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Anhydrous CeCl; was successfully employed as catalyst for the synthesis of (Z)-2-Arylsulfanyl allylic alco-
hols from propargylic alcohols and thiols under solvent free conditions. The products were obtained in
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Click chemistry is a concept introduced in 2001 by Sharpless' to
describe reactions capable of connecting two molecules with high
yields, under simple reaction conditions. To be characterized as
click chemistry the reaction must be rapid, stereospecific, and gen-
erate inoffensive by-products. Furthermore, it must be performed
without solvents or in nontoxic solvents, using stable starting
materials and of simple production.

In recent years, the number of publications involving the use of
click reaction for the preparation of new molecules has grown
exponentially. Many researchers reported this application for the
synthesis of polymers,? N,N’-disubstituted thioureas,? copper-cata-
lyzed azide-alkyne cycloaddition (CuAAC),* and many others.> The
thiol-clock chemistry has been the subject of a recently published
detailed review article.’ The thiol addition is also a very useful
reaction in material chemistry.%”

Allylic alcohols are important intermediates in organic synthe-
sis such as for cyclopropanation reactions® and allylic substitu-
tion;° they can be isomerized into carbonyl compounds in the
presence of a transition metal catalyst.!® They are also very impor-
tant in the synthesis of natural products and pharmaceuticals.!!
The synthesis of allylic alcohols containing metals or heteroatoms
is also of considerable interest for organic synthesis,'? as they pro-
vide a useful intermediate for change through the introduction and
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removal of the metal or heteroatom.'® Substituted allylic alcohols
are generally prepared by a Reformatsky reaction'* of the corre-
sponding ketones or by the Horner-Wadsworth-Emmons reac-
tion,'® but a mixture of isomers has been usually obtained.

Organochalcogen compounds play an important role in modern
organic synthesis in view of their chemo, regio, and stereoselective
reactions'® and their useful biological activities.!” Among the dif-
ferent classes of organochalcogen compounds, vinylic chalcoge-
nides constitute a very useful group and have attracted
considerable attention in recent years as synthetic precursors.'® Vi-
nyl sulfides are particularly interesting, serving as intermediaries
for various organic transformations.'® The most common method
to prepare vinyl sulfides involves the addition of thiols or its an-
ions, to terminal or internal alkynes, usually by metal-catalyzed
reactions.?? From the various classes of alkynes, propargylic alco-
hols are particularly interesting since the sulfanyl allylic alcohols,
resulting from the corresponding thiol addition, can be functional-
ized in many ways.?! Another very important alternative for the
preparation of vinyl sulfides is the metal-catalyzed reaction of thi-
ols with vinyl halides.??

On the other hand, lanthanide salts have been shown to be
excellent catalysts, widely used as Lewis acids. Many of these salts
have attracted great interest in organic syntheses due to their ease
of handling, low toxicity, high resistance to water, and stability.
In this context, there has been a series of articles reporting the
use of CeCl; as catalyst.2* CeCl; has been used in different ways,
as heptahydrate, anhydrous, and in combination with Nal.?> Due
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Table 1 to our interest in developing new methods and new applications of
Optimization of conversion 1a-3a® salts of cerium(lll) in organic synthesis, we decided to study the
Entry Solvent Catalyst (equiv) Time (h) Yield® (%) reaction of propargylic alcohols with thiols using a cerium(III) salt
1 _ CeCl; (03) 05 36 as catalyst. We observed previously that cerium salts are efficient
2 MeNO, CeCl; (0.3) 6 < acid catalysts, capable of promoting several reactions with high re-
3 MeCN CeCl; (0.3) 6 - gio and stereoselectivity.?5?4¢ Therefore, the main goal was in
4 i-propanol  CeCl; (0.3) 6 = obtaining a regio- and stereoselective addition, since most of the
2 B EE%TZ)':Z(%?'” g.s 431(5) described methods of thiol addition to alkynes give rise to mix-

7 - Ce(NO3)5-6H,0 (0.3) 05 50 tures of regio- and/or stereoisomers.
8 - CeCls (0.2) 0.5 86 In preliminary experiments, the best reaction conditions were
? Reaction conditions: benzenethiol (1a, 1.1 mmol), 2,4-diphenylbut-3-yn-2-ol pursued by the use of benzenethiol (1a, ]'.] mmol) a.nd 2,4-diphe-
(2a, 1.0 mmol), at 80 °C. nylbut-3-yn-2-ol (2a, 1.0 mmol) as starting materials (Table 1).
b Isolated yields. First, the solvent effect was tested using MeNO,, MeCN, and i-pro-
¢ No reaction. panol under solvent-free conditions (entries 1-4). The results re-

vealed that the best yields were obtained under solvent-free

SH OH R1@S — R4 R1@S
— CeCls (20 mol%) \Z_/ \Z=\
Jﬁ_ R* 3 - HO + HO
R1/©/ T OR? - R3 e R

R3 Solvent free, 80 °C R2 R2
1a-d 2a-g 3a-l (Z:E)
R"=H, Cl, MeO; R% = Ph, p-CIPh, Me; R®=H, Ph, Me; R* = Ph, C4Hg; R>= R%=CsHqq
Scheme 1.
Table 2
Synthesis of (Z)-2-Arylsulfanyl allylic alcohols using anhydrous CeCls as catalyst®
Entry Thiol Propargylic alcohol Product® Time (h) Ratio Z:E Yield? (%)
o
la
1 0.5 98:2 86
2 0.5 96:4 53
3 0.25 98:2 91
4 0.5 100:0 95
5 0.25 100:0 80

(continued on next page)
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Table 2 (continued)

Entry Thiol Propargylic alcohol Product® Time (h) Ratio Z:E Yield? (%)
” -
S O O
6 1a Q 2 Ho 1.25 55:45 86
SO
HO
< 5 T ( > < %s
7 1a 2d = 0.5 100:0 84
HO
3g
HO
Hc L — < >
8 1a CHs 2e 0.5 100:0 81
=0
9 1a O = 0.5 100:0 75
HO
— C4H9
CH .
10 1a 3 26 35 94:6 65
11 C,HsSH 1d 2a 1.5 - 50°
12 1d 2e 3.0 - 42°
2 Reaction performed at 80 °C, using anhydrous CeCls (20 mol %) under solvent free.
> MeNO, (2 mL) was used as solvent.
¢ Product was detected by '"H NMR, '*C NMR, and GC-MS.
d

Isolated yields.

Figure 1. Results of the NOESY studies.

conditions. The type of catalyst and its amountwere also evaluated
using anhydrous CeCls, Ce(OTf);, CeCls3-7H,0, and Ce(NOs3)s-6H,0
(entries 5-8). The best yield was obtained by the use of anhydrous
CeCl; (0.2 equiv, entry 8). Next, the amount of CeCl; was checked;
it was observed a decrease in the yields when 0.1 equiv was used,
while the use of 0.3 equiv did not increase significantly the perfor-
mance. The temperature was also evaluated. The best results were
obtained at 80 °C (entry 8), yields were lower at 50 °C, while at
room temperature only traces of the product were observed. On
the other hand, at 100 °C there was a complete lack of selectivity,
with a formation of Z/E mixtures.

In order to explore the scope and limitations of the method, the
transformation of Scheme 1 was extended to other examples, un-
der the optimized conditions (Table 2).%’

Reactions of propargyl alcohols with various thiols were per-
formed. The corresponding products resulting from addition to
the triple bond were obtained from aromatic compounds such as
benzenethiol, 4-chlorobenzenethiol, and 4-methoxy benzenethiol.
Surprisingly, however, when the reaction was carried out using
ethanethiol, under the standard conditions, no reaction was ob-
served. When MeNO, was employed as solvent and under these
conditions, the nucleophilic substitution reaction wasobserved,
furnishing the corresponding propargylic thiol, albeit in low yields
(entries 11 and 12). Catalysts for the OH/SR substitution on prop-
argylic alcohols include PTSA,%® Ru,?® Au,° and FeCl;.3! When
employing arylthiols carrying electron withdrawing groups, such
as 4-chlorobenzenethiol, the yield decrease considerably to 53%
(entry 2). Using an electron releasing group, as 4-methoxyben-
zenethiol, the yield increased from 86% to 91%, and the reaction
time was reduced by half (Table 2, entry 3). The reaction with aro-
matic thiols proved to be regio- and stereoselective, as determined
by 'H NMR, 3C NMR, and GC/MS, with a very high preference for
the formation of the Z isomers, with the exception of alcohol 2¢
(entry 6). A NOESY experiment on the major isomer of 3e (Fig. 1)
exhibited a clear coupling between the vinyl hydrogen 5 7.29 (s,
1H) with the methyl hydrogens ¢ 1.81 (s, 3H); revealing its geom-
etry as Z. A similar pattern was observed for compound 3j. The
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stereochemistry of the other examples was assigned from these
examples.

In summary, we have developed a simple and efficient method

for the stereoselective synthesis of (Z)-2-Arylsulfanyl allylic alco-
hols using anhydrous CeCls as catalyst, by addition of thiols into
propargyl alcohols under solvent-free conditions. Thereaction
showed excellent stereoselectivity leading to isomers of Z configu-
ration for most of the compounds. The products were obtained in
good yields and in short reaction times.
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