
Chemical
Science

EDGE ARTICLE

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

6 
N

ov
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 7

/1
9/

20
25

 4
:5

6:
31

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Iterative addition
Division of Chemistry and Biological Chemis

Sciences, Nanyang Technological University

shunsuke@ntu.edu.sg

† Electronic supplementary information
including procedures, syntheses and ch
and 13C NMR spectra. CCDC 2105303. Fo
or other electronic format see DOI: 10.103

Cite this: Chem. Sci., 2022, 13, 99

All publication charges for this article
have been paid for by the Royal Society
of Chemistry

Received 25th October 2021
Accepted 25th November 2021

DOI: 10.1039/d1sc05876b

rsc.li/chemical-science

© 2022 The Author(s). Published by
of carbon nucleophiles to N,N-
dialkyl carboxamides for synthesis of a-tertiary
amines†

Jiahua Chen, Jun Wei Lim, Derek Yiren Ong and Shunsuke Chiba *

A protocol for the synthesis of a-tertiary amines was developed by iterative addition of carbon nucleophiles

to N,N-dialkyl carboxamides. Nucleophilic 1,2-addition of organolithium reagents to carboxamides forms

anionic tetrahedral carbinolamine (hemiaminal) intermediates, which are subsequently treated with

bromotrimethylsilane (Me3SiBr) followed by organomagnesium (Grignard) reagents, organolithium

reagents or tetrabutylammonium cyanide, affording a-tertiary amines. Employment of (trimethylsilyl)

methylmagnesium bromide as the 2nd nucleophile allowed for aza-Peterson olefination of the resulting

a-tertiary (trimethylsilyl)methylamines with acidic work-up, resulting in the formation of 1,1-diarylethylenes.
Introduction

a,a,a-Trisubstituted amines (a-tertiary amines) are found as
core structural motifs in various biologically active natural
alkaloids1 and are identied as a key functional unit for drug
discovery programs.2 Although the sterically hindered nature of
a-tertiary amines has rendered their synthetic approaches more
challenging, signicant advancements of their synthesis have
recently been made.3–6 Among them, geminal difunctionaliza-
tion on carbonyl oxygen of readily accessible and bench-stable
carboxamides via deoxygenative installation of two carbon–
carbon bonds has been considered as one of the most practical
routes to a-tertiary amines.7,8 However, this approach generally
necessitates pre-conversion of carboxamides to methyl-
thioiminium salts via thiocarboxamides (Scheme 1A)9 or tri-
uoromethanesulfonyloxyiminium salts (Scheme 1B),10 prior to
adding two fold organomagnesium or organolithium reagents.
There are several exceptions that enable the direct use of car-
boxamides without their preactivation for the geminal difunc-
tionalization. For example, dimethylation of carboxamides with
methylmagnesium bromide (MeMgBr) could be performed by
the stoichiometric use of oxophilic Lewis acids such as TiCl4
and ZrCl4, whereas carbanion reagents other than MeMgBr
were not examined (Scheme 1C).11 The use of N-alkoxyamides
allowed for iterative installation of two carbon nucleophiles,
where the 2nd carbon nucleophile should be added in the
Scheme 1 Prior arts on the synthesis of a-tertiary amines via geminal
difunctionalization of carbonyl groups.

try, School of Physical and Mathematical

, Singapore 637371, Singapore. E-mail:

(ESI) available: Experimental details,
aracterization of new compounds; 1H
r ESI and crystallographic data in CIF
9/d1sc05876b

the Royal Society of Chemistry Chem. Sci., 2022, 13, 99–104 | 99

http://crossmark.crossref.org/dialog/?doi=10.1039/d1sc05876b&domain=pdf&date_stamp=2021-12-18
http://orcid.org/0000-0003-2039-023X
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1sc05876b
https://rsc.66557.net/en/journals/journal/SC
https://rsc.66557.net/en/journals/journal/SC?issueid=SC013001


Scheme 2 Geminal difunctionalization of carbonyl groups via O-
silylated hemiaminal intermediates.

Table 1 Optimization of the reaction conditionsa

Entry 1 (mmol) Ph-[M] Temp [�C] Me3SiX

Yieldc [%]

2 3

1 0.5 PhLib �78 to 0 Me3SiCl 68 25
2 0.5 PhLib �78 to 0 Me3SiBr 89 (84) 8
3 15 PhLib �78 to 0 Me3SiBr 90 (86) 10
4 0.5 PhLic �78 to 0 Me3SiBr 70 5
5 0.5 PhMgBrd 0 to 60 Me3SiBr 0 13e

a 1H NMR yields based on the internal standard. The isolated yield is in
parentheses. b PhLi was pre-prepared from PhBr and Li in Et2O and
titrated before use. c PhLi was generated in situ from PhBr (0.75
mmol) and tert-BuLi (1.5 mmol, 1.32 M in pentane) in THF, and
directly used for the reaction with 1. d PhMgBr was pre-prepared from
PhBr and Mg in THF and titrated before use. e 2-Naphthyl phenyl
ketone (30) was formed in 52% yield.
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presence of acid additives (Scheme 1D).12 A sequential trans-
formation of potassium acyltriuoroborates has recently been
developed for the synthesis of a-tertiary amines via the geminal
difunctionalization on carbonyl oxygen via (i) conversion of
acyltriuoroborates to acyltriuoroborate-iminiums by treat-
ment with N,N-dialkylamines; (ii) addition of Grignard reagents
(the 1st carbanion) to form a-aminoalkyltriuoroborates; (iii)
oxidation with bis(pyridine)iodonium(I) tetrauoroborate
(py2IBF4) to iminium ions followed by addition of Grignard
reagents (the 2nd carbanion) (Scheme 1E).13 Nonetheless,
synthesis of a-tertiary amines via the iterative installation of two
different carbon substituents to carboxamides without their
prefunctionalization remains an unmet challenge.

To develop a more concise and straightforward route to a-
tertiary amines from carboxamides, we wondered if anionic
tetrahedral carbinolamine (hemiaminal) intermediates formed
upon addition of the 1st carbanion reagents14 could successively
incorporate the 2nd carbanion reagents via deoxygenation.
Building on the recent precedents on the successful function-
alization of O-silylated hemiaminal intermediates, which are
generated via transition-metal catalyzed hydrosilylation15 or
controlled hydride reduction followed by silylation16 with
carbon nucleophiles such as Grignard reagents to form a-
secondary amines (Scheme 2A), we surmised that the synthesis
of a-tertiary amines from carboxamides might be realized by the
silylation of anionic hemiaminal intermediates upon addition
of the 1st carbanion nucleophiles and the ensuing engagement
of the 2nd carbanion reagents (Scheme 2B). The essential keys to
enable this proposed process are (i) a proper choice of the 1st

carbon nucleophiles for the smooth construction of anionic
hemiaminal intermediates with prevention of their decompo-
sition before the engagement of the 2nd nucleophiles (phase I);
(ii) an efficient O-silylation of sterically hindered anionic hem-
iaminal intermediates (phase II) followed by the 2nd C–C bond
formation (phase III).17 We describe our ndings herein.
Scheme 3 Proposed reaction pathways.
Results and discussion

We embarked on our investigation for the geminal functional-
ization of N,N-dimethyl-2-naphthamide (1) via phenylation and
methylation (Table 1). We observed that addition of pre-
100 | Chem. Sci., 2022, 13, 99–104
prepared and titrated phenyllithium (PhLi) proceeded
smoothly and subsequent treatment with chlorotrimethylsilane
(Me3SiCl) and methylmagnesium bromide (MeMgBr) at 60 �C
afforded desired a-tertiary amine 2 in 68% yield along with the
formation of a-tertiary alcohol 3 in 25% yield (entry 1). We
found that the use of bromotrimethylsilane (Me3SiBr) could
improve the yield of a-tertiary amine 2 to 89% (84% isolated)
yield (entry 2). This protocol was found to be scalable up to
15 mmol scale without detrimental impact on the yield of 2
(entry 3). The use of PhLi prepared in situ via halogen–lithium
exchange using bromobenzene and tert-butyllithium afforded
amine 2 in 70% yield (entry 4). Despite slightly diminished
efficiency, this approach circumvents pre-preparation of
© 2022 The Author(s). Published by the Royal Society of Chemistry
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organolithium reagents (vide infra). However, the reaction with
phenylmagnesium bromide (PhMgBr) as the 1st carbanion did
not afford desired amine 2 at all (entry 5). In this case, forma-
tion of alcohol 3 was observed in 13% yield along with 2-
naphthyl phenyl ketone (30) in 52% yield, indicating insufficient
O-silylation of the corresponding anionic carbinol amine
intermediate generated from 2-naphthamide 1 and PhMgBr.

The proposed mechanism of the geminal difunctionaliza-
tion of 2-naphthamide 1 is depicted in Scheme 3. Addition of
PhLi to the amide carbonyl group forms anionic hemiaminal
Scheme 4 Scope with respect to the nucleophiles. aThe reactions
conditions: 2-naphthamide 1 (0.5 mmol), 1st organolithium reagent
(1.5 equiv.) at �78 to 0 �C for 1 h, followed by Me3SiBr (2 equiv.) and
MeMgBr (2.5 equiv.) at 0 �C, then stirring at 60 �C for 2 h. Isolated yields
were recorded. bAryllithium was prepared by the treatment of the
corresponding aryl bromide (0.75 mmol) with t-BuLi (1.5 mmol) in THF
at �78 �C. c2-Furanyl- or 2-thienyllithium was prepared by the treat-
ment of furan or thiophene (0.75 mmol) with BuLi (0.75 mmol) in THF
at �78 to 0 �C. dThe commercially available organolithium reagents
were used after titration. eLithium phenylacetylide (3 equiv.) at 60 �C
for 2 h, followed by Me3SiBr (2 equiv.) and MeMgBr (3 equiv.) at 0 �C,
then stirring at 60 �C for 2 h. fMeMgBr (3 equiv.) was used. gThe
reaction conditions: carboxamide 1 (0.5 mmol), PhLi or MeLi (1.5
equiv.) at �78 to 0 �C for 1 h, followed by Me3SiBr (2 equiv.) and
organomagnesium reagents (2.5 equiv.) as the 2nd nucleophile (2.5
equiv.) at 0 �C, then stirring at 60 �C for 2 h. Isolated yields were
recorded. hLithium phenylacetylide was used as the 2nd nucleophile.
iBu4NCN was used as the 2nd nucleophile.

© 2022 The Author(s). Published by the Royal Society of Chemistry
intermediate A, which could be detected as a stable form even at
ambient temperature by 1H and 13C NMR analyses (see the
ESI†). O-Silylation of A with halotrimethylsilane (Me3SiX)
resulted in the formation of B and ensuing addition of MeMgBr
results in the formation of amine 2 via iminium ion interme-
diate C. On the other hand, electrophilic activation of the amino
group of A by Me3SiX collapses A into ketone 30, which is trap-
ped with MeMgBr to provide alcohol 3. We speculated that the
use of more electrophilic Me3SiBr renders the reaction course
more selective toward the formation of iminium C via efficient
O-silylation of A over that of ketone D via N-silylation.

We next investigated the scope of the reaction with respect to
the carbanion reagents using 2-naphthamide 1 (Scheme 4). As
for the organolithium reagents as the 1st carbanion, the method
was found to be compatible with the use of both electron-rich
and electron-decient aryllithium as well as 2-thienyllithium,
2-furyllithium, 5-indolyllithium and 2-pyridyllithium, providing
the corresponding amines 4–9 in good to moderate yields
(Scheme 4A). The protocol is amenable to use lithium phenyl-
acetylide to form propargylamine 10. As for alkyllithium
reagents, the present protocol could employ methyllithium and
butyllithium, efficiently providing the corresponding a-tertiary
amines 11 and 12, while the use of isopropyllithium resulted in
moderate efficiency for the formation of amine 13 (31% yield).
We then examined the compatibility of the 2nd carbanion
reagents using PhLi or MeLi as the 1st carbanion reagent
(Scheme 4B). With PhLi as the 1st carbanion, the method was
amenable to engage allyl and benzyl Grignard reagents (for 14
and 15). Installation of acetylenic moieties could also be
implemented with good efficiency using ethynylmagnesium
bromide and lithium phenylacetylide, respectively (for 16 and
17). We found that the use of tetrabutylammonium cyanide
Scheme 5 Substituent compatibility of amide nitrogen. aThe reactions
conditions: carboxamides (0.5 mmol), PhLi (1.5 equiv.) at �78 to 0 �C
for 1 h, followed by Me3SiBr (2 equiv.) and MeMgBr (2.5 equiv.) at 0 �C,
then stirring at 60 �C for 2 h. Isolated yields were recorded. bAfter
addition of Me3SiBr at 0 �C, the mixture was stirred at room temper-
ature for 0.5 h before themixture was treated with MeMgBr at 0 �C and
heated at 60 �C for 2 h. cAfter addition of Me3SiBr at 0 �C, the mixture
was stirred at 60 �C for 1 h before the mixture was treated with
MeMgBr at 0 �C and heated at 60 �C for 2 h.

Chem. Sci., 2022, 13, 99–104 | 101
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enables the downstream Strecker reaction to form a-cyano
amine 18 in good yield. With MeLi as the 1st carbanion, simi-
larly, the protocol was compatible to incorporate allyl, benzyl,
and alkynyl motifs in the corresponding a-tertiary amines 19–
21.18

Substituent compatibility of amide nitrogen was investigated
next (Scheme 5). This method allowed for the synthesis of a-
tertiary amines starting from N-benzyl-N-methylamide (for 22)
and those based on azetidine, pyrrolidine, piperidine, mor-
pholine and azepane (for 23–27).

We also examined the compatibility of various carbox-
amides, using a combination of PhLi and MeMgBr for the
geminal difunctionalization (Scheme 6). As for aromatic
amides, the process tolerated substituents with different elec-
tronic properties such as a biphenyl moiety (for 28), electron-
donating groups (for 29–31) and electron-withdrawing groups
including a triuoromethyl group (for 32) and halogen atoms
(for 33–35). Carboxamides based on electron-rich benzofuran
(for 36) as well as electron-decient 6-membered rings
including pyridine, quinoline, and isoquinoline moieties (for
Scheme 6 Scope with respect to the carboxamides. aThe reactions
conditions: carboxamides (0.5 mmol), PhLi (1.5 equiv.) at �78 to 0 �C
for 1 h, followed by Me3SiBr (2 equiv.) and MeMgBr (2.5 equiv.) at 0 �C,
then stirring at 60 �C for 2 h. Isolated yields were recorded. b3 equiv. of
MeMgBr was used. cAfter addition of MeMgBr, the reaction mixture
was stirred at 60 �C for 3 h. Bn ¼ benzyl.

Scheme 7 Arylative aza-Peterson olefination of carboxamides. aThe
reactions conditions: carboxamides (0.5mmol), PhLi (1.5 equiv.) at�78
to 0 �C for 1 h, followed by Me3SiBr (2 equiv.) and Me3SiCH2MgCl (2.5
equiv.) at 0 �C, then stirring at 60 �C for 2 h; water (1 mL) at 0 �C, and
then 3 MHCl aqueous solution (5 mL), stirring at room temperature for
0.5 h. Isolated yields were recorded. bAfter addition of 6 M HCl
aqueous solution, the mixture was stirred at 60 �C for 2 h.

102 | Chem. Sci., 2022, 13, 99–104
37–39) were also compatible. The ability for concise synthesis of
1,1-disubstituted tetrahydroisoquinoline 40 (ref. 19) from the
corresponding lactam is also one of the advantageous features
of the method. The present protocol also allowed for the
geminal difunctionalization of aliphatic amides. The reactions
of a-primary and a-secondary alkyl carboxamides having eno-
lizable a-protons proceeded to afford the corresponding amines
41–44 in good to moderate yields. However, the reaction of
sterically congested 1-adamantyl carboxamide 45 resulted in the
formation of alcohol 47 as the major product.

When (trimethylsilyl)methylmagnesium chloride was used
as the 2nd carbanion reagent upon treatment of 2-naphthamide
1 with PhLi, we observed that the resulting a-tertiary amine 48
was further converted into 1,1-diarylethylene 49 upon the
aqueous acid work-up via elimination of silylamine (Scheme
7A). This process could be regarded as phenylative aza-Peterson
olenation20 of carboxamide 1 and we found that this protocol
is applicable for the facile construction of unsymmetrical 1,1-
diarylethylenes 50–55 (Scheme 7B).
Conclusions

In summary, we have developed a transition-metal free protocol
for the synthesis of a-tertiary amines by iterative addition of
© 2022 The Author(s). Published by the Royal Society of Chemistry
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carbon nucleophiles to readily available and bench stable N,N-
dialkyl carboxamides. Given the broad scope and operationally
simple protocol of the method, we view it to be adaptable in
various synthetic endeavours.
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