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Abstract Vinylthio phthalumides 1, synthesized by addition of phtalumidosulphenyl chionde to some alkynes, react with 2
equivalents of hthumtnethylboron hydnde to give vinylthio substituted thuranes 3 with high degree of diasteroselectvity The
reaction of 1with 1 equivalent of the same hydnde affords divinyl disulphides 6 which resuited to be intermediates in the
formation of thuranes 3 since the reaction of 6 with 1 equivalent of hthwminethylboron hydnde give the episulplides 3 in the

same diastereoisomenic muture Mechanisms for these reactions are proposed.

In the development of our studies on the reactivity of sulphenyl halidesZ we started an
mnvestigation on the chemustry of phthahmidosulphenyl chloride! This particular sulphenyl chlornde,
due to the presence of the sulphur-mtrogen bond offers the chance to link together the synthetic
potential of sulphenyl chlorides and sulphenamudes 2

Sulphenamides can be considered muld sulphur electrophiles which can be usefully employed
for the introduction of thio-substituted residues into organic molecules Thus N-thiophthalimdo
dervatives have been reacted with various nucleophiles including thiols3, alcohols#, amines,
hydndes6 and carbamons!7 to give symmetrical or unsymmetrical disulphides, sulphenic esters, N-
substituted sulphenamides, thuranes and sulphides respectively

Usually N-thiophthalimudo derivatives are synthesized by reaction of the potassium or sodium
salts of phthalimude with the appropriate sulphenyl halides® However :t 15 also possible to prepare this
class of compounds by reaction of phthalimidosulphenyl chloride with a nucleophile 6

In a preliminary paper we reported the synthesis of phthalimidovinyl sulphenamides 1 by
reaction of phthalimidosulphenyl chlonde and alkynes and we outlined their reactivity towards
nucleophiles such as carbamons and functionalized sodium amides! (Scheme 1) In all cases we
obtained the substitution of the phthalimido residue with formation of compound of type 2

In this paper we report the reactivity of some phthalimidovinyl sulphenamides towards
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aluminum and boron hydrides which leads to the formation of unexpected thurane derivatives

R__Cl  Nu R__Cl
—_ pl e
Phth-S-Cl + R—===-0R Ph[h-S/_\Rl NU-S/_\RI
1 2
Scheme 1

The reaction of 1a (R = Rl = Me) with 2 equivalents of ithium triethylboron hydride (Super-
HydndeR) i dry THF at -78° under mitrogen, gave, 1n satisfactory yields (66%), the diastereomeric
thuranes 3a as a 93 7 muxture of the E,E and Z,E 1somers (equation 1) The same mmture of products
was obtained when 1a was reacted with other hydndes such as NaBHy or LiAlHy

o M Me Y© Me |°
Me__Cl kA Y cl H\Ef c
+2LIELBH —— KB W 'S + Me“N\/ s
Phth-S  “Me 3 tHF (_ K—
Me Me
la (E,E)-3a (Z,E)-3a

Equation 1
The structure of the thuiranes 3a was deduced from nmr and GC-MS data The 1H nmr

spectrum of the major 1somer (£,E)-3a showed two narrow quartets at 238 and 222 § (J = 156 Hz)
for the vinylic methyls, a singlet and a doublet at 1 76 and 158 § for the two methyl groups of the
thurane ring, and a quartet at 323 § (J = 6 11 Hz) for the hydrogen atom The Z E 1somer 3a was
present as minor component 1n the reaction mixture and showed a singlet at 180 & and a doublet at
173§ (J = 594 Hz) for the resonances of the thurane methyl protons and a quartet at 3 07 § for the
methynic proton The resonances of the vinylic methyls of this isomer could be not detected, however
1t 15 reasonable to assume an accidental 1socronism with the corresponding methyl groups of the major
isomer The 13C nmr spectrum of (E,E)-3a was also consistent with the proposed structure (see
expenimental)

The structure and the 1someric distribution of the thuranes 3a 1s also supported by the reaction
sequence shown 1n equations 2 and 3 The desulphurization of the thuranes by triphenylphosphine, a
reaction which occurs with retention of conflguratlon9 gave the sulphides (E,E)-4a and (Z,E)-4a 1n
93 7 ratio The same 1someric distribution was found in the sulphones Sa obtained by oxidation of 4a
with m-chloroperbenzoic acid. It 1s known this reaction proceeds without affecting the
stereochemustry of the double bond19, so that the stereochemustry of 5a reflects that of 4a and 3a

Me ___Me ¢ H__ Me ¢
M Me PPhy Do _Jl a J cl
c‘\?%s /_\Me CHC]3 S r + (-4 S r
Me Me
3a (E.E)-4a (Z,E)-4a

Equation 2
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1e ‘Y€ M Me Me e
Mo =™ _J‘ m-CPBA ~—- ]] U;J”

r CH,Cl,

Me Me Me
42 (E,E)-5a (Z,E)-5a
Equation 3

A close mnspection of the chemical shifts of the vinylic protons of 4a and 5a clearly indicates
that the major 1somer has a E,E stereochemustry In fact it 1s well accepted that a sulphonyl group cis to
a vinylic proton exerts quite a strong downfield shift on this protonll In our case the vinylic proton of
the major 1somer of 5a was found at 6 74 § while the minor isomer has the corresponding resonance a
620 § Sumlarly the chemucal shifts of the vinylic protons of 4a (566 § for the major 1somer and 5 75 6
for the minor one) were also indicative of an E,E stereochemustry for the major 1somer, since a vinyhic
proton cis to a sulphide sulphur 1s expected upfield with respect to the chemical shift of the
corresponding proton trans to the same group 1

An even higher diastereoselectivity (96 4) was observed 1n the synthesis of the thuranes 3b from
the phthalimudovinylsulphenamde 1b (R = R’ = Et) and two equivalents of Super-Hydride (equation
4)

t t
E t Et
E ___«l -78°C N’ _j _/'f
+ 2LEyBH —— H° g (6 gt\?/'s Cl
THF
1

Phth-S~ “Et f—
t
1b (E,E)-3b (Z,E)-3b
Eaquation 4

The formation of the thuranes (E,E)-3 and (Z,E)-3 in the reaction of the sulphenamides 1 and
hydride 10ns 1s not easily rationalizable
In order to have information on this reaction we reacted 1a and 1b with only one equivalent of
LiEt3BH In this case we obtained good yields of the disulphides 6a (95% yield) and 6b (84% yield)
respectively (equation 5)

R\_/Cl + LiEt.BH iSO_E CV]\=/\R S R!
- 1 3 R SN
Phth-S~ R THF o~
la,b 6a,b

la,6a R=R!=Me

1b,6b R=R!=FEt
Equation 5
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The E,E stereochemistry of the disulphides 6 was proved by the reaction of 6a with methyl
lithium which gave the methyl vinylsulphide 7 1dentical to the product formed 1n the addition of
methanesulphenyl chlonde to 2-butyne 12 Compound 7 was also obtained 1n the reaction of 1a with
methyllithium (Scheme 2)

la + MeLa

Me (I
Li ———— ————me Me—==—Me + MeSCl
6a + MeLs Me-S~  “Me e

7

Scheme 2
Further reaction of the disulphide 6a (or 6b) with one equivalent of LiIEt3BH gave a muxture of
the thuranes 3a (or 3b) 1dentical to that obtained directly from 1a (or 1b) and two equivalents of
Super-Hydride (equation 6)

1 Rl Rl

CL R R
78C N’ R )
RV "\S/S\_/Rl + LiIEtBH —— H‘\Y?/'/l;_) Cl + M cl

¢ THF

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

3a,6a R=Rl1=Me

3b,6b R=Rl=Et

Equation 6
This result shows that the disulphides 6 are probable intermediates in the synthesis of the

thuranes 3 Moreover we have observed that munute amounts of the corresponding disulphides 6 were
always present when sulphenamides 1 were reacted with two equivalents of LiEt3BH A rational for
the formation of disulphides 6 from 11s outlined in Scheme 3

R« Cl H R< Cl H R Cl

Phth-$~ R! H-$ R! ‘¢ Rl
1 8 9
CL. _R
1
R__C , | __ S R
_S/_\Rl R/—\ Cl
9 6

Scheme 3
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Attack of the hydride 10n at sulphur 15 expected since 1t 1s a known reaction® 1n stmilar systems
Furthermore thiolate ion attack at the sulphenamide sulphur 1s a general reaction for this class of
compounds3 The only point that deserves some comment 1s the observed retention of configuration of
the thiolate 1on 9 This implies that attack of 9 to 1 1s faster than any E-Z 1somerization of 9 which
mught occur via a thione intermed:ate

Sulphur-sulphur bond breaking and new carbon-sulphur bonds formation are the most relevant
molecular rearrangements in the transformation of 6 into the thuranes 3 (equation 6) With the aim of
obtaining some 1nsight on the mechanmism of this rearrangement, we studied the reaction of the
phthalimido derivative 1c (R = Me, R’ = H) with Super-Hydride Using two equivalents of the
hydride we obtained exclusively the thurane 3¢ (equation 7)

M cl 0 _j

Phth-S~ H

1c 3c

Equation 7
The behaviour of 1c was found to be simular to that of 1a and 1b 1t reacted with one equivalent

of LiEt3BH to give the corresponding disulphide 6¢ which gave the thurane 3¢ upon reaction with a
second equivalent of the hydride (Scheme 4)

C e e
Me_ _Cl LiEtBH H/U LiEt;BH M_/(H al

Phth-~ H
Me” ~Cl Me
Ic 6¢c 3¢
2 LiIEt;BH
Scheme 4

The formation of 3¢, as well as that of 3a and 3b, can be rationalized by assuming that the
attack of the hydride 10n at the halogen substituted vinylic carbon of 6c generates the sulphur
stabilized carbaruon 10c (Scheme 5) 1,2-Sulphur shift gives the thiolate ton 11c¢ and intramolecular
nucleophilic substitution of chloride 10n yields the thurane 3c.

Albeit other mechamisms may be operative, some can be ruled out by taking into account the
structure of 3¢ In particular we can rule out imtal attack of the hydride 10n at the disulphide linkage
of 6¢c which generates 9¢ (Scheme 6). In fact a different thurane derivative 14 1s expected if the new
carbon-sulphur bond 1s formed by attack of 9¢ on 6¢
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Cl Me
C e . E- .Mc
M Cl Mg~ Cl SMme” al
6¢c 10c / 11c
H
€
M_—%—Cl
Me
3c
Scheme 5
CL___Me
- M Cl M Cl
D s S G : S 53 -/
Mg~ Cl — |- u 7 H
6¢ 9¢
M 1 H 1eCl
9% +6c —e S A — S __H
Mé¢ \a > Hme a
12 -Cr 13
M HMe ___Cl
s~ H
14
scheme 6

Indeed in our reaction conditions hydnde 1on attack at the disulphide sulphur of 6 1s a reaction
that takes place We observed scrambling of the vinylthio residues when a muxture of 6a and 6b was
reacted with less than one equivalent of Super-Hydride (equation 8) However our results indicate that
this reaction cannot be responsible for the formation of the thiiranes 3

CL Me
Mbs/SvEt + Mixture of Thuranes
EC” ~Cl
Equation 8

The last point to discuss 1s the remarkable diastereoselectivity cbserved in the formation of 3a

LiEt;BH

6a + 6b
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and 3b According to the proposed mechamsm (Scheme 5) this behaviour can be explamned assuming
different stabihities for the conformers of the carbanions 10a and 10b (Figure 1), obtained by hydnide
attack on chloro substituted carbon of the disulphides 6a and 6b, and/or activation energies for the
1,2-sulphur shift leading to the (E,E)-3a and (E,E)-3b lower that leading to the corresponding Z,E
1somers

1 Me g
H.q:—'gs S\ Me H—1—<§,S\/Et
Me M ~Cl t Er “Cl
10a 10b

Figure 1
This hypothesis 1s supported by the reaction of the disulphide 6¢ with ithium triethylboron
deuteride (LiEt3BD) which gave a 1 1 muxture of the two diastereomeric deuterated thuranes 15
(equation 9)

H
+2LIEt;BD ———— B S + D S
> THF 4 4

Phth-$~ H
Me Me
1c (E.E)-15 (ZE)-15

Equation 9

Thus 1t seems that steric hindrance exerts a strong effect 1n the stereochemustry of the reaction
whether on the conformer population of 10 or their rearrangement rate

To verify this hypothesis we reacted the phthahmidovinylsulphide 1d (R = ¢-By, R’ = H) with
two equivalents of LiEt3BH, unfortunately we did obtain any thurane On the other hand the reaction
of 1d with one equivalent of Super-Hydride gave the corresponding disulphide 6d as an unstable
compound which 1n solution or on silica gel decomposed to 3-chloro-2,5-di-t-butylthiophene 16
(Scheme 7)

tBu___C  LEwBH N "BS“\_/H /\ cl
- R - ————
Phth-8~ H Vs B " Bu

B’ Cl

1d 6d 16
Cl
‘_‘/@ Nt-Bula U/Q\
t-B t-Bu mH,0 t-B t-Bu
16 17

Scheme 7
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The structure of 16 1s based on gc-ms analysis and on 1H and 13C nmr data Moreover
reductive dehalogenation of 16 with ¢-butyllithium afforded the 2,5-di--butylthiophene 17 (Scheme 7)
which was 1dentified by comparison with literature data 13

The unusual behaviour of the ¢-butyl substituted disulphide 6d and the possible intervention of
a thione intermediate14 1n the formation of the 3-chloro-2,5-di-t-butylthiophene 13 are currently under
study 1n this laboratory

In conclusion we have shown that the reaction of phthalimidovinyl sulphenarmdes with hydride
represents a valuable method for the synthesis of both the divinyldisulphides 6 and the thuranes 3, an
unusual class of substituted thuranes

By choice of reaction conditions it 1s possible to modulate the reaction and generate
vinylthiolate 10ns which stereospecifically give the divinyldisulphides The disulphides themselves can
be utilized for the regiospecific and highly diastereoselective synthesis of vinylthio 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-HydrideR, Super-DeuterideR, Methyll:th:um and ¢-Butyllithium were
purchased from Aldrich and used without further purification Phthalimidosulphenyl chloride was
synthesized using a literature procedure6. Silica gel (E.Merck 70-230 Mesh) was used for column
chromatography All 1H nmr spectra were performed in CDCly and were recorded at 200 MHz on a
Varian Germum 200 or at 600 MHZ on a Bruker AMX 600 (for compound 3b), residual CHCl3 was
used as reference at 7 26 ppm. 13C Nmr were recorded at 50 MHz and chemical shifts were
referenced to the central peak of the solvent (CDCl3) at 77 00 ppm GC-MS spectra were performed
with a Auto-Hrge-Ms QMD 1000 Carlo Erba Melting points were measured on a Buchi 510 Melting
Point and are uncorrected Microanalysis were obtained with an Elementary Analyzer 245 C Perkin-
Elmer

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

To a solution of 3 3 eq of alkyne in 5 mL of anhydrous CH»Cl, 1n an nert atmosphere (Nj), a
solution of phthalimidosulpheny! chloride in 8 mL of anhydrous CH,Cl, was added at 0 °C via a
syringe The reaction mixture was kept at 0 °C for 15 mun then allowed to warmed up to room
temperature After an additional 15 min the colorless solution was diluted with 50 mL of CH,Cl,,
washed twice with saturated NaHCOj3 and twice with water

The orgamc layer was dried (NapSO4) and evaporated to give a crude material which was
chromatographed on silica gel (eluent petroleum ether diethyl ether= 3 1) and recrystallized using n-
hexane

1a Yield 94% mp 121-122 °C. H nmr (CDCl3) 8§ 800-790 (m, 2 H arom), 7 80-7.70 (m, 2 H,
arom), 262 (q,J = 155 Hz, 3H), 205 (q, 3 H) 13¢ nmr (CDCl3) 6§ 167 72,(s); 136 42(s), 134 65(d),
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131 82(s); 126 74(s), 123.93(d), 24 60(q), 20 04(q) MS, m/z, (relative ntensity) 267(M*, 23), 232,(M
- Cl, 28); 148, (PhthH™, 60) 120, (M - Phth, 100) Anal Caled for C4oH{CINO,S C, 53 83, H, 376,
N, 523 Found, C, 54 15; H,373; N, 5 08

1b Yield 86% mp 96-98 °C 1H nmr (CDCl3) 6§ 800-790 (m, 2 H arom), 7 80-7 70 (m, 2 H,
arom), 309 (q,J = 744 Hz, 2 H), 233 (q,J = 739,2 H), 137 (,J = 739 Hz, 3 H), 122 (t, J = 744
Hz, 3 H) 13¢ nmr (CDCl3) § 168 14(s), 143 44(s), 134 84(d), 132 53(s), 132 10(s), 124 01(d), 30 97(t),
26 60(1), 12 92(q), 11 85(q) MS, m/z, (relative intensity) 295,(M*, 17), 260, M - Cl, 45)
148,(PhthH*, 100) Anal Calcd for C14H14CINO,S C, 5685, H, 477, N, 473 Found, C, 56 55, H,
466,N,498

1c Yield 87% mp 106-108 °C 14 nmr (CDCl3) 6§ 800-790 (m, 2 H arom), 7 80-7 70 (m, 2 H,
arom); 6 66 (q,J = 138 Hz, 1 H), 201 (d, 3 H) 13C nmr (CDCl3) 6§ 16780(s), 134 99(d), 134 03(s),
131 88(s), 124 22(d), 122 27(d), 17 02(q) MS, m/z,(relative intensity) 253, (M*,24),218, (M - Cl,
22), 148, (PhthH*, 100) Anal Caled for C;{HgCINO,S C, 5208, H, 3 18, N, 552 Found, C, 52 00,
H,301,N, 562

1d Yield 92% mp 79-80 °C IH nmr (CDCl3) 6§ 800-786 (m, 2 H arom), 785-772 (m, 2 H,
arom), 6 43 (s, 1 H), 139 (s, 9 H) 13C nmr (CDCl3) § 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 Caled for C14H14CINO,S C, 56 85, H, 477, N, 473 Found, C,
56 88, H, 500, N, 4 81

General procedure for the synthesis of thuranes 3

To a solution of 2 eq of the adducts 11n 5 mL of anhydrous THF 1n a inert atmosphere (N5) at
-78 °C 4 mL of Super-HydrideR ( Aldrich 1 M in THF) were added via a syringe After 10 mun at -78
OC, 10 mL of saturated NH4Cl were added, the reaction mixture warmed at room temperature and
washed twice with 20 mL of diethyl ether The organic layers were recollected, dried (NaySOy), and
evaporated To the crude matenal so obtained 50 mL of n-pentane were added and the solid
phthalimide precipitated was filtered off Evaporation of the solvent gave the crude thuranes which
were chromatographated on silica gel using n-hexane as eluent Attempt to further purify the thuranes
3 by vacuum distillation gave extensive decomposition, mainly due to desulphunization

3a Yield 66% o1l Spectroscopic data refer to the (E,E) major 1somer 14 nmr (CDCl3) 6 323
(g, =611 Hz1H),238(q,J = 156 Hz,3H),222(q,/ = 156 3H),176 (s, 3H), 158 (d,J = 6 11
Hz, 3 H) 13¢C nmr (CDCl3) & 134 83(s), 125 06(s), 52 82(s), 45 16(d), 24 43(q), 23 52(q), 21 61(q),
16 77(q) MS, m/z, (relative intensity) 208, (M*, 7), 173, (M - Cl, 100) Anal Caled for CgHq3CIS,
C,46 02, H, 628 Found, C, 4582, H, 647

3b Yield 48% o1l Spectroscopic data refer to the (E,E) major isomer 14 nmr (600 MHz,
CDCl3) 6 3 18 (A part of an AMNX3 system, /o) and JoN = 540 and 9 00 Hz, 1 H), 2 84-2 69 (CD
part of an CDY3 systems + E part of an EFZy system, 3 H), 234 (F part of an EFZ3 system, JEp =
2160 Hz, Jgz = 720 Hz, 1 H), 2 02 (M part of an AMNX3 system, Jpyn = 20 70 Hz, Jopg = 54 Hz,
JMx = 720 Hz, 1 H), 1 91 (G part of an GKWj system, Jgk = 2160 Hz, Jqw = 720 Hz, 1 H), 170
(K part of an GKW3 system, Jx = 21 60 Hz, Jxw = 720 Hz, 1 H), 155 (N part of an AMNX3
system, Jyp = 2070 Hz, Jya = 54 Hz, Jyx = 720 Hz, 1 H), 118 (Y part of an CDY3 system, Jyc



7194
G Carozziet al

=Jyp = 72 Hz, 3 H), 116 (Z part of an EFZ3 system, Jzg = Jzp = 72 Hz, 3 H); 110 (W part of
an GKWj system, Jyyg = Jwg = 72 Hz, 3 H), 111 (X part of an AMNX5 system, Jxp1 = IxN =
720 Hz, 3 H) 13C nmr (CDCl3) 5 14020(s), 131 08(s), 59 84(s), S5 12(d), 30 37(t); 28 25(t); 27 08(1),
2503(t); 13 38(q), 12 77(q), 12.35(q), 1167(q) MS, m/z, (relative ntensity): 264, (M, 4), 229, (M -
Cl, 65), 73, (100)

3¢ Yield 57% o1l 1H nmr (CDCl3) 6 640(q,/ = 148 Hz1H); 277 (d,J = 140 Hz, 1 H), 269
(d,J = 140,1H),216 (d,J = 148 Hz, 3 H), 186 (5,3 H) 13¢ nmr (CDCl3) § 13229(s); 120 04(d),
47 18(s); 35 08(t), 29.12(q), 19 02(q) MS, m/z, (relative intensity). 180, (M*, 3), 145, (M - Cl, 100)

Desulphurization of 3a to the divinylsulphide 4

To a solution of 50 mg (024 mmol) of 3a in 2 mL of dry CHCl3 63 mg of triphenylphosphine
(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 analyss of the crude material showed the presence of the
two 1someric vinyl sulphides 1n a 93 7 ratio Purification via preparative TLC using n-hexane as eluent
gave 35 mg (83% yield) of 4a as an o1l still constituted by a 93 7 mixture of the E,E and Z,E 1somers

Spectroscopic data refer to the (E,E) major 1somer I nmr (CDCl3) § 567 (A part of an
AM3Xq systemJang = 140 Hz, Jox = 594 Hz, 1 H); 235 (q,/ = 156 Hz, 3H), 205 (q,J = 156, 3
H), 182 (M part of an AM3X3 system, Jo\ = 140 Hz, J)yx = 108 Hz, 3 H), 1.70 (X part of an
AM3X4 system, 3 H) 13C nmr (CDCl3) & 128 64(s), 128 14(s), 126 32(s), 124 79(d), 24 21(q), 21 83(q),
17 65(q), 14 58(q) MS, m/z, (relative intensity) 176, (M ¥, 41), 141, (M - Cl, 100)

Oxidation of 4a to the sulphone 5

A solution of 13 mg (0074 mmol) of 4a 1n 2 mL of CH,Cl, was oxidized using 51 mg (0 16
mmol) of m-chloroperbenzoic acid After 20 h at room temperature the reaction mixture was diluted
with 10 mL of n-pentane, washed several times with a 109 NaOH solution and dried with CaCl,,
evaporation of the solvent gave 13 mg (87% yield) of 5a as an o1l constituted by a 93 7 mixture of the
E,E and Z,E 1somers

Spectroscopic data refer to the (E,E) major 1somer 1H nmr (CDCl3) & 674 (A part of an
AM3Xq systemJang = 130 Hz, Jox = 694 Hz, 1 H), 258 (q,/ = 159 Hz,3H),205(q,J = 159, 3
H), 187 (M part of an AM3X3 system, Jop = 130 Hz, Jyx = 110 Hz, 3 H), 183 (X part of an
AM;3X3 system, 3 H) 13¢C nmr (CDCl3) 5 14599(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 disulphides 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 disulphides were punfied by column
chromatography (eluent petroleum ether) and distilled using a kugel-rohr apparatus

6a Yield 95% bp 65°C5 103 mmHg 1H nmr (CDCl3) § 234 (q,J = 153 Hz, 6H),220(q, 6
H) 13¢C nmr (CDCl3) § 134 14(s), 127 42(s), 23 97(q), 20 66(q) MS, m/z, (relative intensity) 242,
(M, 34), 121, (65), 45,(100) Anal Caled for CgH17ClrS, C, 3951, H, 497 Found C, 39 86, H,
525
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6b Yield 84% bp 70°C 1 10-3 mmHg 1H nmr (CDCl3) 6 269 (q,J = 738 Hz,4 H),261(q,J
= 741Hz 4 H), 109 (t,J = 738 Hz, 6 H), 108 (1, = 741 Hz, 6 H) 13C nmr (CDCl3) & 141 00(s);
132 83(s), 30 39(t), 26 70(t), 12 80(q), 11 77(q) MS, m/z, (relative intensity) 298, (M™, 10), 149, (50),
59 (100) Anal Caled for C1;HpClpSy C, 48 15, H, 6 74 Found C,4837,H,7 10

6c Yield 87% bp 50°C 1 102 mmHg 1H nmr (CDCl3) & 639(q,J = 142Hz,1H),210(d, 3
H) 13¢ nmr (CDCl3) § 133 93(s), 118 99(d), 1737(q) MS, m/z, (relatve intensity) 214 M+, 3), 107,
(34), 45, (100) Anal Caled for CgHgClyS, C,3349,H,375 Found C, 3334, H, 383

6d This compound decomposes 1n solution or on silica gel Nmr spectroscopic data of the crude
material obtained after usual work-up showed the presence of only one compound IH nmr (CDCl3) &
642 (s,2 H), 136 (s, 18 H) 13¢ nmr (CDCl3) § 143 74(s), 123 19(d), 37 64(s), 29 47(q)

Transformation of 1d in 2,5-di-t-butyl-3-chloro thiophene 16

A solution of 252 mg (1 17 mmol) of crude 6d 1n 10 mL of chloroform was kept seven days at
room temperature After this time the 1H nmr spectrum showed the complete decomposition of the
disulphide 6d into the thiophene 16 Preparative TLC on silica gel using n-hexane as eluent gave 214
mg (85 % yield) of 16 as an oily matenal 1H nmr (CDCl3) § 657 (s, 1 H), 144 (s, 9 H), 132 (5, 9 H)
13¢ nmr (CDCl3) & 15126(s), 142 71(s), 124 29(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 Caled for CyipH9CIS C, 6245, H,
830 Found C, 6184 H,839

2,5-Di-t-buthyl thiophene 17

To a solution of 14 mg (0 06 mmol) of 16 in 2 mL of anhydrous THF 1n a inert atmosphere
(N5) kept at -78 ©, 0 038 mL of ¢-Butylhthum ( 17 M 1n hexane) were added After 1Shat-78°01
mL of water were added and the reaction mture warmed at room temperature, diluted wath 20 mL of
ether and washed with saturated NH4Cl solution The organic layer was dried (Na3SOy4) and
evaporation of the solvent gave a crude material which was purnified by preparative TLC, eluent n-
hexane, to give 4 mg (33 5% yield) of 17 1H nmr (CDCl3) 8 660 (s, 2 H), 136 (s, 18 H), (CCly, TMS)
§ 646(s,2H), 134 (s, 18 H) Lut!3 1H nmr (CCLy, TMS) § 645 (5,2 H), 133 (5, 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 1n a inert atmosphere
(N) at -789 106 mL of methyllithum (2 M 1in diethyl ether) were added The reaction mixture was
kept 30 min at -78%, warmed to room temperature, quenched with 100 mL of a saturated NH,4Cl
solution and then washed twice with S0 mL of diethyl ether The organic layers were recollected, dried
{NaSQy), and evaporated to give a crude material which was purified by preparative TLC, eluent n-
hexane, and distillation on a kugel-rohr apparatus to give 100 mg (71% yield) of 7 Bp 70 °C 27
mmHg 1H nmr (CDCl3) 6 245 (q,J = 153 Hz, 3H),223 (s, 3 H); 201 (g, 3H) Litt!Z bp 50°C 10
mmHg
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