122 27(d), 17 02(q) MS, m/z,(relatlve mtenslty) 253, (M+, 24), 218, (M - Cl, 

22), 148, (PhthH+, 100) Anal Calcd for CllH8ClNG2S C, 52 08, H, 3 18, N, 5 52 Found, C, 52 00, 

H, 3 01, N, 5 62 
Id Yield 92% mp 79-80 OC lH mm (CDC13) 6 8 00-7 86 (m, 2 H arom), 7 85-7 72 (m, 2 H, 

arom), 6 43 (s, 1 H), 139 (s, 9 H) 13C nmr (CDC13) 6 167 71(s), 145 33(s), 134 97(d), 131 99(s), 

124 20(d), 119 50(d), 37 40(s), 28 59(q) MS, m/z, (relative intensity) 295, (M+, 62), 260, (M - Cl, 66), 

148, (PhthH+, 50), 41,(100) Anal Calcd for C14H14ClN02S C, 56 85, H, 4 77, N, 4 73 Found, C, 

56 88, H, 5 00, N, 4 81 

General procedure for the synthesis of thnranes 3 

To a solution of 2 eq of the adducts 1 m 5 mL of anhydrous THF m a inert atmosphere (N2) at 
-78 oC 4 mL of Super-HydndeR ( Aldrich 1 M m THF) were added via a syringe After 10 mm at -78 

OC, 10 mL of saturated NH4Cl were added, the reaction mixture warmed at room temperature and 

washed mce with 20 mL of dlethyl ether The orgamc layers were recollected, dried (Na2S04), and 

evaporated To the crude material so obtained 50 mL of n-pentane were added and the soled 

phthalumde preclpltated was filtered off Evaporation of the solvent gave the crude thnranes which 
were chromatographated on silica gel using n-hexane as eluent Attempt to further purify the thuranes 

3 by vacuum dlstlllatlon gave extensive decomposltlon, mainly due to desulphurlzatlon 

3a Yield 66% 011 Spectroscopic data refer to the (E,E) major isomer lH nmr (CDC13) 6 3 23 
(q,J=611HzlH),238(q,J= 156Hz,3H),222(q,J= 1563H),176(~,3H),158(d,J=611 

Hz, 3 H) 13C nmr (CDC13) 6 134 83(s), 125 06(s), 52 82(s), 45 16(d), 24 43(q), 23 52(q), 2161(q), 

16 77(q) MS, m/z, (relative intensity) 208, (M+, 7), 173, (M - Cl, 100) Anal Calcd for C8H13ClS2 

C, 46 02, H, 6 28 Found, C, 45 82, H, 6 47 

3b Yield 48% oil Spectroscopic data refer to the (E,E) major isomer lH nmr (600 MHz, 
CDC13) 6 3 18 (A part of an AMNX3 system, JAM and JAN = 5 40 and 9 00 Hz, 1 H), 2 84-2 69 (CD 

part of an CDY3 systems + E part of an EFZ3 system, 3 H), 2 34 (F part of an EFZ3 system, JEF = 
2160 Hz, JFZ = 7 20 Hz, 1 H), 2 02 (M part of an AMNX3 system, JMN = 20 70 Hz, JAM = 5 4 Hz, 
JMX = 7 20 Hz, 1 H), 191 (G part of an GKW3 system, JGK = 2160 Hz, JGW = 7 20 Hz, 1 H), 170 
(K part of an GKW3 system, JKG = 21 60 Hz, /KW = 7 20 Hz, 1 H), 155 (N part of an AMNX3 
system, JNM = 20 70 HZ, JNA = 5 4 Hz, /NX = 7 20 Hz, 1 H), 1 18 (Y part of an CDY3 system, JYC 
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= JYD = 7 2 Hz, 3 H), I 16 (Z part of an EFZ3 system, ./ZE = ./ZF = 7 2 Hz, 3 H); 1 10 (W part of 
an GKW3 system, JWG = .!WK = 7 2 Hz, 3 H), 1 11 (X part of an AMNX3 system, JXM = .JXN = 

7 20 Hz, 3 H) 13C nmr (CDC13) 6 140 20(s), 131 08(s), 59 84(s), 55 12(d), 30 37(t); 28 25(t); 27 08(t), 
25 03(t); 13 38(q), 12 77(q), 12.35(q), 1167(q) MS, m/z, (relative mtenslty). 264, (M+, 4), 229, (M - 

Cl, 65), 73, (100) 
3c Yield 57% 011 lH mm (CDC13) 6 6 40 (q, J = 148 Hz 1 H); 2 77 (d, J = 140 Hz, 1 H), 2 69 

(d, .I = 140, 1 H), 2 16 (d, J = 1.48 Hz, 3 H), 186 (s, 3 H) 13C nmr (CDC13) 6 132 29(s); 120 04(d), 

47 18(s); 35 08(t), 29.12(q), 19 02(q) MS, m/z, (relative mtennty). 180, (M’, 3), 145, (M - Cl, 100) 

Desulphurization of 3a to the divinylsulphide 4 

To a solution of 50 mg (0 24 mmol) of 3a m 2 mL of dry CHC13 63 mg of trlphenylphosphme 
(0 24 mmol) were added at room temperature The reaction mixture was kept for 90 h at this 

temperature, after this time GC and GC-MS analysis of the crude material showed the presence of the 
two lsomerlc vinyl sulphldes m a 93 7 ratio Purification VIU preparative TLC usmg n-hexane as eluent 

gave 35 mg (83% yield) of 4a as an 011 still constituted by a 93 7 rmxture of the E,E and Z,E isomers 

Spectroscopic data refer to the (E,E) major isomer lH nmr (CDCl3) 6 5 67 (A part of an 

AM3X3 systemJAM = 140 Hz, JAX = 5 94 Hz, 1 H); 2 35 (q, J = 156 Hz, 3 H), 2 05 (q, J = 156,3 
H), 182 (M part of an AM3X3 system, JAM = 140 Hz, JMX = 108 Hz, 3 H), 1.70 (X part of an 

AM3X3 system, 3 H) 13C mm (CDC13) 6 128 64(s), 128 14(s), 126 32(s), 124 79(d), 24 21(q), 2183(q), 

17 65(q), 14 58(q) MS, m/z, (relative mtenslty) 176, (M+, 41), 141, (M - Cl, 100) 

Oxidation of 4a to the sulphone 5 

A solution of 13 mg (0 074 mmol) of 4a in 2 mL of CH2C12 was oxldlzed usmg 51 mg (0 16 

mmol) of m-chloroperbenzolc acid After 20 h at room temperature the reaction nurture was dduted 

wth 10 mL of n-pentane, washed several times with a 10% NaOH solution and dried with CaC12, 

evaporation of the solvent gave 13 mg (87% yield) of 5a as an 011 constituted by a 93 7 nuxture of the 
E,E and Z,E isomers 

Spectroscopic data refer to the (E,E) major Isomer ‘H nmr (CDC13) 6 6 74 (A part of an 

AM3X3systemJAM= 130Hz,Jm=694Hz,lH),258(q,J= 159Hz,3H),205(q,J= 159,3 
H), 187 (M part of an AM3X3 system, JAM = 130 Hz, JMX = 1 10 Hz, 3 H), 183 (X part of an 

AM3X3 system, 3 H) 13C nmr (CDC13) 6 145 99(s), 136 67(s), 136 39(s), 131 85(d), 24 29(q), 

17 89(q), 14 00(q), 10 92(q) 

General procedure for the synthesis of disulphldes 6 
This reaction was carried out using the same procedure used for the synthesis of the thuranes 3, 

but using 1 mole equivalent of Super-HydrideR was used The dlsulphldes were purlfled by column 
chromatography (eluent petroleum ether) and dlstdled usmg a kugel-rohr apparatus 

6a Yield 95% bp 65 OC 5 lo3 mmHg lH nmr (CDCl3) 6 2 34 (q,J = 153 Hz, 6H), 2 20 (q, 6 
H) 13C nmr (CDC13) 6 134 14(s), 127 42(s), 23 97(q), 20 66(q) MS, m/z, (relative mtenslty) 242, 

(M+, 34), 121, (65), 45,(100) Anal Calcd for CgHl2C12S2 C, 39 51, H, 4 97 Found C, 39 86, H, 

5 25 
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6b Yield 84% bp 70 OC 1 10e3 mmHg lH nmr (CDC13) 6 2 69 (q,J = 7 38 Hz, 4 H), 2 61 (q, J 

= 7 41 Hz, 4 H), 109 (t, J = 7 38 Hz, 6 H), 108 (t, J = 7 41 Hz, 6 H) 13C nmr (CDC13) 6 14100(s); 

132 83(s), 30 39(t), 26 70(t), 12 80(q), 1177(q) MS, m/z, (relative mtenslty) 298, (M+, lo), 149, (50), 
59 (100) Anal Calcd for C12H2OC12S2 C, 48 15, H, 6 74 Found C, 48 37, H, 7 10 

6c Yield 87% bp 50 OC 1 10e2 mmHg lH MU (CDCl3) 6 6 39 (q, / = 142 Hz, 1 H), 2 10 (d, 3 

H) 13C nmr (CDC13) 6 133 93(s), 118 99(d), 17 37(q) MS, m/z, (relative Intensity) 214 (M +, 3), 107, 

(34), 45, (100) Anal Calcd for C6HgC12S2 C, 33 49, H, 3 75 Found C, 33 34, H, 3 83 
6d This compound decomposes in solution or on slhca gel Nmr spectroscopic data of the crude 

material obtamed after usual work-up showed the presence of only one compound lH nmr (CDC13) 6 
6 42 (s, 2 H), 136 (s, 18 H) 13C nmr (CDCl3) 6 143 74(s), 123 19(d), 37 64(s), 29 47(q) 

Transformation of Id in 2,5-dl-t-butyl-3-chloro thiophene 16 

A solution of 252 mg (1 17 mmol) of crude 6d m 10 mL of chloroform was kept seven days at 

room temperature After this time the lH nmr spectrum showed the complete decomposltlon of the 

dlsulphlde 6d into the thlophene 16 Preparative TLC on sdrca gel usmg n-hexane as eluent gave 214 

mg (85 % yield) of 16 as an ody material lH nmr (CDC13) 6 6 57 (s, 1 H), 144 (s, 9 H), 132 (s, 9 H) 

13C nmr 6 (CDCl3) 151 26(s), 142 71(s), 12429(s), 118 14(d), 34 33(s), 34 15(s), 3183(q), 29 82(q). 

MS, m/z, (relative intensity) 230, (M +, 68), 215, (100) Anal Calcd for Cl2Hl9ClS C, 62 45, H, 

8 30 Found C, 6184 H, 8 39 

2,9Di-f-buthyl thiophene 17 

To a solution of 14 mg (0 06 mmol) of 16 in 2 mL of anhydrous THF m a Inert atmosphere 

(N2) kept at -78 O, 0 038 mL of r-Butylhthlum ( 17 M m hexane) were added After 15 h at -78 o 0 1 

mL of water were added and the reaction mixture warmed at room temperature, diluted with 20 mL of 

ether and washed with saturated NH4Cl solution The organic layer was dried (Na2S04) and 
evaporation of the solvent gave a crude material which was purified by preparative TLC, eluent n- 

hexane, to give 4 mg (33 5% yield) of 17 lH nrnr (CDC13) 6 6 60 (s, 2 H), 136 (s, 18 H), (CCl4, TMS) 
6 6 46 (s, 2 H), 1 34 (s, 18 H) L,tt13 1 H nmr (CCL4, TMS) 6 6 45 (s, 2 H), 133 (s, 9 H) 

(E)-1,2-Dimethyl-2-chloro-vinyl methyl sulphide 7 

To a solution of 500 mg (2 06 mmol) of 6a in 20 mL of anhydrous THF m a inert atmosphere 

(N2) at -78O 106 mL of methylhthlum (2 M in dlethyl ether) were added The reaction mixture was 
kept 30 mm at -78O, warmed to room temperature, quenched with 100 mL of a saturated NH4Cl 
solution and then washed twice with 50 mL of dlethyl ether The orgaruc layers were recollected, dried 

(Na2S04), and evaporated to give a crude material which was purified by preparative TLC, eluent II- 
hexane, and dlstlllatlon on a kugel-rohr apparatus to give 100 mg (71% yield) of 7 B p 70 OC 27 
mmHg 1H nmr (CDCl3) 6 2 45 (q,J = 153 Hz, 3 H), 2 23 (s, 3 H); 2 01 (q, 3 H) Lltt12 b p 50 OC 10 
mmHg 
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