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Abstract

Sequential reactions of thioamides and thioformamides with
organolithium and Grignard reagents are described. Thioimi-
nium salts derived from these sulfur isologues of amides readily
react with lithium acetylides to lead to several types of products,
including &, B-unsaturated ketones, whereas sequential additions
of lithium acetylides and Grignard reagents afford propargyl-
amines. The direct addition of organolithium and Grignard
reagents to thioformamides proceeds with high efficiency to give
a range of tertiary amines.

¢ Introduction

Amides have been considered to be one of the least-reactive
classes of compounds among carboxylic acid derivatives. In
contrast, the replacement of the oxygen atom of amides with a
sulfur atom can enhance the reactivity of the resulting thio-
amides.! In addition, they are less polar than the corresponding
amides and can be easily handled during their purification via
chromatography and recrystallization. Therefore, synthetic reac-
tions that use thioamides similar to carbonyl compounds such as
aldol-type reactions and Michael-type additions have been
extensively studied,”> and their asymmetric versions with high
efficiency and selectivity’ are important topics in current
synthetic chemistry. The sulfur atom on thioamides is highly
nucleophilic, and alkylation of thioamides has been known to
take place at the sulfur atom to give thioiminium salts.* These
studies started more than 60 years ago.’ The resulting thioimi-
nium salts are susceptible to nucleophilic attack at their carbon
atoms, and a range of nucleophiles have been used. As carbon
nucleophiles, Grignard reagents,6 metal cyanides,7 and intra-
molecularly generated enolates® have successfully been used in
carbon—carbon bond-forming reactions. Alternatively, the for-
mation of alkenes from thioiminium salts via extrusion of the
sulfur atom is well known as the Eschenmoser coupling.®!°
However, the potential utility of thioamides, thioformamides, and
thioiminium salts for carbon—carbon bond-forming reactions has
yet to be fully disclosed. Furthermore, heavier isologues of these
species, i.e., seleno-!! and telluroamides'? and their alkylated
iminium salts,'> have been studied to a much lesser extent.

4 Addition Reaction of Lithium
Acetylides with Thioiminium Salts

In light of the background described above, we first studied

the syntheses and properties of selenoiminium salts as very rare
species.'* During the course of these studies, the addition
reaction of lithium acetylides to selenoiminium salt 2 generated
from selenobenzamide 1 and MeOTf within 30s was found to
proceed smoothly to give B-methylselanyl «,B-unsaturated
ketone 4 with high Z-selectivity as a product (eq 1).!

-oTi Me3S|C CLi 0 SeMe
)J\ MeOTf /J§+ P
Pl —> ) 1
0°C, thenrt Ph SiMe, M

1 I 2N 5 h 4 9%
-oTf M938|C CLi o) SiMes
)J\ _MeOT /g+ PPN @)
0°C. thenrt Ph SMe
Et,0 enrl
5a | 6a 15h 7a 71%

We then focused on a similar reaction with a thioiminium
salt. In fact, the reaction of thioiminium salt 6a derived from
thioamide 5a proceeded in an identical manner to produce -
methylsulfanyl «,B-unsaturated ketone 7a as a product (eq 2).
Several types of thioamides 5 participated in the reaction to
lead to the corresponding ¢, B-unsaturated ketones 7 in low to
moderate yields (Table 1).!° In contrast to the reaction of
selenoiminium salts 2, where the Z-selective formation of S-
methylselanyl o, B-unsaturated ketones 4 was observed, the ratio
of E- and Z-isomers of 7 depended on the substituents, and in
some cases, they gradually isomerized even at low temperatures.
The reaction of 6a with lithium (triphenylsilyl)acetylide (3b)
gave Z-7b (Entry 1), whereas the combination of 6¢ and 3a led
to E-7c¢ (Entry 2). Lithium acetylides 3c—3e derived from
aliphatic and aromatic acetylenes could also be used for the
addition reaction to give the corresponding B-methylsulfanyl
o, B-unsaturated ketones 7d-7f (Entries 3-5). The reaction with
lithium acetylide 3f derived from 2-methylbut-1-en-3-yne
proceeded smoothly, but the corresponding product 7i was
isolated in low yield (Entry 8).

A plausible reaction pathway to 7 is shown in Scheme 1.
Lithium acetylide 3 initially attacks the carbon atom of the salts
6 to form alkynyl S,N-acetals 8, which may then undergo 1,3-
rearrangement to form aminoallenes 9. The acidic hydrolysis
of 9 may lead to ketones 7. To prove that 8 and 9 act as
intermediates, the reaction mixture of thioiminium salts 6
derived from aromatic thioamides 5 with different alkyl
substituents on their nitrogen atoms and lithium acetylide 3a
was carefully monitored before chromatographic purification
(Table 2). Interestingly, in all cases, before purification by
column chromatography on silica gel, the formation of S-
methylsulfanyl o, B-unsaturated ketones 7 was not observed.
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Table 1. Reaction of thioiminium salts 6 with lithium acety-
lides 3?

R'C=cCLi 3 ’
i MeOT Mej\ “OTf  1.5- 3 equiv J\)R\
—_— + —_—
R“ N~ ELO R \ITI/ Et,0 R™ 7 sMe
| rt,30 s 0 °C, then rt,
5 6 05-3h 7
5a R=Ph 3a MesSiC=CLi 3 EtO
5b R=Me 3b PhSIC=CLi “°  )—C=CLi
5¢c R= C6H4Br'4 EtO
5d R=/-Pr 3c n-BuC=CLi
ad pPhc=cLi Sf %c;ou
Bntr Substrate Product 7 Entr Substrate Product 7
Y 5and3  Yield" (E/2° Y 5and3  Yield" (B2
EtO
5a 5a
L' 35 P> siPhy 5 3e  pn” " “sme
7b 40% 7f 68%
O SiMe3 o SiMe3
5c = 5b
2 3. 4-BrCgHy SMe ¢ 32 MSMe
7¢ 60% 79 41% (45/55)
O Bun O  SiMej
5a 5d
3 3c PhM\SMe 7 3c i—PrMSMe

7d 29% (77/28) 7h 62%

s O Ph e 0
4 3d Ph)lh“)\SMe 8 3t ip” O sMe

7e 80% (67/37) 7i 34%¢

aThe reaction was carried out as follows, unless otherwise
noted: To an Et,0O solution of the lithium acetylide 3 (3 mmol)
was added thioiminium salts 6 (1 mmol), and the mixture was
stirred. PIsolated yields. The stereochemistry of the ketones
7¢, 7g, 7Th, and 7i was determined by phase-sensitive NOESY
spectroscopy, and that of others was estimated on the basis of
"HNMR spectra. “Purified through GPC.

MeS - orf N swe N7

I R'C=CLi 3 PN .
RSN TR R ‘ySMe

6 | 8 R! 9

Scheme 1. Plausible reaction pathway to «,B-unsaturated
ketones.

Instead, alkyl S,N-acetals 8 and/or aminoallenes 9 were obtained
as products.'® Their ratio depended on the substituents on the
nitrogen atom of 6. Salts bearing dimethylamino and pyrrolidyl
groups 6¢ and 6e were selectively converted to 9 (Entries 1 and
2), whereas those with piperidyl and morpholyl groups 6f and 6g
gave a mixture of 8 and 9 (Entries 3 and 4). Furthermore,
alkynyl S,N-acetal 8 derived from 6g slowly underwent 1,3-
rearrangement, and after 24 h, the ratio between 8 and 9 changed
from 97:3 to 17:83."7

The reaction in eq 1 was then extended to thioiminium salts
derived from thioformamides (eq 3). Methylation of thioform-
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Table 2. Reaction of thioiminium salts 6 with lithium acety-
lides 3a?

R.N
_ = i M 2
MeS - . MegSIC=CLi3a R,N_SMe . P
/ng — A S Ar °. SMe
Ar” SNR, Et,0 AN o Y
6 0°C, then t, 8 SiMez SiMe
05-3h 8
Yield/% Ratio®
Entry 6 8and 9 8and 9
MeS —
1 ot 97 0:100

+
4-BrCgH, NMe,
6c

MeS  —ors
2 P 89 0:100

Ph N
6e

MeS -

oTf
3 Ph)\\ﬁ quant 45:55
6f
MeS -
oTf
4 s 99 97:3
Ph” SN (17:83)°
69 fe)

2The reaction was carried out as follows: To an Et,O solution
of lithium acetylide 3a (1.5equiv) was added thioiminium
salts 6 (lequiv) at 0°C, and the mixture was stirred at
room temperature. °The ratio of 8 and 9 was determined
based on the '"HNMR spectra of the reaction mixtures. ‘After
24h.

amide 10a with MeOTf was complete within 30s to afford
thioiminium salt 11a, and to the salt 11a was then added lithium
acetylide 3d. Alkynyl S,N-acetal 12a was obtained with high
efficiency as a crude product, but chromatographic purification
of the crude product did not give an o, S-unsaturated aldehyde at
all. Since alkynyl S,N-acetals like 12a are rare'® and possess
several electrophilic and nucleophilic centers,'® reactions of 12a
with organometallic reagents were further elucidated. Among
these compounds, phenylethynyl Grignard reagent 13a was
found to undergo a substitution reaction at the carbon atom
having nitrogen and sulfur atoms of 12a with concomitant
elimination of a methylsulfanyl group to give N,N-dimethyl-2-
propynylamine (tertiary propargylamine) 14a as a product in
high yield (eq 4). Furthermore, alkynylation of 12a was specific
to 13a, and 12a was inert to lithium acetylide 3d, whereas
no reaction took place between 1la and 13a below room
temperature (eqs 3 and 4). This difference in the reactivity of
these reagents is in marked contrast to the general understanding
that organolithium and -magnesium reagents competitively
react with carbonyl compounds. Furthermore, the reaction
of a cyclic O,N-acetal with organolithium reagents takes

place.?’
s _ PhC=CM MeS
i MeOTf Mi+ OTf | 1.5 equiv - 3
H |y | TE s =N O
| Et,0 | 0°C 2then Ph /12a !
10a  r,30s 11a 1, 0.5h
3d M=Li 95%
13a M = MgBr 0%
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MeS PhC=CM N7
1.5 equiv
- C))
Z ’I\l Etz0 Z 14a§
Ph™  12a reflux, 6 h Ph Ph
3d M=Li 0%
13a M = MgBr  97%
¢ One-pot Sequential Reactions of

Lithium Acetylides and Grignard
Reagents to Thioiminium Salts

Based on the results in eqs 3 and 4, we expected that we
could realize one-pot sequential reactions of thioiminium salts
11a with organolithium and Grignard reagents. To thioform-
amide 10a were successively added MeOTf, lithium acetylide
3d, and ethynylmagnesium bromide (13b) to give 2-propynyl-
amine 14b in high yields (eq 5).2' No products to which two
identical organometallic reagents were introduced were observed
despite the use of excess 3d and 13b.

PhC=CLi  HC=CMgBr
S 3d 13b ~NT
Jj\ _ MeOTf 1.5 equiv 1.5 equiv 5)
Ho ’l\‘ E,0  0°C,then’  reflux, 6 h Z N
a
30s ™ OSh Ph™ 1ap 91%

The importance of one-pot sequential reactions has been
well-documented,?> and these have been categorized as time
integration.?? The protocol in eq 5 is the first example of time
integration using thioiminium salts to our best knowledge, and is
widely applicable,”* due to the ready availability of a range of
thioiminium salts. Therefore, we applied one-pot sequential
reactions to thioiminium salts 6 derived from aliphatic and
aromatic thioamides 5 for the synthesis of N,N-dialkyl-2-
propynylamines with a tertiary carbon atom adjacent to a
nitrogen atom. Thus, thioiminium salt 6b was sequentially
reacted with lithium acetylide 3a and ethylmagnesium bromide
(13c¢) under various conditions (Table 3). The reaction with 13¢
at room temperature gave the desired 2-propynylamine 15a in
only 41% yield (Entry 1). The use of excess 13¢ and a longer
reaction time slightly improved the yield of 15a (Entries 3 and
4). The yield of 15a was further improved by carrying out the
reaction with 10 equiv of 13¢ under reflux in THF (Entry 6).

As shown in Table 2, aqueous workup of the reaction
mixture of 6b and 3a gave aminoallene 9a. To prove that 9a
served as an intermediate for the sequential reaction in Table 3,
9a was treated with 13¢ (eq 6). However, amine 15a was not
obtained at all, and the starting compound 9a was recovered
quantitatively. Based on these results, the details of the reactivity
of alkynyl S,N-acetals 8 derived from 3 and 6 are summarized in
Scheme 2. The result in eq 6 shows that aminoallene 9 is not an
intermediate for the reaction with 13 leading to 15, but the
hydrolysis of 9 leads to the formation of 7. In the reaction
mixture of 6 and 3, alkynyl S,N-acetals 8 are exclusively present,
and do not undergo 1,3-rearrangement to form 9 unless the
mixture is subjected to aqueous workup. Alkynyl S,N-acetals 8
formed in situ then react with Grignard reagents 13 to lead to
2-propynylamines 15.

N . Ph_ Et
.SMe ~
== + EtMgBr ——— /&
Ph SiMe, 130 Et,0 / Tl ©
9a 3 Me;Si
2 equiv rt,3h 15a
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Table 3. Sequential reactions of thioiminium salt 6b with 3a
and 13¢*

MeS — Ph_ Et
OTf Me,SiC=CLi 3a  EtMgBr 13c
-~ P >

NS -
Ph SN s / N
6b | 0°C, then rt Me,Si |

15a

Me;SiC=CLi 3a EtMgBr 13¢ I

Entry - - - - Yield®/%

Equiv Time/h Equiv Temp, Time/h

1 1.2 0.5 2 1t 3 41
2 1.5 0.5 2 reflux, 2 46
3 1.5 0.5 4 reflux, 4 59
4 1.5 0.5 4 reflux, 12 58
5 1.5 0.5 10 rt, 3 66
6 1.5 0.5 10 reflux, 6 73

3The reaction was carried out as follows, unless otherwise
noted: Thioiminium salt 6b was stirred with lithium acetylide
3a, and then with ethylmagnesium bromide (13c). PIsolated
yield.

S MeS  —oTf o R
MeOTf
RJ\NR' /& R)L“')\SMe
5 6 7
l R'C=CLi 3 T H,O*
R2MgX . N
R R? 3 MeS  NR' .SMe
/NR' aqueous R R?
R 45 R work-up 9
R‘C CLi RZMgX
13
no reaction no reaction

Scheme 2. Reaction sequence from 6 to 7 and 15.

The sequential reaction using some aromatic and
aliphatic thioamides 5 was then conducted with 10 equiv
of Grignard reagents under reflux in Et,O/THF (Table 4).
N,N-Dimethylthioamides 5a-5d worked well as starting
thioamides to give the expected tertiary 2-propynylamines
15b-15d, 15h, and 15i with a tertiary carbon atom adjacent
to a nitrogen atom (Entries 1, 2, 3, 7, and 8), although the
use of 5d gave the product 15i in lower yield (Entry 8). In
the reaction with allylmagnesium bromide (13e), the sequen-
tial reactions were performed at room temperature to form
1,5-enynes 15b, 15d, 15f, and 15i in moderate yields
(Entries 1, 3, 5, and 8). The use of homoallylmagnesium
bromide (13g) with thioamide 5f, MeOTf, and lithium
acetylide 3a gave 1,6-enyne with a pyrrolidine ring 15¢g in
high yield (Entry 6).

The use of selenoamides was effective for reducing the
amounts of aliphatic Grignard reagents.”> As shown in eq 7, the
transformation of selenoamide 1 with MeOTH, lithium acetylide
3a, and ethylmagnesium bromide (13¢) proceeded smoothly
with smaller amounts of 13¢ to give 2-propynylamine 15a,
which was also obtained from thioamide 5a with 10 equiv of
13c.
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Table 4. Sequential reactions of thioamides 5 with MeOTHf,
organolithium 3 and -magnesium reagents 13*

R'C=CLi3 R2MgX 13 R R2
i MeOTf‘ 1.5 equiv 10 equiv -
R™ °NR, Et,0 0°C, thenrt rt—reflux ; = 2
n,30s 0.5h 6h R 15
5
5a R=Ph NR';=NMe, 3a Me,SiC=CLi 13c  EtMgBr
5b R=Me NR’=NMe,
2 R NRG=NMe; to>—C‘CL' 13d  PhMgBr
CgH,Br-4 e =CLi ~
5d R=/-Pr NR'=NMe, EtO 13e 7 MgBr

5¢e R=Ph NR's

N(CH,CH=CH), 3 >/,_C oL 13 MesSi T MgCl

5 R=Ph NR,= Nij 13g 27" MgBr
B Substrate Product 15 Substrate Product 15
nry 5313 Yield? Entry 5 3 13 YieldP
4 J
Ph 5e Ph
5a
1 ~ 5 3a _—
3a = N 13e 7 N
13¢  ro.si | )
€39l MesSi
15b 56% 151 61% |
Me3Si
ga Ph 5f Ph =
2 13 N~ 6 3
Z 18g = D
MegSi
O 15¢c 67% 159 82%
5¢ 5b Me_ Ph
3a ~
o o BT
Me,Si
15d 70% 15h 68%
74
gg Ph_ Et 5d
4 = 3a ~
13¢c | /N/\/ 8 T | 4 7‘
MesSi MezSi
15e 63% | 15i 44%

2The reaction was carried out as follows, unless otherwise
noted: A mixture of thioamides 5 and MeOTf was stirred with
organolithium reagents 3, and then with Grignard reagents 13.
bsolated yields.

Me,SIC=CLi 3a

Se MeOTf MeSe “OTf 1.5 equiv
Ph” N~ Et,0 Ph SN o:cd t5hﬁn
1 | 1, 30s 5 | 1, 0.
EtMgBr 13c Ph Et
3 equiv
k. N ()
i, then ; |
’ MesSi
reflux, 6 h 15a 77%

The sequential reactions of thioamides with lithium acety-
lides and Grignard reagents were applied to thiolactams.?®
Methylation of y-thiolactams with methyl iodide followed by
alkynylation and reduction has been known to give 2-alkynyl-
pyrrolidines (eq 8).7
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Table 5. Sequential reactions of thiolactams 16 with MeOTTf,
lithium acetylide 3a, and Grignard reagents 13*

MesSiC=CLi 3a R?MgX 13

thiolactam _MeOTf__ 15equiv, _3equiv product
16 Et,0 0 °C, then rt rt — reflux 17
rn,30s 05h 6h
Entry 16 13 Product 17 Yield®/%
1 & ) PhMgBr Ph 87
I\II\/lI 16 13¢ ) \\
a
e Me SiMes
5 FN/& s EtMgBr N Et 58
, 13c¢ x

Me 17b "SiMej

e e
N 9 N

Pt

70
|
Me 16a 13h Me 17¢ SiMesg

s (e Z
’|\l S \/\MgBr N \\ 96
Me 16a 13e Me 17d SiMeg

5 & 2" MgBr X
’,\l S 139 g N \\ 88
Me 16a Me 17e SiMeg

6 (l Et 7
N s EtMgBr

N NN
1 N
| 3¢ ‘ 17% SiMe3

3The reaction was carried out as follows, unless otherwise
noted: A mixture of thiolactams 16 and MeOTf was stirred with
lithium acetylide 3a and Grignard reagents 13. PIsolated yields.

(s 35 (D 35 Lt
—>
SMe o) LiaH, NN
R! R?

For rapid methylatlon, MeOT( was used in the reaction with
thiolactams, and the results of sequential reactions are shown in
Table 5. While a range of lithium acetylides 3 can be used,
lithium acetylide 3a showed the best yield. Compared to the
reaction of thioamides, the yields of the products 17 were not
improved for the reaction with a large excess of Grignard
reagents. Nevertheless, a range of Grignard reagents 13
participated in the sequential reactions of j-thiolactam 16a to
give 2-alkyl-2-alkynylpyrrolidines®® 17a—17e (Entries 1-5). The
reaction of §-thiolactam 16b was also successful with high
efficiency for the combination of lithium acetylide 3a and
aliphatic Grignard reagents such 13c. The use of aromatic
Grignard reagents gave the corresponding products in lower
yields.

The development of new synthetic reactions that lead to
2-propynylamines, in particular those with a tetrasubstituted
carbon atom adjacent to the nitrogen atom, is an important
topic.?> Our methods, which can be used complementarily in this
field, involve geminal disubsitution’® seen with the use of
thiocarbonyl compounds.
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A similar reaction in which two identical aliphatic carbon
nucleophiles are introduced to carbon atoms next to the nitrogen
atoms in thiolactams has been reported with Grignard and
organocerium reagents (eq 9).3' Very recently, lactams have
been used as starting materials for sequential geminal disub-
stitution with two different organometallic reagents (eq 10).3? In
the initial step, triflic anhydride and 2,6-di-tert-butyl-4-methyl-
pyridine are necessary to preactivate the lactams.

- RMgX or
Mel RCeCl,
(oss =22 [ Dgue — = L X" ©
N THF N+ N R
R rt
overnight R Bn
T,0
& DTBMP EtMgBr  PhC:=CLi Et (10
o .
N CH,Cl, -78°Cthen rt N X o
Bn -78°C 1h Bn
M;S\ -OTf  PhLi 18a
MeOTf + 1.5 equiv
-~
4-BrCeH{” "N” T g0 4BrCeM \'}‘ 0°C, then t, 0.5 h
5¢ f,30s 6c
4-BrCqH, SMe E;'V'QBF 13¢  4.BrCH, Et
equiv
phooNT P N7 (1D
| rt — reflux, 3 h |
19a 20a 52%
s MeS ~OTf n-BuLi 18b
)J\ MeOTf - 1.5 equiv
L = PR” N 0°C, thentt, 0.5 h
5a | "n,30s 6a
\/\MQBF 13e /
Ph. SMe 3 equiv (12)
- Ph
n-Bu l\‘l rt — reflux, 3 h _
19b Bu 'T‘
20b 59%

In our sequential reactions, the applicability of aromatic and
aliphatic organolithium reagents was then tested (eqs 11 and 12).
MeOT{, phenyllithium (18a), and ethylmagnesium bromide
(13¢) were successively added to an Et,O solution of 4-
bromobenzothioamide 5¢ to give amine 20a (eq 11). The
addition of 18a to the iminium carbon atom of 6c¢ predominates
the lithium-bromine exchange reaction, and the substitution
reaction takes place at the tetrasubstituted carbon atom of S,N-
acetal 19a with the elimination of a methylsulfanyl group. The
combination of butyllithium (18b) and allylmagnesium bromide
(13e) could also be applied to the sequential reaction to the salt
6a to give amine 20b via 19b in good yield (eq 12).

2-Propynylamines obtained in this section were subjected to
silylcarbocyclization.’* N,N-Diallyl-2-propynylamines 14¢ and
14d were reacted with PhMe,SiH in the presence of a catalytic
amount of [Rhy(CO);,] to give 2,3,4-trisubstituted pyrrolidines
21 with high regio- and stereoselectivity (eq 13). Similarly,
cyclization was applied to substituted piperidine 22 (eq 14).

Me,PhSiH
R [Rh4(CO)42] R T
—~  0.5mol%
///\N/\/ Yo mole N (13)
CO (1 atm) Vo
| hexane Me,PhSi
rt, 1 min
14c R=Ph 21a 69% cis/trans=70/30
14d R=Et 21b 100% cis/trans=92/ 8
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Me,PhSiH
Et (AN(CO):c] Et " SiMe,Ph
0.5 mol% iMe,
NN e { (14)
X H CO (1 atm)
ZZH hexane N 65%
| r, 3 days 23 93:7
Et R )
Co,(CO)g] NMO A~
_ [Coy 8
/\N/\/ 1.1equiv 6equiv Ph N 15
Ph H " Then (1
CH,Cl, '
14e | .2 h o H

24  40%

Although the reaction required about 3 days for completion,
it gave indolizine derivative 23 as a mixture of two diaste-
reomers out of four possible isomers in good yields. N,N-
Diallyl-2-propynylamine 14e was subjected to the Pauson-—
Khand reaction®* to give cyclopenta[c]pyrroline derivative 24 in
moderate yield (eq 15).

Reaction of
Grignard

4 One-pot Sequential
Organolithium and
Reagents to Thioformamides

In our investigation of the sequential addition reactions of
thioiminium salt 11a derived from thioformamide 10a with
phenyllithium (18a), the reproducibility of the reactions was not
consistent. By examining several reaction conditions, we found
that preactivation with MeOTf was not necessary for the reaction
of thioformamides with aliphatic and aromatic organolithium
reagents (Scheme 3).>° The sequential reaction of thioform-
amide 10a with 18 and Grignard reagent 13c¢ proceeded
smoothly to give amine 26a in high yield. In contrast, the
reaction via the salt 11a gave 26a in only 37% yield. As shown
in Scheme 3, interestingly, these results suggest that the
lithiumsulfanyl group (LiS) in 27a is a better leaving group
than the methylsulfanyl group in 25a.

The one-pot sequential reaction of several organolithium 18
and Grignard reagents 13 to thioformamide 10a was carried out
(Table 6). The combination of phenyllithium (18a) and aryl-
magnesium bromides 13i and 13j successfully gave the
corresponding diarylmethylamines®® 26b and 26¢ in high yields
(Entries 1 and 2). Heteroaryllithiums 18c and 18d and
ferrocenyllithium (18e) participated in the reaction to give the
products 26d-26f, where a geminal disubstitution reaction of
11a with organolithium and —magnesium reagents took place in
good to high yields (Entries 3-5). Diarylmethylpiperazines are
a biologically important class of compounds.?’ The thioform-

MeS —OTf  PhLi 18a SMe EtMgBr 13¢  Me2
=+ —_—
H” .~ NMe, Et,O H”! "NMe, r,2h Ph™ "Et
1a -78 °C then rt Ph 25a 26a 37%
T MeOTf 05h
S . Li %
1 PhLi 18a j\' EtMgBr 13c | O %
H” “NMe HT NM
10a 2 Et,0 pp \Mez m,2h
-78 °C then rt 27a
05h

Scheme 3. Sequential reaction of thioforamide 10a with 18a
and 13c.
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Table 6. Sequential reactions of thioformamide 10a with
aryllithiums 18 and Grignard reagents 13*

S Arli 18 RMgX 13
J\ 1.5 equiv _ 3 equiv product
H™ “NMe, THF temp, time
10a -78 °C, then rt 26
0.5h
) Product 26
Entry 18 13 Temp, Time/h Yieldb
NM62
1 PhLi  4-MeOCgH,MgBr .2
18a 13i Ph CGH4OMG'4
26b 95%
NM62
2 PhLi  4-Me,NCgH MgBr 1,2
18a 13] Ph CgHsNMe,-4
26c 91%
3 @L, PhMgBr i, 2 NMe,
i
18¢ 13d 0) | Ph
N\~ 26d 86%
NMe,

N Li

4¢ R PhMgBr f, 2 N
@ 13d O e
-~ 18d ) 26e 64%

Li NMe,
s &

Fe EtMgBr reflux, 5 Et

18e 13¢c Fe

26f 66%

aThe reaction was carried out as follows, unless otherwise
noted: To thioformamide 10a were added organolithium
reagents 18 and Grignard reagents 13, and the mixture was
stirred. PIsolated yields. °The reaction with 18d was carried out
at —20°C.

amide bearing a piperazyl group was subjected to sequential
reactions (eq 16). The reaction of thioformamide 10b with 18a
and aryl Grignard reagents 13i, 13k, and 131 was carried out to
give the corresponding diarylmethylamines 27a-27¢. Notably, a
methoxy group, and fluorine and chlorine atoms on 13i, 13k,
and 131 did not affect the efficiency of the reaction. Finally, the
diastereoselectivity of the sequential reaction with thioform-
amide was noted (eq 17).3® The reaction of thioformamide 10c,
which was prepared from (S)-2-methoxylmethylpyrrolidine, was
sequentially reacted with phenyllithium (18a) and methyl
Grignard 13m. The reaction proceeded smoothly to give two
diastereomers 28 and 28"° with high diastereoselectivity. The
reverse combination of the substituents on the lithium and
magnesium reagents was further found to give the identical
products with high reverse selectivity.

I|30c
) N
j\ PhLi 18a [ j (16)
THF T e N
H Nﬁ -78 °C then rt 21?—, #x )\
K/N 0.5h Ph

ArMgBr 13

10b "Boc Ar
13i Ar=CgH,OMe-4 273 859
13k  Ar=CgHyF-4 27b 90%
131 Ar=CgH,Cl-4 27c 85%
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S 1 2
RILi  R2MgX @
J 18 13 Me@,f; . Me
H p e, B, + Ap 17)

10¢ H N H
28 28'
OMe
OMe OMe
18a PhLi 13m MeMgBr 91% 5 : 95
18f MeLi 13d PhMgBr 77% 90 : 10
¢ Summary

In summary, our recent efforts to prove that thioamides,
thioformamides, and the iminium salts derived from them are
powerful synthetic tools for one-pot sequential reactions have
been demonstrated in this Highlight Review. We started our
studies with their selenium and tellurium isologues, which have
been relatively less explored, but found that a series of
organosulfur compounds could be fruitful for carbon—carbon
bond-forming reactions. New reactions with these compounds
are still unexplored and undiscovered.

The reaction described in this review involves geminal
disubstitution reactions. In particular, two different carbon
nucleophiles are introduced to the carbon atom of thiocarbonyl
groups in a single operation. The development of analogous
reactions using ordinary carbonyl®® and thiocarbonyl com-
pounds*! is currently an important topic. In the near future,
the use of an asymmetric version of a geminal disubstitution
reaction may become mainstream in synthetic reactions.
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