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The highly monoselective N-arylation of aromatic tertiary amines using a transition-metal-free approach using arynes has been developed. The
reaction afforded functionalized diaryl amines in moderate to excellent yield. High levels of functional group compatibility especially with halogen
containing substrates, dyes and donor—acceptor systems, and high yields of products are the notable features of the present reaction.

Aromatic amines are ubiquitous in various natural
products, pharmaceuticals, agrochemicals, dyes, and ma-
terials and are useful synthetic building blocks." Tradition-
ally, methods such as substitution on an aromatic system
with nucleophilic amine functionality, installation of the
nitro group on an aromatic ring followed by reduction,
and arylation of the N-containing functional group using
copper following the Ullmann—Goldberg protocol are
the different ways of constructing the aromatic carbon—
nitrogen bonds.? However, with the advent of transition-
metal catalysis, the N-arylation of amines can be easily
realized by the Buchwald—Hartwig coupling (coupling of
aryl halides with primary or secondary amines in presence
of Pd-catalyst), Ullmann-type coupling (reaction of aryl
halides with amines in presence of Cu), and the Chan—
Lam coupling (coupling of an organoboron reagent with
N—H functionality) (Scheme 1).> Moreover, the synthetic
utility of organometallic reagents derived from B, Mg,
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Zn, etc. in a transition-metal-catalyzed amination reaction
with an electrophilic source of nitrogen, and C—H activa-
tion of (hetero)aromatic rings have been useful for the
construction of C,n—N bonds.* Recently, transition-
metal-free N-arylation reactions employing organoboronic
acid derivatives represent an alternative methodology for
the C,y1—N bond-forming reactions.” Interestingly, how-
ever, whereas the transition-metal-catalyzed arylation of
primary and secondary amines is well-established, the
analogous C—N bond construction using aromatic tertiary
amines, to the best of our knowledge, has not been
reported. Herein, we report an efficient and facile transi-
tion-metal-free, monoselective N-arylation of aromatic
tertiary amines using arynes as the aryl source. Notably,
the present procedure is efficient for the selective mono-
arylation of the —NMae, group and the method is applic-
able to several donor—acceptor systems and dyes.

Arynes are extremely electron-poor reactive intermedi-
ates in organic chemistry, and they are widely used for the
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Scheme 1. Methods for Forming C,,;—N Bonds
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synthesis of several 1,2-disubstituted benzene derivatives
of complex structure.® Due to the high electrophilicity and
extremely strained carbon—carbon triple bond, arynes
undergo facile insertion into element—element bonds lead-
ing to multisubstituted arenes of synthetic value.” In 2003,
Larock et al. reported the insertion of arynes into the N—H
bond of primary and secondary amines leading to the
N-arylated products.® However, this method was not
applicable for the arylation of tertiary amines. To address
this issue based on our experience in aryne chemistry,” we
initiated the present study by treating N, N-dimethyl aniline
1a with the aryne generated in situ from 2-(trimethylsilyl)-
aryl triflate 2a'® using KF and 18-crown-6 in the pre-
sence of ammonium bicarbonate as an additive. Interest-
ingly, the reaction afforded the N-methyl-/N-phenylaniline
3a in 95% yield (Scheme 2)."" The present method is
highly monoselective, and no product derived from the
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C-arylation was observed.'? The additive was found to be
essential for better yields, as the reaction without the
additive furnished the product in 33% yield.'!

Scheme 2. Monoselective N-Arylation of N,N-Dimethylaniline

e KF (2.4 equiv) e
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N“Me TMS 18-crown-6 (2.4 equiv) @N@
+
Tio (NH4)HCO4 (1.0 equiv) =
THF,80°C,12h
(95%)

With the optimized reaction conditions in hand, we
then examined the substrate scope of this transition-
metal-free N-arylation reaction (Scheme 3). A variety of
N,N-dimethyl anilines having an electron-donating or
-withdrawing group at the 4-position of the aromatic ring
were well tolerated, furnishing the diarylamine derivatives
in good to excellent yields (3b—f). Electron-rich aldehydes
usually insert into arynes in a [2 + 2] fashion.'* However,
4-dimethylamino benzaldehyde derivative 1g still afforded
the desired product in 30% yield. Moreover, substitution
at the 3- and 2-position of the aromatic ring of 1 and
the disubstitution resulted in smooth conversion to the
product (3h—Kk). It is noteworthy, that halides, which are
very unlikely to survive under transition-metal-catalyzed
reaction conditions,® are well tolerated under the present
N-arylation protocol (3¢, 3d, 3i). Gratifyingly, N,N-
dimethyl aniline derivatives bearing a phosphonate group,
double bond, and triple bond on the aromatic ring readily
underwent efficient N-arylation thereby further expanding
the scope of this reaction (31—-3n). The naphthyl substi-
tuted amine furnished the corresponding product 3o in
98% yield, and even more interesting is that the dansyl
chloride afforded the product 3p in 61% yield. Interest-
ingly, challenging substrates such as Leucomalachite green
underwent efficient N-arylation leading to the formation
of desired product 3q in 78% yield. Delightfully, N,N-
dimethyl anilines derived from donor—acceptor systems
resulted in a smooth N-arylation reaction affording the
desired products signifying the versatility of the present
reaction (3r—t).'*

Next, we evaluated the effect of varying the substituents
on the aryne precursor 2 (Table 1). Electronically different
4,5-disubstituted symmetrical aryne precursors 2b—d read-
ily afforded the diphenylamine derivatives 3u—w in excel-
lent yields (entries 1—3). Moreover, the 3,6-dimethyl sub-
stituted symmetrical aryne precursor 2e worked well to
afford the product 3x in 64% yield (entry 4). Additionally,
3-methoxy benzyne generated from 2fand the naphthalyne

(12) (a) Pirali, T.; Zhang, F.; Miller, A. H.; Head, J. L.; McAusland,
D.; Greaney, M. F. Angew. Chem., Int. Ed. 2012, 51, 1006. See also: (b)
Cant, A. A.; Bertrand, G. H. V.; Henderson, J. L.; Roberts, L.; Greaney,
M. F. Angew. Chem., Int. Ed. 2009, 48, 5199.

(13) Yoshida, H.; Watanabe, M.; Fukushima, H.; Ohshita, J.; Kunai,
A. Org. Lett. 2004, 6, 4049.

(14) It may be noted that aliphatic tertiary amines such as N,N-
dimethyloctylamine and sterically hindered aromatic amines such as N,
N,2,4,6-pentamethylaniline did not afford the N-arylated product under
the optimized conditions.
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Scheme 3. Substrate Scope of the N-Arylation Reaction:
Variation of the Tertiary Amines”
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“ General conditions: 1 (0.50 mmol), 2a (0.60 mmol), KF (2.4 equiv),
18-crown-6 (2.4 equiv), THF (2.0 mL), 60 °C and 12 h. Yields of the
isolated products are given. ” Reaction was run on 0.25 mmol scale. “ The
reaction was carried out using 2.0 equiv of 2a and 4.0 equiv each of KF
and 18-crown-6.

derived from 2g furnished single regioisomers 3y and 3z in
excellent yield (entries 5, 6). Finally, the unsymmetrical
benzyne derived from 2h underwent efficient N-arylation
to deliver an inseparable mixture of regioisomers 3aa and
3aa’ in 93% overall yield (entry 7).

We carried out a series of experiments to probe the
mechanism of this unique N-arylation reaction. To gain
insight into the nature of the arylation reaction and
the stability of product 3a under the reaction conditions,
3a was treated with aryne precursor 2a under the opti-
mized reaction conditions (Scheme 4, eq 1). This reaction
returned 3a quantitatively without the formation of any
detectable amount of diarylated product 4. Moreover,
when la was treated with an excess of 2a, KF, and [18]
crown-6, the reaction delivered only 3a and 4 was not
detected (eq 2)."" These observations tend to indicate that
the present arylation reaction is highly monoselective
under the optimized conditions.'”

(15) Possibly, the lone pair of electrons on nitrogen in la is more
available for nucleophilic attack on aryne. However, in the case of 3a,
since the lone pair of electrons on nitrogen is delocalized between two
benzene rings, it may not be available for nucleophilic attack on aryne.

(16) For arelated demethylation of quaternary ammonium salt in the
presence of nucleophilic fluoride media, see ref 8c.
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Table 1. Variation of the Aryne Moiety®

i
£ s KF (2.4 equiv)
‘Me 18-crown-6 (2.4 equiv)
(NH4)HCO3 (1.0 equiv)
1a

THF,60°C,12h

hln"le
N
O G
=
3

entry aryne precursor product(s), yield (%)
l\ln"le
1 ™S R N R 3u, R =Me, (93%)
2 ]@: O \©: 3v, R = O(CH3)0O, (94%)
3 TIO R R 3w, R=F, (88%)
2b-d

Me Me Me

™S N
» ©/ 3x, (64%)
IO
Me

™S @/fﬂi@
00 O
ot oorofo,

3aa [1.3:11°, (93%) 3aa’

5 TfO 3y, (94%)

2f OMe

“General conditions: 1a (0.50 mmol), 2 (0.60 mmol), KF (2.4 equiv),
18-crown-6 (2.4 equiv), THF (2.0 mL), 60 °C and 12 h. Yields of the
isolated products are given. ” The regioisomer ratio was determined by
"H NMR analysis.

Scheme 4. Experiments to Illustrate Selective Monoarylation

Me
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h'{lle ™S KF (4.8 equiv) me
N 18-crown-6 (4.8 equw) E’h
+ o -Nap, (2)
Tio NH4)HCO3 (2.0 equiv) Ph™ “Ph
THF, 60 °C, 12 h 3a 4
1a 2a (2.4 equiv) (98%)
("H NMR)

not detected

The mechanistic rationale for this transition-metal-free
transformation is shown in Scheme 5. The reaction is likely
initiated by the generation of aryne by the fluoride induced
1,2-elimination of 2a. The nucleophilic addition of N,N-
dimethylaniline 1a to the aryne generates the zwitterionic
intermediate 5, which was protonated to form the dimethyl
diphenyl ammonium salt 6. Demethylation induced by the
fluoride ion or the basic reaction medium furnishes the
final product 3a.'®!”

(17) For experiments indicating the role of fluoride ion or base in the
demethylation step, see the Supporting Information.
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Scheme 5. Plausible Reaction Mechanism
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A strong indication for the presence of 6 comes from the
fact that the reaction of tertiary amine 1b with aryne pre-
cursor 2¢ in the presence of CsF resulted in smooth forma-
tion of the quaternary ammonium salt 6- HOTf'® in 92%
along with 6% of the arylated product 3bb (Scheme 6, eq 3).

Scheme 6. Experiments to Confirm 6- HOTf as the Intermediate
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4
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Moreover, subjecting the salt 6- HOTf under the optimized
reaction conditions resulted in the formation of the desired
arylated product 3bb in 73% yield (eq 4).

To shed light on protonation of the zwitterionic inter-
mediate 5, an experiment using D,0 as the additive was
performed. Treatment of 1a with 2e in the presence of a
fluoride source and D,0O afforded the desired product 3x-d
in 69% yield with 68% deuterium incorporation at the
2-position (Scheme 7, eq 5). This indicates the role of
additive in protonating the zwitterionic intermediate S
Moreover, to test the possibility of the competing O-aryla-
tion under the reaction conditions, the amine lu was
treated with 2a under the optimized conditions (eq 6).
The reaction afforded the N-arylated product 3cc in 30%
yield along with the O-methylated product 7 in 53% yield,
which is likely formed by the demethylation of intermedi-
ate 6 by the phenol 3cc. In addition, the product 8 derived
from the O-arylation of 3ce was observed in 14% yield.

Furthermore, this novel arylation reaction is not limited
to N,N-dimethyl aniline derivatives. Interestingly, N,N-
diethyl aniline 9 resulted in the formation of N-arylated

(18) For a report on the synthesis of a similar adduct using arynes,
see: Okuma, K.; Nojima, A.; Nakamura, Y.; Matsunaga, N.; Nagahora,
N.; Shioji, K. Bull. Chem. Soc. Jpn. 2011, 84, 328.
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Scheme 7. Mechanistic Experiments
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Scheme 8. Arylation of N,N-Diethyl Aniline and Tetrahydroi-
soquinoline

£t KF (2.4 ) &t
equiv;
©/N‘Et TMSD 18-crown-6 (2.4 equiv) _ @NO
* . N
THO THF, 60 C 12h
9 10 (61%)
KF (4.8 equiv)
™S 18-crown-6 (4 8 equiv) X
NH Y . NPho®
TfO THF 60°C,12h “Ph
11 2a (2.4 equiv) 12 (86%)

product 10in 61% yield presumably by the elimination of a
molecule of ethylene (Scheme 8, eq 7). Moreover, tetra-
hydroisoquinoline 11 underwent efficient cascade aryla-
tion involving the initial N—H insertion of aryne followed
by the arylation of the resultant N-arylamine leading to the
styrene derivative 12 in 86% yield (eq 8).

In conclusion, we have developed a transition-metal-free
and highly monoselective N-arylation of aromatic tertiary
amines using arynes. A broad substrate scope, high levels
of functional group compatibility especially with halogen
containing substrates, dyes, and donor—acceptor systems,
and high yields of products are the notable features of the
present reaction.
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