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Chapter 2

2.1 Introduction

The alkyne motif is a key functional group in organic chemistry due to its
synthetic versatility.!"! In addition, it is widely present in pharmaceuticals,?!
biomolecules, "3 natural products, and materials® (Figure 1).
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Figure 1. Selected examples of compounds containing the alkyne moiety.

Therefore, the development of methodologies that allow the introduction of
this functional group is of great interest in organic synthesis. In this context,
one of the most common methods to obtain arylacetylenes is the
Sonogashira coupling.® Despite its popularity, this reaction suffers from the
disadvantage of requiring pre-functionalized aryl halides. As an alternative,
metal-catalyzed C-H alkynylation reactions of arenes offer a more
straightforward  approach,’®! however, the majority of reported
methodologies rely on the use of directing groups (Scheme 1). Various
direnting groups including pyridine, amide, carboxylic acid and
aminophenyloxazole, have been successfully used to introduce alkynyl
groups with silyl, aryl, alkyl or alkenyl groups.®!
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Selective para-C—H Alkynylation of Aniline Derivatives by Pd/S,O-Ligand Catalysis

X=Br, I, H.
R = silyl, aryl, alkyl, alkenyl.

Selected examples
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Scheme 1. General scheme and selected examples of the directing groups employed in C-H
alkynylation.

Despite the effectiveness of the directed C-H alkynylation approach, the
additional steps of pre-installation and removal of the directing group, many
of which are not present in the target products, limit the efficiency of this
approach.®¥l Alternatively, the non-directed approach is more advantageous,
starting with simpler and more readily available substrates, and can also
provide complementary site-selectivity. Early studies have demonstrated that
reactive heteroarenes, such as benzo[d]oxazole, benzo[d]thiazole, indoles,
and thiophenes, undergo non-directed C—H alkynylation reactions catalyzed
by transition metals (e.g., Au, Pd, Ni, Cu, Fe) using various alkyne sources,
including alkynyl halides or terminal alkynes (Scheme 2).F!

> X———R =R
X =Br, I, H.

R = aryl, alkenyl, alkyl, silyl.

Selected examples:

N N
N I\
O O OF W
H

Scheme 2. General scheme and selected substrates for the C—H alkynylation of heteroarenes.

On the other hand, only a few examples of simple arenes in non-directed C—
H alkynylation have been reported. For example, in 2010, the Nevado group
reported a gold-catalyzed alkynylation of anisole derivatives (Scheme 3b).l'
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Chapter 2

Two potential reaction mechanisms were proposed, wherein Phl(OAc). may
function either as an oxidant to generate a gold(lll)-alkynyl intermediate or
participate in the formation of an electrophilic alkynyl-iodonium complex. The
C—H alkynylation of anilines, ubiquitous structural motifs in organic
compounds, has posed significant challenges due to the instability of anilines
to harsh reaction conditions. In 2012, the Waser group addressed this
challenge by developing a gold-catalyzed para-C—H alkynylation of anilines,
using a hypervalent iodine reagent as the alkynyl source (Scheme 3c).!"3
Notably, the reaction is compatible with both secondary and tertiary anilines,
proceeding efficiently under mild conditions (room temperature to 60 °C).

a) Nevado, J. Am. Chem. Soc., 2010
2
OR?2 OR
Ph3PAUCI (5 mol%)
N PhI(OAc), (1.5 equiv.) RigL =
RO+ + H—R? U
= NaHCO; (1 equiv.) \
R3
R'=R2=alkyl, R®= EWG
b) Waser, Org. Lett., 2012
) Waser, Org. Le NRZR3
NRZR3 _
O—I—==—TIPS X
N AuCl (5 mol%) R
R1 : + 1) P
=
H I
TIPS = SiPry TIPS
R' = EDG, EWG; R? = H, alkyl; R® = alkyl.

Scheme 3. Non-directed C—H alkynylation of arenes via Au catalyst.

Recently, the van Gemmeren group achieved a significant breakthrough in
Pd-catalyzed C—H alkynylation of non-directed arenes, facilitated by a dual
ligand system (Scheme 4a).['*'® The regioselectivity of the reaction is
dominated by steric factors rather than electronic effects. Despite its
efficiency, it requires a high loading of ligands and silver reagents. The
authors suggested that silver could act as a halide scavenger or a T-Lewis
acid to promote oxidative addition. This methodology was extended to the
regiodivergent C—H alkynylation of thiophenes, enabling catalyst-controlled
regioselectivity for selective C5 and C2 alkynylation of 3-substituted
thiophenes. C5-Selectivity was achieved using bulky amino acid ligands,
while C2-selectivity was driven by a more electrophilic catalyst (Scheme
4b).1"l
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Selective para-C—H Alkynylation of Aniline Derivatives by Pd/S,O-Ligand Catalysis

a) van Gemmeren, J. Am. Chem. Soc., 2019 - OO
N\
; Pd(OAc), (10 mol%) ; [ /j
R Pyrazine (20 mol%) R N
Ac-Phe-OH (30 mol%) = Pyrazine
+ Br—=—R? - ——R? o)
Ag,0 (3.0-4.0 equiv.) ~
Ph OH
R'=H, EDG, EWG; R? = silyl, alkyl, aryl. NHAc
Ac-Phe-OH
| —
b) van Gemmeren, Angew. Chem. Int. Ed., 2021
R Pd(OAc), (10 mol%), Ligand A (20 mol%) R! o
Pyrazine (20 mol%), Ag,0 (2 equiv.) '
05/@ Gy 1 AN CO.H
H™ > g Br———R? R— S ‘ H
! Ligand A
R!'  Pd(OAc), (10 mol%), Ligand B (20 mol%) R’ } i
; o ) :
CS/@ Pyrazine (20 mol%), Ag,0 (2 equiv.) ﬂ ! FaC N/\COZH
H H ! H
S Br——— R2 S '
i Ligand B ;
R'= EDG, EWG. e
R2 = alkyl, silyl.
J

Scheme 4. Non-directed C—H alkynylation of arenes by Pd/dual ligand catalysis.

As summarized in Chapter 1, our group has discovered a new type of S,0-
ligands that enables Pd-catalyzed C-H olefination of simple arenes,
thiophenes, anisole, and aniline derivatives.['"! At the time of this work, only
the introduction of an olefin moiety was achieved using the Pd/S,O-ligand
catalyst. Therefore, we decided to investigate if the Pd/S,O-ligand catalyst
could also be effectively applied for the introduction of alkyne functionalities.

In this chapter, we report an efficient non-directed para-selective C-H
alkynylation of aniline derivatives by Pd/S,0-ligand based catalyst (Scheme
5). The reaction proceeds under mild conditions with a wide range of ortho-
and meta-substituted anilines, including both electron-donating and electron-
withdrawing groups. The synthetic versatility of the alkynylated products is
further demonstrated through their subsequent functionalization.
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2R3
NRR Pd(OAc), (10 mol%)
X S,0-ligand (10 mol%) 1l
R1T P + TBDPS———| R'G PhS COOH
AgOAc (2.0 equiv.) K
H = 8,0-ligand

TBDPS = Si'BuPh,
R' = EDG, EWG; R? = H, alkyl, aryl; R® = alkyl, aryl.
.

Scheme 5. This work: para-C—H alkynylation of anilines catalyzed by Pd/S,O-ligand.
2.2 Results and discussion

To initiate our investigations we employed N,N-dibenzylaniline 1a and 1-
iodo-2-(triisopropylsilyl)acetylene 2a as model substrates. We carried out the
reaction in the presence of Pd(OAc),, 3-methyl-2-(phenylthio)butanoic acid
L1, which shows to be the most active S,0-ligand in the C—H olefination of
anilines,['¥ and AgOAc at 80 °C under sealed tube conditions. First, we
studied the optimal amounts of alkynyl iodide 2a and AgOAc using
dichloromethane (DCM) as solvent (Table 1). The combination of 1 equiv. of
alkyne iodide 2a and 2 equiv. of AQOAc led to 17% yield of product 3ao (entry
1). By increasing the alkyne iodide to 2 equiv., under the same conditions,
the yield was improved to 39% as determined by 'H NMR (entry 2). However,
further increasing the amount of the alkynylating reagent did not lead to an
improvement in yield (entry 3). Similarly, when the alkyne iodide loading was
fixed at 2 equiv., the product yield reached a maximum with 2 equiv. of
AgOAc, but slightly decreased when higher amounts of AQOAc were used
(entry 5).
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Table 1. Screening of amounts of AOAc and alkyne source.?

NBn,
NBn, PA(OAC), (10 mol%) : S0Oligand:

L1 (10 mol%) : @ I
+ TIPS——=——| :
2a  AgOAc(1-3 equiv) :

‘ ‘ S COOH
DCM (0.2 M), 80 °C, 16 h
1a (1-3 equiv.) : L1

(0.1 mmol, 1.0 equiv.) -I::;S
Entry Alkyne 2a AgOAc "H NMR Yield of 3ao
(equiv.) (equiv.)
1 1.0 2.0 17%
2 2.0 2.0 39%
3 3.0 2.0 34%
4 2.0 1.0 31%
5 2.0 3.0 26%

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

Next, we examined the influence of various solvents on the C—H alkynylation
reaction (Table 2). Chlorinated solvents including DCM, DCE and chloroform
outperformed other solvents (entries 1-3), with chloroform providing the
highest yield (41%) among them. In contrast, poorer outcomes (<30%) were
observed with non-chlorinated solvents, such as tert-amyl alcohol (t--Amyl-
OH), hexafluorobenzene (CsFs), DMF, EtOAc and 1,4-dioxane (entries

4-8). Additionally, reactions carried out with acetonitrile (MeCN) or

hexafluoroisopropanol (HFIP) resulted in a complex mixture of products and
yields could not be determined (entries 9 and 10). Based on these results,

chloroform was selected for further reaction optimization.

Table 2. Screening of solvents.?

NBn,
¢ S,0-ligand:
NBn; Pd(OAc), (10 mol%) :
_ S,0-ligand (10 mol%) :
+ TIPS——I - :
AgOAc (2.0 equiv.) : S COOH
2a solvent (0.2 M), 80 °C, 16 h Il : 1
1a (2.0 equiv.)
TIPS
3a,
Entry Solvent "H NMR Yield of 3ao
1 DCM 39%
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2 DCE 37%
3 CHCIs 41%
4 t-Amyl-OH 9%
5 CesFs 24%
6 DMF 10%
7 EtOAc 26%
8 1,4-dioxane 14%
9 MeCN traces
10 HFIP n.d.

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

We also explored the effect of various silver salts on the reaction outcome.
As illustrated in Table 3, AgOAc proved to be more effective than Ag-O and
Ag2COs3, delivering the alkynylated product 3ap in 41% yield (entries 1-3). In
contrast, silver salts derived from strong acids had a deleterious effect on the
yield of the alkynylated product, resulting in a complex mixture of products
(entries 4-6). While the exact role of silver salts remains unclear, they are
believed to facilitate iodide abstraction as t-Lewis acids,[" promote B-halide
elimination, or assist in regenerating the Pd(ll) catalyst.['6'8]

Table 3. Screening of silver salts.?

NBn, .
+ S,0-ligand:

NBn, Pd(0AG), (10 mol%) :
. Tips——_ _S:O-ligand (10 mol%) : ©\ I
— ' Agsalts (2.0 equiv.) : s~ ~COOH

2a CHCly (0.2 M), 80°C, 16 h ||

1a (2.0 equiv.) Lo : L1
3a,
Entry Ag salts "H NMR Yield of 3ao
1 AgOAc 41%
2 Ag20 20%
3 Ag2COs 11%
4 AgTFA n.d.
5 AgNOs3 n.d.
6 AgOTf n.d.

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.
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Next, we evaluated the reaction at different temperatures (Table 4). The
reaction proceeded effectively at 70 °C, yielding the alkynylated product 3ao
in 39%, with 51% of the starting material remaining (entry 1). To further
promote the alkynylation reaction, we tested higher temperatures up to 100
°C (entries 3-4). However, increasing the reaction temperature resulted in a
decreased yield of the desired product. Notably, the conversion rate
remained nearly constant despite the elevated temperatures, while higher
temperatures led to greater decomposition of aniline.

Table 4. Screening of temperatures.2

NBny .
¢ §,0-ligand:
NBn, Pd(OAC), (10 mol%) :
+ Tps_—_ _S:0-ligand (10 mol%) : @I
s " AgOAc (2.0 equiv.) : s7 >COOH
a CHCI3 (0.2 M), T, 16 h l : L1
1a (2.0 equiv.) :
TIPS &
3ag
Entry Temperature (°C) "H NMR Yield of 3ao
1 70 39%
2 80 41%
3 90 36%
4 100 34%

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

Subsequent studies using different Pd(Il) salts as precatalysts yielded
interesting results (Table 5). When the reaction was conducted with
Pd(TFA)2 (entry 1), only 7% of alkynylated product 3a, was formed,
accompanied by 39% of the iodinated aniline 3a'. Notably, with PdClI,
the iodination reaction dominated the alkynylation, resulting in a 90%
yield of the side product 3a’ (entry 2). In the presence of other Pd salts,
the formation of the alkynylated product was favored, achieving yields of
up to 41% with Pd(OAc). (entries 3-6). Although no mechanistic
investigations were performed in this project, the formation of the byproduct
3a’ suggests that the reaction may proceed via a Pd(ll)/Pd(IV) pathway,
involving the oxidative addition of alkynyl iodide 2a to a Pd(ll) intermediate,
followed by reductive elimination to yield the byproduct 3a’.
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Table 5. Screening of palladium salts.2

NBn,

NB E S,0-ligand:
NBn, Pd species (10 mol%) 2 3 ¢

_ S,0-ligand (10 mol%) :
+ TIPS—1I - + .
AgOAc (2.0 equiv) '

H S COOH

2a CHCI; (0.2 M), 80°C, 161 ||

1a (2.0 equiv) | . L1
TIPS :
3a, 3a’
Entry Pd salts "H NMR Yield of 3ao "H NMR Yield of 3a’
1 Pd(TFA)2 7% 39%
2 PdCl2 4% 90%
3 Pd(CH3CN)2Cl2 30% 4%
4 Pd(acac)2 23% traces
5 Pd(OPiv)2 26% 5%
6 Pd(OAc): 41% 6%

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

Furthermore, the effect of S,0-ligands on the reaction outcome was
systematically evaluated, with all tested ligands successfully yielding the
alkynylated product 3ae (Table 6). Among them, ligand L3, featuring a
cyclopropyl group and a phenyl group attached to the sulfur atom, provided
the highest yield of 44%. The reaction with other S,0-ligands bearing
different alkyl groups at the a-position, such as isopropyl, gem-dimethyl, and
tert-butyl (L1, L2, and L4 respectively), provided lower yields, ranging from
29% to 41%. We also investigated the effect of various substituents on the
phenyl ring of the S,0-ligand. The sterically hindered mesityl group did not
lead to an improvement in yield compared to the unsubstituted phenyl group
(L1 vs. L5, L4 vs. L6). Ligands with either electron-donating or electron-
withdrawing substituents on the phenyl ring (L7-L9) failed to enhance the
reactivity. The ligand screening was completed by replacing the phenyl group
with an isopropyl group on the sulfur atom, which still resulted in a low
product yield (27%) (L10). Therefore, we proceeded with the S,0-ligand L3
for further studies.
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Table 6. Screening of S,0-ligands.?

NBn,
NBn, Pd(OAc), (10 mol%)
_ S,0-ligand (10 mol%)

+ TIPS——I -
AgOAc (2.0 equiv.)
2a CHCl; (0.2 M), 80 °C, 16 h If
1a (2.0 equiv.)
TIPS
3ag
o o o O
S)W/ Sk S/b S)W<
L1, 41% L2, 36% L3, 44% L4, 29%
MeO OMe FsC
COOH cooH ¢ COOH '3 \©\ COOH
S)W/ S)\K S)W/ S)ﬁ/
OMe
L5, 36% L6, 30% L7, 14% L8, 34%
| X COOH COOH
Fso _
s S
L9, 17% L10, 27%

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

Finally, we explored the effect of different alkyne sources on the C-H
alkynylation of the aniline 1a (Table 7). Our study commenced with an
evaluation of silyl-protecting groups, including triisopropylsilyl (TIPS), tert-
butyldiphenylsilyl (TBDPS) and tert-butyldimethylsilyl (TBS). The bulkier
TBDPS group (2b) exhibited superior performance, providing the desired
product in 60% yield, whereas TIPS (2a) gave a lower yield. TBS-protected
alkyne proved to be incompatible under the reaction conditions. Notably, the
substitution of silyl groups with alkyl or phenyl groups resulted in complete
reaction failure (2d-2g), in contrast with previous reports.!®14-1% Additionally,
the use of bromo-alkynes (2h-2j) revealed a similar reactivity trend to that
observed with iodo-alkynes. Only the TBDPS-substituted bromo-alkyne 2h
successfully afforded the desired product, albeit in a slightly lower yield
(52%). The TBS- (2i) and Ph- (2j) substituted alkynes showed almost no
reactivity under the tested conditions. The narrow range of compatible
alkynes suggests a mechanistic deviation from previously proposed C—H
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alkynylation pathways,®'418 put further investigation is needed to confirm
this hypothesis.

Table 7. Screening of alkyne sources.?

NBn, :
NEn, Pd(OAc); (10 mol%) : S0Origand:
. R——X S,0-ligand (10 mol%) E
) AgOAc (2.0 equiv) : N
_ CHCI3 (0.2 M), 80 °C, 16 h l : s” > COOH
(2.0 equiv) H
1a H L3
R
3
TIPS—=——I TBDPS———I TBS——1I [TTTTTTTTTTTs !
i !
P TIPS = P
2a, 44% 2b, 60% 2c, traces : _ i
' Pr” 'Pr
O&| PhyC——=—1 Mes—=—=—1 Ph—=—=—1 By
OTBS | TBDPS = /\Sli%'
0 : Ph" Ph
2d, 0% 2e, 0% 2f, 0% 2g, traces
TBDPS—==—Br TBS—=——Br Ph—=—Br . TBs= Bu, %
1 Si,
2h, 52% 2i, traces 2j, traces \ Me" Me

[a] "H NMR yield was determined by using CH2Br2 as the internal standard.

After screenings of various reaction conditions, including solvents, silver
salts, temperatures, Pd and alkyne sources, and S,0-ligands, optimal results
were achieved using 1-iodo-2-(tert-butyldiphenylsilyl)acetylene (2i, 2 equiv.)
as alkyne source, Pd(OAc)./S,0-ligand L3 (10 mol%) as catalyst, in the
presence of AgOAc (2 equiv.)" in chloroform (0.2 M) at 80 °C. Under these
conditions, the desired para-alkynylated product 3a was obtained in 58%
isolated yield (Scheme 6). It is worth mentioning that the reaction proceeded
with perfect para-selectivity, as no other regioisomers were detected in the
crude mixture. "

With the optimized conditions already established, we examined the
scope of the Pd-catalyzed C—H alkynylation reaction using different
substituted N,N-dibenzylanilines and alkyne sources (Scheme 6).
Based on the knowledge of our previous C—H olefination of anilines,!'’™
we assumed that ortho-substituted N,N-dibenzylanilines would be
50
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ineffective substrates in C—H alkynylation reaction. This is due to the
steric interactions between the N-benzyl group and the ortho-
substituent, which twists the nitrogen out of the aromatic plane, thereby
reducing conjugation and deactivating the aniline.l'’d Therefore, we
evaluated the reaction using meta-substitued N,N-dibenzylanilines.
The reaction of N,N-dibenzyl-3-fluoroaniline (1b) with 1-iodo-2-(tert-
butyldiphenylsilyl)acetylene provided the desired product 3b in 69%
isolated yield with perfect para-selectivity. Notably, 3b was prepared on
a 3 mmol scale in 76% isolated yield under the same reaction
conditions. Furthermore, 3¢ (62% isolated yield) was prepared using
TIPS as a protecting group for the alkyne partner. 3-Chloro- and 3-
bromo-anilines were also successfully alkynylated, vyielding the
corresponding products 3d and 3e in good yields (both 58% isolated
yield). When the reaction was performed with 3-methyl, 3-methoxy, or
3-phenoxy N,N-dibenzyl anilines (1f-h), the para-alkynylated products
(3f-h) were isolated in synthetically useful yields (42-69% isolated
yields). In these reactions, some decomposition of the starting and/or
final anilines was observed, especially for the aniline bearing the
methoxy group (3g). Benzaldehyde, as one of the oxidized byproducts
of benzyl anilines, was commonly found in the alkynylation of most
substrates. This could be formed either through a radical or ionic
oxidation.?" To evaluate the steric tolerance of the methodology, meta-
tert-butyl substituted aniline (1i) was tested. However, the reaction
failed to produce the desired alkynylated product 3i, demonstrating the
sensitivity of the methodology to steric factors.
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NBn,
NBn, Pd(OAc), (10 mol%) i S,0-ligand:
S,0-ligand L3 (10 mol%) )
+ PG——=——1I R 4
R AgOAc (2.0 equiv) .
2aor 2b :
i e an‘(’;uiv) CHCly (0.2 M), 80 °C, 16 h I : S° COOH
1 : PG : L3
PG = TBDPS or TIPS 3 :
With S,0-ligand
Without S,0-ligand
Dibenzyl anilines
NBn, NBn, NBn, NBn; NBn;
F F Cl Br
TBDPS TBDPS TIPS TBDPS TBDPS
3a, 58% 3b, 69%, 76%? 3c, 62% 3d, 58% 3e, 58%
39 0% 0% 4% traces
NBn, NBn, NBn, 3 NBn,
O/ O,Ph 3 By
1BDPS TBDPS TBDPS . TBDPS
3f, 51% 39, 42% 3h, 69% ' 3i, 0%
0% 5% 0% .

Scheme 6. para-C—H Alkynylation of N,N-dibenzylanilines. 1 (0.2 mmol, 1.0 equiv.), 2
(2.0 equiv.), Pd(OAc)2 (10 mol%), L3 (10 mol%) and AgOAc (2.0 equiv.) in CHCIs (0.2 M) at
80 °C for 16 h; isolated yields. '"H NMR yields of reactions without ligands are given in blue.
[a] 3.0 mmol scale. PG = protecting group.

Next, we extended our scope to ortho-substituted secondary anilines
(Scheme 7).'" We observed that ortho-substituted anilines bearing
electron-donating substituents, such as Me or OMe groups, were prone to
decomposition under the reaction conditions used. Nevertheless, the less
reactive 0-CO;Me-substituted N-benzyl aniline 1j provided the desired
product in a 43% isolated yield with perfect para-selectivity. Disubstituted
anilines containing an ortho-methyl ester group and a -Me, -OMe, or -F (1k-
1m) substituent at the meta-position underwent C—-H alkynylation to provide
para-alkynylated anilines (3k-3m), as the only products in synthetically useful
yields (37-50%). For substrates 11-1n, the reaction showed low conversion
under standard conditions. Therefore, modified conditions were employed to
improve the conversion, including reversing the stoichiometry of aniline and
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alkyne (11 and 1n), raising the temperature (1n) or increasing the loading of
both alkyne and AgOAc (1m). For instance, the reaction of N-benzyl-o-
chloro-m-(methoxy)aniline (1n) at 80 °C yielded the para-alkynylated product
3n in only 19%, with 69% of the starting material 1n remaining. Raising the
temperature to 100 °C and using a higher amount of substrate 1n improved
the yield to 40%. To underscore the pivotal role of the S,0-ligand in this
transformation, we conducted the C-H alkynylation reaction for each
substrate in the absence of the S,0O-ligand L3 (Scheme 6 and 7). As
anticipated, no alkynylated product or only trace amounts were obtained,
emphasizing the crucial role of the S,0-ligand in the reaction.

NHBn
NHBn Pd(OAc); (10 mol%) R? o
R2 S,0-ligand L3 (10 mol%) : S.Odigand:
+ TBDPS——I R! :
R' 2b AgOAc (2.0 equiv) : z
H ) CHCI; (0.2 M), 80 °C, 16 h ‘ ‘ : S~ TCOOH
(2.0 equiv) :
1 TBDPS L3
With S,0-ligand 3
Without S,0-ligand
secondary anilines
NHBn NHBn NHBn NHBn NHBn
COzMe CO,Me CO,Me CO,Me Cl
o F H,CO
TBDPS TBDPS TBDPS TBDPS TBDPS
3j, 43% 3k, 50% 317, 48% 3m®, 37% 3n°,40%
0% 0% traces 0% 0%

Scheme 7. para-C—H Alkynylation of secondary anilines. 1 (0.2 mmol, 1.0 equiv.), 2 (2.0
equiv.), Pd(OAc)2 (10 mol%), L3 (10 mol%) and AgOAc (2.0 equiv.) in CHCIs (0.2 M) at 80 °C
for 16 h; isolated yields. '"H NMR yields of parallel reactions without ligands are given in blue.
[a] 2b (1.0 equiv.), AGOAc (1.0 equiv.) and 1 (2.0 equiv.). [b] 2b (3.0 equiv.), AgOAc (3.0
equiv.). [c] 2b (1.0 equiv.), AGOAc (1.0 equiv.) and 1 (2.0 equiv.) at 100 °C.

After proving the efficiency of the Pd/S,O-ligand catalyst on anilines bearing
both electron-donating and electron-withdrawing groups, we further
demonstrated its tolerance towards various N-substituted anilines (Scheme
8). 3-Fluoro N,N-dimethyl- and N,N-diethylaniline (10-p) were successfully
alkynylated to give the corresponding para-products (30-p) in 57% and 68%
isolated yield, respectively. The reaction of N-methyl-N-phenyl-3-fluoro-
aniline (1q) afforded the alkynylated product in 42% yield and with excellent

regioselectivity. The methodology was also compatible with 3-fluoro-anilines
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with a N-pyrrolidine and N-morpholine motifs 1r and 1s. Modification of the
reaction conditions for substrates 10, 1q, and 1s, by reversing the
equivalents of the aniline substrates and the alkynyl iodide 2b led to an
increase in the yield of alkynylation products of about 5% compared to the
standard conditions. Next, we performed the reaction with the unprotected 8-
acetyltetrahydroquinoline (1t) and the bioactive spiro- tetrahydroquinoline
derivative 1u.?? To our delight, both substrates were compatible with the
reaction conditions, providing the alkynylated products with 49% and 50%
isolated yield, respectively (Scheme 8). The alkynylation of unprotected
tetrahydroquinoline 1w failed to deliver any alkynylated product, probably
due to the decomposition or the coordination between the Pd catalyst and
the free amine (-NH) group, or both. On the other hand, the reaction of
methyl-protected tetrahydroquinoline 1v provided the alkynylated product in
32% "H NMR yield.
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NR'R?
NR'R? Pd(OAc); (10 mol%) P s O-ligand :
S,0-ligand L3 (10 mol%) ¢
+  TBDPS——=——I R ©\
R 2b AgOACc (2.0 equiv) ‘ ‘ SZCOOH
H (2.0 equiv) CHCI; (0.2 M), 80 °C, 16 h :
1 TBDPS : L3
With S,0-ligand 3
Without S,0-ligand
N,N-disubstituted anilines (o]

.Ph
NMe, NEt, >N L) [ ]

N N
F F .
F
I I I I I

TBDPS TBDPS TBDPS

-

TBDPS TBDPS
30%, 57% 3p, 68% 392, 42% 3r,51% 3s?, 44%
12% traces traces 0% traces

tetrahydroquinolines

TBDPS
X

O

3t, 49%
0%

Scheme 8. para-C-H Alkynylation of N,N-disubstituted anilines and
tetrahydroquinolines. 1 (0.2 mmol, 1.0 equiv.), 2 (2.0 equiv.), Pd(OAc)z (10 mol%), L3 (10
mol%) and AgOAc (2.0 equiv.) in CHCI3 (0.2 M) at 80 °C for 16 h; isolated yields. '"H NMR
yields of parallel reactions without ligands are given in blue. [a] 2b (1.0 equiv.), AQOAc (1.0
equiv.) and 1 (2.0 equiv.).

Finally, we demonstrated the synthetic utility of the alkynylated products
obtained through further derivatization reactions (Scheme 9). The
deprotection reaction of 3b was carried out using TBAF/THF, furnishing the
desilylation product 4 with an excellent yield of 92% (Scheme 9a). Treating
the obtained terminal alkyne 4 with iodobenzene under typical Sonogashira
coupling conditions led to diphenylethyne 5 in 80% vyield. Moreover, the
terminal alkyne 4 was subjected to click reaction conditions, providing the
triazole 6 with a 66% yield. Next, we performed the derivatization of the m-
bromo substituted alkynylated aniline 3e. The coupling of 3e with PhB(OH).
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and morpholine using a Pd catalyst, furnished the coupling products 7 and 8
in 52% and 80% isolated yield, respectively (Scheme 9b).

a) NBn2
Phl O
PACIy(PPhg),, Cul F
EtsN, N, It
NBn, NBn; 60°C, 24 h
TBAF/THF O
F rt., 10 min E 5 (80%)
I It NBn,
TBDPS H B,
3b 4 (92%) Cu(MeCN),BF, E
Et;N, DCM, N,
rt., 16 h 7N
N—N
Bn/
6 (66%)
b) NBn,
PhB(OH), O
NBn,
Pd(PPha)s, Na,COjy
THF/toluene/H,0 ‘ ‘
[o]
Br 105°C, 24 h TBDPS
I 7 (52%)
NBn,
TBDPS
3e Morpholine
Pd,(dba)s, BINAP, t-BuONa N
toluene, reflux, 16 h I L_o
TBDPS
8 (80%)

Scheme 9. Synthetic derivatizations of the alkynylated products.
2.3 Conclusion

In conclusion, we have developed a general protocol for non-directed para-
selective C—H alkynylation of aniline derivatives by Pd/S,O-ligand catalysis.
The reaction proceeds under mild conditions with perfect para-selectivity
providing the alkynylated anilines in synthetically useful yields. Despite the
limited scope of alkynes, the catalytic system efficiently accommodates a
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wide range of secondary and tertiary aniline and tetrahydroquinoline
substrates, including those with electron-withdrawing groups. The
methodology is operationally simple and scalable. Additionally, the synthetic
versatility of the functionalized products was demostrated by further
derivatization of the alkynylated anilines.
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2.5 Experimental section
2.5.1 General information

Chromatography: Silicycle Silica Flash P60 size 40-63 um (230-400 mesh),
TLC: Merck silica gel 60 (0.25mm), preparative TLC: Analtech silica gel G
1500 um 20x20 cm. Visualization of the chromatogram was performed by UV
and KMnQOas solution. 'H and '3C were recorded on Bruker 500 AMX, 400 and
Bruker DRX 300 using CDCIs as the solvent otherwise it will be noted. Data
are reported as follows: chemical shifts, multiplicity (s = singlet, d = doublet,
dd = doublet of doublets, t = triplet, g = quartet, m = multiplet), coupling
constants (Hz), and integration. IR spectra were recorded on a Bruker Alpha
FTIR machine and wavelengths are reported in cm-'. Mass spectra were
recorded on a JEOL JMS-T100LP AccuTOF 2012 (ESI), JEOL JMS-T100GCv
AccuTOF 2012, (El, FD). The melting point was measured in Melting Point
apparatus Blchi M-565. All reagents and solvents were used as received
unless it was specified. Pd(OAc)2 was purchased from Strem. N,N-
dibenzylaniline (1a) were purchased from commercial suppliers. Aniline
substrates 1j-10 was prepared following the procedure reported in the
literature.l'7d Aniline substrates 1t and 1u and the S,O-ligands were
synthesized following the procedure reported in the literature.['7a.b]

2.5.2 Synthesis of aniline substrates

Substrates 1a-1i and 1p were prepared following the general procedure
reported in the literature:[23!

NH, NBn,
BnBr, K,CO3

DMF, 120 °C, 2 d
R R

To a solution of m-substituted aniline (1.0 equiv.) in DMF (0.5 M) was added
K2COs3 (5.0 equiv.) and BnBrz (4.0 equiv.) under nitrogen atmosphere at room
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temperature. The mixture was then stirred for 2 days at 120 °C. The reaction
was then stopped by adding Et2NH (2.5 equiv.) at 0 °C. The mixture was
extracted with CH2Cl2 three times and the combined organic extracts were
washed with brine, dried over anhydrous MgSOQOyu, filtered and concentrated
under reduced pressure. The product was purified by flash column
chromatography.

N,N-Dibenzyl-3-fluoroaniline (1b)

nBn,  N,N-Dibenzyl-3-fluoroaniline (1b) was prepared following the general
procedure using 3-fluoroaniline (1.92 mL, 20 mmol, 1.0 equiv.), K2COs
(13.82 g, 100 mmol, 5.0 equiv.), BnBr2(9.51 mL, 80 mmol, 4.0 equiv.)
in DMF (40 mL). Eta2NH (5.19 mL, 50 mmol, 2.5 equiv.) was added to
the mixture. Purification by column chromatography on silica gel
using pentane:CH2Cl2z (10:1, v/v) as an eluent provided the titled compound as
a white solid (4.66 g, 80% yield). "TH NMR (300 MHz, Chloroform-d) & 7.43 — 7.31
(m, 7H), 7.29 — 7.26 (m, 3H), 7.17 —=7.09 (m, 1H), 6.54 (dd, J = 8.4, 2.4 Hz, 1H), 6.50
—6.40 (m, 2H), 4.69 (s, 4H). 3C NMR (101 MHz, Chloroform-d) & 164.2 (d, J = 243.4
Hz), 151.0 (d, J = 10.1 Hz), 138.0, 130.3 (d, J = 10.1 Hz), 128.8, 127.1, 126.6, 108.1
(d, J=2.0Hz), 103.3 (d, J = 22.2 Hz), 99.5 (d, J = 26.3 Hz), 54.3. IR: v 3029, 1620,
1499, 1162, 754, 734, 696 cm-'. HRMS (ESI) m/z: [M+H]* calculated for
C20H1sFN* 292.1502; found: 292.1513. M.P. 40 — 42 °C.

1b

N,N-Dibenzyl-3-chloroaniline (1d)

NBn, N,N-Dibenzyl-3-chloroaniline (1d) was prepared following the general
procedure using 3-chloroaniline (0.83 mL, 9 mmol, 1.0 equiv.), K2COs
(6.22 g, 45 mmol, 5.0 equiv.), BnBrz(4.28 mL, 36 mmol, 4.0 equiv.) in

¢ DMF (20 mL). EtaNH (2.33 mL, 22.5 mmol, 2.5 equiv.) was added to
the mixture. Purification by column chromatography on silica gel

using pentane/CH2Cl2 (10:1, v/v) as an eluent provided the titled compound as

a white solid (2.30 g, 83% vyield). '"H NMR spectra data of the isolated material

matched with the spectra data reported in the literature for this compound. (2]

"H NMR (400 MHz, Chloroform-d) & 7.38 — 7.29 (m, 6H), 7.26 — 7.25 (m, 4H), 7.09

(t, J=8.8 Hz, 1H), 7.77 (t, J = 0.8 Hz, 1H), 6.68 (dd, J = 25.6, 8.0 Hz, 2H), 4.66 (s,

4H). M.P. 63 — 64 °C.

1d
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N,N-Dibenzyl-3-bromoaniline (1e)

NBn, N,N-Dibenzyl-3-bromoaniline (1e) was prepared following the general

procedure using 3-bromoaniline (0.54 mL, 5 mmol, 1.0 equiv.), K2COs3s

@\ (3.46 g, 25 mmol, 5.0 equiv.), BnBr2(2.37 mL, 20 mmol, 4.0 equiv.) in

B' DMF (10 mL). Etz2NH (1.29 mL, 12.5 mmol, 2.5 equiv.) was added to

the mixture. Purification by column chromatography on silica gel

using pentane/CH2Cl2 (10:1, v/v) as an eluent provided the titled compound as

a white solid (1.31 g, 74% yield). "H NMR spectra data of the isolated material

matched with the spectra data reported in the literature for this compound.[?3]

H NMR (400 MHz, Chloroform-d) 8 7.39 — 7.35 (m, 4H), 7.32 — 7.29 (m, 2H), 7.27

—7.24 (m, 4H), 7.03 (t, J = 8.0 Hz, 1H), 6.93 (t, J = 2.0 Hz, 1H), 6.86 — 6.84 (m, 1H),
6.68 — 6.65 (m, 1H), 4.66 (s, 4H). M.P. 91 — 93 °C.

1e

N,N-Dibenzyl-3-methylaniline (1f)

NBn, N,N-Dibenzyl-3-methylaniline (1f) was prepared following the general
procedure using 3-methylaniline (0.96 mL, 9 mmol, 1.0 equiv.), K2COs
(6.22 g, 45 mmol, 5.0 equiv.), BnBr2(4.28 mL, 36 mmol, 4.0 equiv.) in
DMF (20 mL). Et2NH (2.33 mL, 22.5 mmol, 2.5 equiv.) was added to
the mixture. Purification by column chromatography on silica gel using
pentane/Et20 (50:1, v/v) as an eluent provided the titled compound as a white
solid (1.61 g, 62% yield). '"H NMR spectra data of the isolated material
matched with the spectra data reported in the literature for this compound.[24]
"H NMR (400 MHz, Chloroform-d) 8 7.38 — 7.29 (m, 7H), 7.27 — 7.24 (m, 3H), 7.09
(t, J=10.4 Hz, 1H), 6.63 — 6.59 (m, 3H), 4.66 (s, 4H), 2.27 (s, 3H). M.P. 74 — 76
°C.

1f

N,N-Dibenzyl-3-methoxyaniline (1g)

NBn, N,N-Dibenzyl-3-methoxyaniline (1g) was prepared following the general
procedure using m-anisidine (0.45 mL, 4 mmol, 1.0 equiv.), K2CO3(2.76
_ 9,20 mmol, 5.0 equiv.), BnBr2(1.91 mL, 16 mmol, 4.0 equiv.) in DMF
© (10 mL). EtaNH (2.33 mL, 22.5 mmol, 2.5 equiv.) was added to the
mixture. Purification by column chromatography on silica gel using
pentane/Et20 (50:1, v/v) as an eluent provided the titled compound as a yellow
oil (1.03 g, 85% yield). "H NMR spectra data of the isolated material matched
with the spectra data reported in the literature for this compound.28] "TH NMR
(400 MHz, Chloroform-d) & 7.40 — 7.32 (m, 6H), 7.27 — 7.25 (m, 4H), 7.10 (t, J = 8.0
Hz, 1H), 6.41 (t, J = 8.4 Hz, 1H), 6.34 — 6.31 (m, 2H), 4.66 (s, 4H), 3.72 (s, 3H).
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N,N-Dibenzyl-3-phenoxyaniline (1h)

N,N-Dibenzyl-3-phenoxyaniline (1h) was prepared following the general
procedure using 3-phenoxyaniline (0.8 mL, 5 mmol, 1.0 equiv.), K2CO3
_Ph (3.46 g, 25 mmol, 5.0 equiv.), BnBr2z(2.37 mL, 20 mmol, 4.0 equiv.)
o in DMF (10 mL). Et2NH (2.33 mL, 22.5 mmol, 2.5 equiv.) was added
to the mixture. Purification by column chromatography on silica gel
using pentane/Et20 (50:1, v/v) as an eluent provided the titled compound as a
colorless liquid (1.58 g, 87% vyield). "H NMR (300 MHz, Chloroform-d) & 7.43 —
7.30 (m, 8H), 7.28 — 7.25 (m, 4H), 7.14 (t, J= 8.1 Hz, 1H), 7.11 = 7.06 (m, 1H), 7.02
—6.98 (m, 2H), 6.54 (dd, J = 8.1, 2.1 Hz, 1H), 6.49 (t, J = 2.4 Hz, 1H), 6.36 (dd, J =
8.1, 2.1 Hz, 1H), 4.67 (s, 4H). *C NMR (75 MHz, Chloroform-d) & 158.3, 157.1,
150.8, 138.3, 130.1, 129.6, 128.7, 127.0, 126.7, 122.9, 118.8, 107.7, 106.9, 103.4,
54.4. IR: v 3026, 1487, 1215, 752, 732, 691 cm'. HRMS (ESI) m/z: [M+H]*
calculated for C26H23NO* 366.1858; found: 366.1869.

NBn,

1h

N,N-Dibenzyl-3-(tert-butyl)aniline (1i)

NBn, N, N-dibenzyl-3-(tert-butyl)aniline (1i) was prepared following the general

procedure using 3-(fert-butyl)aniline (500 mg, 3.35 mmol, 1.0 equiv.),
- K2CO3(2.32 g, 16.8 mmol, 5.0 equiv.), BnBr2(1.6 mL, 13.4 mmol, 4.0

equiv.) in DMF (10 mL). Eta2NH (1.55 mL, 15 mmol, 2.5 equiv.) was

added to the mixture. Purification by column chromatography on
silica gel using pentane/Et2O (50:1, v/v) as an eluent provided the titled
compound as a pale yellow oil (1.06 g, 96% yield). '"H NMR (400 MHz,
Chloroform-d) & 7.37 — 7.25 (m, 10H), 7.14 (t, J = 8.0 Hz, 1H), 6.82 — 6.77 (m, 2H),
6.63 — 6.60 (m, 1H), 4.67 (s, 4H), 1.23 (s, 9H). 3C NMR (101 MHz, Chloroform-d) &
152.1 (2C), 149.2, 139.1 (2C), 128.8 (2C), 128.7 (4C), 126.9 (4C), 114.2, 110.4,
110.2, 54.8 (2C), 34.9, 31.4 (3C). IR: v 3062, 3027, 2960, 2901, 2864, 1599, 1574,
1493, 1450, 1387, 1360, 1327, 1295, 1268, 1223, 1202, 1163, 1124, 1074, 1028,
992, 960, 898, 876, 849, 773, 729, 695, 642, 618, 596, 536, 457 cm™'. HRMS (ESI)
m/z: [M+H]* calculated for C24H27N* 330.2222; found: 330.2218.

1i

3-Fluoro-N,N-diethylaniline (1p)

NEt, 3-Fluoro-N,N-diethylaniline (1p) was prepared following the general
procedure using 3-ethylaniline (0.48 mL, 5 mmol, 1.0 equiv.), K2CO3(3.45
g, 25 mmol, 5.0 equiv.), C2HsBr (1.50 mL, 20 mmol, 4.0 equiv.) in DMF
(10 mL). Et2NH (1.29 mL, 12.5 mmol, 2.5 equiv.) was added to the
mixture. Purification by column chromatography on silica gel using
pentane:CH2Cl2 (10:1, v/v) as an eluent provided the titled compound as a
yellow liquid (0.65 g, 78% yield). '"H NMR (400 MHz, Chloroform-d) 8 7.03 (q, J =
7.6 Hz, 1H), 6.33 (dd, J = 8.4, 2.0 Hz, 1H), 6.28 — 6.21 (m, 2H), 3.25 (q, J = 7.2 Hz,
60
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4H), 1.08 (t, J = 6.8 Hz, 6H). 3C NMR (75 MHz, Chloroform-d) & 164.5 (d, J = 239.3
Hz), 149.5 (d, J = 10.5 Hz), 130.2 (d, J = 10.5 Hz), 107.2 (d, J = 2.3 Hz), 101.6 (d, J
=21.8 Hz), 98.4 (d, J = 25.5 Hz), 44.5, 12.5. IR: v 2970, 1617, 1500, 1201, 819, 749,
682 cm'. HRMS (ESI) m/z: [M+H]* calculated for C1oH14FN* 168.1189; found:
168.1195.

3-Fluoro-N-methyl-N-phenylaniline (1q) was prepared following the
procedure reported in the literature:[27]

F \N/Ph

NHCH; t-BuOK
+
©/ DMSO, rt., 3 h
F F

1q

A 25 mL vial was charged with a stir bar and -BuOK (1.122 g, 10 mmol, 1.0 equiv.)
in a glove box, capped and then moved out of the glove box. N-methylaniline (1.08
mL, 10 mmol, 1.0 equiv.), 1,3-difluorobenzene (0.98 mL, 10 mmol, 1.0 equiv.) and
DMSO (10 mL) were injected into the vial and the mixture was stirred at room
temperature for 3 h. Then, the mixture was poured into water and extracted with
CH2Cl2 three times. The combined organic extracts were washed with brine,
dried over anhydrous MgSOu, filtered and concentrated under reduced
pressure. Purification by column chromatography on silica gel using
pentane:CH2Cl2 (10:1, v/v) as an eluent provided the titled compound as an
orange liquid (1.61 g, 80%).

H NMR (300 MHz, Chloroform-d) & 7.40 — 7.34 (m, 2H), 7.19 — 7.10 (m, 4H), 6.70
— 6.66 (m, 1H), 6.64 — 6.53 (m, 2H), 3.33 (s, 3H). '"H NMR spectra data of the
isolated material matched with the spectra data reported in the literature for
this compound.271

1-(3-Fluorophenyl)pyrrolidine (1r) was prepared following the procedure
reported in the literature:28l

()

NH, N

Kl, K,CO4
Br +
Br CH4CN, 90 °C, 12 h
F F

1r

To a solution of 1,4-dibromobutane (1.18 mL, 10 mmol, 1.0 equiv.) in CH3CN (20
mL) was added KI (3.65 g, 22 mmol, 2.2 equiv.), K2CO3 (3.04 g, 22 mmol, 2.2 equiv.)
and 3-fluoroaniline (1.25 mL, 13 mmol, 1.3 equiv.) at room temperature. The
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mixture was stirred at 90 °C for 12 h. The mixture was then cooled to room
temperature, filtered and concentrated under reduced pressure. Purification
by column chromatography on silica gel using PE/EtOAc (20:1, v/v) as an
eluent provided the titled compound as a yellow liquid (1.40 g, 85%).

H NMR (300 MHz, Chloroform-d) 8 7.20 — 7.12 (m, 1H), 6.40 — 6.32 (m, 2H), 6.29
(dt, J=12.6, 2.4 Hz, 1H), 3.31 - 3.27 (m, 4H), 2.06 — 2.01 (m, 4H). '"H NMR spectra
data of the isolated material matched with the spectra data reported in the
literature for this compound.[28l

4-(3-Fluorophenyl)morpholine (1s) was prepared following the procedure
reported in the literature:[2°!

F o ()

- N
N [ ] LiHMDS
N THF, r.t. to 100 °C @\
F H
F

25h

1s

To a vial morpholine (043 mL, 5 mmol, 1.0 equiv.)) and lithium
bis(trimethylsilyl)amide (1.0 M in THF, 7.5 mL, 1.5 equiv.) were added. The vial was
sealed and stirred at 100 °C for 10 min. 1,3-Difluorobenzene was them added to
the mixture (0.74 mL, 7.5 mmol, 1.5 equiv.) at room temperature. The reaction
was stirred at 100 °C for 2.5 h. The reaction was then quenched by adding
solid NaHCOs; and loaded directly onto a silica gel column. Purification by
column chromatography on silica gel using pentane/Et20 (10:1, v/v) as an
eluent provided the titled compound as a colorless liquid (0.46 g, 51%).

H NMR (400 MHz, Chloroform-d) 8 7.15 — 7.10 (m, 1H), 6.60 — 6.57 (m, 1H), 6.52
—6.45 (m, 2H), 3.78 — 3.76 (m, 4H), 3.09 — 3.06 (m, 4H). "H NMR spectra data of
the isolated material matched with the spectra data reported in the literature
for this compound.[29]
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2.5.3 Synthesis of alkyne sources

tert-Butyl[(1-(iodoethynyl)cyclohexyl)oxy]dimethylsilane (2g) was prepared
using the following synthetic sequence.

HO CF3S05TBS TBSO NIS, AgNO, TBSQ
= < > 2,6-lutidine - acetone, r.t, 3 h S
0,
DCM,0°C,2h STEP B 2g
STEP A

STEP A:B%To a solution of 1-ethynyl-1-cyclohexanol (0.50 g, 4.0 mmol, 1.1 equiv.)
in CH2Cl2 (10 mL) was added TBSOTf (0.83 mL, 3.6 mmol) at 0 °C. The mixture
was stirred at 0 °C for 2 h before water (10 mL) was added. After reaching
room temperature, the organic layer was separated and the aqueous layer
was extracted three times with CH2Cl.. The combined organic layers were
washed with brine, dried over anhydrous MgSOQOu, filtered and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using hexane as an eluent provided the product as a colorless oil (0.64 g,
75%). "H NMR (400 MHz, Chloroform-d) & 2.47 (s, 1H), 1.85 —1.79 (m, 2H), 1.72 —
1.61 (m, 4H), 1.58 — 1.51 (m, 2H), 1.48 — 1.40 (m, 1H), 1.38 — 1.29 (m, 1H), 0.91 (s,
9H), 0.20 (s, 6H). '"H NMR spectra data of the isolated material matched with
the spectra data reported in the literature for this compound.[30

STEP B: To a solution of alkyne (0.71 g, 3 mmol, 1.0 equiv.) obtained from STEP A
in acetone (10 mL) was added N-iodosuccinimide (0.74 g, 3.3 mmol, 1.1 equiv.) and
AgNOs (51 mg, 0.3 mmol, 10 mol%). The reaction mixture was stirred under nitrogen
at room temperature for 3 h. The excess acetone was removed and the
reaction was then quenched with saturated NH4Cl solution. The aqueous layer
was extracted three times with CH2Cl.. The combined organic layers were
washed with brine, dried over anhydrous MgSOQOu, filtered and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using hexane as an eluent provided the titled compound as a colorless oil (0.86
g, 79%).

TBSO "H NMR (400 MHz, Chloroform-d) & 1.66 — 1.60 (m, 2H), 1.53 —1.42
I%O (m, 4H), 1.38 — 1.29 (m, 2H), 1.28 — 1.11 (m, 2H), 0.73 (s, 9H), 0.00
(s, 6H). 3C NMR (101 MHz, Chloroform-d) & 98.8, 70.5, 40.6, 25.4,
25.3,24.8,22.2,17.7, 0.0, -3.5. IR: v 2931, 2855, 1462, 1252, 1154,
834, 774, 698 cm™'. HRMS (FD) m/z: [M]* calculated for C14H250Si* 364.0719;
found: 364.0730.

2g
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2-(lodoethynyl)-1,3,5-trimethylbenzene (2h) was prepared using the following
synthetic sequence.

PdCI,(PPhj),, Cul = K,COs
[ + =—TMS MS—=—
Et;N, DMF, N, rt, 12h
50 °C, 6 h STEP B
STEP A
NIS, AgNO;

acetone, r.t., 3 h

STEP C
2h

STEP A:BY To a suitable vial was added 2-iodo-1,3,5-trimethylbenzene (1.23 g, 5
mmol, 1.0 equiv.), trimethylsilylacetylene (0.78 mL, 5.5 mmol, 1.1 equiv.),
Pd(PPhs)Cl2 (0.18 g, 0.25 mmol, 5 mol%), Cul (0.95 g, 0.5 mmol, 10 mol%),
triethylamine (1.82 g, 2.5 mL, 18 mmol, 3.6 equiv.) and DMF (10 mL). The mixture
was degassed and stirred at 50 °C for 6 h under a nitrogen atmosphere. After
the mixture was cooled to room temperature, water was added. The aqueous
layer was extracted three times with Et2O. The combined organic layers were
washed with brine, dried over anhydrous MgSOQOu, filtered and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using pentane provided the product as a yellow oil (0.43 g, 40%). '"H NMR (400
MHz, Chloroform-d) 8 6.70 (s, 2H), 2.25 (s, 6H), 2.12 (s, 3H), 0.12 (s, 9H). '"H NMR
spectra data of the isolated material matched with the spectra data reported
in the literature for this compound.[3']

STEP B:B To a solution of (mesitylethynyl)trimethylsilane (0.43, 2.0 mmol, 1.0
equiv.) in THF (7 mL) and MeOH (7 mL) was added K>COs (0.30 g, 2.2 mmol, 1.1
equiv.) at room temperature. After the mixture was stirred for 12 h, it was
concentrated under reduced pressure, washed with water, extracted three
times with Et20, dried over anhydrous MgSO4, and filtered and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using pentane provided the product as a yellow oil (0.16 g, 57%). "H NMR (400
MHz, Chloroform-d) & 6.90 (s, 2H), 3.48 (s, 1H), 2.44 (s, 6H), 2.31 (s, 3H). '"H NMR
spectra data of the isolated material matched with the spectra data reported
in the literature for this compound.31

STEP C: To a solution of 2-ethynyl-1,3,5-trimethylbenzene (0.16 g, 1.1 mmol, 1.0
equiv.) was added N-iodosuccinimide (0.28 g, 1.2 mmol, 1.1
equiv.) and AgNOs3 (18.7 mg, 0.11 mmol, 10 mol%) in acetone (5
mL). The resulting mixture was stirred under nitrogen at room

2h temperature for 3 h. The excess acetone was removed and the
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reaction was then quenched with saturated NH4ClI solution. The aqueous layer
was extracted three times with CH2Cl.. The combined organic layers were
washed with brine, dried over anhydrous MgSOQOyu, filtered and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using hexane as an eluent provided the titled compound (92 mg, 31%).

"H NMR (400 MHz, Chloroform-d) 8 6.77 (s, 2H), 2.32 (s, 6H), 2.20 (s, 3H). "H NMR
spectra data of the isolated material matched with the spectra data reported
in the literature for this compound.32]

tert-Butyl(iodoethynyl)diphenylsilane (2i) was prepared using the following
synthetic sequence.

1. n-BuLi, THF

A(/Cl e T8t 2 A(/H NIS, AgNO, A(/I

+

Si 2.DBU Si acetone, r.t., 3 h Si
©/ © CHaCN/H,0, rt., 5 h © © STEP B
2i

STEP A

STEP A:B%To a flame-dried round-bottom flask was charged with n-BuLi (2.5 M in
hexane, 15.6 mL, 39 mmol, 1.3 equiv.) anhydrous THF (50 mL) under nitrogen
atmosphere. The mixture was cooled to -78 °C in a dry ice/acetone bath.
Trimethylsilylacetylene (5.6 mL, 39 mmol, 1.3 equiv.) was added dropwise and
the mixture was stirred for 15 min at -78 °C. Then ftert-
butyl(chloro)diphenylsilane (7.8 mL, 30 mmol) was added dropwise and the
mixture was allowed to warm up to room temperature and stirred for 2 h. The
reaction was quenched with saturated NH4Cl solution and the mixture was
extracted three times with Et2O. The combined organic layers were washed
with brine and dried over anhydrous MgSOyu, filtered and concentrated under
reduced pressure. The crude product was subjected to the next step without
further purification. The crude product was dissolved in CH3CN (60 mL) and
water (3 mL). DBU (4.5 mL, 30 mmol, 1.0 equiv.) was added into the reaction.
The mixture was stirred for 5 h at room temperature and then concentrated
under reduced pressure. Purification by column chromatography on silica gel
using pentane provided the product as a colorless solid (3.9 g, 49% for two
steps). "H NMR (400 MHz, Chloroform-d) & 7.84 — 7.82 (m, 4H), 7.46 — 7.38 (m,
6H), 2.74 (s, 1H), 1.13 (s, 9H). '"H NMR spectra data of the isolated material
matched with the spectra data reported in the literature for this compound. (33l

STEP B: To a solution of fert-butyl(ethynyl)diphenylsilane (3.9 g, 14.7 mmol, 1.0
equiv.) was added N-iodosuccinimide (NIS) (3.6 g, 16.2 mmol, 1.1 equiv.) and
AgNOs (0.25 g, 1.5 mmol, 10 mol%) in acetone (70 mL). The resulting mixture was
stirred under nitrogen at room temperature for 3 h. The excess acetone was
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removed and the reaction was then quenched with saturated NH4ClI solution.
The aqueous layer was extracted three times with CH2Cl.. The combined
organic layers were washed with brine, dried over anhydrous MgSO, filtered
and concentrated under reduced pressure. Purification by column
chromatography on silica gel using hexane as an eluent provided the titled
compound as a white solid (4.82 g, 84%).

I TH NMR (300 MHz, Chloroform-d) & 7.82— 7.78 (m, 4H), 7.45 - 7.37
A(/ (m, 6H), 1.12 (s, 9H). *C NMR (75 MHz, Chloroform-d) & 135.6,
Si 132.8, 129.7, 127.8, 99.6, 27.0, 24.3, 18.9. IR: v 3069, 2928, 2856,
©/ \© 2097, 1427, 1109, 763, 738, 698 cm'. HRMS (FI) m/z: [M]*
2i calculated for C1gH19lSi* 390.0301; found: 390.0314. M.P. 63 —

64 °C.

2.5.4 C-H alkynylation of aniline derivatives

General Procedure: In a pressure tube containing a suitable stirring bar was added
the corresponding aniline (0.2 mmol, 1.0 equiv.), alkyne (0.4 mmol, 2.0 equiv.),
Pd(OAc)2 (4.5 mg, 0.02 mmol, 10 mol%), AgOAc (66.8 mg, 0.4 mmol, 2.0 equiv.),
S,0-ligand (1-(phenylthio)cyclopropane-1-carboxylic acid, L3) (200 uL, 0.1 M stock
solution in CHCls, 0.02 mmol, 10 mol%) and 0.8 mL of CHCls. The tube was putin a
pre-heated oil bath at 80 °C and was stirred for 16 h. After cooling to room
temperature, the resulting mixture was diluted with CH2Clz, filtered through a plug of
Celite® and concentrated under reduced pressure. The 'H NMR yield was
determined by adding CH2Br2 (10 upL, 0.143 mmol, 0.715 equiv.) as an internal
standard. The crude mixture was purified by column chromatography to obtain the
desired product.

N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]aniline (3a)

General procedure was followed using N,N-dibenzylaniline (1a)

"™ (546 mg, 02 mmol, 10 equv.) and fert
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCI3 (1.0 mL, 0.2 M) at 80 °C, providing 3a in 58% '"H NMR yield.
Il Purification by column chromatography on silica gel using pentane:
1epps Et20 (50:1 v/v) as an eluent provided the titled compound as a yellow

3a solid (62.4 mg, 58% yield). '"H NMR (300 MHz, Chloroform-d) & 7.78 —
7.60 (m, 4H), 7.34 — 7.26 (m, 2H), 7.25 — 7.23 (m, 2H), 7.15 — 7.13 (m,
5H), 6.60 (d, J = 8.8 Hz, 2H), 4.60 (s, 4H), 1.03 (s, 9H). 3C NMR (101 MHz,
Chloroform-d) 6 149.3, 137.9, 135.7, 134.0, 133.6, 129.3, 128.8, 127.7, 127.2, 126.5,
112.0, 110.6, 110.5, 86.6, 54.2, 27.2, 18.8. IR: v 3068, 2928, 2855, 2148, 1605,
1516, 1107, 818, 740, 698 cm-'. HRMS (ESI) m/z: [M+H]* calculated for
CssH37NSi* 536.2774; found: 536.2769; M.P. 106 — 108 °C.
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A parallel reaction without ligand was also performed, and 3% of product was
observed by "H NMR analysis with CH»Br» as an internal standard.

N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-3-fluoroaniline (3b)

nBn, General procedure was followed using N,N-dibenzyl-3-fluoroaniline
(1b) (58.2 mg, 0.2 mmol, 1.0 equiv.) and ftert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3b in 74% '"H NMR yield.
f Purification by column chromatography on silica gel using pentane:
TBDPS  CH2Cl2 (5:1 v/v) as an eluent provided the titled compound as a brown
S solid (76.9 mg, 69% vyield). "H NMR (300 MHz, Chloroform-d) & 7.94 —
7.82 (m, 4H), 7.48 — 7.16 (m, 17H), 6.54 — 6.39 (m, 2H), 4.68 (s, 4H), 1.13 (s, 9H).
3C NMR (75 MHz, Chloroform-d) & 163.8 (d, J = 249.4 Hz), 150.1 (d, J = 10.7 Hz),
136.2, 134.6, 133.4 (d, J = 3.7 Hz), 132.6, 128.3, 127.8, 126.6, 126.3, 125.4, 106.9
(d, J=2.2Hz), 102.4, 98.2 (d, J = 25.8 Hz), 98.0 (d, J = 16.4 Hz), 91.1, 91.1, 53.2,
26.1, 17.7. IR: v 3070, 2929, 2855, 2154, 1623, 1517, 1109, 819, 740, 699 cm-'.
HRMS (ESI) m/z: [M+H]* calculated for CassH3ssFNSit 554.2679; found:
554.2691; M.P. 122 — 124 °C.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.

Large-scale synthesis:

General procedure was followed using N,N-dibenzyl-3-fluoroaniline (1b) (0.87 g,
3 mmol, 1.0 equiv.), tert-butyl(iodoethynyl)diphenylsilane (2.34 g, 6 mmol, 2.0
equiv.), Pd(OAc)2 (67.5 mg, 0.3 mmol, 10 mol%), AgOAc (1.00 g, 6.0 mmol, 2.0
equiv.) in CHCIs (15 mL, 0.2 M) at 80 °C. Purification by column
chromatography on silica gel using pentane: CH2Cl2 (5:1 v/v) as an eluent
provided the titted compound as a brown solid (1.26 g, 76% yield).

N,N-Dibenzyl-3-fluoro-4-[(triisopropylsilyl)ethynyl]aniline (3c)

NBn,  General procedure was followed using N,N-dibenzyl-3-fluoroaniline
(1b) (8.2 mg, 0.2 mmol, 1.0 -equiv.) and 1-iodo-2-
(triisopropylsilyl)acetylene (123.2 mg, 0.4 mmol, 2.0 equiv.) in CHCIs
(1.0 mL, 0.2 M) at 80 °C. Purification by column chromatography on
I silica gel using pentane: CH2Cl2 (5:1 v/v) as an eluent provided the
TIPS titled compound as a yellow oil (58.7 mg, 62% yield). "H NMR (400
3¢ MHz, Chloroform-d) 6 7.38 — 7.31 (m, 4H), 7.29 - 7.19 (m, 7H), 6.44 — 6.38
(m, 2H), 4.65 (s, 4H), 1.12-1.11 (m, 21H). '*C NMR (75 MHz, Chloroform-d)  164.5
(d, J =247.5 Hz), 150.7 (d, J = 10.5 Hz), 137.3, 134.4 (d, J = 3.8 Hz), 128.8, 127.3,
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126.5, 107.9 (d, J = 2.2 Hz), 101.0, 99.6 (d, J = 16.5 Hz), 99.3 (d, J = 26.2 Hz), 93.2
(d, J = 2.2 Hz), 54.2, 18.7, 11.4. IR: v 2942, 2864, 2150, 1707, 1623, 1516, 1360,
1227, 811, 734, 695 cm'. HRMS (FD) m/z: [M]* calculated for C31H3sFNSi*
471.2758; found: 471.2780.

A parallel reaction without ligand was also performed, and no product was observed
by '"H NMR analysis with CH2Br» as an internal standard.

N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-3-chloroaniline (3d)

General procedure was followed using N,N-dibenzyl-3-chloroaniline
(1d) (616 mg, 0.2 mmol, 1.0 equiv.) and tert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
€l CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3d in 63% '"H NMR yield.
l Purification by column chromatography on silica gel using pentane:
1epps CH2Cl2 (5:1 v/v) as an eluent provided the titled compound as a brown
3d solid (65.9 mg, 58% yield). 'TH NMR (400 MHz, Chloroform-d) & 7.92 —
7.90 (m, 4H), 7.42 — 7.34 (m, 11H), 7.32 — 7.28 (m, 2H), 7.23 — 7.21 (m,
4H), 6.82 (d, J = 2.6 Hz, 1H), 6.59 (dd, J = 8.8, 2.6 Hz, 1H), 4.68 (s, 4H), 1.15 (s,
9H). *C NMR (75 MHz, Chloroform-d) & 150.2, 138.1, 137.3, 135.9, 134.8, 133.8,
129.5,129.0, 127.8, 127.5, 126.6, 112.6, 110.7, 110.7, 106.7, 92.0, 54.2, 27.3, 18.9.
IR: v 3067, 2929, 2856, 2154, 1600, 795, 735, 698 cm'. HRMS (FD) m/z: [M]*
calculated for C3sH3sCINSIi* 569.2306; found: 569.2319; M.P. 126 — 129 °C.

NBn2

A parallel reaction without ligand was also performed, and 4% product was observed
by 'H NMR analysis with CH2Br» as an internal standard.

N,N-Dibenzyl-3-bromo-4-[(tert-butyldiphenylsilyl)ethynyl]aniline (3e)

NBn, General procedure was followed using N,N-dibenzyl-3-bromoaniline
(1e) (70.5 mg, 0.2 mmol, 1.0 equiv.)) and fert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCI3 (1.0 mL, 0.2 M) at 80 °C, providing 3e in 67% 'H NMR yield.
Purification by column chromatography on silica gel using pentane:

m8DPSs CH2Cl2 (10:1 v/v) as an eluent provided the titled compound as a

3e brown solid (71.4 mg, 58% yield). '"H NMR (400 MHz, Methylene
Chloride-d2) 6 7.92 — 7.90 (m, 4H), 7.46 — 7.35 (m, 11H), 7.32 — 7.28 (m, 2H), 7.26
—7.24 (m, 4H), 7.01 (d, J = 2.6 Hz, 1H), 6.67 (dd, J = 8.8, 2.6 Hz, 1H), 4.71 (s, 4H),
1.16 (s, 9H). 3C NMR (126 MHz, Methylene Chloride-d2) & 150.7, 137.9, 136.3,
135.2, 134.2, 130.0, 129.4, 128.3, 127.8, 127.7, 127.1, 116.1, 112.8, 111.9, 108.9,
91.6, 54.8, 27.5, 19.2. IR: v 3068, 2928, 2856, 2153, 1598, 1503, 779, 738, 698 cm"
. HRMS (ESI) m/z: [M+H]* calculated for CazsH3sBrNSi* 614.1879; found:
614.1878; M.P. 125 — 127 °C.
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A parallel reaction without ligand was also performed, and traces of the product were
observed by "H NMR analysis with CH»Br» as an internal standard.

N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-3-methylaniline (3f)

NBn,  General procedure was followed using N,N-dibenzyl-3-methylaniline
1f) (70.5 mg, 0.2 mmol, 1.0 equiv.) and tert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCI3z (1.0 mL, 0.2 M) at 80 °C, providing 3f in 53% '"H NMR yield.

f Purification by column chromatography on silica gel using pentane:

TBDPS  CH2Clz (5:1 v/v) as an eluent provided the titled compound as a brown

3f oil (55.8 mg, 51% yield). "H NMR (400 MHz, Chloroform-d) & 7.90 — 7.88

(m, 4H), 7.42 — 7.33 (m, 11H), 7.31 — 7.28 (m, 2H), 7.27 — 7.23 (m, 4H), 6.64 (d, J =
2.6 Hz, 1H), 6.56 (dd, J = 8.6, 2.7 Hz, 1H), 4.69 (s, 4H), 2.46 (s, 3H), 1.14 (s, 9H).
3C NMR (101 MHz, Chloroform-d) & 149.5, 142.5, 138.1, 135.8, 134.2, 134.0, 129.4,
128.9, 127.7, 127.2, 126.7, 113.0, 109.8, 109.5, 90.4, 54.0, 27.3, 21.8, 18.9. IR: v
3066, 2929, 2856, 2142, 1605, 1506, 1452, 1109, 819, 804, 699 cm-'. HRMS (FD)
m/z: [M]* calculated for CagH3sNSi* 549.2852; found: 549.2840.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.

N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-3-methoxyaniline (3g)

NBn, General procedure was followed using N,N-dibenzyl-3-
methoxyaniline (1g) (60.7 mg, 0.2 mmol, 1.0 equiv.) and tert-
—~ butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3g in 43% '"H NMR yield.
| Purification by column chromatography on silica gel using pentane:
TBDPS  Et,0 (40:1 v/v) as an eluent provided the titted compound as a
39 brown oil (47.3 mg, 42% yield). '"H NMR (300 MHz, Chloroform-d) &
7.94 —7.90 (m, 4H), 7.39 — 7.24 (m, 17H), 6.34 (dd, J = 8.6, 2.4 Hz, 1H), 6.24 (d, J
=2.4Hz, 1H), 4.71 (s, 4H), 3.72 (s, 3H), 1.14 (s, 9H). '*C NMR (75 MHz, Chloroform-
d) 6 162.4, 151.0, 137.9, 135.8, 134.7, 134.2, 129.2, 128.8, 127.6, 127.2, 126.6,
107.0, 104.8, 100.6, 96.0, 90.7, 55.7, 54.5, 27.2, 18.8. IR: v 3064, 2927, 2855, 2147,
1608, 1515, 821, 739, 699 cm-'. HRMS (ESI) m/z: [M+H]* calculated for
Cs9H39NOSi * 566.2879; found: 566.2871.

A parallel reaction without ligand was also performed, and 5% product was observed
by 'H NMR analysis with CH2Br» as an internal standard.
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N,N-Dibenzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-3-phenoxyaniline (3h)

NBn, General procedure was followed using N,N-dibenzyl-3-
phenoxyaniline (1h) (73.1 mg, 0.2 mmol, 1.0 equiv.) and tert-
_Ph butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
o CHCIz (1.0 mL, 0.2 M) at 80 °C, providing 3h in 79% 'H NMR vyield.
I Purification by column chromatography on silica gel using
TBDPS pentane: CH:Cl2 (8:1 v/v) as an eluent provided the titled
3h compound as a brown solid (86.7 mg, 69% yield). '"TH NMR (400
MHz, Dichloromethane-dz) & 7.81 — 7.78 (m, 4H), 7.49 (d, J = 8.8 Hz, 1H), 7.43 —
7.26 (m, 18H), 7.08 (t, J = 8.6, 7.6 Hz, 1H), 6.96 — 6.93 (m, 2H), 6.61 (dd, J = 8.8,
2.4 Hz, 1H),6.43 (d, J = 2.4 Hz, 1H), 4.72 (s, 4H), 1.06 (s, 9H). "*C NMR (101 MHz,
Chloroform-d) & 160.5, 159.5, 152.8, 139.5, 137.6, 136.9, 135.8, 131.4, 131.2, 130.7,
129.5, 129.2, 128.5, 124.3, 119.2, 110.3, 107.8, 106.2, 105.8, 93.6, 56.5, 28.9, 20.5.
IR: v 3067, 2928, 2855, 2149, 1611, 1211, 821, 730, 694 cm-'. HRMS (FD) m/z:
[M]* calculated for Cs4H41NOSI* 627.2957; found: 627.2937; M.P. 139 — 141
°C.

A parallel reaction without ligand was also performed, and no product was observed
by '"H NMR analysis with CH2Br» as an internal standard.

Methyl 2-(benzylamino)-5-[(tert-butyldiphenylsilyl)ethynyl]benzoate (3j)

NHBn General procedure was followed wusing methyl 2-
co,Me (benzylamino)benzoate (1j) (48.3 mg, 0.2 mmol, 1.0 equiv.) and
tert-butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0
equiv.) in CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3j in 43% 'H
Il NMR vyield. Purification by column chromatography on silica gel
TBDPS using pentane: EtOAc (40:1 v/v) as an eluent provided the titled
3 compound as a brown oil (43.0 mg, 43% yield). '"H NMR (400 MHz,
Chloroform-d) & 8.45 (t, J = 5.7 Hz, 1H), 8.19 (d, J = 2.1 Hz, 1H), 7.87 — 7.85 (m,
4H), 7.50 (dd, J = 8.8, 2.1 Hz, 1H), 7.41 — 7.38 (m, 10H), 7.31 - 7.27 (m, 1H), 6.62
(d, J=8.8 Hz, 1H), 4.49 (d, J = 5.6 Hz, 2H), 3.90 (s, 3H), 1.14 (s, 9H). 3C NMR (75
MHz, Chloroform-d) & 168.5, 150.9, 138.2, 138.1, 136.0, 135.7, 133.8, 129.4, 128.8,
127.7,127.7,127.4, 127.0, 111.8, 110.1, 109.4, 109.1, 86.6, 51.8, 46.9, 27.2, 18.8.
IR: v 3358, 3069, 2953, 2929, 2856, 2151, 1690, 1216, 819, 700 cm-'. HRMS (FD)
m/z: [M]* calculated for C33H33sNO2Si* 503.2281; found: 503.2293.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.
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Methyl 2-(benzylamino)-5-[(tert-butyldiphenylsilyl)ethynyl]-4-methylbenzoate
(3k)

General procedure was followed using methyl 2-

NHBnCO Me (benzylamino)-4-methylbenzoate (1k) (51.1 mg, 0.2 mmol, 1.0
? equiv.) and tert-butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4
mmol, 2.0 equiv.) in CHCI3 (1.0 mL, 0.2 M) at 80 °C, providing

Il 3k in 50% 'H NMR vyield. Purification by column
150Ps chromatography on silica gel using pentane: Et20 (30:1 v/v) as

an eluent provided the titled compound as a brown oil (51.7
mg, 50% yield). "H NMR (400 MHz, Methylene Chloride-d2) & 8.38
(t, J = 5.7 Hz, 1H), 8.17 (s, 1H), 7.90 — 7.88 (m, 4H), 7.44 — 7.37 (m, 10H), 7.33 —
7.28 (m, 1H), 6.58 (s, 1H), 4.51 (d, J = 5.7 Hz, 2H), 3.86 (s, 3H), 2.48 (s, 3H), 1.16
(s, 10H). *C NMR (126 MHz, Methylene Chloride-d2)  168.8, 151.5, 148.3, 139.2,
136.8, 136.2, 134.4, 130.0, 129.3, 128.3, 127.9, 127.7, 112.8, 110.1, 109.0, 108.8,
90.6, 52.1, 47.3, 27.5, 22.2, 19.1. IR: v 3357, 3069, 2951, 2929, 2856, 2144, 1687,
1223, 795, 738, 699 cm-'. HRMS (ESI) m/z: [M+H]* calculated for C3sH3sNO2Si*
518.2515; found: 518.2516.

3k

A parallel reaction without ligand was also performed, and no product was observed
by '"H NMR analysis with CH2Br» as an internal standard.

Methyl 2-(benzylamino)-5-[(tert-butyldiphenylsilyl)ethynyl]-4-
methoxybenzoate (3I)

NHEBnN General procedure was followed using methyl 2-
co,Me (benzylamino)-4-methoxybenzoate (11) (54.3 mg, 0.2 mmol,
1.0 equiv.) and tert-butyl(iodoethynyl)diphenylsilane (156.2 mg,

o 0.4 mmol, 2.0 equiv.) in CHCIs (1.0 mL, 0.2 M) at 80 °C,
I providing 3l in 49% 'H NMR yield. Purification by column
TBDPS chromatography on silica gel using pentane: Et20 (15:1 v/v)
3l as an eluent provided the titted compound as a brown oil

(50.5 mg, 47% yield). '"H NMR (400 MHz, Chloroform-d) & 8.64
—8.61 (m, 1H), 8.16 (s, 1H), 7.93 — 7.91 (m, 3H), 7.41- 7.38 (m, 10H), 7.33 — 7.30
(m, 1H), 6.03 (s, 1H), 5.32 (s, 1H), 4.52 (d, J = 5.2 Hz, 2H), 3.88 (s, 3H), 3.79 (s,
3H), 1.16 (s, 9H). ®C NMR (75 MHz, Chloroform-d) & 168.3, 165.5, 153.1, 138.1,
137.9, 135.8, 134.0, 129.3, 128.8, 127.6, 127.4, 127.1, 105.7, 103.4, 100.2, 93.1,
90.6, 55.6, 51.5, 47.1, 27.2, 18.8. IR: v 3482, 3069, 2953, 2930, 2856, 2365, 2148,
1683, 819, 798, 741, 700 cm'. HRMS (FD) m/z: [M]* calculated for C3sH3sNOsSi*
533.2386; found: 533.2410.

A parallel reaction without ligand was also performed, and traces of product was
observed by "H NMR analysis with CH2Br» as an internal standard.
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Methyl 2-(benzylamino)-5-[(tert-butyldiphenyisilyl)ethynyl]-4-fluorobenzoate
(3m)

NHBn Slightly modified procedure was followed using methyl 2-
CO,Me (benzylamino)-4-fluorobenzoate (1m) (51.9 mg, 0.2 mmol, 1.0
equiv.), tert-butyl(iodoethynyl)diphenylsilane (234.3 mg, 0.6
F mmol, 3.0 equiv.) and AgOAc (100.2 mg, 0.6 mmol, 3.0 equiv.)
If in CHCI3 (1.0 mL, 0.2 M) at 80 °C, providing 3m in 40% 'H
NMR vyield. Purification by column chromatography on silica
gel using pentane: CH2Clz (4:1 v/v) as an eluent provided the
titted compound as a yellow oil (38.8 mg, 37% vyield). '"H NMR
(400 MHz, Chloroform-d) & 8.62 (t, J = 6.0 Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 7.93 —
7.91 (m, 4H), 7.46 — 7.31 (m, 11H), 6.39 (d, J = 12.0 Hz, 1H), 4.48 (d, J = 5.6 Hz,
2H), 3.92 (s, 3H), 1.19 (s, 9H). '*C NMR (101 MHz, Chloroform-d) & 167.8, 166.3 (d,
J = 257.6 Hz), 153.0 (d, J = 12.1 Hz), 138.4 (d, J = 5.1 Hz), 137.5, 135.7, 133.5,
129.5, 128.9, 127.8, 127.6, 127.1, 107.1 (d, J = 2.02 Hz), 102.3, 98.8 (d, J = 18.2
Hz), 98.2 (d, J = 25.3 Hz), 92.3 (d, J = 2.2 Hz), 51.8, 47.1, 27.2, 18.8. IR: v 3341,
3069, 2952, 2929, 2857, 2153, 1691, 1109, 699 cm-'. HRMS (ESI) m/z: [M+H]*
calculated for Cs3H3z2FNO2Si* 522.2265; found: 522.2264.

TBDPS
3m

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br, as an internal standard.

N-Benzyl-4-[(tert-butyldiphenylsilyl)ethynyl]-2-chloro-5-methoxyaniline (3n)

NHEn Slightly modified procedure was followed using N-benzyl-2-

c1 chloro-5-methoxyaniline (1n) (99.1 mg, 0.4 mmol, 2.0 equiv.),

tert-butyl(iodoethynyl)diphenylsilane (78.1 mg, 0.2 mmol, 1.0

S equiv.) AgOAc (33.4 mg, 0.2 mmol, 1.0 equiv.) in CHCI3 (1.0 mL,

l 0.2 M) at 100 °C, providing 3n in 44% '"H NMR yield. Purification

1epps PY column chromatography on silica gel using pentane: Et20

3n (50:1 v/v) as an eluent provided the titled compound as a yellow

oil (41.2mg, 40% yield). '"H NMR (400 MHz, Chloroform-d) & 7.93 —

7.91 (m, 4H), 7.46 (s, 1H), 7.43 — 7.37 (m, 18H), 7.35- 7.31 (m, 1H), 6.15 (s, 1H),

4.48 (d, J = 5.6 Hz, 2H), 3.79 (s, 3H), 1.16 (s, 9H). 3C NMR (101 MHz, Chloroform-

d) 6 161.5, 145.3, 138.0, 135.8, 133.9, 133.4, 129.3, 128.9, 127.6, 127.6, 127.3,

109.9, 105.4, 101.3, 94.9, 91.7, 56.0, 47.8, 27.2, 18.8. IR: v 3423, 3069, 2929, 2855,

2146, 1603, 1517, 847, 740, 699 cm-'. HRMS (ESI) m/z: [M+H]* calculated for
Cs2H32CINOSIi* 510.2020; found: 510.2005.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.
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4-[(tert-Butyldiphenylsilyl)ethynyl]-3-fluoro-N,N-dimethylaniline (30)

A slightly modified procedure was followed using 3-fluoro-N,N-

dimethylaniline (10) (55.6 mg, 0.4 mmol, 2.0 equiv.) and tert-

butyl(iodoethynyl)diphenylsilane (78.1 mg, 0.2 mmol, 1.0 equiv.) in
F CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 30 in 60% "H NMR yield.
Il Purification by column chromatography on silica gel using pentane:
Et20 (40:1 v/v) as an eluent provided the titled compound as a brown
solid (46.1 mg, 57% yield). "H NMR (400 MHz, Chloroform-d) & 7.82 —
7.79 (m, 4H), 7.33 - 7.28 (m, 7H), 6.312 (s, 1H), 6.311 (dd, J = 23.6, 2.8
Hz, 1H), 2.92 (s, 6H), 1.06 (s, 9H). '*C NMR (101 MHz, Chloroform-d) & 164.8 (d, J
=242.4 Hz), 152.1 (d, J=10.8 Hz), 135.7, 134.3 (d, J = 3.7 Hz), 133.8, 129.4, 127.7,
107.4 (d, J = 2.2 Hz), 103.8, 98.6 (d, J = 25.7 Hz), 98.2 (d, J = 16.6 Hz), 91.8 (d, J =
2.8 Hz), 40.2,47.1, 27.2, 18.7. IR: v 3070, 2929, 2856, 2150, 1623, 1109, 816, 743,
702 cm™'. HRMS (ESI) m/z: [M+H]* calculated for C26H2sFNSi* 402.2053; found:
402.2061; M.P. 101 — 103 °C.

NM62

TBDPS
3o

A parallel reaction without ligand was also performed, and 12% product was
observed by "H NMR analysis with CH»Br» as an internal standard.

4-[(tert-Butyldiphenylsilyl)ethynyl]-N,N-diethyl-3-fluoroaniline (3p)

NEt, General procedure was followed using N,N-diethyl-3-fluoroaniline
1p) (B34 mg, 0.2 mmol, 1.0 equiv.)) and ftert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in

F CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3p in 69% '"H NMR yield.
l Purification by column chromatography on silica gel using pentane:
1eops CH2Cl2 (5:1 v/v) as an eluent provided the titled compound as an
3p orange oil (58.2 mg, 68% vyield). '"H NMR (400 MHz, Chloroform-d) &
8.02 -7.98 (m, 4H), 7.50 — 7.42 (m, 7H), 6.46 — 6.39 (m, 2H), 3.40 (q, J =
9.2 Hz, 4H), 1.26 — 1.21 (m, 15H). '*C NMR (75 MHz, Chloroform-d) & 165.2 (d, J =
246.5 Hz), 149.8 (d, J = 10.8 Hz), 135.8, 134.5 (d, J = 3.7 Hz), 133.9, 129.4, 127.7,
107.1(d, J = 2.0 Hz), 104.2, 98.1 (d, J = 25.5 Hz), 97.2 (d, J = 16.6 HZ), 91.5 (d, J =
2.6 Hz), 44.7, 27.2, 18.8, 12.5. IR: v 3070, 2961, 2930, 2856, 2153, 1622, 1519,
1108, 809, 742, 700 cm'. HRMS (FD) m/z: [M]* calculated for CasH32FNSi*
429.2288; found: 429.2284.

A parallel reaction without ligand was also performed, and traces of the product was
observed by "TH NMR analysis with CH2Br» as an internal standard.
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4-[(tert-Butyldiphenylsilyl)ethynyl]-3-fluoro-N-methyl-N-phenylaniline (3q)

pn  The slightly modified procedure was followed using 3-fluoro-N-
methyl-N-phenylaniline (1q) (80.4 mg, 0.4 mmol, 2.0 equiv.) and tert-
butyl(iodoethynyl)diphenylsilane (78.1 mg, 0.2 mmol, 1.0 equiv.) in

g CHCIs (1.0 mL, 0.2 M) at 80 °C, providing 3q in 46% 'H NMR yield.

I Purification by column chromatography on silica gel using pentane:
CH:Clz2 (5:1 v/v) as an eluent provided the titled compound as an
orange oil (38.8 mg, 42% yield). '"H NMR (400 MHz, Chloroform-d) &
7.92 — 7.90 (m, 4H), 7.45 — 7.35 (m, 9H), 7.26 — 7.22 (m, 3H), 6.560 —
6.555 (m, 1H), 6.54 — 6.52 (m, 1H), 3.36 (s, 3H), 1.17 (s, 9H). *C NMR (101 MHz,
Chloroform-d) & 164.5 (d, J = 250.7 Hz), 151.1 (d, J = 10.6 Hz), 147.4, 135.7, 134.1
(d, J=3.2 Hz), 133.6, 129.8, 129.4, 127.7 (d, J = 2.7 Hz), 125.7, 125.4, 110.6 (d, J
=2.5Hz), 103.4, 101.8 (d, J = 25.5 Hz), 100.5 (d, J = 16.6 Hz), 92.6 (d, J = 2.9 Hz),
40.3, 27.1, 18.7. IR: v 3069, 2929, 2855, 2152, 1621, 1105, 838, 820, 800, 697 cm-
. HRMS (FD) m/z: [M]* calculated for C31H30FNSi* 463.2132; found: 463.2140.

\N/

TBDPS
3q

A parallel reaction without ligand was also performed, and traces of the product were
observed by "H NMR analysis with CH»Br» as an internal standard.

1-{4-[(tert-Butyldiphenylsilyl)ethynyl]-3-fluorophenyl}pyrrolidine (3r)

O General procedure was followed using 1-(3-fluorophenyl)pyrrolidine
N (1r)  (33.0 mg, 0.2 mmol, 1.0 equiv.) and tert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4 mmol, 2.0 equiv.) in
CHCIs (1.0 mL, 0.2 M) at 80 °C, providing alkynylated product 3r.
Purification by column chromatography on silica gel using pentane:

Il CH2Cl2 (5:1 v/v) as an eluent provided the titled compound as a white

tBDPs  solid (43.7 mg, 51% yield). "H NMR (400 MHz, Chloroform-d) & 7.82 —

3r 7.80 (m, 4H), 7.32 — 7.28 (m, 7H), 6.170 (s, 1H), 6.166 (dd, J = 22.8, 2.4
Hz, 1H), 3.23 — 3.20 (m, 4H), 1.96 — 1.93 (m, 4H), 1.06 (s, 9H). 3C NMR (101 MHz,
Chloroform-d) 6 164.9 (d, J = 250.5 Hz), 149.6 (d, J = 11.1 Hz), 135.7, 134.4 (d, J =
4.0 Hz), 133.9, 129.3, 127.7 (d, J = 6.1 Hz), 107.3 (d, J = 2.0 Hz), 104.2, 98.2 (d, J
= 26.3 Hz), 97.4 (d, J = 16.2 Hz), 91.5 (d, J = 2.0 Hz), 47.7, 27.2, 25.4, 18.8. IR: v
3070, 2957, 2929, 2855, 2149, 1623, 1109, 819, 810, 742, 701 cm-'. HRMS (FD)
m/z: [M]* calculated for C2sH3soFNSi* 427.2132; found: 427.2131; M.P. 80 — 82
°C.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.
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4-{4-[(tert-Butyldiphenylsilyl)ethynyl]-3-fluorophenyl}morpholine (3s)

o] A slightly modified procedure was followed using 4-(3-
[ j fluorophenyl)morpholine (1s) (72.5 mg, 0.4 mmol, 2.0 equiv.) and
N tert-butyl(iodoethynyl)diphenylsilane (78.1 mg, 0.2 mmol, 1.0 equiv.) in
CHCIsz (1.0 mL, 0.2 M) at 80 °C, providing 3s in 47% 'H NMR yield.
g Purification by column chromatography on silica gel using pentane:
I Et20 (4:1 v/v) as an eluent provided the titled compound as a brown
solid (39.0 mg, 44% vyield). '"H NMR (400 MHz, Chloroform-d) & 7.80 —
7.78 (m, 4H), 7.36 — 7.27 (m, 7H), 6.507 (s, 1H), 6.502 (dd, J = 22.0, 2.4
Hz, 1H), 3.77 — 3.74 (m, 4H), 3.13 — 3.11 (m, 4H), 1.06 (s, 9H). 3C NMR
(101 MHz, Chloroform-d) & 164.6 (d, J = 251.2 Hz), 152.9 (d, J = 9.9 Hz), 135.7,
134.4 (d, J = 3.2 Hz), 133.5, 129.5, 127.7, 110.0 (d, J = 2.5 Hz), 102.9, 101.63 (d, J
=16.4 Hz), 101.60 (d, J = 25.0 Hz), 93.0 (d, J = 2.9 Hz), 66.5, 48.0, 27.1, 18.8. IR: v
3070, 3049, 2957, 2929, 2856, 2154, 1620, 1510, 1108, 803, 700 cm-'. HRMS (FD)
m/z: [M]* calculated for C2sH3oFNOSi* 443.2081; found: 443.2094; M.P. 112 —
114 °C.

TBDPS
3s

A parallel reaction without ligand was also performed, and traces of the product were
observed by "H NMR analysis with CH»Br» as an internal standard.

1-{6-[(tert-Butyldiphenylsilyl)ethynyl]-1,2,3,4-tetrahydroquinolin-8-
yl}ethan-1-one (3t)

TBDPS General procedure was followed using 1-(1,2,3,4-
N tetrahydroquinolin-8-yl)ethan-1-one (1t) (35.0 mg, 0.2
mmol, 1.0 equiv.) and tert-butyl(iodoethynyl)diphenylsilane
(156.2 mg, 0.4 mmol, 2.0 equiv.) in CHCIs (1.0 mL, 0.2
o M) at 80 °C, providing 3t in 52% 'H NMR yield.
3t Purification by column chromatography on silica gel
using pentane: Et20 (30:1 v/v) as an eluent provided the titled compound as a
yellow oil (42.7 mg, 49% yield). '"H NMR (400 MHz, Chloroform-d) & 9.30 (s, 1H),
7.92 -7.89 (m, 4H), 7.85 (d, J = 1.6 Hz, 1H), 7.45 — 7.40 (m, 6H), 7.284— 7.277 (m,
1H), 3.48 (t, J = 5.6 Hz, 2H), 2.81 (t, J = 6.4 Hz, 2H), 2.61 (s, 3H), 1.97 — 1.91 (m,
2H), 1.19 (s, 9H). *C NMR (75 MHz, Chloroform-d) & 200.3, 148.7, 136.7, 135.7,
135.1, 133.9, 129.4, 127.7, 123.0, 115.9, 110.0, 106.9, 86.0, 41.1, 28.0, 27.6, 27.3,
20.3, 18.8. IR: v 3326, 2931, 2856, 2324, 2136, 1636, 1520, 702 cm-'. seems no
ketone on IR spectrum HRMS (ESI) m/z: [M+H]* calculated for C29H31NOSi*
438.2253; found: 438.2251.

Iz

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.
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8'-[(tert-Butyldiphenylsilyl)ethynyl]-2',3',4',4a'-tetrahydro-1'H,6 'H-
spiro{indene-2,5'-pyrido[1,2-a]Jquinoline}-1,3-dione (3u)

General procedure was followed using 1-(1,2,3,4-
tetrahydroquinolin-8-yl)ethan-1-one (1u) (53.9
mg, 0.2 mmol, 1.0 equiv.) and tert-
butyl(iodoethynyl)diphenylsilane (156.2 mg, 0.4
mmol, 2.0 equiv.) in CHCIs (1.0 mL, 0.2 M) at 80
°C, providing 3u in 57% '"H NMR yield. Purification
by column chromatography on silica gel using pentane: Et2O (5:1 v/v) as an
eluent provided the titted compound as a brown solid (53.5 mg, 50% yield). 'H
NMR (400 MHz, Chloroform-d) & 8.03 — 7.93 (m, 2H), 7.88 — 7.84 (m, 6H), 7.43 —
7.34 (m, 7H), 7.19-7.18 (m, 1H), 6.92 (d, J = 8.8 Hz, 1H), 4.16 (dt, J = 12.8, 2.8 Hz,
1H), 3.45 (dd, J=11.7, 2.4 Hz, 1H), 3.20 (d, J = 16.1 Hz, 1H), 2.87 (td, J= 12.6, 2.6
Hz, 1H), 2.78 (d, J = 16.2 Hz, 1H), 1.76 — 1.71 (m, 2H), 1.66 — 1.55 (m, 1H), 1.50 —
1.46 (m, 1H), 1.40 — 1.35 (m, 1H), 1.18 (dd, J = 12.3, 3.3 Hz, 1H), 1.12 (s, 9H). 3C
NMR (126 MHz, Chloroform-d) & 201.9, 199.6, 146.4, 142.3, 141.3, 136.3, 135.8,
134.1, 133.1, 132.1, 129.4, 127.8, 123.6, 123.5, 120.2, 112.9, 111.4, 110.5, 86.6,
59.4, 55.0, 48.8, 32.8, 28.5, 27.3, 25.0, 24.3, 18.9. IR: v 2930, 2855, 2142, 1707,
1607, 1503, 1259, 702 cm'. HRMS (ESI) m/z: [M+H]* calculated for
Cs9H37NO2Si* 580.2672; found: 580.2680; M.P. 76 — 78 °C.

A parallel reaction without ligand was also performed, and no product was observed
by 'H NMR analysis with CH2Br» as an internal standard.

2.5.5 Derivatization of alkynylated products

Procedure for the synthesis of N,N-dibenzyl-4-ethynyl-3-fluoroaniline
(4).04

NBn2 NBn2
E TBAF/THF F
_—
‘ ‘ r.t., 10 min ‘ ‘
TBDPS H
2b 4 (92%)

To a solution of alkynylated product 2b (110.8 mg, 0.2 mmol, 1.0 equiv.) in
THF (1.0 mL) and H20 (50 uL) was added TBAF in THF (1 M, 3.0 mL, 15.0
equiv.) at room temperature and stirred for 10 min (reaction time should be
extended for a larger scale synthesis). H20 (5.0 mL) was added and the
mixture was extracted three times with EtOAc. The combined organic layers
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were washed with brine, dried over anhydrous MgSOs4, filtered and
concentrated under reduced pressure. Purification by column chromatography
on silica gel using pentane: Et2O (4:1 v/v) as an eluent provided the titled
compound as a pale yellow solid (58.2 mg, 92%).

H NMR (400 MHz, Chloroform-d) & 7.28 — 7.27 (m, 1H), 7.24 — 7.10 (m, 10H), 6.345
(s, 1H), 6.341 (dd, J = 22.8, 2.8 Hz, 1H), 4.57 (s, 4H), 3.08 (s, 1H). *C NMR (101
MHz, Chloroform-d) & 164.7 (d, J = 249.5 Hz), 151.2 (d, J = 10.9 Hz), 137.2, 134.5
(d, J = 3.7 Hz), 128.9, 127.3, 126.4, 108.0 (d, J = 2.2 Hz), 99.2 (d, J = 26.1 Hz), 97.8
(d, J = 16.4 Hz), 79.8 (d, J = 2.8 Hz), 78.1, 54.2. IR: v 3289, 3029, 2105, 1623, 1550,
735, 698 cm'. HRMS (FD) m/z: [M]* calculated for C22H1sFN* 315.1423; found:
315.1438; M.P. 115 — 117 °C.

Procedure for the synthesis of N,N-dibenzyl-3-fluoro-4-

(phenylethynyl)aniline (5).13!

NBn,

Phl O
F

PdCI,(PPhs),, Cul

EtsN, N, I
I 60°C, 24 h

“ g
4

5 (80%)

A mixture of iodobenzene (12.3 pL, 0.11 mmol, 1.1 equiv.), N,N-dibenzyl-4-
ethynyl-3-fluoroaniline 4 (31.5 mg, 0.1 mmol, 1.0 equiv.), PdCI2(PPhs)2 (3.5
mg, 5 mol%), Cul (1.9 mg, 10 mol%) and EtsN (34.8 uL, 2.5 equiv.) was
dissolved in THF (2.0 mL). The mixture was degassed and stirred under
nitrogen atmosphere at 60 °C for 24 h. The mixture was diluted with CH2Clz,
filtered through a plug of Celite® and concentrated under reduced pressure.
Purification by column chromatography on silica gel using pentane: Et20 (4:1
v/v) as an eluent provided the titled compound as a white solid (31.2 mg, 80%).

"H NMR (400 MHz, Chloroform-d) & 7.30 — 7.28 (m, 2H), 7.16 — 7.07 (m, 10H), 7.02
—7.00 (m, 4H), 6.261 (s, 1H), 6.256 (dd, J = 24.0, 2.8 Hz, 1H), 4.46 (s, 4H). 3*C NMR
(101 MHz, Chloroform-d) & 164.0 (d, J = 249.5 Hz), 150.8 (d, J = 10.1 Hz), 137.3,
134.0 (d, J = 3.0 Hz), 131.4, 128.9, 128.2, 127.8, 127.3, 126.5, 123.8, 108.1 (d, J =
3.0 Hz), 99.4 (d, J = 26.3 Hz), 99.1, 92.1 (d, J = 3.0 Hz), 83.8, 54.2. HRMS (ESI)
m/z: [M+H]* calculated for CzsH22FN* 392.1815; found: 392.1817; M.P. 151 —
153 °C.
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Procedure for the synthesis of N,N-dibenzyl-4-(1-benzyl-1H-1,2,3-triazol-
4-yl)-3-fluoroaniline (6).

NBn, NBn,
BnNjy
E Cu(MeCN)4BF4 F
EtsN, DCM, N
It rt, 16 h 7N
Bri
4 6 (66%)

To a solution of N,N-dibenzyl-4-ethynyl-3-fluoroaniline 4 (31.5 mg, 0.1 mmol,
1.0 equiv.) and benzyl azide (28.0 mg, 0.15 mmol, 1.5 equiv.) in CH2Cl2 (2.5
mL) was added EtsN (20.9 uL, 0.15 mmol, 1.5 equiv.) and Cul (9.4 mg, 0.03
mmol, 30 mol%). The mixture was degassed and stirred under nitrogen
atmosphere at room temperature for 16 h. The mixture was diluted with CH2Clz,
filtered through a plug of Celite® and concentrated under reduced pressure.
Purification by column chromatography on silica gel using pentane: Et20 (1:1
v/v) as an eluent provided the titled compound as a white solid (29.5 mg, 66%).

H NMR (400 MHz, Chloroform-d) & 7.95 (t, J = 8.8 Hz, 1H), 7.58 (t, J = 3.6 Hz, 1H),
7.27 - 7.13 (m, 15H), 6.56 (dd, J = 8.8, 2.4 Hz, 1H), 6.35 (dd, J = 14.4, 2.4 Hz, 1H),
5.46 (s, 2H), 4.57 (s, 4H). 13C NMR (101 MHz, Chloroform-d) 5 160.5 (d, J = 246.4
Hz), 150.5 (d, J = 11.1 Hz), 142.4 (d, J = 2.0 Hz), 137.7, 135.0, 129.0, 128.8, 128.6,
128.4 (d, J = 5.1 Hz), 127.9, 127.2, 126.6, 120.9 (d, J = 11.1 Hz), 108.7 (d, J = 2.0
Hz), 106.9 (d, J = 14.1 Hz), 99.3 (d, J = 27.3 Hz), 54.2, 54.1. IR: v 3030, 1634, 1565,
1501, 1452, 724, 696 cm'. HRMS (ESI) m/z: [M+H]* calculated for CosHzsFN4*
449.2141; found: 449.2144; M.P. 158 — 160 °C.

Procedure for the synthesis of N,N-dibenzyl-6-[(tert-
butyldiphenylsilyl)ethynyl]-(1,1'-biphenyl)-3-amine (7).¢!

NBn, NBn,

PhB(OH), O
Br
Pd(PPhs)s, Na,CO;4 I

‘ ‘ THF/toluene/H,0

1BDPS 105 °C, 24 h 1BDPS
3e 7 (52%)

To a solution of alkynylated product 3e (61.5 mg, 0.1 mmol, 1.0 equiv.) and
phenylboronic acid (14.6 mg, 0.12 mmol, 1.2 equiv.) in THF/toluene/H20 (0.5
mL/0.5 mL/20 pL) was added Pd(PPhs)s (8.1 mg, 7 mol%) and sodium
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carbonate (13.8 mg, 0.13 mmol, 1.3 equiv.). The mixture was degassed and
stirred under nitrogen atmosphere at room temperature for 16 h. The mixture
was diluted with CH2Clz, filtered through a plug of Celite® and concentrated
under reduced pressure. Purification by column chromatography on silica gel
using pentane: CHzCl2 (5:1 v/v) as an eluent provided the titled compound as
a yellow oil (31.9 mg, 52%).

H NMR (300 MHz, Chloroform-d) & 7.72 — 7.69 (m, 4H), 7.57 — 7.54 (m, 3H), 7.40
—7.26 (m, 16H), 7.27 — 7.26 (m, 2H), 6.79 (d, J = 2.7 Hz, 1H), 6.72 (dd, J = 8.7, 2.7
Hz, 1H), 4.73 (s, 4H), 1.01 (s, 9H). 3C NMR (101 MHz, Chloroform-d) 5 149.4, 145.9,
141.2, 137.8, 135.7, 135.2, 134.0, 129.4, 129.2, 128.8, 128.0, 127.5, 127.2, 127.2,
126.6, 113.1, 111.1, 109.8, 109.5, 89.4, 54.1, 27.1, 18.7. IR: v 3067, 2928, 2855,
2147, 1599, 1493, 1109, 764, 734, 698 cm-'. HRMS (FD) m/z: [M]* calculated for
CasHa1NSI* 611.3008; found: 611.2999.

Procedure for the synthesis of N,N-dibenzyl-4-[(tert-
butyldiphenylsilyl)ethynyl]-3-morpholinoaniline (8).57]

NBn, NBn;
Morpholine
Br  Ppd,(dba)s;, BINAP, t-BuONa N/\
‘ ‘ toluene, reflux, 16 h ‘ ‘ o
TBDPS TBDPS
3e 8 (80%)

A mixture of alkynylated product 3e (123 mg, 0.2 mmol, 1.0 equiv.), morpholine
(87.1 mg, 1.0 mmol, 5.0 equiv.), Pdz(dba)s (18.3 mg, 10 mol%), BINAP (24.9
mg, 20 mol%) and ~-BuONa (25 mg, 0.26 mmol, 1.3 equiv.) was dissolved in
toluene (1.0 mL). The mixture was degassed and stirred under nitrogen
atmosphere at 115 °C for 16 h. The mixture was diluted with CH2Clz, filtered
through a plug of Celite® and concentrated under reduced pressure.
Purification by column chromatography on silica gel using pentane: Et20 (2:1
v/v) as an eluent provided the titled compound as a yellow oil (31.2 mg, 80%).

H NMR (400 MHz, Chloroform-d) & 7.77 — 7.74 (m, 4H), 7.31 — 7.27 (m, 4H), 7.26
—7.22 (m, 6H), 7.18 — 7.13 (m, 7H), 6.28 (dd, J = 8.8, 2.4 Hz, 1H), 6.12 (d, J = 2.4
Hz, 1H), 4.58 (s, 4H), 3.55 (t, J = 4.8 Hz, 4H), 2.98 (t, J = 4.4 Hz, 4H), 1.03 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 155.7, 150.5, 138.1, 136.3, 135.7, 134.1, 129.4,
128.8, 127.7, 127.2, 126.6, 109.2, 106.3, 104.2, 101.7, 92.1, 67.2, 54.6, 51.4, 27.3,
18.7. IR: v 3068, 2956, 2928, 2855, 2140, 1600, 1509, 1112, 738, 699 cm-'. HRMS
(FD) m/z: [M]* calculated for Ca2H44N20Si* 620.3223; found: 620.3218.
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