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Copper(Il) Triflate-mediated Addition Reaction of o-Sulfurated Alkylstannanes to Imines:
Facile Synthesis of Vicinal-amino Sulfides
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In the presence of copper(Il) triflate, the addition reaction of
a-sulfurated alkylstannanes to imines proceeded smoothly to
give the corresponding vicinal-amino sulfides in good yields.

Vicinal-amino sulfides are very important compounds in or-
ganic synthesis. Interest in useful intermediates and chiral li-
gands for application in asymmetric synthesis has prompted
the development of a variety of methods for the synthesis of vi-
cinal-amino sulfides.' Among the methods developed so far,
representative synthetic routes to vicinal-amino sulfides include
nucleophilic reactions of sulfur nucleophiles with nitrogen-con-
taining electrophiles (Scheme 1); substitution reactions of vici-
nal-amino sulfonates' (method a) and ring-opening reactions
of aziridines? (method b) with thiols or thiolates. In addition, an-
other intriguing possibility is the synthesis of these vicinal-ami-
no sulfides by addition reactions of nucleophilic a-sulfurated al-
kyl groups to imimes (method c).
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Scheme 1.

As a part of our continuing interest in the development of
synthetic methodology using imines,* we have reported the reac-
tion of o-oxygenated alkylstannanes with imines leading to vici-
nal-amino alcohol derivatives.*d Here, we have anticipated that
in place of -oxygenated alkylstannanes, c-sulfurated alkylstan-
nanes would react with imines to produce vicinal-amino sulfides
in a similar fashion. In this paper, we would like to report a new
facile synthesis of vicinal-amino sulfides. Although the photoin-
duced reaction of o-sulfurated alkylstannanes with «,8-unsatu-
rated ketones has been reported,” this is the first example of the
Lewis acid-mediated reaction of «-sulfurated alkylstannanes
with imines for the synthesis of vicinal-amino sulfides.

Initial optimization of the reaction of an imine la with a
stannane 2a% focused on the effects of Lewis acids. The results
are summarized in Table 1. When 1a (1.0 equiv.) and 2a (1.0
equiv.) were treated with Cu(OTf), (1.0 equiv.) in CH,Cl, at
room temperature, the corresponding product 3a was obtained
in good yield (Entry 1). Use of AgOTf afforded 3a in compara-
ble yield albeit prolonged reaction time was required in order to

complete the reaction (Entry 2). In contrast to the use of these
Lewis acids, it was found that Lewis acids such as Sc(OTf)s,
TiCly, BF5-0OEt,, TMSOTTf, Sn(OTf),, and SnCly were not ef-
fective in this reaction; either none or a trace amount of 3a
was obtained. It is noted that the reaction did not take place with-
out the Lewis acid, and no 3a was detected in the reaction mix-
ture. Even though both Cu(OTf), and AgOTf effectively medi-
ated the reaction, Cu(OTf), was selected as the optimal Lewis
acid because of the superior reaction rate and its cost, and was
used for the subsequent reactions.”

Next, the effect of the substituents R! on the sulfur atom in
the stannanes® was surveyed under the conditions optimized
above (Table 1, Entries 1 and 3-5). As a result, it was found that
yields highly depended on the nature of the substituents. Compa-
rable yield was attained when a phenyl-substituted stannane 2b
was allowed to react with 1a (Entry 3), while use of benzyl- or
methoxymethyl-substituted stannanes 2¢, 2d resulted in inferior
yields (Entries 4 and 5). Furthermore, several stannanes® with
different substituents R> on the a-carbon atom were prepared
and employed in the addition reaction in order to clarify the
scope and limitations of the present reaction (Table 1, Entries
1 and 6-8). Both isopropyl- and non-substituted stannanes 2e,
2f provided the corresponding products in lower yields (Entries
6 and 7). When a phenyl-substituted stannane 2g was employed
in the reaction, only a trace amount of the product was obtained
(Entry 8). The low yields of 3¢-3g may be ascribed to the unde-
sirable oxidation of 2 with Cu(OTf), which competes with the
addition reaction.’

We next examined the scope of the reaction of 2a with var-
ious imines, and the results are shown in Table 2.° As can be seen
from Table 2, a variety of aromatic imines were found to react
smoothly under these conditions (Entries 1-8). Both electron-
donating and electron-withdrawing substituents were tolerated
in the p-position of the aromatic rings, and only modest depend-
ence of the yields on the electronic property of the aromatic rings
was observed. An imine prepared from a heteroaromatic alde-
hyde also reacted with 1a (Entry 8). Not only aromatic imines
but also an aliphatic imine 1i can be used in the present reaction
(Entry 9). An a-imino ester 1j was found to be a good electro-
phile to afford the corresponding cysteine derivatives in 54%
yield (Entry 10). In general, 2a exhibited higher reactivity to-
ward these imines than the corresponding «-oxygenated alkyl-
stannanes and the reactions using 2a were completed within a
few hours.*d

In summary, we have developed a copper(Il) triflate-mediat-
ed addition reaction of «-sulfurated alkylstannanes to imines.
The present reaction provides a new, facile method for the syn-
thesis of vicinal-amino sulfides. Development of new carbon-
carbon bond-forming reactions of «-sulfurated alkylstannanes
with other electrophiles is in progress.
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Table 1. Effects of Lewis acids and substituents R! and R? in 2?
NPMP sSR! HNPMP
| Lewis acid R2
Ph) ’ RZJ\Sn”Bus CHCly, it Ph
SR!
1a 2a-2g 3a-3g
. . Stannane 2 . Product 3
Entry Lewis acid Time (h) - - -
R! R? Yield/% Diastereomer ratioP
1 Cu(OTf), 2a Me "Pr 0.5 3a 56 49:51
2 AgOTf 2a Me "Pr 24 3a 55 45:55
3 Cu(OTf), 2b Ph "Pr 3 3b 55 51:49
4 Cu(OTf), 2¢ Bn "Pr 4 3c 23 46:54
5 Cu(OTf), 2d MOM "Pr 3 3d 21 40:60
6 Cu(OTf), 2e Me Pr 24 3e 30 23:77
7 Cu(OTf), 2f Me H 24 3f 23 —
8 Cu(OTf), 2g Me Ph 11 3g 9 47:53
3PMP = p-methoxyphenyl; MOM = methoxymethyl. *Determined by 400 MHz 'HNMR.
Table 2. Cu(OTf),-mediated addition reaction of 2a to various imines
NR3 SMe HNR?
- oot A
R4 "Pr” Sn"Bug  CH,Cly, 1t R
SMe
1a-1j 2a 3a,3h-3p
Imine 1 . Product 3
Entry Time (h) - - -
R3 R* Yield/% Diastereomer ratio®
1 la p-MeOC¢Hy Ph 0.5 3a 56 49:51
2 1b p-MeCeHy Ph 0.5 3h 59 50:50
3 1c p-CIC¢Hy Ph 0.5 3i 63 50:50
4 1d Ph Ph 0.5 3j 56 49:51
5 le Ph p-MeOC¢Hy 0.5 3k 54 46:54
6 1f Ph p-MeCgHy 0.5 31 65 48:52
7 1g Ph p-CICeHy 0.5 3m 63 48:52
8 1h p-MeOCeHy 2-thienyl 1 3n 55 45:55
9 1i p-MeOCgHy cyclohexyl 2 3o 42 50:50
10 1j p-MeOC¢Hy EtO,C 1 3p 54 47:53

“Determined by 400 MHz 'H NMR.
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The yield of 3a dropped to 22% when the amount of Cu(OTf), was
reduced to 0.5 equiv.

o-Sulfurated alkylstannanes are easily oxidized with metallic
oxidants. See, Ref. 6.

A typical experimental procedure (Table 2, Entry 1): To a mixture of
1a (21 mg, 0.10 mmol) and Cu(OTf), (36 mg, 0.10 mmol) in CH,Cl,
(1 mL) was added 2a (39 mg, 0.10 mmol) in CH,Cl, (0.5mL) at
room temperature. After being stirred for 0.5 h at this temperature,
the reaction was quenched with saturated aqueous NaHCO5. After
a usual work up, the crude product was purified by TLC
(AcOEt:hexane = 1:30) to give the corresponding product 3a
(18 mg, 56%, diastereomer ratio = 49:51).
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