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Abstract: A one-pot preparation of functionalized propargylic aryl
and hetero aryl sulfides from primary alcohols and thiols through
the formation of the corresponding iodide or tosylate compoundsis
presented. The corresponding sulfones are prepared by subsequent
MCPBA oxidation.
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Organosulfur compounds are generaly useful inter-
mediates for building highly functionalized biologically
and medicinally relevant natural products.t

In particular, aromatic and heterocyclic sulfides and rel at-
ed compounds are widely used as central nervous system
(CNS) agents.? Heteroaromatic sulfur-containing deriva-
tives were also successfully used as antitumoral and cyto-
toxic compounds.® In the class of propargylic compounds,
heteroaromatic sulfides like compounds A (Figurel)
were reported to possess certain memory improving and
anticonvulsant activity.? Propargylic sulfones like com-
pounds B are a simple class of compounds that cleave
DNA in a pH-dependent fashion* and similar molecules
exhibit high DNA intercalating and alkylating activity.®
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Figurel

Sulfides and their oxidation products, sulfoxides and
sulfones, are important reagents and/or quite useful inter-
mediates in organic synthetic applications.® In fact, aryl
and heteroaryl sulfoxides are useful moietiesin asymmet-
ric synthesis,” instead their corresponding sulfones are
powerful tools for double bond formation in the classical
and modified Julia olefination.®

Because research on these sulfur compounds is widely
studied, considering their important biological activities,
highly selective and efficient methods are desired for the
preparation of propargylic or alenylic sulfides and
sulfones.
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Severa synthetic methods for preparing simple and not
functionalized propargylic sulfides have been reported:
the most utilized is the Williamson-type reaction between
propargylic bromides, iodides, or mesylates with thiolsin
the presence of inorganic bases’ or catalyzed by transition
metal .2
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Schemel Genera preparation of sulfidesand sulfones.

Initially, we have attempted the preparation of the corre-
sponding tosylate of commercial alcohol 1a and of the
monoprotected 1,4-but-2-yndiol 1b*! under classical con-
ditions, e.g. TsCl in pyridine (Scheme 1).12 However, the
standard protocol gave disappointing results in terms of
purity and isolated yields.

A second attempt with NaOH utilization in the reaction
medium afforded the desilylated product for compound
1a and the corresponding tosylate of 1b in good yields.

With the goal to avoid the use of NaOH for base-sensitive
substrate and in general to perform thereactionsin adirect
one-pot synthesis procedure, we finally used and tested
two different approaches to sulfides: @) viaiodide forma-
tion with acohol 1a and 1c (both commercia products;
method A); b) viatosylate (method B) for the alcohol 1b*3
(Scheme 2 and Table 1).

The corresponding iodides of 1a,c were prepared using |,
in the presence of imidazole and PPhs, at reflux tempera-
ture, with complete conversion of starting materials after
one hour reaction time.

In atypical procedure 1.2 equivalents of thiols 3a—c were
added to the organic solution (CH,CI, or toluene) of per-
formed iodides or tosylates 2a—c and the reaction was
stirred a room temperature (3—4 h) until TLC indicated
complete consumption of the corresponding iodide or to-
sylate. Under these conditions, the desired sulfides 4a—i
were isolated in variable yields (from 37% up to 89%),
according to the type of thiol and of propargylic alcohol
used (Table 1).1415
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Scheme?2 Reagentsand conditions: (a) i. method A: X =1, 1,, PPh;,
imidazole, CH,Cl,, reflux. ii. method B: X = OTs, TsCl, NaOH,
toluene, r.t.; (b) 3a—c, r.t.; (c) MCPBA, CH,Cl,, r.t.

Tablel Preparation of Sulfides 4 and Sulfones5

The best results were obtained with heteroaromatic mer-
captans. In fact, treatment of benzenethiol 3a with la—
gave the corresponding aryl propargyl known sulfides
4a,2310216 4d and 4g (entries 1, 4 and 7) in 37%, 60% and
44%, respectively (diphenyldisulfide was detected but no
traces of starting material).

In contrast, when the 2-mercaptobenzothiazole 3b (entries
2 and 5) was used with propargylic acohols 1a,b, sulfides
4b?2 and 4e were obtained in 72% and 82% yield, respec-
tively. Surprisingly, this trend has not been followed in
the preparation of sulfide 4h (entry 8), which wasisolated
in 49% yield, although many attempts were made to in-
crease the overall yields. In good to high isolated yields
heteroaromatic propargylic sulfides were obtained (en-
tries 3, 6 and 9) using 1-phenyl-1H-tetrazole-5-thiol 3c
with the alcohols 1a— (75%, 89% and 79% yield).

Entry Propargylicalcohol 1 Thiol 3 Sulfide 4 (yield, %)? Sulfone 5 (yield, %)°
1 la 3a
/S-Ph /\SOZ—Ph
T™MS TMS
4a (37)09 5a (100)
2 la 3b
/\S—BT /\SOZ—BT
™S ™S
4b (72) 5b (100)
3 la 3c
/\S-PT /\SOZ-PT
™S ™S
4c (75)° 5¢ (100)°
4 1b 3a
TBSO\/\S-Ph TBSO\/\SOZ-Ph
4d (60)" 5d (100)
5 1b 3b
850 \/ SBT TBsOL_ /SOz-BT
4e (82)f 5e (100)
6 1b 3c
850 \/ SPT Taso._ /\SOZ-PT
4f (89)' 5f (92)°
7 1c 3a
" s-ph /\SOZ-Ph
4g (44)° 59 (84)
8 1c 3b \/\S_BT \/\soz'BT
4h (49)° 5h (100)
9 1c 3c — S-PT P SO,-PT
. -
4i (79)° 5i (95)°

a2Yield of isolated sulfide.
bYield of isolated sulfone.
¢ Prepared according to method A.

d Better yield was obtained according to the conditions reported below (vide infra).

€ Unstable product.
T Prepared according to method B.
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In order to improve the overall yields of the phenyl prop-
argyl sulfides 4a, 4d and 4g, benzenethiol sodium salt
with 18-crown-6-ether has successively been used as a
new variant in the S-propargylation. Much-improved re-
sults have been achieved (Scheme 3) for phenyl propargy!
sulfides 4a and 4d (74% and 100%).Y” Only 2-pentyn-1-ol
(1c) dtill gave the corresponding sulfide 4g in similar 33%
yield.

b
R/\OH a, /\SPh
R

la—c 4a 74%
4d 100%
49 33%

Scheme3 Reagentsand conditions: (a) conditionsof Scheme2; (b)
PhSNa, 18-crown-6-ether, r.t.

With these novel sulfides in hand, we envisioned the op-
portunity to prepare the corresponding sulfones. After
some attempts with different oxidants (oxone,*® H,O,/cat-
ayst,’® or MCPBA?), the use of MCPBA for the oxida-
tion of the functionalized sulfides 4a— wasfoundto bethe
most efficient and practical method. Sulfones 5a— have
been prepared and isolated, in the mgjority of cases, quan-
titatively and without need of purification. With respect to
PT sulfones 5¢.f,i, the recovery of the crude material was
also satisfactory, but adecreasein the yield was observed
due to the unstable products.

In conclusion, the synthetic strategy depicted in Scheme 2
and Scheme 3 appears extremely valuable for providing,
in one-pot simple procedures, new functionalized propar-
gylic aromatic and heteroaromatic sulfides. The synthetic
utility of the method is further illustrated by the transfor-
mation of sulfides to their corresponding sulfones in ex-
cellent yields, as new synthetically important
intermediates in organic chemistry.
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The corresponding iodide was isolated in minor yield (70%
Vvs. 79%) with respect to the tosylate.

General Procedurefor Preparation of Sulfides 4a—,
4g- (Method A).

Toastirred solution of propargy! alcohol 1a,c (1 equiv, 0.78
mmol) in CH,Cl, (13 mL) were added PPh; (251 mg, 0.96
mmol), imidazole (158 mg, 2.32 mmol) and |, (237 mg, 0.94
mg). The reaction mixture was raised to reflux. After 1 h, a
complete conversion of alcohal to the corresponding iodide
was observed by TLC control. The reaction temperaturewas
cooled to r.t. and thiol 3a—c (0.94 mmol) was added. After
complete conversion to sulfide (3 h), the reaction mixture
was hydrolyzed with a sat. ag solution of NH,Cl. The
organic layer was washed with brine, dried over Na,SO, and
concentrated in vacuo. The crude mixture was purified by
column chromatography on silicagel.

General Procedurefor Preparation of Sulfides 4d—f
(Method B).

Toastirred solution of propargylic acohol 1b (202 mg, 1.01
mmol) in toluene (0.9 mL) at 0 °C Bu,NI (39 mg, 0.10
mmol), 2 N solution of NaOH (1.5 mL), and adropwise
solution of TsCl (202 mg, 1.06 mmol) in toluene (0.4 mL)
were added. The mixture was stirred for 3 h at r.t. and after
the complete formation of the corresponding tosylate, thiol
3a—c (1.08 mmol) was added. After additional 2 h the
aqueous layer was extracted with EtOAc, while the organic
layer was washed with H,O. The combined organic layers
were dried over Na,SO, and concentrated in vacuo. The
crude mixture was purified by column chromatography on
silicagel.
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