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to 3-amino-1-sulfenyl-1,4-enynes
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Abstract—The reaction of thioiminium salts with zinc acetylides took place at 60 �C to give 3-amino-1-sulfenyl-1,4-enynes in
moderate to good yields. Two molecules of acetylides were incorporated into the products. Nucleophilic attack of zinc acetylides
to thioiminium salts may initially occur to form alkynyl S,N-acetals, followed by their [1,3]-rearrangement to give 3-sulfenyl-
1-aminoallenes.
� 2005 Elsevier Ltd. All rights reserved.
Addition of metal acetylides to imines1 and iminium
salts2 is one of the most relevant methods for the
syntheses of propargyl amines. In these reactions, one
molecule of metal acetylides is efficiently introduced to
iminium salts. In contrast, we have recently disclosed
the synthesis of propargyl amines from thioiminium
salts 1 (Eq. 1). Two different types of organometallic
reagents, that is, lithium and magnesium acetylides,
are introduced to salts 1 in one operation via alkynyl
S,N-acetals 2.3
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The subtle difference of the reactivity of two organome-
tallic reagents toward 1 and 2 has enabled the selective
transformation in Eq. 1. The reactivity of 1 and 2
toward various organometallic reagents is of further
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interest. We report here the addition reaction of zinc
acetylides to thioiminium salts leading to 3-amino-1-sul-
fenyl-1,4-enynes.

At the outset, to zinc acetylide 3a in situ generated from
Zn(OTf)2, phenylacetylene, and Et3N

4 was added thio-
iminium salt 1a, and the mixture was stirred at room
temperature for 5 h to give three types of products 4–6
at most in 44% combined yields. To obtain one of the
three products more selectively, the reaction was exam-
ined under various reaction conditions. Consequently,
the reaction of 1a with 2 equiv of 3a at 60 �C gave
3-amino-1-sulfenyl-1,4-enyne 4a in 51% yield predomi-
nantly as the Z-isomer. Furthermore, 20 mol % of
Zn(OTf)2 was enough to run the reaction in Eq. 2,
and the product 4a was obtained in nearly equal yield.
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A variety of thioiminium salts 1 and zinc acetylides 3
were subjected to the reaction. The results are summa-
rized in Table 1.5,6 In all cases, the products where
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Table 1. Reaction of thioiminium salts 1 with zinc acetylides 3a

Entry Thioiminium salt 1 Zinc acetylide 3 Product 4 Yieldb (%) Ratioc (E:Z)

1

H N

MeS
+

–OTf

1a
4-ClC6H4C„CZnOTf 3b

4-ClC6H4

N

C6H4-Cl-4
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4b
(34%)d,e 25:75

2 1a 4-MeC6H4C„CZnOTf 3c

4-MeC6H4

N

C6H4-Me-4

SMe

4c (66%)d 33:67
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5e 1c R1 = R2 = CH2CH@CH2 3a 4f 65% 37:63

6e 1d R1 = CH2CH@CH2,

R2 = CH2Ph

3a 4g 66% 33:67

7e 1e R1 = R2 = CH2Ph 3a 4h (78%)d

64% 36:64

a The reaction was carried out unless otherwise noted: thioiminium salts 1 (1 mmol) were added to zinc acetylides generated from Zn(OTf)2
(0.2 mmol), acetylene (2.1 mmol), and Et3N (2.1 mmol) in toluene (3.5 mL), and the mixture was stirred at 60 �C for 2 h.

b Isolated yields.
c The ratio was determined by 1H NMR spectra.
d The yield was determined by 1H NMR spectra.
e The product 4b and 3-aryl-3-methylsulfenylpropenal were obtained in 52% combined yields.
f Zn(OTf)2 (2 mmol) was used.
g The product 4e and 4-(1,5-diphenylpent-1,4-diynyl)morpholine were obtained in 75% combined yields.
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two molecules of acetylides were incorporated to 1
were obtained. Zinc acetylides 3b–d derived from
4-chloro-,4-methylphenylacetylenes, and 1-naphthylacet-
ylene, 20 mol % of Zn(OTf)2, and Et3N reacted with
thioiminium salt 1a to give the corresponding 3-ami-
no-1-sulfenyl-1,4-enynes 4b–d in 34–66% yields (entries
1–3), although the use of aliphatic acetylenes gave
complex mixtures. As for the reaction with 3d, Z-isomer
of 4d was selectively obtained probably because of the
steric reason. Thioiminium salts 1b–e, where morpholino,
diallylamino, allyl benzylamino, and dibenzylamino
groups were attached to the carbon atom bearing
MeS group, were also reacted with zinc acetylide 3a
(entries 4–7). The stoichiometric amounts of Zn(OTf)2
were necessary to perform these reactions effectively.
The reaction pathway of the present reaction is pro-
posed in Scheme 1. The reaction of Zn(OTf)2 and termi-
nal acetylenes takes place in the presence of Et3N to
form zinc acetylides 3 and ammonium triflate 7. Then,
3 attacks to thioiminium salts 1 to give alkynyl
S,N-acetals 2. Lewis acids such as Zn(OTf)2 and/or
3 mediate [1,3]-rearrangement of alkynyl S,N-acetals
2 to form 3-sulfenyl-1-aminoallenes 8,7,9 followed by the
protonation of 8 to give iminium salts 9. Finally, the
second molecule of zinc acetylides 3 adds to salts 9 to
end up the formation of 4.

The following two experiments have supported some
steps of the proposed reaction pathway. Initially, the
isolated alkynyl S,N-acetal 2a was reacted with
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Scheme 1.
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Zn(OTf)2 to give a,b-unsaturated aldehyde 6, which
may be formed by the hydrolysis of 3-sulfenyl-1-amino-
allene 8a (Eq. 3). Secondly, deuterated phenylacetylene
10 was used in the present reaction (Eq. 4). As a result,
acetylenic deuterium of 10 was partly transferred to the
alkenyl carbon atom of 4a 0.10

SMe

Ph

N

2a

Ph O

MeS H
6

•
H

NMeS

Ph
8a

Zn(OTf)2

toluene
52%

rt, 1 h

ð3Þ

1a
H N

MeS
+

–OTf

4a'

Zn(OTf)2
1) Et3N

PhC CD2) 10

45% 40%Drt, 2 h
60 ˚C, 2 h Ph

N

Ph

SMe

D

ð4Þ
In summary, we have demonstrated the addition reac-
tion of zinc acetylides in situ generated from aromatic
terminal acetylenes, Zn(OTf)2, and Et3N to thioiminium
salts. Two molecules of acetylides were incorporated to
the salts to give 3-amino-1-sulfenyl-1,4-enynes predomi-
nantly as Z-isomers. The reaction may involve [1,3]-
rearrangement of alkynyl S,N-acetals leading to 3-sulfen-
yl-1-aminoallenes. Further studies on properties and
reactivity of reactive species with organosulfur function-
alities are underway.
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