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It would become a useful synthetic reaction if two kinds of Scheme 1
organometallic reageritsare incorporated into an electrophilic MeS 3a0rda SMe
organic molecule in one pot. It is important to choose appropriate j’\ MeOTf )\\+ OTf| 45 equiv /N/
organometallic reagents of suitable nucleophilicity to achieve such |~~~ o |M N~ “oc Ph Z |
a stepwise transformation. During the course of our studies on thio- | ,t | then 5
and selenoamidé&aye have found that thioiminium salts generated 2a 30 sec 1a n,05h
in situ from thioamides and methyl triflate (MeOTf) are highly PhC=CLi 3a 88%
electrophilic acyl equivalen®.We report here a new carben PhC=CMgBr 4a 0%
carbon bond forming reaction in which organolithium and -mag-
nesium reagents are sequentially incorporated into thioiminium salts. S¢heme 2
A variety of tertiary propargylamines are conveniently synthesized SMe N7
by this protocol. /\N/ 3aorda 5 .

Initially, the reaction of in situ generated thioiminium sak Ph ~ | 35°C,6h Z
with various organometallic reagents was tested (Scheme 1). As a 5 EtO 3 Ph 60 Ph
result, a substantial difference in reactivity was observed between 42 qgf/:t' qga/;t_
alkynyllithium and -magnesium reagents, both among the most
common organometallics. Whereas the reaction of thelgaitith Scheme 3
(phenylethynyl)lithium 8a) selectively gavésN-acetals at a purity MeOTf  PhC=CLi HC=CMgBr SN
higher than 9598;* the use of (phenylethynyl)magnesium bromide S (3a) (4b)

(4a) afforded, after aqueous workup, unreacted phenylacetylene H ~  Et0 Et,O 35°C,6h Z
mainly with decomposition products dg | M30sec 0°C-rt Ph 7
Next, the second reaction 8fN-acetal5 thus obtained fromia 2a 05h 91%
and3awas examined also with the alkynyllithium and -magnesium
L. Scheme 4
reagents (Scheme 2). Notably, the reactivity order was reversed. )
(Phenylethynyl)lithium 8a) failed to react with thesN-acetal5.5 “ SiPhMe,
In contrastSN-acetal5 was selectively converted to 3-amino-1,4- NN CO (1 atm) \
diyne 6 by the reaction with (phenylethynyl)magnesium bromide //\R + HSiPhMe, “cat. Rhy(CO) .
(4a).6 We assume that thioiminium sdlf reacts with more ionic 4 rt, 1 min N 23
alkynyllithium rather than with alkynylmagnesium bromide. On the 22 cis : trans R'
other hand, the neutréhN-acetal5 prefers more Lewis acidic 23a R= Ph 70:30 69% R'=CH,CH=CH,
23b Et 92:8 quant

alkynylmagnesium bromide as the reacting partner.

On the basis of these results, we envisioned sequential additions

of two different alkynylmetals to thioiminium saltwould present
a reaction forming two carbercarbon bonds with a high efficiency.
In fact, the saltla was sequentially reacted with (phenylethynyl)-
lithium (33, 1.5 equiv) and ethynylmagnesium bromid,(1.5
equiv) to give 3-amino-1,4-diyrie7 in 91% yield (Scheme 3). A
product that incorporated two molecules3# was not formed at
all even with the use of exceSs

We examined the generality of the present sequential protocol
and found a wide applicability (Table 1). Unsymmetrically substi-
tuted 3-amino-1,4-diyné was efficiently obtained by reacting
different alkynylmetals (entry 1). Not only alkynylmagnesium

conveniently synthesized by the present reaction (entries 5, 7, 9,
10, 13, and 14), although they are otherwise hardly accessible.
Thioacetamid€c and aromatic thioamidezd—2f worked well as

the starting thioamide to give tertiary amines bearing a tertiary
carbon atom adjacent to a nitrogen atom (entries 14).

A wide variety of elegant methods for synthesizing propargyl-
amines via the addition of alkynylmetals to imines, iminium salts,
and enaminés have been developed, but they use single organo-
metallic reagents. In contrast, in the present reaction, two different
organometallic reagents are nucleophilically introduced to the

bromides, but a wide range of organomagnesium reagents successearbon atom of the thiocarbonyl group of thioamidzsn one

fully reacted with the intermediat&N-acetals. A variety of
alkynyllithiums3a—3d gave propargylamines in good yields (entries
2—4,6, 8, 11, and 1B Ene-ynes are useful compounds for making
various cyclic frameworks. These classes of compounds were
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operation.

Finally, propargylamines obtained in the present reaction were
subjected to silylcarbocyclizatidid.N,N-Diallyl propargylamines
22 were reacted with PhM8IH in the presence of a catalytic
amount of RB(CO), to give 2,3,4-trisubstituted pyrrolidinez3
with high regio- and stereoselectivity (Scheme 4).
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Table 1.

Salts 1 from 2 and MeOTf with 3 and 42

Sequential Reactions of in Situ Generated Thioiminium

S MeOTf 3 4 product
AL T E0 Et,0 Et,0 or THF 8~21
R 2 NR rt, 30 sec 0°C-rt rt-70°C
0.5h 2-6h
X=Cl, Br
R1 R2 R3 RA
2a H Me 3a C=CPh 4b C=CH
2b H CH,CH=CH, 3b C=CC(CH,)=CH, 4c Ph
2c Me Me 3c C=CSiMe, 4d CH,CH=CH,
2d Ph Me 3d C=CCH(OE), 4e CH=CH,
2e CgHyBr-4 Me 4f  Et
2f Ph  CH,CH=CH, 4g CH,SiMe,
product product
entry substrate yield (%)? entry substrate yield (%)?
2a N7 2a ~NT
1 3b g 3d
4b 4
Z N\ c /\Ph
8 (79) (Et0),CH 15 (96)
2 2a / g 2a N7
3a 3a s
4c 4e
9 (95) /v
Ph 6 (95)
2a 2b NN NF
3 3 /\ CH,SiMe; 10 34 N
49 10 (97) 4d = AN
(Et0),CH 17 (55)
N
N
4 ga /\ 2c
C 11 3¢
4c =z 4c
MesSi” 11 (87)
\N/
2a 2d
5 3¢ /\/\ 12 3¢
4 MesSiT 12 (82) af
N~
2 I 20
6
ac // Ph 13 3b
4d
13 (87)
2a of
3d =
7 ad 4 3¢ Ph P
4d =z N
(EtO) 2CH 98) MeSi

21 (61) |

a A mixture of 2 and MeOTf was stirred with organolithium reage8ts
and then with organomagnesium reageht8Isolated yields.

In summary, we have demonstrated highly efficient sequential
reactions of organolithium and -magnesium reagents with in situ

generated thioiminium salts leading to tertiary propargylamines.
The substantial differences in the reactivity of these two reagents
toward thioiminium salts an&N-acetals have played important
roles in achieving the transformations. The versatility of these
starting materials allows for the construction of diverse sets of
tertiary propargylamines. Further mechanistic studies on the present
reactions and synthetic applications of thioiminium salts S
acetals are in progress.
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