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ABSTRACT: Gold(I)-catalyzed hetero-tetradehydro-Diels−Alder cycloaddi-
tion of enynamides and cyanamides comprises an efficient route to diversely
substituted 2,6-diaminopyridines (28 examples; yields up to 99%). The reaction
proceeds under very mild conditions (DCM, rt) with high functional group
tolerance. The obtained 2,6-diaminopyridines represent a useful synthetic
platform with an easily modulated substitution pattern for subsequent
functionalizations of both the pyridine core and the N-substituents.

■ INTRODUCTION

In the field of Diels−Alder (DA) reactions, [4 + 2]
cycloadditions of substrates featuring triple bonds are
commonly categorized as dehydro-DAs,1−3 while the cyclo-
addition of enynes and alkynes is subclassified as tetradehydro-
Diels−Alder (TDDA) reactions (Scheme 1).

Practical application of TDDA reactions are severely limited,
because they usually require harsh conditions, and/or complex
prefunctionalized substrates (for the intramolecular variants).
However, because TDDA cycloadditions allow the creation of
benzene ring(s) in a single step, there is a demand for
development of new practically feasible routes to such [4 + 2]
integrations. While TDDA reactions in general are rare, hetero-
TDDA reactions that provide access to aromatic heterocycles
are almost unique. Only three examples of hetero-TDDA
cycloadditions have been reported (Scheme 2B). These
include the nucleophilic addition of 1-lithium-1-en-3-ynes to
p-tolunitrile4 and the TfOH-promoted interaction of enynylox-
azolidin-2-ones with nitriles5 giving in both cases fused
pyridines. These two methods have a limited scope and
involve the use of equivalent amounts of highly aggressive
reagents, namely BuLi4 or TfOH.5 In contrast, the single
known catalytic method allows the formation of 2-methox-
ypyridines from ynol ethers and nitriles under relatively mild
conditions using the gold-based catalytic system Et3PAuCl/
AgSbF6.

6 Notably, in all these cases4−6 conventional nitriles
RCN (R = Alk, Ar) were used as coreactants.
Based on these results4−6 and considering the relevant

successful examples of Au-catalyzed carbo-TDDA cyclo-
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Scheme 1. TDDA Reaction between Enynes and Alkynes

Scheme 2. Hetero-TDDA Reactions
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additions,7,8 we now attempted gold-catalyzed hetero-TDDA
reactions with such activated alkynes as enynamides. First, the
application of gold for various catalytic conversions of alkynes
is a cutting-edge research area9−17 and the focus of the
upcoming special issue of Chemical Reviews scheduled for Aug.
2021; the first articles18−27 have already been published.
Second, ynamides28−33 are widely used synthetic building
blocks that combine high reactivity and various substitution
patterns, but at the same time, the reactions of enyna-
mides34−38 are poorly explored. As the initial idea for this
study, we assumed that enynamides can also be involved in the
intermolecular hetero-TDDA cycloaddition with nitriles RCN
and that this integration should lead to 2-aminopyridines
(Scheme 2A). All our results relevant to this novel synthetic
route are disclosed in sections that follow.

■ RESULTS AND DISCUSSION
To prove our hypothesis, we first attempted the gold-catalyzed
interaction between enynamide 1a and conventional nitriles
(MeCN, PhCN), but no hetero-TDDA reaction species were
detected (Scheme 3). A complex reaction mixture was

obtained in the case of acetonitrile. When benzonitrile was
used, the only identified product was pyrimidine 3 derived
from the known39,40 [2 + 2 + 2] cycloaddition of one ynamide
and two PhCN; the alkene fragment of 1a remained intact.
It is known41 (and it is also our experience40,42,43) that the

chemistry of cyanamides44,45 is often dramatically different
from the chemistry of conventional organonitriles; this
different reactivity is typically associated with the push−pull
nature of cyanamides. Hence, as the next step, we replaced
nitriles 2, unreactive in the attempted hetero-TDDA reaction,
with dimethylcyanamide 4a. In line with our expectations, in
the case of Me2NCN, the desired 2,6-diaminopyridine 5a was
obtained as the only product. Inspired by these results, we
optimized conditions of this novel hetero-TDDA reaction and
extended its scope.
To optimize the reaction conditions, some popular gold-

based catalysts were tested: these experiments included ligand
and counterion variations (Table 1, entries 1−6).46,47 The
system IPrAuCl/AgNTf2 demonstrated the best results (entry
2); AgNTf2 alone does not catalyze the reaction (entry 7).
Among the employed solvents (entries 2, 8−10), DCM gave

the highest yield. Interestingly, when neat acetonitrile was used
as a solvent, the [4 + 2] and [2 + 2 + 2] cycloaddition products
of 1a and MeCN were not detected, again confirming that
conventional nitriles are unreactive in the hetero-TDDA
cycloaddition. The reaction can also be performed at 60 °C
in DCE in just 3 h (entry 11). The catalyst loading can be

reduced to 3 mol % without significant loss of the yield (entry
12). In summary, the best synthetic results to achieve 5a from
enynamide 1a were obtained with only 1.5 equiv of 4a and 5
mol % of IPrAuCl/AgNTf2 in DCM at rt for 24 h (entry 13).
With the optimal conditions at hand, the substrate scope and

limitations for the synthesis of 2,6-diaminopyridines 5 were
examined. We tested various enynamides 1 in their reactions
with dimethylcyanamide (Table 2). The cycloadditions
proceed smoothly with the reactants featuring various
electron-withdrawing N-sulfonyl substituents (5a−c). Pyridine
5d bearing a cyclic carbamate substituent was obtained in good
yield, and its structure was further confirmed by single-crystal
X-ray diffraction (CCDC 2062892). Ynamides featuring N-
phenyl and functional-substituted N-alkyl groups delivered the
corresponding pyridines in good to excellent yields (5e−i).
The reaction conditions were applicable to the hetero-TDDA
cycloadditions of ynamides with diverse R1-substituents. Thus,
diversified functionalities can be introduced into the fifth
position of pyrimidine ring, including aryl (5j−5m, 5p),
heteroaryl (5o), and alkyl (5q) fragments. The conjugated
dienynamide 1n was successfully converted to the correspond-
ing 5-alkenylpyridine 5n. The pyridine bearing a methyl
substituent in the 4-position (5r) was obtained in excellent
yield. The cycloaddition was carried out in a bidirectional
manner giving bispyridine benzene 5s.
The cyanamide scope of the studied hetero-TDDA reaction

is shown in Table 3. All tested disubstituted cyanamides gave
the corresponding pyridines in good and excellent yields. Our
protocol was applicable for introducing a variety of cyclic
amino-functionalities, such as, pyrrolidine, piperidine, morpho-
line, and tetrahydroisoquinoline fragments into the sixth
position of the pyridine core (6f−i). Complex reaction
mixtures were obtained when we used cyanamides containing
free NH-fragments (NH2CN, PhNHCN, n-BuNHCN). These
facts are probably related to the competing gold-catalyzed
hydroamination of starting ynamides.48 Nevertheless, pyridines

Scheme 3. Gold-Catalyzed Cycloadditions of Enynamide 1a

Table 1. Optimization of the Synthesis of 5aa

entry Catalyst Solvent Yield,b %

1 Ph3PAuCl/AgNTf2 DCM 84
2 IPrAuCl/AgNTf2 DCM 89
3 JohnPhosAuCl/AgNTf2 DCM 88
4 IPrAuCl/AgOTf DCM 71
5 IPrAuCl/AgSbF6 DCM 81
6 IPrAuNTf2 DCM 87
7 AgNTf2 DCM −
8 IPrAuCl/AgNTf2 PhMe 80
9 IPrAuCl/AgNTf2 THF 63
10 IPrAuCl/AgNTf2 MeCN 83
11 IPrAuCl/AgNTf2 DCE 90c

12 IPrAuCl/AgNTf2 DCM 85d

13 IPrAuCl/AgNTf2 DCM 92e

aAll reactions were carried out on a 0.1 mmol scale (0.2 M).
bEstimated by 1H NMR spectroscopy using durene as an internal
standard. c60 °C, 3 h. d3 mol % of IPrAuCl/AgNTf2 was used.

e1.5
equiv of Me2NCN was used.
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6b−d, bearing easily cleavable benzyl N-protective groups,
were obtained in excellent yields. Also, we scaled the synthesis
of 6c up to 1.0 mmol, and the isolated yield was 95%. The
preparation of 5a can be conducted on a gram scale (91%
isolated yield).
The 2-aminopyridine and 2,6-diaminopyridine motifs are

widely represented among natural compounds, such as α-
carbolines,49,50 and numerous synthetic drug candidates.51−54

Moreover, these heterocycles are used in organometallic
chemistry as ligands55 and in materials chemistry as macro-
molecular linkers.56 Although the synthetic routes to simply
substituted 2-aminopyridines are known (e.g., Chichibabin
reaction,57 Buchwald−Hartwig aminations of halopyri-
dines,58,59 and various multicomponent condensations),60−62

the preparation of target compounds with complex substitution
patterns is typically a challenging task.41,63

Having developed a new efficient method for the
construction of the 2,6-diaminopyridine core, we then focused
on studying its postmodifications (Scheme 4). Pyridine 5a was

easily halogenated in the third position; the resulting bromo-
and iodo- pyridines (7 and 8) could serve as precursors for
cross-coupling strategies. The modification of the amino
substituent in the second position is demonstrated by the
denosylation of compound 6d. Finally, pyridine 6c gave the di-
and mono-debenzylation products (10 and 10′) under the
catalytic hydrogenolysis conditions.
A plausible mechanism64−67 for the gold-catalyzed hetero-

TDDA reaction is given in Scheme 5. The coordination of the
cationic gold to the enynamide triple bond gives π-complex A,
whereupon cyanamide 4 attacks A to give nitrilium ion B.
Next, cyclization of B followed by aromatization/protodeaura-

Table 2. Reactivity Screening for Ynamides 1a,b

aAll reactions were carried out on a 0.2 mmol scale (0.2 M). bIsolated
yield. c15 mol % of IPrAuCl/AgNTf2 was used.

Table 3. Reactivity Screening for Cyanamides 4a,b

aAll reactions were carried out on a 0.2 mmol scale (0.2 M). bIsolated
yield.

Scheme 4. Post-functionalizations of Pyridines 5 and 6
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tion leads to pyridine 5, whereas the catalyst is regenerated.
Unlike conventional nitriles Alk(Ar)CN giving only the
pyrimidine species (Scheme 3),39 cyanamide sp-carbon of the
key intermediate B is sufficiently electrophilic for intra-
molecular attack by the alkene fragment. Thus, the employ-
ment of push−pull cyanamides is a crucial factor for this gold-
catalyzed hetero-TDDA cycloaddition. In contrast to our
method that utilizes exclusively cyanamides, Barluenga and
Aguilar succeeded in employing the conventional nitriles in the
gold-catalyzed TDDA reaction with enyne ethers (Scheme 2).6

We assume that this reaction occurred due to the push−pull
nature of the employed alkyne substrates, where the methoxy
substituents at the triple bonds are conjugated with the ester
fragments (see the postulated mechanism in ref 6). In another
work, these authors also noted this effect.68 Very likely, for the
conductance of the TDDA reaction, one of the substrates (viz.,
enyne or nitrile) should exhibit the push−pull character.
The above reaction scheme (Scheme 5) is relevant to the

gold-catalyzed formal [4 + 2] cycloaddition β-arylynamides
and cyanamides to furnish 1,3-diaminoisoquinolines, which we
reported earlier.40 In contrast to enynamides 1, which react
with cyanamides at room temperature to give 2,6-diaminopyr-
imidines, the cyclization of nitrilium ions generated from β-
arylynamides and cyanamides is not easy and it requires harsh
conditions (80 °C). This is probably related to the need for
dearomatization of the aryl substituent, whereas, for
enynamides 1, cyclization of the nitrile cation B is preferable.
For the same reason, in a large number of cases, the competing
[2 + 2 + 2] cycloaddition of one alkyne and two cyanamides
becomes prevalent for β-arylynamides. For enynamides 1 even
traces of the possible side products (derived from the [2 + 2 +
2] reaction) were not detected.

■ CONCLUSIONS
In summary, we reported a new example of a rare hetero-
TDDA cycloaddition. Our method is based on the integration
of enynamides and cyanamides under the gold catalysis
conditions. In contrast to a few previously reported cases of
hetero-TDDA transformations involving conventional nitriles,
the application of push−pull cyanamides, as the reaction
partners of enynamides, leads to the formation of a pyridine
backbone under essentially mild conditions allowing high
functional group tolerance. The advantages of the proposed

method also include scalability and the possibility of further
modifications of the obtained heterocyclic products. In
conclusion, we showed the uniqueness of the chemical
behavior of enynamides in comparison with β-aryl-substituted
analogues. We hope that the use of enynamides will open up
new frontiers in gold catalysis.

■ EXPERIMENTAL SECTION
General Information. NMR spectra were recorded at ambient

temperature with a Bruker Avance III 400 instrument at 400.13 MHz
(1H NMR) and 100.61 MHz (13C NMR) in CDCl3. Chemical shifts
(δ) are given in ppm relative to resonances of the solvents (1H: δ =
7.26 for residual CHCl3 peak;

13C: δ = 77.2 for CDCl3). Mass spectra
were recorded on Bruker MicroTOF (ESI) and Bruker maXis HRMS-
ESI-QTOF instruments. Chromatographic separation was carried out
on Macherey−Nagel silica gel 60 M (0.04−0.063 mm). Analytical
TLC was performed on unmodified Merck ready-to-use plates (TLC
silica gel 60 F254); detection was achieved with a UV lamp. Melting
points were measured with a Stuart smp30 apparatus. Gold complexes
(IPrAuNTf2,

69 Ph3PAuCl,
70 JohnPhosAuCl71) were synthesized

accordingly to the published protocols. Known enynamides 1 were
prepared according to the literature procedures.34,72 The solvents
were purified using standard techniques and stored over activated 4 Å
molecular sieves before use. Other reagents were purchased from
commercial vendors and were used as received. For known
compounds 1c−e,g,o the 1H and 13C NMR spectra are consistent
with previously reported literature.

General Procedure for the Synthesis of Starting Enyna-
mides 1. A 50 mL round-bottom flask was charged with amide (1.0

mmol), 1,1-dibromo-1-alkene (1.2 mmol, 1.2 equiv), Cs2CO3 (1.30 g,
4.0 mmol, 4.0 equiv), and copper(I) iodide (24 mg, 0.125 mmol, 12.5
mol %). The flask was fitted with a rubber septum, evacuated under
high vacuum, and backfilled with argon. Dry and degassed DMF (5
mL) and N,N′-dimethylethylenediamine (22 mg, 0.25 mmol, 25 mol
%) were next added, and the blue or green suspension was heated at
70 °C in an oil bath for 24 h with stirring. After completion, all
volatile components were removed in vacuo and the residue was
purified by silica gel chromatography eluting with hexane/EtOAc to
afford enynamides 1.

(E)-N,4-Dimethyl-N-(4-phenylbut-3-en-1-yn-1-yl)benzene-
sulfonamide (1a).72 Yellow solid (224 mg, 72%); mp 83.5−84.5 °C
(hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1);

1H NMR (400 MHz,
CDCl3) δ 7.83 (d, J = 8.3 Hz, 2H), 7.40−7.23 (m, 7H), 6.83 (d, J =
16.2 Hz, 1H), 6.22 (d, J = 16.2 Hz, 1H), 3.12 (s, 3H), 2.46 (s, 3H);
13C{H} NMR (100 MHz, CDCl3) δ 145.0, 139.8, 136.5, 133.4, 130.0,
128.8, 128.5, 127.9, 126.2, 107.6, 86.1, 68.9, 39.5, 21.8; HRMS (ESI):
m/z [M + H]+ calcd for C18H17NO2SNa

+, 334.0872; found, 334.0873.
(E)-4-Fluoro-N-methyl-N-(4-phenylbut-3-en-1-yn-1-yl)benzene-

sulfonamide (1b). Yellow solid (218 mg, 69%); mp 60.0−61.5 °C
(hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1);

1H NMR (400 MHz,
CDCl3) δ 8.00−7.93 (m, 2H), 7.39−7.23 (m, 7H), 6.85 (d, J = 16.2
Hz, 1H), 6.22 (d, J = 16.2 Hz, 1H), 3.14 (s, 3H); 13C{H} NMR (100
MHz, CDCl3) δ 165.9 (d, JF = 256.4 Hz), 140.2, 136.3, 132.4 (d, JF =
3.2 Hz), 130.6 (d, JF = 9.6 Hz), 128.8, 128.6, 126.2, 116.7 (d, JF =
22.7 Hz), 107.2, 85.6, 69.0, 39.4; HRMS (ESI): m/z [M + H]+ calcd
for C17H14FNO2SNa

+, 338.0621; found, 338.0615.
(E)-N-Methyl-N-(4-phenylbut-3-en-1-yn-1-yl)methane-

sulfonamide (1c).72 Brown solid (165 mg, 70%); mp 78.0−80.0 °C
(hexane/EtOAc); Rf 0.40 (hexane/EtOAc 2:1);

1H NMR (400 MHz,
CDCl3) 7.36−7.23 (m, 5H), 6.86 (d, J = 16.2 Hz, 1H), 6.21 (d, J =
16.2 Hz, 1H), 3.24 (s, 3H), 3.08 (s, 3H); 13C{H} NMR (100 MHz,
CDCl3) δ 140.2, 136.4, 128.9, 128.6, 126.3, 107.3, 85.2, 69.3, 39.3,
36.9; HRMS (ESI): m/z [M + H]+ calcd for C12H13NO2SNa

+,
258.0559; found, 258.0555.

Scheme 5. Plausible Mechanism for Generation of 5 and 6
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(E)-3-(4-Phenylbut-3-en-1-yn-1-yl)oxazolidin-2-one (1d).73

Brown solid (117 mg, 55%); mp 106.5−108.0 °C (hexane/EtOAc);
Rf 0.40 (hexane/EtOAc 1:1); 1H NMR (400 MHz, CDCl3) δ 7.38−
7.27 (m, 5H), 6.93 (d, J = 16.2 Hz, 1H), 6.25 (d, J = 16.2 Hz, 1H),
4.49−4.45 (m, 2H), 3.99−3.95 (m, 2H); 13C{H} NMR (100 MHz,
CDCl3) δ 156.6, 140.3, 136.3, 128.8, 128.6, 126.2, 107.0, 81.2, 71.0,
63.2, 47.1; HRMS (ESI): m/z [M + H]+ calcd for C13H11NO2Na

+,
236.0682; found, 236.0680.
(E)-N-Benzyl-4-methyl-N-(4-phenylbut-3-en-1-yn-1-yl)benzene-

sulfonamide (1e).74 Yellowish solid (263 mg, 68%); mp 84.5−86 °C
(hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1); 1H NMR (400 MHz,
CDCl3) δ 7.78 (d, J = 8.3 Hz, 2H), 7.33−7.24 (m, 12H), 6.71 (d, J =
16.2 Hz, 1H), 6.15 (d, J = 16.2 Hz, 1H), 4.56 (s, 2H), 2.45 (s, 3H);
13C{H} NMR (100 MHz, CDCl3) δ 144.8, 139.6, 136.6, 135.0, 134.7,
129.9, 128.9, 128.8, 128.7, 128.48, 128.47, 127.9, 126.2, 107.7, 84.9,
71.2, 55.9, 21.8; HRMS (ESI): m/z [M + H]+ calcd for
C24H21NO2SNa

+, 410.1185; found, 410.1180
(E)-N-Allyl-4-methyl-N-(4-phenylbut-3-en-1-yn-1-yl)benzene-

sulfonamide (1f). Brown oil (135 mg, 40%); Rf 0.30 (hexane/EtOAc
8:1); 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.2 Hz, 2H), 7.41−
7.22 (m, 7H), 6.83 (d, J = 16.2 Hz, 1H), 6.24 (d, J = 16.2 Hz, 1H),
5.78 (ddt, J = 16.6, 10.1, 6.3 Hz, 1H), 5.33−5.22 (m, 2H), 4.03 (d, J =
6.3 Hz, 2H), 2.46 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 144.8,
139.6, 136.4, 134.7, 130.9, 129.9, 128.7, 128.4, 127.7, 126.0, 120.1,
107.5, 84.4, 70.6, 54.4, 21.6; HRMS (ESI): m/z [M + H]+ calcd for
C20H19NO2SNa

+, 360.1029; found, 360.1022.
(E)-N-Cyclopropyl-4-methyl-N-(4-phenylbut-3-en-1-yn-1-yl)-

benzenesulfonamide (1g).75 Brown oil (250 mg, 74%); Rf 0.30
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.3
Hz, 2H), 7.40−7.24 (m, 7H), 6.84 (d, J = 16.2 Hz, 1H), 6.25 (d, J =
16.2 Hz, 1H), 2.81 (tt, J = 7.0, 3.6 Hz, 1H), 2.46 (s, 3H), 0.92−0.85
(m, 2H), 0.83−0.75 (m, 2H); 13C{H} NMR (100 MHz, CDCl3) δ
144.9, 139.6, 136.5, 134.0, 129.9, 128.8, 128.4, 128.1, 126.1, 107.6,
84.1, 70.3, 33.0, 21.8, 6.6; HRMS (ESI): m/z [M + H]+ calcd for
C20H19NO2SNa

+, 360.1029; found, 360.1022.
(E)-N-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-4-methyl-N-(4-phenyl-

but-3-en-1-yn-1-yl)benzenesulfonamide (1h). Brown oil (267 mg,
60%); Rf 0.35 (hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ
7.73 (d, J = 8.3 Hz, 2H), 7.37−7.23 (m, 7H), 6.82 (d, J = 16.2 Hz,
1H), 6.71−6.59 (m, 3H), 6.25 (d, J = 16.2 Hz, 1H), 5.89 (s, 2H),
3.59−3.53 (m, 2H), 2.90−2.84 (m, 2H), 2.43 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3) δ 147.8, 146.5, 144.8, 139.8, 136.6, 134.9, 131.3,
129.9, 128.9, 128.5, 127.7, 126.2, 122.1, 109.5, 108.5, 107.7, 101.1,
84.3, 71.2, 53.2, 34.4, 21.8; HRMS (ESI): m/z [M + H]+ calcd for
C26H23NO4SNa

+, 468.1240; found, 468.1238.
N,4-Dimethyl-N-((3E,5E)-6-phenylhexa-3,5-dien-1-yn-1-yl)-

benzenesulfonamide (1n). Yellow solid (280 mg, 83%); mp 117.0−
118.5 °C (hexane/EtOAc); Rf 0.40 (hexane/EtOAc 4:1); 1H NMR
(400 MHz, CDCl3) δ 7.81 (d, J = 8.3 Hz, 2H), 7.41−7.37 (m, 4H),
7.32 (t, J = 7.6 Hz, 2H), 7.25−7.22 (m, 1H), 8.80 (dd, J = 15.6, 10.8
Hz, 1H), 6.67−6.56 (m, 2H), 5.78 (d, J = 15.2 Hz, 1H), 3.11 (s, 3H),
2.47 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 144.9, 140.4, 137.0,
134.1, 133.5, 130.0, 128.8, 128.2, 128.0, 127.9, 126.7, 110.8, 87.2,
69.2, 39.5, 21.8; HRMS (ESI): m/z [M + Na]+ calcd for
C20H19NNaO2S

+, 360.1034; found, 360.1029.
(E)-N,4-Dimethyl-N-(4-(thiophen-2-yl)but-3-en-1-yn-1-yl)-

benzenesulfonamide (1o).72 Yellow oil (167 mg, 53%); Rf 0.50
(hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 8.4
Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.17 (dd, J = 4.8, 1.5 Hz, 1H),
6.99−6.95 (m, 2H), 6.93 (d, J = 15.9 Hz, 1H), 6.03 (d, J = 15.9 Hz,
1H), 3.10 (s, 3H), 2.46 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ
144.9, 141.5, 133.4, 132.9, 130.00, 127.9, 127.8, 126.7, 125.2, 106.8,
86.4, 68.5, 39.40 21.8; HRMS (ESI): m/z [M + Na]+ calcd for
C16H15NNaO2S2

+, 340.0436; found, 340.0441.
(E)-N,4-Dimethyl-N-(4-(naphthalen-1-yl)but-3-en-1-yn-1-yl)-

benzenesulfonamide (1p). Brown oil (300 mg, 83%); Rf 0.35
(hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.0
Hz, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.84 (d, J = 1.8 Hz, 1H), 7.80 (d, J
= 8.2 Hz, 1H), 7.63 (d, J = 6.6 Hz, 1H), 7.60 (s, 1H), 7.57−7.48 (m,
2H), 7.45 (t, J = 7.7 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 6.30 (d, J =

16.0 Hz, 1H), 3.17 (s, 3H), 2.47 (s, 3H); 13C{H} NMR (100 MHz,
CDCl3) δ 145.0, 136.8, 134.0, 133.9, 133.6, 131.0, 130.1, 128.9, 128.8,
128.0, 126.5, 126.1, 125.7, 123.7, 123.4, 110.3, 86.1, 69.3, 39.5, 21.9;
HRMS (ESI): m/z [M + H]+ calcd for C22H19NO2SNa

+, 384.1029;
found, 384.1025.

(E)-N,4-Dimethyl-N-(pent-3-en-1-yn-1-yl)benzenesulfonamide
(1q). Colorless solid (204 mg, 82%); mp 78.5−80.0 °C (hexane/
EtOAc); Rf 0.50 (hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3)
δ 7.77 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 6.09−6.00 (m,
1H), 5.54−5.49 (m, 1H), 3.04 (s, 3H), 2.44 (s, 3H), 1.76 (dd, J = 6.8,
1.8 Hz, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 144.8, 139.1, 133.4,
129.8, 127.9, 109.9, 82.1, 67.7, 39.4, 21.7, 18.6; HRMS (ESI): m/z
[M + Na]+ calcd for C13H15NNaO2S

+, 272.0716; found, 272.0720.
(E)-N,4-Dimethyl-N-(3-methyl-4-phenylbut-3-en-1-yn-1-yl)-

benzenesulfonamide (1r). Yellowish solid (215 mg, 66%); mp 57.5−
59.5 °C (hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1); 1H NMR
(400 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 2H), 7.41−7.32 (m, 4H),
7.28−7.22 (m, 3H), 6.73 (s, 1H), 3.13 (s, 3H), 2.47 (s, 3H), 2.47 (d,
J = 1.4 Hz, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 144.9, 137.0,
134.6, 133.5, 130.0, 129.0, 128.4, 128.0, 127.2, 119.3, 83.4, 73.1, 39.5,
21.8, 19.5; HRMS (ESI): m/z [M + H]+ calcd for C19H19NO2SNa

+,
348.1029; found, 348.1024.

Synthesis of Enynamide 1i. A 50 mL round-bottom flask was
charged with N-phenylmethanesulfonamide (171 mg, 1.0 mmol),

K2CO3 (415 mg, 3.0 mmol, 3.0 equiv), 1,10-phenanthroline
monohydrate (59.5 mg, 0.3 mmol, 30 mol %), and CuSO4·5H2O
(49.9 mg, 0.2 mmol, 20 mol %). The flask was fitted with a rubber
septum, evacuated under high vacuum, and backfilled with argon. Dry
and degassed toluene (10 mL) and (E)-(4-bromobut-1-en-3-yn-1-
yl)benzene (228 mg, 1.1 mmol, 1.1 equiv) were next added, and the
suspension was heated at 80 °C in an oil bath for 12 h with stirring.
After completion, all volatile components were removed in vacuo and
the residue was purified by silica gel chromatography eluting with
hexane/EtOAc to afford enynamides 1i.

(E)-N-Phenyl-N-(4-phenylbut-3-en-1-yn-1-yl)methane-
sulfonamide (1i).34 Brown solid (40.0 mg, 13%); mp 89.0−91.0 °C
(hexane/EtOAc); Rf 0.35 (hexane/EtOAc 4:1);

1H NMR (400 MHz,
CDCl3) δ 7.56 (d, J = 8.1 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.39−
7.27 (m, 6H), 6.94 (d, J = 16.2 Hz, 1H), 6.30 (d, J = 16.2 Hz, 1H),
3.15 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 140.8, 138.9, 136.4,
129.7, 128.9, 128.7, 128.6, 126.3, 125.8, 107.2, 84.1, 70.7, 37.1;
HRMS (ESI): m/z [M + H]+ calcd for C17H15NO2SNa

+, 320.0716;
found, 320.0709.

General Procedure for the Gold(I)-Catalyzed Synthesis of
Pyridines 5 and 6. IPrAuCl (6.2 mg, 10.0 μmol, 5 mol %) and
AgNTf2 (3.9 mg, 10.0 μmol, 5 mol %) in one portion were added to
the solution of enynamide (1, 0.2 mmol) and cyanamide 4 (0.3 mmol,
1.5 equiv) in DCM (1.0 mL). The resulting mixture was stirred at
room temperature for 24 h. After completion, all volatile components
were removed in vacuo, and the residue was purified by silica gel
chromatography eluting with hexane/EtOAc to afford pyridines 5 and
6.

N-(6-(Dimethylamino)-5-phenylpyridin-2-yl)-N,4-dimethyl-
benzenesulfonamide (5a). Colorless solid (69.4 mg, 91%); mp
113.0−115.0 °C (hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1); 1H
NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.3 Hz, 2H), 7.44−7.36 (m,
5H), 7.30−7.27 (m, 1H), 7.24 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 7.9
Hz, 1H), 3.32 (s, 3H), 2.53 (s, 6H), 2.40 (s, 3H); 13C{H} NMR (100
MHz, CDCl3) δ 157.6, 150.3, 143.6, 141.7, 140.1, 135.4, 129.5, 128.8,
128.2, 127.7, 127.1, 122.0, 110.3, 41.3, 35.6, 21.7; HRMS (ESI): m/z
[M + H]+ calcd for C21H23N3O2SNa

+, 404.1403; found, 404.1403.
N-(6-(Dimethylamino)-5-phenylpyridin-2-yl)-4-fluoro-N-methyl-

benzenesulfonamide (5b). Colorless solid (73.2 mg, 95%); mp
103.0−105.0 °C (hexane/EtOAc); Rf 0.50 (hexane/EtOAc 4:1); 1H
NMR (400 MHz, CDCl3) δ 7.72 (dd, J = 8.9, 5.1 Hz, 2H), 7.45−7.35

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://doi.org/10.1021/acs.joc.1c00558
J. Org. Chem. 2021, 86, 7218−7228

7222

https://pubs.acs.org/doi/10.1021/acs.joc.1c00558?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c00558?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c00558?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c00558?fig=&ref=pdf
pubs.acs.org/joc?ref=pdf
https://doi.org/10.1021/acs.joc.1c00558?rel=cite-as&ref=PDF&jav=VoR


(m, 5H), 7.29 (t, J = 7.0 Hz, 1H), 7.12 (t, J = 8.6 Hz, 2H), 7.06 (d, J
= 7.9 Hz, 1H), 3.31 (s, 3H), 2.52 (s, 6H); 13C{H} NMR (100 MHz,
CDCl3) δ 165.3 (d, JF = 254.4 Hz), 158.2, 150.0, 141.7, 140.4, 134.3
(d, JF = 3.3 Hz), 130.5 (d, JF = 9.3 Hz), 128.8, 128.1, 127.1, 122.2,
116.0 (d, JF = 22.5 Hz), 110.4, 41.1, 35.8; HRMS (ESI): m/z [M +
Na]+ calcd for C20H20FN3O2SNa

+, 408.1152; found, 408.1162.
N-(6-(Dimethylamino)-5-phenylpyridin-2-yl)-N-methylmethane-

sulfonamide (5c). Colorless solid (56.2 mg, 92%); mp 124.5−126.5
°C (hexane/EtOAc); Rf 0.35 (hexane/EtOAc 4:1); 1H NMR (400
MHz, CDCl3) δ 7.45−7.37 (m, 5H), 7.29 (tt, J = 6.4, 1.9 Hz, 1H),
6.81 (d, J = 7.9 Hz, 1H), 3.40 (s, 3H), 3.16 (s, 3H), 2.72 (s, 6H);
13C{H} NMR (100 MHz, CDCl3) δ 158.2, 150.8, 142.1, 140.3, 128.8,
128.1, 127.0, 121.8, 107.9, 41.3, 38.2, 35.8; HRMS (ESI): m/z [M +
Na]+ calcd for C15H19N3O2SNa

+, 328.1090; found, 328.1102
3-(6-(Dimethylamino)-5-phenylpyridin-2-yl)oxazolidin-2-one

(5d). Colorless solid (47.6 mg, 84%); mp 144.0−145.5 °C (hexane/
EtOAc); Rf 0.45 (hexane/EtOAc 2:1); 1H NMR (400 MHz, CDCl3)
δ 7.64 (d, J = 8.1 Hz, 1H), 7.49−7.42 (m, 3H), 7.38 (t, J = 7.6 Hz,
2H), 7.29−7.25 (m, 1H), 4.47 (t, J = 8.2 Hz, 2H), 4.33 (t, J = 8.3 Hz,
2H), 2.71 (s, 6H); 13C{H} NMR (100 MHz, CDCl3) δ 157.7, 157.2,
147.8, 142.1, 140.5, 128.7, 128.2, 126.8, 119.9, 103.2, 62.2, 44.2, 41.3;
HRMS (ESI): m/z [M + Na]+ calcd for C16H17N3O2Na

+, 306.1213;
found, 306.1222.
N-Benzyl-N-(6-(dimethylamino)-5-phenylpyridin-2-yl)-4-methyl-

benzenesulfonamide (5e). Yellow oil (84.2 mg, 92%); Rf 0.30
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.2
Hz, 2H), 7.41−7.32 (m, 7H), 7.31−7.23 (m, 5H), 7.20 (t, J = 7.2 Hz,
1H), 7.00 (d, J = 7.9 Hz, 1H), 5.08 (s, 2H), 2.50 (s, 6H), 2.42 (s,
3H); 13C{H} NMR (100 MHz, CDCl3) δ 158.1, 148.6, 143.5, 141.6,
140.2, 137.6, 136.6, 129.5, 128.7, 128.4, 128.2, 128.1, 127.8, 127.3,
127.0, 122.5, 112.3, 51.4, 41.2, 21.7; HRMS (ESI): m/z [M + H]+

calcd for C27H27N3O2SNa
+, 480.1716; found, 480.1711.

N-Allyl-N-(6-(dimethylamino)-5-phenylpyridin-2-yl)-4-methyl-
benzenesulfonamide (5f). Yellowish oil (61.9 mg, 76%); Rf 0.35
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.3
Hz, 2H), 7.45−7.35 (m, 5H), 7.30−7.27 (m, 1H), 7.24 (d, J = 8.1 Hz,
2H), 7.02 (d, J = 7.9 Hz, 1H), 5.92 (ddt, J = 16.0, 10.3, 5.8 Hz, 1H),
5.25 (dd, J = 17.2, 1.5 Hz, 1H), 5.11 (dd, J = 10.2, 1.4 Hz, 1H), 4.49
(dt, J = 5.7, 1.2 Hz, 2H), 2.52 (s, 6H), 2.41 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3) δ 158.3, 148.9, 143.4, 141.6, 140.5, 136.7, 134.0,
129.4, 128.7, 128.1, 127.8, 127.0, 122.2, 117.9, 111.3, 50.7, 41.2, 21.7;
HRMS (ESI): m/z [M + Na]+ calcd for C23H25N3O2SNa

+, 430.1560;
found, 430.1566.
N-Cyclopropyl-N-(6-(dimethylamino)-5-phenylpyridin-2-yl)-4-

methylbenzenesulfonamide (5g). Yellowish oil (79.1 mg, 97%); Rf
0.30 (hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J
= 8.3 Hz, 2H), 7.48−7.36 (m, 5H), 7.31−7.28 (d, 1H), 7.26 (d, J =
8.1 Hz, 2H), 6.85 (d, J = 7.7 Hz, 1H), 2.77 (tt, J = 6.9, 3.6 Hz, 1H),
2.50 (s, 6H), 2.43 (s, 3H), 0.90−0.85 (m, 2H), 0.79−0.74 (m, 2H);
13C{H} NMR (100 MHz, CDCl3) δ 158.6, 151.3, 143.4, 141.4, 140.5,
135.8, 129.2, 128.7, 128.6, 128.1, 127.0, 123.2, 113.4, 41.1, 30.5, 21.7,
8.4; HRMS (ESI): m/z [M + Na]+ calcd for C23H25N3O2SNa

+,
430.1560; found, 430.1551.
N-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-N-(6-(dimethylamino)-5-

phenylpyridin-2-yl)-4-methylbenzenesulfonamide (5h). Colorless
oil (92.8 mg, 90%); Rf 0.45 (hexane/EtOAc 4:1); 1H NMR (400
MHz, CDCl3) δ 7.58 (d, J = 8.3 Hz, 2H), 7.47−7.36 (m, 5H), 7.29 (t,
J = 7.2 Hz, 1H), 7.21 (d, J = 8.1 Hz, 2H), 7.02 (d, J = 7.8 Hz, 1H),
6.72−6.62 (m, 3H), 5.90 (s, 2H), 4.03−3.97 (m, 2H), 2.88−2.82 (m,
2H), 2.55 (s, 6H), 2.39 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ
158.4, 148.8, 147.7, 146.2, 143.4, 141.6, 140.4, 136.5, 132.9, 129.4,
128.8, 128.1 127.7, 127.0, 122.4, 122.0, 112.2, 109.5, 108.4, 101.0,
49.7, 41.3, 35.6, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C29H29N3O4SNa

+, 538.1771; found, 538.1777.
N-(6-(Dimethylamino)-5-phenylpyridin-2-yl)-N-phenylmethane-

sulfonamide (5i). Yellow solid (59.5 mg, 81%); mp 168.0−170.0 °C
(hexane/EtOAc); Rf 0.35 (hexane/EtOAc 4:1); 1H NMR (400 MHz,
CDCl3) δ 7.50−7.35 (m, 9H), 7.32−7.27 (m, 2H), 6.19 (d, J = 7.9
Hz, 1H), 3.55 (s, 3H), 2.77 (s, 6H); 13C{H} NMR (100 MHz,
CDCl3) δ 158.2, 152.3, 142.2, 140.5, 139.9, 129.7, 129.7, 128.8, 128.6,

128.2, 127.0, 121.4, 108.2, 41.5. 41.3; HRMS (ESI): m/z [M + Na]+

calcd for C20H21N3O2SNa
+, 390.1247; found, 390.1244.

N-(6-(Dimethylamino)-5-(o-tolyl)pyridin-2-yl)-N,4-dimethyl-
benzenesulfonamide (5j). Colorless oil (75.1 mg, 95%); Rf 0.35
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.3
Hz, 2H), 7.28 (d, J = 7.8 Hz, 1H), 7.24−7.18 (m, 6H), 7.03 (d, J =
7.8 Hz, 1H), 3.32 (s, 3H), 2.49 (s, 6H), 2.40 (s, 3H), 2.09 (s, 3H);
13C{H} NMR (100 MHz, CDCl3) δ 157.5, 150.3, 143.5, 141.9, 140.3,
136.2, 135.3, 130.2, 129.8, 129.3, 127.8, 127.3, 126.1, 121.1, 109.0,
40.3, 35.7, 21.7, 19.8; HRMS (ESI): m/z [M + H]+ calcd for
C22H25N3O2SNa

+, 418.1560; found, 418.1557.
N-(6-(Dimethylamino)-5-(p-tolyl)pyridin-2-yl)-N,4-dimethyl-

benzenesulfonamide (5k). Colorless oil (60.9 mg, 77%); Rf 0.40
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.2
Hz, 2H), 7.40 (d, J = 7.9 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.23 (d, J
= 8.1 Hz, 2H), 7.19 (d, J = 7.9 Hz, 2H), 7.07 (d, J = 7.9 Hz, 1H), 3.31
(s, 3H), 2.52 (s, 6H), 2.40 (s, 3H), 2.38 (s, 3H); 13C{H} NMR (100
MHz, CDCl3) δ 158.2, 150.0, 143.5, 141.5, 137.5, 136.7, 135.4,
129.43, 129.42, 128.0, 127.8, 121.9, 110.1, 41.1, 35.6, 21.7, 21.4;
HRMS (ESI): m/z [M + H]+ calcd for C22H25N3O2SNa

+, 418.1560;
found, 418.1557.

N-(6-(Dimethylamino)-5-(4-methoxyphenyl)pyridin-2-yl)-N,4-
dimethylbenzenesulfonamide (5l). Colorless oil (70.0 mg, 85%); Rf
0.50 (hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J
= 8.3 Hz, 2H), 7.39 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.7 Hz, 2H), 7.23
(d, J = 8.1 Hz, 2H), 7.09 (d, J = 7.9 Hz, 1H), 6.93 (d, J = 8.7 Hz, 2H),
3.84 (s, 3H), 3.30 (s, 3H), 2.53 (s, 6H), 2.40 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3) δ 158.7, 158.0, 149.9, 143.5, 141.4, 135.3, 132.5,
129.4, 129.2, 127.8, 122.0, 114.2, 110.5, 55.4, 41.2, 35.6, 21.7; HRMS
(ESI): m/z [M + H]+ calcd for C22H26N3O3S

+, 412.1689; found,
412.1668.

N-(5-(4-Bromophenyl)-6-(dimethylamino)pyridin-2-yl)-N,4-
dimethylbenzenesulfonamide (5m). Colorless oil (85.6 mg, 93%);
Rf 0.30 (hexane/ethyl acetate 8:1); 1H NMR (400 MHz, CDCl3) δ
7.59 (d, J = 8.1 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.38 (d, J = 7.9 Hz,
1H), 7.31 (d, J = 8.2 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.09 (d, J =
7.9 Hz, 1H), 3.32 (s, 3H), 2.54 (s, 6H), 2.40 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3) δ 158.1, 150.5, 143.6, 141.4, 139.4, 135.5, 131.9,
129.7, 129.5, 127.7, 120.8, 120.3, 109.9, 41.2, 35.6, 21.7; HRMS
(ESI): m/z [M + H]+ calcd for C21H22BrN3O2SNa

+, 482.0508; found,
482.0507.

(E)-N-(6-(Dimethylamino)-5-styrylpyridin-2-yl)-N,4-dimethyl-
benzenesulfonamide (5n). Colorless oil (67.6 mg, 83%); Rf 0.25
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.1
Hz, 1H), 7.56−7.50 (m, 4H), 7.36 (t, J = 7.6 Hz, 2H), 7.28−7.24 (m,
1H), 7.22 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.1 Hz, 1H), 7.10 (d, J =
16.4 Hz, 1H), 6.95 (d, J = 16.3 Hz, 1H), 3.29 (s, 3H), 2.74 (s, 6H),
2.40 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 159.5, 150.4, 143.6,
137.7, 137.1, 135.1, 129.4, 128.9, 128.5, 127.8, 127.7, 126.5, 125.6,
120.0, 111.9, 42.2, 35.6, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C23H25N3NaO2S

+, 430.1560; found, 430.1565.
N-(6-(Dimethylamino)-5-(thiophen-2-yl)pyridin-2-yl)-N,4-

dimethylbenzenesulfonamide (5o). Colorless solid (55.0 mg, 71%);
mp 88.5−89.5 °C (hexane/EtOAc); Rf 0.35 (hexane/EtOAc 8:1);

1H
NMR (400 MHz, CDCl3) δ 7.59−7.56 (m, 3H), 7.29 (dd, J = 5.1, 1.2
Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.18 (dd, J = 3.5, 1.2 Hz, 1H), 7.13
(dd, J = 3.5, 1.2 Hz, 1H), 7.04 (dd, J = 5.2, 3.6 Hz, 1H), 3.31 (s, 3H),
2.59 (s, 6H), 2.40 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 158.6,
150.5, 143.6, 141.3, 141.0, 135.3, 129.5, 127.7, 127.1, 125.5, 125.4,
116.3, 110.6, 41.4, 35.5, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C19H21N3NaO2S2

+, 410.0967; found, 410.0974.
N-(6-(Dimethylamino)-5-(naphthalen-1-yl)pyridin-2-yl)-N,4-

dimethylbenzenesulfonamide (5p). Yellowish solid (82.0 mg, 95%);
mp 146.0−148.0 °C (hexane/EtOAc); Rf 0.40 (hexane/EtOAc 8:1);
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.1 Hz, 1H), 7.83 (d, J =
8.2 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.4 Hz, 1H), 7.52−
7.48 (m, 2H), 7.45−7.38 (m, 3H), 7.28 (d, J = 8.1 Hz, 2H), 7.08 (d, J
= 7.9 Hz, 1H), 3.39 (s, 3H), 2.43 (s, 3H), 2.41 (s, 6H); 13C{H} NMR
(100 MHz, CDCl3) δ 158.0, 150.7, 143.5, 142.9, 138.4, 135.5, 133.8,
131.6, 129.4, 128.5, 127.79, 127.76, 127.0, 126.2, 126.1, 126.0, 125.7,
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119.0, 108.4, 40.3, 35.7, 21.7; HRMS (ESI): m/z [M + H]+ calcd for
C25H25N3O2SNa

+, 454.1560; found, 454.1563.
N-(6-(Dimethylamino)-5-methylpyridin-2-yl)-N,4-dimethyl-

benzenesulfonamide (5q). Colorless oil (52.4 mg, 92%); Rf 0.45
(hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.4
Hz, 2H), 7.34 (d, J = 7.8 Hz, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.06 (d, J
= 7.8 Hz, 1H), 3.22 (s, 3H), 2.63 (s, 6H), 2.39 (s, 3H), 2.24 (s, 3H);
13C{H} NMR (100 MHz, CDCl3) δ 160.6, 149.3, 143.3, 141.1, 135.0,
129.3, 127.8, 120.5, 112.9, 41.5, 35.8, 21.6, 18.7; HRMS (ESI): m/z
[M + Na]+ calcd for C16H21N3NaO2S

+, 342.1247; found, 342.1253.
N-(6-(Dimethylamino)-4-methyl-5-phenylpyridin-2-yl)-N,4-

dimethylbenzenesulfonamide (5r). Colorless solid (77.5 mg, 98%);
mp 125.0−126.0 °C (hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1);
1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.3 Hz, 2H), 7.39 (t, J =
7.5 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.20
(d, J = 6.9 Hz, 2H), 6.96 (s, 1H), 3.27 (s, 3H), 2.41 (s, 3H), 2.40 (s,
6H), 2.05 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 159.0, 149.9,
148.7, 143.4, 138.9, 135.5, 130.3, 129.3, 128.6, 127.9, 126.9, 122.7,
112.7, 41.3, 35.7, 21.7, 21.1; HRMS (ESI): m/z [M + H]+ calcd for
C22H26N3O2S

+, 396.1740; found, 396.1728.
N,N′-(1,4-Phenylenebis(6-(dimethylamino)pyridine-5,2-diyl))bis-

(N,4-dimethylbenzenesulfonamide) (5s). Was additionally recrystal-
lized from hexane/EtOAc and obtained as a yellow solid with an 85%
purity (NMR assay; with an admixture of IPr76), 104.0 mg, 70%; mp
208.0−210.0 °C (hexane/EtOAc); Rf 0.50 (hexane/EtOAc 2:1); 1H
NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.2 Hz, 4H), 7.47−7.45 (m,
6H), 7.30−7.24 (m, 6H), 7.11 (d, J = 7.9 Hz, 2H), 3.33 (s, 6H), 2.56
(s, 12H), 2.41 (s, 6H); 13C{H} NMR (100 MHz, CDCl3) δ 159.5,
150.4, 143.6, 137.7, 137.1, 135.1, 129.4, 128.9, 128.5, 127.8, 127.7,
126.5, 125.6, 120.0, 111.9, 42.2, 35.6, 21.7; HRMS (ESI): m/z [M +
Na]+ calcd for C36H40N6NaO4S2

+, 707.2445; found, 707.2451.
N-(6-(Diethylamino)-5-phenylpyridin-2-yl)-N-methylmethane-

sulfonamide (6a). Colorless oil (66.0 mg, 99%); Rf 0.30 (hexane/
EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.46−7.36 (m, 5H),
7.32−7.27 (m, 1H), 6.86 (d, J = 7.9 Hz, 1H), 3.39 (s, 3H), 3.13 (q, J
= 7.0 Hz, 4H), 3.09 (s, 3H), 0.96 (t, J = 7.0 Hz, 6H); 13C{H} NMR
(100 MHz, CDCl3) δ 157.6, 150.8, 142.1, 140.5, 128.8, 128.2, 127.2,
123.7, 109.1, 44.4, 37.6, 35.9, 12.9; HRMS (ESI): m/z [M + H]+

calcd for C17H23N3O2SNa
+, 356.1403; found, 356.1402.

N-(6-(Benzyl(methyl)amino)-5-phenylpyridin-2-yl)-N,4-dimethyl-
benzenesulfonamide (6b). Yellow oil (80.5 mg, 88%); Rf 0.30
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.2
Hz, 2H), 7.46 (d, J = 7.9 Hz, 1H), 7.43 (d, J = 7.1 Hz, 2H), 7.37 (t, J
= 7.6 Hz, 2H), 7.30−7.26 (m, 1H), 7.24−7.15 (m, 6H), 7.04−6.99
(m, 2H), 4.19 (s, 2H), 3.22 (s, 3H), 2.43 (s, 3H), 2.38 (s, 3H);
13C{H} NMR (100 MHz, CDCl3) δ 157.4, 150.4, 143.5, 142.1, 140.2,
138.9, 135.3, 129.5, 128.8, 128.34, 128.33, 128.0, 127.7, 127.1, 126.9,
122.0, 110.7, 56.1, 39.3, 35.6, 21.7; HRMS (ESI): m/z [M + Na]+

calcd for C27H27N3O2SNa
+, 480.1716; found, 480.1725.

N - ( 6 - (D i b en z y l am ino ) - 5 - pheny l p y r i d i n - 2 - y l ) -N , 4 -
dimethylbenzenesulfonamide (6c). Colorless oil (105.7 mg, 99%);
Rf 0.30 (hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.54−
7.47 (m, 5H), 7.40 (t, J = 7.6 Hz, 2H), 7.30 (t, J = 7.1 Hz, 1H), 7.24−
7.19 (m, 7H), 7.14 (d, J = 8.1 Hz, 2H), 6.95 (dd, J = 6.9 Hz, J = 2.3
Hz, 4H), 4.05 (s, 4H), 3.09 (s, 3H), 2.37 (s, 3H); 13C{H} NMR (100
MHz, CDCl3) δ 157.2, 150.6, 143.5, 142.1, 140.0, 139.0, 135.1, 129.5,
129.0, 128.3 (×2), 128.1, 127.8, 127.4, 126.9, 123.5, 112.0, 53.5, 35.6,
21.7; HRMS (ESI): m/z [M + Na]+ calcd for C33H31N3O2SNa

+,
556.2029; found, 556.2019.
N-(6-(Dibenzylamino)-5-phenylpyridin-2-yl)-N-methyl-4-

nitrobenzenesulfonamide (6d). Orange solid (103.9 mg, 92%); mp
61.5−63.0 °C (hexane/EtOAc); Rf 0.50 (hexane/EtOAc 4:1); 1H
NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.9 Hz, 2H), 7.70 (d, J = 8.8
Hz, 1H), 7.55−7.51 (m, 3H), 7.43 (t, J = 7.6 Hz, 2H), 7.33 (t, J = 7.4
Hz, 2H), 7.25−7.19 (m, 6H), 7.16 (d, J = 7.9 Hz, 1H), 6.93 (dd, J =
6.5 Hz, J = 2.8 Hz, 4H), 4.00 (s, 4H), 3.09 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3) δ 157.3, 150.1, 149.9, 143.8, 142.5, 139.7, 138.6,
129.2, 129.0, 128.5, 128.2, 128.0, 127.8, 127.2, 124.7, 124.0, 112.5,
53.6, 36.0; HRMS (ESI): m/z [M + Na]+ calcd for C32H28N4O4SNa

+,
587.1723; found, 587.1740.

N-(6-(Diphenylamino)-5-phenylpyridin-2-yl)-N-methylmethane-
sulfonamide (6e). Yellowish oil (62.7 mg, 73%); Rf 0.35 (hexane/
EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.0 Hz, 1H),
7.16 (d, J = 6.4 Hz, 2H), 7.12−7.05 (m, 8H), 6.92−6.83 (m, 6H),
3.26 (s, 3H), 2.80 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 155.4,
152.6, 146.7, 142.7, 137.9, 128.9, 128.8, 128.5, 128.2, 127.1, 124.4,
123.3, 112.9, 39.2, 35.8; HRMS (ESI): m/z [M + H]+ calcd for
C25H23N3O2SNa

+: 452.1403; found, 452.1405.
N,4-Dimethyl-N-(5-phenyl-6-(pyrrolidin-1-yl)pyridin-2-yl)-

benzenesulfonamide (6f). Brownish oil (61.9 mg, 76%); Rf 0.40
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.3
Hz, 2H), 7.38−7.27 (m, 6H), 7.24 (d, J = 8.1 Hz, 2H), 6.97 (d, J =
7.9 Hz, 1H), 3.33 (s, 3H), 2.97−2.92 (m, 4H), 2.40 (s, 3H), 1.70−
1.64 (m, 4H); 13C{H} NMR (100 MHz, CDCl3) δ 154.9, 150.4,
143.4, 141.6, 140.5, 135.7, 129.4, 129.2, 128.1, 127.8, 126.7, 119.8,
107.6, 50.1, 35.6, 25.7, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C23H25N3O2SNa

+, 430.1560; found, 430.1572.
N,4-Dimethyl-N-(5-phenyl-6-(piperidin-1-yl)pyridin-2-yl)-

benzenesulfonamide (6g). Colorless oil (70.0 mg, 83%); Rf 0.45
(hexane/EtOAc 8:1); 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.3
Hz, 2H), 7.54 (d, J = 7.1 Hz, 2H), 7.44 (d, J = 7.9 Hz, 1H), 7.39 (t, J
= 7.6 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.16
(d, J = 7.9 Hz, 1H), 3.29 (s, 3H), 2.89−2.84 (m, 4H), 2.40 (s, 3H),
1.45−1.39 (m, 2H), 1.38−1.31 (m, 4H); 13C{H} NMR (100 MHz,
CDCl3) δ 158.6, 150.4, 143.5, 141.3, 140.1, 135.2, 129.4, 128.8,
127.83, 127.79, 127.2, 123.4, 111.5, 50.0, 35.7, 25.5, 24.7, 21.7;
HRMS (ESI): m/z [M + Na]+ calcd for C24H27N3O2SNa

+, 444.1716;
found, 444.1717.

N,4-Dimethyl-N-(6-morpholino-5-phenylpyridin-2-yl)benzene-
sulfonamide (6h). Orange oil (66.9 mg, 79%); Rf 0.50 (hexane/
EtOAc 2:1); 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.2 Hz, 2H),
7.54 (d, J = 7.3 Hz, 2H), 7.47 (d, J = 8.0 Hz, 1H), 7.40 (t, J = 7.6 Hz,
2H), 7.30 (t, J = 7.5 Hz, 1H), 7.27−7.24 (m, 2H), 7.22 (d, J = 8.1 Hz,
1H), 3.52−3.48 (m, 4H), 3.30 (s, 3H), 2.90−2.86 (m, 4H), 2.41 (s,
3H); 13C{H} NMR (100 MHz, CDCl3) δ 157.6, 150.6, 143.7, 141.5,
139.4, 135.2, 129.5, 128.9, 127.9, 127.7, 127.5, 123.4, 112.3, 66.6,
49.1, 35.6, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C23H25N3O3SNa

+, 446.1509; found, 446.1505.
N-(6-(3,4-Dihydroisoquinolin-2(1H)-yl)-5-phenylpyridin-2-yl)-N-

methylmethanesulfonamide (6i). Yellowish oil (76.3 mg, 97%); Rf
0.35 (hexane/EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J
= 7.2 Hz, 2H), 7.48 (d, J = 7.9 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.33
(t, J = 7.3 Hz, 1H), 7.15−7.11 (m, 2H), 7.07−7.02 (m, 2H), 6.94 (d,
J = 7.9 Hz, 1H), 4.40 (s, 2H), 3.41 (s, 3H), 3.32 (t, J = 5.8 Hz, 2H),
3.03 (s, 3H), 2.66 (t, J = 5.7 Hz, 2H); 13C{H} NMR (100 MHz,
CDCl3) δ 157.9, 151.0, 142.1, 139.9, 135.2, 134.8, 129.0, 128.9, 128.0,
127.4, 126.7, 126.3, 126.0, 123.3, 109.8, 50.7, 47.5, 37.7, 35.8, 28.4;
HRMS (ESI): m/z [M + H]+ calcd for C22H23N3O2SNa

+, 416.1403;
found, 416.1404.

Synthesis of 6c (1 mmol Scale). IPrAuCl (31.0 mg, 50.0 μmol, 5
mol %) and AgNTf2 (19.5 mg, 50.0 μmol, 5 mol %) in one portion
were added to the solution of ynamide 1a (311 mg, 1.0 mmol) and
N,N-dibenzylcyanamide (333 mg, 1.5 mmol, 1.5 equiv) in DCM (5.0
mL). The resulting mixture was stirred at room temperature for 24 h.
After completion, DCM was removed in vacuo and the residue was
purified by silica gel chromatography eluting with hexane/EtOAc to
afford pyridine 6c (507 mg, 95%).

Synthesis of 5a (Gram Scale). IPrAuCl (155 mg, 0.25 mmol, 5
mol %) and AgNTf2 (97.5 mg, 0.25 mmol, 5 mol %) in one portion
were added to the solution of 1a (1.56 g, 5.0 mmol) and N,N-
dimethylcyanamide (526 mg, 7.5 mmol, 1.5 equiv) in DCM (5.0 mL).
The resulting mixture was stirred at room temperature for 24 h. After
completion, DCM was removed in vacuo and the residue was purified
by silica gel chromatography eluting with hexane/EtOAc to afford
pyridine 5a (1.74 g, 91%).

Bromination of 5a. The solution of bromine (17.6 mg, 0.11
mmol, 1.1 equiv) in CHCl3 (1.0 mL) was added dropwise to the
solution of 5a (38.5 mg, 0.1 mmol) in CHCl3 (1.0 mL) with stirring
at room temperature. When the color of bromine ceased to disappear,
the reaction was quenched by the addition of 10% aqueous solution of
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Na2S2O3 (5 mL) and was extracted with DCM (3 × 10 mL). The
combined organic extracts were dried over anhydrous Na2SO4. After
filtration, the solvent was removed in vacuo and the residue was
purified by silica gel chromatography, eluting with hexane/EtOAc (8/
1) to afford bromopyridine 7.
N-(3-Bromo-6-(dimethylamino)-5-phenylpyridin-2-yl)-N,4-

dimethylbenzenesulfonamide (7). Colorless solid (45.6 mg, 99%);
mp 164.5−166.5 °C (hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1);
1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 8.3 Hz, 2H), 7.66 (s, 1H),
7.43−7.39 (m, 4H), 7.36−7.28 (m, 3H), 3.10 (s, 3H), 2.49 (s, 6H),
2.44 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 157.7, 148.3, 145.3,
143.5, 138.9, 135.7, 129.3, 128.90, 128.88, 128.0, 127.7, 126.4, 109.0,
41.0, 37.0, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C21H22BrN3O2SNa

+, 484.0488; found, 484.0496.
Iodination of 5a. Iodine (25.4 mg, 0.11 mmol, 1.1 equiv) was

added to the solution of 5a (38.5 mg, 0.1 mmol) and Ag2SO4 (31.2
mg, 0.1 mmol, 1.0 equiv) in EtOH (1.0 mL) with stirring at room
temperature. The resulting mixture was stirred for 1 h. When the
reaction was quenched by the addition of 10% aqueous solution of
Na2S2O3 (5 mL) and was extracted with DCM (3 × 10 mL). The
combined organic extracts were dried over anhydrous Na2SO4. After
filtration, the solvent was removed in vacuo and the residue was
purified by silica gel chromatography, eluting with hexane/EtOAc (8/
1) to afford iodopyridine 8.
N-(6-(Dimethylamino)-3-iodo-5-phenylpyridin-2-yl)-N,4-

dimethylbenzenesulfonamide (8). Colorless solid (48.7 mg, 96%);
mp 178.5−180.5 °C (hexane/EtOAc); Rf 0.30 (hexane/EtOAc 8:1);
1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.81 (d, J = 8.3 Hz, 2H),
7.41−7.37 (m, 4H), 7.35−7.28 (m, 3H), 3.08 (s, 3H), 2.47 (s, 6H),
2.44 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 158.5, 151.7, 151.1,
143.4, 138.9, 135.6, 129.2, 129.0, 128.9, 128.0, 127.7, 126.5, 81.7,
40.9, 37.2, 21.7; HRMS (ESI): m/z [M + Na]+ calcd for
C21H22IN3O2SNa

+, 530.0370; found, 530.0367.
Denosylation of 5a. PhSH (13.2 mg, 0.12 mmol, 1.2 equiv) and

K2CO3 (20.7 mg, 0.15 mmol, 1.5 equiv) were added to the solution of
6d (56.4 mg, 0.1 mmol) in MeCN (1.0 mL). The resulting mixture
was stirred at 60 °C in an oil bath for 12 h. After completion, all
volatile components were removed in vacuo and the residue was
purified by silica gel chromatography eluting with hexane/EtOAc (8/
1) to afford pyridine 9.
N2,N2-Dibenzyl-N6-methyl-3-phenylpyridine-2,6-diamine (9).

Yellow solid (19.7 mg, 52%); mp 97.0−98.5 °C (hexane/EtOAc);
Rf 0.40 (hexane/EtOAc 8:1);

1H NMR (400 MHz, CDCl3) δ 7.48 (d,
J = 7.3 Hz, 2H), 7.37−7.29 (m, 3H), 7.25−7.16 (m, 7H), 7.10 (d, J =
6.8 Hz, 4H), 6.01 (d, J = 8.1 Hz, 1H), 4.33 (br. s, 1H, NH), 4.21 (s,
4H), 2.89 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ 157.9, 157.5,
142.2, 141.6, 139.7, 128.7, 128.6, 128.5, 128.2, 126.7, 126.1, 115.5,
97.6, 53.4, 29.4; HRMS (ESI): m/z [M + H]+ calcd for C26H26N3

+,
380.2121; found, 380.2130.
Debenzylation of 6c. A 50 mL round-bottom flask containing 6c

(53.4 mg, 0.1 mmol) and 10% palladium on carbon (10.6 mg, 0.01
mmol, 10 mol %) was fitted with a rubber septum, evacuated under
high vacuum and backfilled with hydrogen. Degassed MeOH (5 mL)
was next added. The flask was equipped with a hydrogen balloon, and
the black suspension was heated at 50 °C in an oil bath for 24 h with
stirring. After completion, all volatile components were removed in
vacuo and the residue was purified by silica gel chromatography
eluting with hexane/EtOAc (4/1) to afford di- and monodebenzy-
lated pyridines 10 and 10′ respectively.
N-(6-Amino-5-phenylpyridin-2-yl)-N,4-dimethylbenzene-

sulfonamide (10). Colorless solid (23.7 mg, 67%); mp 85.0−86.3 °C
(hexane/EtOAc); Rf 0.25 (hexane/EtOAc 4:1); 1H NMR (400 MHz,
CDCl3) δ 7.62 (d, J = 8.3 Hz, 2H), 7.47−7.41 (m, 4H), 7.37 (d, J =
8.0 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 4.42
(s, 2H), 3.27 (s, 3H), 2.41 (s, 3H); 13C{H} NMR (100 MHz,
CDCl3) δ 154.5, 151.6, 143.6, 139.6, 137.8, 135.4, 129.5, 129.2, 128.8,
127.8, 127.8, 118.6, 109.8, 35.6, 21.7.; HRMS (ESI): m/z [M + H]+

calcd for C19H20N3O2S
+, 354.1271; found, 354.1278.

N-(6-(Benzylamino)-5-phenylpyridin-2-yl)-N,4-dimethylbenzene-
sulfonamide (10′). Colorless oil (9.8 mg, 22%); Rf 0.50 (hexane/

EtOAc 4:1); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.3 Hz, 2H),
7.46−7.35 (m, 5H), 7.32 (d, J = 7.8 Hz, 1H), 7.24−7.12 (m, 7H),
6.96 (d, J = 7.8 Hz, 1H), 4.97 (t, J = 5.8 Hz, 1H), 4.35 (d, J = 5.8 Hz,
2H), 3.20 (s, 3H), 2.37 (s, 3H); 13C{H} NMR (100 MHz, CDCl3) δ
154.1, 151.5, 143.3, 140.3, 139.1, 137.6, 135.6, 129.4, 129.4, 129.0,
128.5, 127.9, 127.7, 127.2, 126.9, 119.0, 108.3, 45.3, 35.7, 21.7;
HRMS (ESI): m/z [M + Na]+ calcd for C26H25N3NaO2S

+, 466.1560;
found, 466.1563.
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