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Abstract = The reaction of methyl{bismethylthiolsolphonium hexachloro-
antimonate (1) with Jd-hydroxyalkenes (2) gives 2-methylthiomethyl-

substituted tetrahydrofurans (3).

Cyclisations using sulphenylating agents of wvarious nature have received nuch
attention in recent years both for mechanistic interest and for the high synthetic
potential of the ring systems obtained.®

Some time agc methyl{bismethylthio)sulpheonium hexachloroantimonate (1} has been
introduced as efficient methylthiolating agent towards functionalized alkenes and
akanes.1'3_6 In particular it was shown that 1 reacts with o-allylphenols to give
2-methyithiomethyldihydrobenzofurans in high yieLds.3

We now report that 1 can also be employed to obtain  cyclofunctionalization of
6-hydr0xyaLkenes (2) to the tetrahydrofurans 3 (equaticon). Qther efficient methods

for similar sulphencetherification of alkenols have been recently reported.?—9
Equation
OH +’/SMB
= + Me—S{_ SbCly —_— SMe + MeSSMe
SMe R 0
R

(2) (1) (3)

The zicohols (2) were prepared by using standard preccedures {see experimental),
from the Grignard reagent cbtained from 4-bromobut-1-ene and the proper aldehydes

or ketones. The reaction of 1 with 2 was easily performed by dropwise addition of
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a methylene chloride solution of 1 to the solution of 2 in the same solvent at
0°c. After 30 minutes at this temperature and hydrolytic work-up (NaHCOz aqueous
solution), the organic layer was separated and the product was isolated in good
yield by ctolumn chromatocgraphy on silica gel. The five-membered ring structure of

the products was assumed on the basis of mass spectrometry10

and nmr spectral
data. The yields of the tetrahydrofursns cbtained by this route are reported in
the Table.

Formation of the 2-methylthiomethyltetrahydrofurans (3} Likely arises from
intramolecular nuclecphilic attack of the oxygen atom at one carbonm atom of the

intermediate thiiranium ion (4)17 {(Scheme).

Scheme

Me

+3

(1) + (2) — OH —— (3)

(4)
The five-membered ring closure of 4 to 3 always occurs regiospecifically in an exo
mode as it also happens in most of the similar cycLisations.2’3'?_9
The cyclisation of 2b, 2c, 2d, and 2e was performed in order to verify whether
steric hindrance at the S5-position of 2 could induce some stereoselection in the
formation of 3. In any case almost equimolar amounts of cis and tftrans
tetrahydrofurans (3) were obtained. The ratio of the stereoiscmers was determined
by nmr or, when possible, by gas chromatography.
The cyclisation of 2b was carried ocut at several temperatures from -78%¢ to +40%¢C,
but detectable changes of the isomer ratio of the tetrahydrofurans (3b) were not
observed.

Simple force field calculations performed by the ALchemy12

program showed that the
difference of the total energy of the cis and trans 3b-e was 0.16, 0.45, 0.56, and
3.98 kcal/mol respectively, being always the cis the more stable isomer. Although
these data have to be considered only indicative, they suggest that the
cyclisation of the alkenols (2) 1is not a thermodynamically controlled process. In
fact the so0 high calculated energy difference of the two isomeric phenyl
substityted tetrahydrofurans {(3e} would have given a strongly unbalanced mixture
of stereocisomers.

3,14

The easiness of the preparation of 1‘I and of the overall procedure make this

synthesis of substituted tetrahydrofurans a valid alternative to other
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sulphencetherification methods so far reported in the recent literature 7-9 since
it is at least as simple as the other methods. Moreover this method might be of
general application for the cyclisation of alkenols since we also found that the
Y-alkenol (5) behaves like 2 and gives 2-methylthiomethyltetrahydropyran (&) in
high yields (see Table).

Table

Synthesis of cyclic athers from alkencls in CH,CI, ot 0 °C

Substrate Products Yislds X lsomer
Ratio
OH
NN O\/ Shie 82 _
0
(2n) (3n)
CH
WY M.D:,,"/Sua u D\/Sue 72 1:09
Me - 0 e ]
(2b) {3b) trana {3b) cis
OH
/\/Y .P D%/sm ' &/sua 81 1:08
i—pr i—Pr (v} i—Pr
(2c) (3¢) trans (3c) cis
OH
/\/\]/ t_BuD%/Sm ” D\/sm e 1:1
t—-Bu 0 u 0
(2d) (3d) trans (3d} cis
OH
/\/\‘/ o ,O,ﬁ” SN /&/sus 82 1:1
Ph 0 Ph (o}
(2e) {3e) trana (3e) cis
OH
SMa 53 —_—
0
{21) (sn)
AV VA 67 -
CH SMe
4]
(5) (8)
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pue to the importance of the presence of a tetrahydrofuran skeleton in many
biological active compounds we are currently jnvestigating the applicetion of this
reaction to the synthesis of some pharmacologically active compounds. Indeed
preliminary experiments show that 3a, 3c, and 6é have some specific anti-

thrombosis activity.

EXPERIMENTAL
"H oNmr were recorded on a Varian VXR-300 spectrometer and the data reported for
CDCL3 solutioens, TMS as internal standard, and coupling constants in Hz. GC-
mass spectra were takernm on a HP-597Y0-537%0 system eguipped with a SE-30, 25 m,
capillary column,

Alkencls (2a) and {53} were purchased from Aldrich.

Compounds (2b)-(2f) were prepared by reaction of the Grignard reagent of the 1-
bromo-but-3-ene and the appropriate carbonyl compounds and were characterized on
the basis of literature data15.

The previously unrepcrted alkenols {2¢) and (2f) were purified by column
chromatcgraphy on silica gel (eluant: (2c), light petroleum - diethyl ether 95:5
vfv; (2f), diethyl ether).

Z-Methyl~3~hydroxyhept~é-ene (2c¢c), bp 77-819C at 50 mmHg, 39% yield. 1H Nmr,

65.86 (m, 1H), 5.06 (m, 1HY, 4,98 (m, 1H), 3.39 (m, 1H), 2.20 (¢omplex m, 2H),
1.66 {m, 1H}, 1.53 {(complex m, 2H and OQH}, 0.93 {d, 3H, J = 6.9), and 0.92 (d,
3H, J = 6,7). Mass spectrum, mn/fz 128 (M*), 110 nt - 18), and 45 {base peak).
Anal. Calcd for CgHqg0; C, 74.94; H, 12.58. Found; €, 75.23; H, 12.37.

1-(3-Butenyldcyclohexanol (2f) was further purified by bulb toc bulb distillation

at 50 mmHg (oil bath at 120°C); 43% yield. 'H Nmr, & 5.87 (m, 1H)>, 5.D5 (m, 1M},

4.96 (m, 1TH), 2.76 (m, 2H and OH), 1.50 (m, 12H). Mass spectrum, m/z 154 m*

y, 136
(M* -~ 18), 55 (base peak). Anal. Calcd for CigHqg@: C, 77.87; H, 11.76. Found; C,
78.10; H, 11.53.

Cyclisation Reaction of (2a) - (2f) and (5} with Methyl{bismethylthiolsulphonium

Hexachloroantimonate (1). General Procedure.-The apprepriate alkenol ¢(2) (2 mmol)

in dry dichloromethane (5 ml) was cooled at 0°C and 1 (2 mmol) dissolved in the
same solvent (10 ml) was added dropwise. After 30 min, 10% aqueous solution of
Na,(0z was added and the reaction mixture was allowed to warm to room temperature.
The organic layer was separated and washed with water to neutrality. The

dichlomethane solution was dried (CaCLa), the solvent was removed under vacuum,

and the residue was chromatographed on silica gel column ( eluant: {(3a), Llight

petroleum - diethyl ether 4:1; {(3b), (3d), and (3f), light petroleum - ethyl
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acetate 3:1; (3¢} and (3e), tight petroleum - ethyl acetate 9:1; (6), light
petroleum = diethyl ether 9:1 v/v). The cyclic ethers (3) and (6) were furter

purified by vacuum distillation. 2-(Methylthiomethyl)tetrahydrofuran (3a); bp 36-

370¢ at 0.3 mmHg. W Nmr 8 4.047 (g, TH, J = 6.4, H-2), 3.89 (m, TH, Hp-5), 3.76
(m, 1H, Hg-5}, 2.67 (A part of an ABX system, 1H, dag * 13.24, Jpay = 6.07,
CHpSMe), 2.59 (B part of an ABX system, 1H, Jgy = 6.24, CHgSMe), 2.16 (s, 3H,
SCHz), 2.15 - 1.82 and 1.70C - 1.58 (complex m, &H, Hz and H,). Mass spectrum, m/fz
132 (M+), 71 b - CHySMe, base peak). Anal. Calcd for CeHq208; C, 54.50; H,
?2.15. fFound; C, 54.22; H, 9.31.

2~=(Methylthiomethyl)-5-methyltetrahydrofuran (3b) was purified by bulb to bulb

distillaticon at 35 mmHg, oil bath, 90°C. TH Mme & 4.12 (m, 1d, H-2 eor H-5), 4.01
(m, 1H, H-5 or H-2), 2.57 (m, 2H, CH,5Me), 2.15 and 2.14 (two s, 3H, SCHg), 2.10-

1.90 and 1.70 - 1.40 (complex m, 4H, H-3 and H-4), 7.23 and 1.99 {(two d, 3H, J =

+

8.1 and 8.1, CHz). Mass spectrum, m/z 146 mty, 85 (m*t - CHyS5Me, base peak). Anal.

Caled for CoH4,08; C, 57.48; H, 9.65. Found; C, 56.94; H, 9.54. 2-
7714

(Methylthiomethyl)-5-isopropyttetrahydrofuran (3¢) was purified by bulb toc bulb

distillation at 20 mmHg, oil bath, 130°C. TR Nmr 0 4.13 and 4.04 (two m, 1H, H-2),
3.66 and 3.56 (twe m, 1H, H-5), 2.51 - 2.73 (two m, 2H, CHZSME), 2.16 (s, 34,
§CHz), 2.12 - 1.82 and 1.73 - 1.50 (two complex m, O5H, H-3, H-4 and CHMe,), D.95
and 0.86 (two d, 3H, J = 6.5 and 6.7, isopropyL—CH3), 0.94 and 0.85 (two d,
3H, J = 6.5 and 6.7, isopropyt-CH3). Anal. Calcd for CguHqg0S; £, 62.02; H, 10.41.

Found; €, 62.41; H, 10.63. 2-(Methyltiomethyl)-5-tert~butyltetrahydrofuran (3d),

bp 115-118°C at 3 mmHg. TH Nmr O 4.09 and 4.02 (two m, 1H, H-2), 3.66 and 3.56
(two m, i1H, H-5), 2.72 - 2.47 {(two m, 2H, CHoSMe), 2.18 and 2.77 {two s, 3H,
SCH3Y, 2.10 - 1.90 and 1.85 - 1.57 (twe complex m, &4H, H-3 and H-4), C.89 and 0.88
(two s, 9H, C(CHz)3). Mass spectrum, m/z 188 (M+), 127 mt - CHySMe, 61%), 109
(base peak). Anal. Calcd. for CigHzg087 €, 63.78; H, 10.70. Found; C, 64.10; H,

10.48. 2-(Methylthicomethyl)~5-phenyiltetrahydrofuran (3e) was purified by bulb to

bulb distillatien at 0.2 mmHg, oil bath at 170%. 1H Nmr 6 7.38 - 7.23 {(m, GH,

Ph), 5.06 and 4.0 (two t, 1H, J = 1.6 and 7.1, H=5), &4.44 and 4.26 (two m, 1H, H-

2), 2.89 - 2.65 (m, 2H, CHySMe}, 2.50 - 2.10 (complex m, 2H, H-4}, 2.22 and 2.21
+

(two s, 3H, SCH3), 1.85 (m, 2H, H-3). Mass spectrum, m/z 208 (M*), 147 (n™ -

CHySMe, base peak). Anal. Caled for Cq5Hq408; C, 69.18; H, 7.74. Found; C, 69.54;

H, 7.62. 2-Methylthicmethyl-1-oxaspire|4.5édecane (3f) was purified by bulb to

bulb distillation at 0.2 mmHg, oil bath at 150°C. T Nme 0 4.1 (m, TH, H-2), 2.67
(A part of an ABX system, TH, Jpg = 13.3, Jpy = 5.3, CHpSMe), 2.53 (B part of an

ABX system, 1H, Jgy = 6.7, CHgSMe), 2,14 (s, 3H, SCHz), 1.80 - 1.2C (complex m,
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14H, H-3, H-4, and cyclohexyl protens). Mass spectrum, m/z 200 (M+), 139 (M+ -
CHoSMe, 70%), 121 (base peak). Anal. Calecd for CyqH5508; C, 65.95; H, 10.06.

Found; C, 66.33; H, 9.94. 2-(Methylthiomethyl)-tetrahydropyran (6); bp 45 -46 ¢

at 0.3 mmHg. "H Nmr & 4.01 (m, 1H, H-2), 3.44 (m, 2H, K-5), 2.62 (A part of an ABX
system, 1H, Jag T 13.2, Jpx © 6.0, CH,SMel}, 2.57 (B part of an ABX system, 1TH, Jgy
= 4.8, CHgSMe), 2.15 (s, 3H, SCHz) 1.90 - 1.20 (complex m, 6H, H-2, H-3, and H-4).
Mass spectrum, m/z 146 (M+), 85 mt - CHZSMe, base peak). Anal. Calcd for C?H1AOS;

C, 57.49; H, 9.65. Found; C, 57.58; H, 9.76.
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