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Abstract—A series of diversely 1-substituted 4-amino 1,2,3-triazoles were synthesized by [3+2] cycloaddition between azides and
ynamides. This copper catalyzed process represents the first examples of a ‘click reaction’ employing ynamides and should expand the scope
of the ynamide chemistry both synthetically and industrially. Various azides (even highly functionalized) were allowed to react with
N-benzyl, N-tosyl ynamide to give the corresponding triazole adducts in high yield and with very high levels of regioselectivity.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Over the last decade, the chemistry of electron deficient
variants of ynamines (ynamides) has exploded. This is
mainly due to the emergence of straightforward synthetic
protocols to obtain this particular synthon' in which the
nitrogen atom is a member of an electron-withdrawing
group (Scheme 1) providing superior stability when
compared to the parent ynamines.
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Scheme 1. Stabilized ynamines.

Having in hand robust protocols to synthesize ynamides,
numerous transformations of these compounds have been
reported among which the metal catalyzed transformations
are the more abundant. We can for instance mention the
reactions in which internal ynamides are involved in
carbometallation,” RCM,> Ru-catalyzed cycloadditions4 or
titanation.” Focussing on terminal alkynes (R'=H in
Scheme 1), similar reactivity has been evidenced including
RCM,6 [442] cycloaddition,7 cyclotrimerizations,8 Pau-
son—Khand reactiong’m, hydro—lla and carboboration,llb
hydro- or silylstannation,'* ¢ Bu;SnH-induced radical
cyclization,'*® titanium-mediated couplings,'® platinum
dichloride-catalyzed cycloisomerisation,'* Negishi-
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coupling,'® Glaser-type homocoupling'® as well as Sonoga-
shira cross-couplings.'’

2. Results and discussion

Surprisingly, to the best of our knowledge, no [3 +2] dipolar
cycloaddition of ynamides with azides has been reported.
This synthetic route would open access to amino triazole, a
scaffold found in bioactive molecules.!® In addition, the
recent discovery of copper catalysis'® of this 1,3-dipolar
cyclization has revitalized interest of the synthetic commu-
nity in this coupling strategy.>° Indeed, addition of copper(I)
salts allows, besides clean reaction and an increase of the
reaction rate, a complete control of the regioselectivity
observed in this process (1,4-disubstituted 1,2,3-isomer is
obtained as the sole product). Therefore, encouraged by the
reported relative stability of terminal ynamides towards
copper(I) salts,"” we decided to explore the feasibility of the
‘click chemistry’ with compounds of the general formula
depicted in Scheme 1 (R1 =H).21 Using two sets of
previously described conditions for successful ‘click’
reactions, preliminary experiments were conducted with
N-benzyl N-tosyl ynamide, an imidazolidinone based
ynamide as well as the N-ethynyl 1,3-oxazolidinone in the
presence of N-Boc 2-azido ethylamine (Scheme 2).

Whilst the reactions with the two heterocyclic based
ynamides 1 and 3 resulted in extensive degradation of the
starting material, the same conditions applied to N-tosyl
N-benzyl ynamide 2 cleanly afforded the expected cyclized
product with only minor by-products. Therefore, we decided
to select ynamide 2 as one of the coupling partner in ‘click
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Scheme 2. Preliminary attempts of ‘click chemistry’ with ynamides.

chemistry’. A wide range of azides were tested for [3+2]
cyclization with 2 and the results are summarized in Table 1.

As already mentioned in numerous reports, the click
conditions can be applied to structures that bear a wide
variety of functional groups. For instance, in our case the
first example was conducted with an azide bearing a
carbamate (entry 1). It is, however, noteworthy that the
amino group of an amine does not need to be protected to
give successful cyclization (entry 2). Obviously very simple
azides (benzylic or aliphatic) can be reacted with ynamide 2
affording benzyl- or homobenzyl-substituted triazoles
(entries 3 and 4) despite a lower yield for compound 6.
One should keep in mind that deprotection of the 1-benzyl
group of compound 6 by hydrogenolysis should afford a free
amino group that could serve as a starting point for further
introduction of functional diversity on triazoles. A slightly
different aromatic azide bearing a thio ether group has also
proven to be a good candidate for such reaction (entry 5). In
an effort to improve the complexity of starting azides, a
phenol derivative bearing amide functionality was also
cyclized with 2 (entry 6). In order to target our approach to
potentially bioactive compounds, ynamide 2 was reacted
with carbohydrates based azides with excellent yields
(entries 7 and 8). Even an amino-acid based azide has
been clicked with 2 to yield a new heteroaromatic alanine
derivative (entry 9). Finally, AZT could also be coupled
with 2 to furnish compound 13 with a moderate yield (entry
10). It is quite clear from the above results that ynamides
can react with various azides in [3 +2] cycloaddition. Even
highly functionalized azides (entries 6-10) are good
partners for ynamides in copper catalyzed 1,3-dipolar
cycloadditions.

As mentioned above, in order to diversify the functional
groups on the triazole scaffold it is mandatory to have easily
removable protective groups. This is something that can be
hardly achieved with N-tosyl group present in ynamide 2.
Therefore, we also tried to involve ynamide 14 in the 1,3-
dipolar cycloaddition (Scheme 3).

Despite the unsuccessful cyclization previously encoun-
tered with ynamides 1 and 3 (Scheme 2), erroneously first
assigned to a lack of reactivity of carbamates or urea derived
ynamides, we were pleased to observe a clean conversion of
compound 14 as checked by "H NMR of the crude reaction
mixture. Purification afforded compound 15 with a
satisfactory yield (55%).

Although the complete mechanism of the ‘click chemistry” has
not been unambiguously elucidated,?” it seems quite clear that
the first step involves the formation of a copper acetylide.
Since such a species has already been evoked in the Glaser'® or
Sonogashira couplings of ynamides,'” we assume that the
same intermediate can be postulated as the key reactive
intermediate for the cycloaddition described here; hence the
presence of a sulfonamide or carbamate protected amino
group on the alkyne moiety does not alter the reactivity of the
terminal alkyne in this synthetic transformation.

We should finally point out that there are many reports
about the bioactivity of 4-amino imidazoles.> In search for
potentially more active analogs, the most obvious trans-
formation is the conversion of the imidazole ring into a
triazole.”* The synthetic protocol described in this paper
should allow a quick and efficient access to such
compounds.

N
Bn Cu(OAc),/Na ascorbate (0.1/0.2) /N °N
- , PhS
PhS” N3 + =——N \—/
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Scheme 3. ‘Click chemistry’ of N-benzyl N-benzoyl ynamide.
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Table 1. ‘Click chemistry’ of N-benzyl N-tosyl ynamide®

3839
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 For the exact conditions used in this reaction see the Section 4.
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3. Conclusion

In conclusion, we have demonstrated that ynamides can be
good partners for [3+2] cycloaddition affording a novel
extension to the ‘click chemistry’ concept. Two ynamides
bearing different protecting groups were successfully
clicked with a wide range of azides. Starting from either
very simple or highly functionalized azides afforded
diversely 1-substituted 4-amino 1,2,3-triazoles. Further
work is in progress to improve the yields of this reaction
and to expand this approach to other ynamides.

4. Experimental
4.1. General considerations

Most of the azides used in the Huisgen cycloaddition
described in this report are either commercially available
and were used without further purification or were pregpared
according to standard protocols. Copper acetate® and
sodium ascorbate were purchased from Aldrich. Reactions
were run under air atmosphere and yields in Table 1 refer to
isolated compounds (column chromatogralphy) of greater
than 95% purity as determined by H NMR, the
regiochemistry has been assigned based on the usually
observed regioselectivity in similar click reactions. All new
compounds were fully characterized by spectroscopic
methods ('H, '*C NMR, MS, IR), HRMS.

4.1.1. tert-Butyl N-[2-(4-benzyl[(4-methylphenyl)sulfo-
nyl]Jamino-1H-1,2,3-triazol-1-yl)ethyl] carbamate (4).
To a stirred solution of 2 (100 mg, 0.35 mmol) and N-Boc
2-azido ethylamine (65 mg, 0.35 mmol) in ‘BuOH (2 mL)
and CHCI; (0.3 mL) was added a premixed solution of
Cu(OAc), (13 mg, 70 umol) and sodium ascorbate (30 mg,
0.14 mmol) in H,O (5 mL). After vigorous stirring over-
night the mixture was diluted with H,O (S mL) and
extracted with EtOAc (3X10 mL). The combined organic
phases were washed with brine, dried over Na,SO, and
evaporated. Purification using flash chromatography (20%
EtOAc in cyclohexane) afforded compound 4 as a white
solid (95 mg, 0.20 mmol, 58%). 'H NMR (400 MHz,
CDCl3) 6 7.57 (d, J=8.0 Hz, 2H), 7.52 (s, 1H), 7.35 (d,
J=17.6 Hz, 2H), 7.26-7.18 (m, SH), 4.89 (s, 2H), 4.74 (br s,
1H), 4.35 (t, J=3.4 Hz, 2H), 3.51 (q, J=5.6 Hz, 2H), 2.45
(s, 3H), 1.44 (s, 9H); '>C NMR (100 MHz, CDCl5) 6 155.6,
144.0, 144.0, 135.8, 135.3, 129.7, 128.6, 128.3, 127.6,
127.4, 120.6, 80.0, 52.5, 50.2, 40.3, 28.2, 21.5; IR v (cm ")
3396, 3154, 2978, 1712, 1550, 1514, 1360, 1167; MS (ESI):
416 (-'Bu), 438 (-'Bu+23), 494.

4.1.2. N1-[1-(3-Aminopropyl)-1H-1,2,3-triazol-4-yl]-N1-
benzyl-4-methyl-1-benzenesulfonamide (5). Using the
conditions as described before 2 (50 mg, 0.18 mmol) and
a solution of 3-amino propylazide (0.80 mL, 2.2% in
toluene) were combined. After purification using flash
chromatography (2% MeOH in CH,Cl,) § (39 mg,
0.10 mmol, 58%) was obtained as a viscous oil. '"H NMR
(400 MHz, CD3;0D) 6 7.64 (d, J=8.2 Hz, 2H) 7.39-7.33
(m, 3H), 7.27-7.19 (m, 5H), 4.67 (s, 2H), 4.41 (t, /=6.0 Hz,
2H), 3.21 (t, J=5.7 Hz, 2H), 2.44 (s, 3H), 1.97 (p, J=
5.7 Hz, 2H); '3C NMR (100 MHz, CD;0D) 6 144.1, 135.8,

129.3, 128.1, 127.9, 127.6, 127.3, 53.6, 43.7, 38.4, 20.6,
20.1; IR » (cm ') 3393, 2975, 2515, 1729, 1630, 1453,
1339, 1289, 1161, 1091; MS (ESI): 385. HRMS (ESI-MS):
for C1oH2oN50,S (M— 1) calcd 384.1494, found 384.1468.

4.1.3. N1-Benzyl-N1-(1-benzyl-1H-1,2,3-triazol-4-yl)-4-
methyl-1-benzenesulfonamide (6). Using the previously
described conditions 2 (50 mg, 0.17 mmol) was combined
with benzylazide (26 mg, 0.20 mmol). After further purifi-
cation using flash chromatography (20% EtOAc in hexanes)
6 (27.4 mg, 66 umol, 38%) was obtained as a viscous oil. 'qH
NMR (400 MHz, CDCls) 6 7.54 (d, J=8.4 Hz, 2H), 7.44
(s, 1H), 7.37-7.31 (m, 5H), 7.27-7.22 (m, 5H), 7.11-7.08
(m, 2H), 5.41 (s, 2H), 4.89 (s, 2H), 2.41 (s, 3H); '>°C NMR
(100 MHz, CDCl3) 6 144.2, 144.0, 135.7, 135.1, 134.2,
129.6, 129.0, 128.7, 128.6, 128.2, 127.6, 127.4, 120.1, 54.5,
52.5, 21.5; IR v (cm™ ') 3138, 3034, 2954, 1753, 1552,
1341, 1164, 1089; MS (ESI): (M+23) 441. HRMS (ESI-
MS): for Cy3H»3N40,S (M+1) calcd 419.1542, found
419.1541.

4.1.4. N1-Benzyl-N1-(1-phenethyl-1H-1,2,3-triazol-4-yl)-
4-methyl-1-benzenesulfonamide (7). Using the previously
described conditions 2 (50 mg, 0.17 mmol) was combined
with 2-azido ethyl benzene (29 mg, 0.20 mmol). After
further purification using flash chromatography (20%
EtOAc in hexanes) 7 (58.0 mg, 0.13 mmol, 77%) was
obtained as a sticky oil. '"H NMR (400 MHz, CDCl5) 6 7.52
(dd, J=1.6, 8.4 Hz, 2H), 7.35-7.21 (m, 11H), 6.98-6.95 (m,
2H), 4.87 (s, 2H), 4.48 (t, J=7.1 Hz, 2H), 3.12 (t, J=
7.0 Hz, 2H), 2.42 (s, 3H); '*C NMR (100 MHz, CDCl5) 6
143.9, 143.5, 136.6, 135.8, 135.2, 129.6, 128.7, 128.6,
128.5, 125.3, 127.9, 127.7, 127.6, 127.3, 127.0, 120.5, 52.4,
52.0,36.3,21.5; IR » (cm ™ ') 3122, 3032, 2924, 1701, 1599,
1543; 1455, 1354, 1165; MS: (M+1) 433 (M+23) 455.
HRMS (ESI-MS): for C4H,5N40,S (M+1) caled
433.1698, found 433.1683.

4.1.5. N1-Benzyl-N1-1-[(phenylsulfanyl)methyl]-1H-
1,2,3-triazol-4-yl-4-methyl-1-benzenesulfonamide (8).
Using the previously described conditions azidomethylsul-
fanyl benzene (140 mg, 0.85 mmol) was combined with 2
(361 mg, 1.27 mmol). Further purification (50% EtOAc in
hexanes) yielded 8 as a yellowish oil (261 mg, 0.58 mmol,
68%). '"H NMR (400 MHz, CDCls) 6 7.54 (s, 1H), 7.49
(d, /=8.0 Hz, 2H), 7.33-7.13 (m, 14H), 5.41 (s, 2H), 4.85
(s, 2H), 2.38 (s, 3H); '>*C NMR (100 MHz, CDCl3) 6 144.0,
135.7, 135.0, 133.0, 131.1, 129.7, 129.4, 128.9, 128.6,
128.3, 127.7, 127.4, 120.0, 54.6, 52.5, 21.5; IR v (cm ")
3650, 3296, 3154, 3063, 3032, 2926, 1754, 1676, 1598,
1553, 1454, 1355, 1225, 1165, 1091; MS: (M+23) 473.
HRMS (ESI-MS): for C,3H,3N40,S, (M+1) calcd
451.1262, found 451.1286.

4.1.6. N1-[3-(4-Benzyl[(4-methylphenyl)sulfonyl]Jamino-
1H-1,2,3-triazol-1-yl)propyl]-2-(4-hydroxy-3-methoxy-
phenyl) acetamide (9). Using the previously described
conditions, 2 (50 mg, 0.17 mmol) was combined in 48 h
with N-(3-azidopropyl)-2-(4-hydroxy 3-methoxyphenyl)
acetamide (45 mg, 0.17 mmol). After further purification
using flash chromatography (gradient from 30 to 100%
EtOAc in hexanes) 9 (59.4 mg, 0.11 mmol, 62%) was
obtained as a white solid. '"H NMR (400 MHz, CDCl;) 6
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7.57 (d, J=8.2 Hz, 2H), 7.51 (s, 1H), 7.32 (d, J=7.0 Hz,
2H), 7.27-7.18 (m, 5H), 6.88 (d, J=7.9 Hz, 1H), 6.76 (s,
1H), 6.71 (d, J=7.9 Hz, 1H), 5.73 (br s, 1H), 4.86 (s, 2H),
4.19 (t, J=6.8 Hz, 2H), 3.86 (s, 3H), 3.44 (s, 2H), 3.09 (q,
J=6.3 Hz, 2H), 2.41 (s, 3H), 1.98 (p, J=6.6 Hz, 2H); °C
NMR (100 MHz, CDCl3) 6 171.8, 146.9, 145.0, 144.1,
144.0, 135.7, 135.2, 129.7, 128.6, 128.3, 127.6, 127.3,
126.4, 122.0, 120.2, 114.8, 111.7, 55.9, 52.5, 48.0, 43.3,
36.3,29.7,21.5; IR v (cm ™~ ") 3297, 2925, 1653, 1547, 1515,
1455, 1354, 1275, 1163; MS: (M+23) 572. HRMS (ESI-
MS) for C28H32N5055 (M+1) calcd 5502124, found
550.2159.

4.1.7. 1-{4-(Benzyl-toluene-4-sulfonyl)-amino-(1,2,3)-
triazol-1-yl}-1-deoxy-B-p-glucopyranoside tetraacetate
(10). Using the previously described conditions 1-azido-1-
deoxy-B-p-glucopyranoside  tetraacetate (161 mg,
0.432 mol) and 2 (135 mg, 0.474 mol) were combined.
Further purification using flash chromatography (50%
EtOAc in cyclohexane) yielded a white solid (271.6 mg,
0.422 mmol, 96%). "H NMR (400 MHz, CDCl5) 6 7.85 (s,
1H), 7.57 (d, J=8.0 Hz, 2H), 7.35 (d, J=7.6 Hz, 2H), 7.32—
7.19 (m, 5H), 5.67 (d, J=8.4 Hz, 1H), 5.39-5.33 (m, 2H),
5.26 (t, J=8.4Hz, 1H), 4.89 (s, 2H), 4.31 (dd, J=4.4,
12.4 Hz), 4.15 (d, J=13.2 Hz, 2H), 3.95 (d, /=10 Hz, 1H),
2.41 (s, 3H), 2.11 (s, 3H), 2.09 (s, 3H), 2.04 (s, 3H), 1.72 (s,
3H); IR » (cm ™ ') 3124, 2950, 1753, 1555, 1459, 1369,
1228, 1165, 1036; MS: (M+1) 659 (M+23) 681. HRMS
(ESI-MS): for C30H34N40;;NaS (M +23) calcd 681.1842,
found 681.1868.

4.1.8. 1-{4-(Benzyl-toluene-4-sulfonyl)-amino-(1,2,3)-
triazol-1-yl}-1-deoxy-B-p-galactopyranoside tetraace-
tate (11). Using the previously described conditions
1-azido-1-deoxy-B-p-galactopyranoside tetraacetate
(250 mg, 0.777 mmol) was combined with 2 (331 mg,
1.16 mmol). After further purification using flash chromato-
graphy (50% EtOAc in hexanes) 11 (480 mg, 0.666 mmol,
85%) was obtained as a white fluffy solid. 'H NMR
(400 MHz, CDCl3) 6 7.91 (s, 1H), 7.59 (d, J=28.4 Hz, 2H)
7.35 (d, J=7.0 Hz, 2H), 7.28-7.18 (m, 5H), 5.67 (d, J=
9.1 Hz, 1H), 5.52 (d, J=3.6 Hz, 1H), 5.49 (t, J=10.0 Hz,
1H), 5.21 (dd, J=3.6, 10.0 Hz, 1H), 4.90 (s, 2H), 4.18
(s, 1H), 4.21-4.08 (m, 2H), 2.41 (s, 3H), 2.24 (s, 3H), 2.04
(s, 3H), 1.99 (s, 3H), 1.75 (s, 3H); '*C NMR (100 MHz,
CDCl3) 0 170.2, 170.0, 169.7, 168.5, 144.5, 144.0, 135.6,
135.0, 129.7, 128.6, 128.3, 127.6, 1274, 118.2, 86.8, 74.1,
70.5, 67.8,66.7,61.1,52.1, 21.5, 20.6, 20.5, 20.4, 20.0; IR v
(cm ™) 3646, 3487, 3152, 3033, 2940, 1757, 1677, 1557,
1458, 1370, 1224, 1166, 1092, 1061; MS: (M +23) 681.
HRMS (ESI-MS): for C;pH34N40{NaS (M +23) calcd
681.1842, found 681.1862.

4.1.9. Methyl 3-(4-benzyl[(4-methylphenyl)sulfonyl]-
amino-1H-1,2,3-triazol-1-yl)-2R-[(tert-butoxycarbonyl)-
amino] propanoate (12). Using the conditions as described
before 2 (100 mg, 0.35 mmol) and (R)-2-Boc-amino-3-
azido-propionic acid methyl ester (77 mg, 0.35 mmol) were
combined. After further purification using a gradient from
20% EtOAc to 100% in hexane a white solid (77 mg, 43%)
was obtained. "H NMR (400 MHz, CDCls) 6 7.54 (d, J=
8.1 Hz, 2H), 7.48 (s, 1H), 7.34 (d, J=7.9 Hz, 2H), 7.29-
7.21 (m, 5H), 5.22 (br d, J=7.0 Hz, 1H), 4.86 (dd, /J=4.4,

18.4 Hz, 2H), 4.77-4.61 (m, 3H), 3.69 (s, 3H), 2.41 (s, 3H),
1.45 (s, 9H); '*C NMR (100 MHz, CDCl5) 6 169.1, 154.8,
144.0, 135.7, 135.0, 129.7, 128.7, 128.3, 127.6, 127.3,
121.3, 80.8, 65.7, 52.9, 52.4,28.2,21.5; IR v (cm ™ ') 3392,
1747, 1686, 1517, 1351, 1160; MS: (M+1) 530 (M +23)
552. HRMS (ESI-MS): for C,sH3,N506S (M+1) calcd
530.2073, found 530.2078.

4.1.10. N1-Benzyl-N1-1-[2-(hydroxymethyl)-5-(5-
methyl-2,4-dioxo-1,2,3,4-tetrahydro-1-pyrimidinyl)te-
trahydro-3-furanyl]-1H-1,2,3-triazol-4-yl-4-methyl-1-
benzenesulfonamide (13). Using the conditions as pre-
viously described, AZT (40 mg, 0.15 mmol) and 2 (45 mg,
0.16 mmol) were combined. Further purification using flash
chromatography (66% EtOAc in hexanes) resulted in a
white solid (47.0 mg, 85 pumol, 59%). '"H NMR (400 MHz,
CDCl3) 6 7.71 (s, 1H), 7.58 (d, J=8.2 Hz, 2H), 7.40 (s, 1H),
7.32 (d, J=6.7 Hz, 2H), 7.29-7.19 (m, 5H), 6.18 (t, J=
6.5 Hz, 1H), 5.34-5.29 (m, 1H), 4.88 (s, 2H), 4.29-4.27 (m,
1H), 3.97-3.92 (m, 1H), 3.72-3.67 (m, 1H), 2.90-2.85 (m,
2H), 2.40 (s, 3H), 1.88 (s, 3H); '*C NMR (100 MHz,
CDCl3) 6 171.2, 163.8, 150.4, 144.3, 137.6, 135.6, 135.1,
129.8, 128.5, 128.3, 127.7, 127.3, 119.8, 111.2, 88.2, 84.9,
61.3, 60.4, 59.5, 52.5, 37.3, 21.5, 20.9, 14.1, 12.3; IR v
3443, 3126, 2927, 1713, 1683, 1545, 1469, 1357, 1275,
1165, 1092; MS: (M+1) 553, (M+23) 575. HRMS (ESI-
MS): for CysHpoNgOgS (M+1) caled 553.1869, found
553.1880.

4.1.11. N1-Benzyl-N1-1-[(phenylsulfanyl)methyl]-1H-
1,2,3-triazol-4-yl benzamide (15). Using the previously
described conditions 14 (50 mg, 0.17 mmol) was combined
with azidomethylsulfanyl benzene (29 mg, 0.20 mmol).
After further purification using flash chromatography
(20% EtOAc in hexanes) 15 (46.5 mg, 11.6 pmol, 55%)
was obtained as a sticky oil. '"H NMR (400 MHz, CDCly) 6
7.40 (d, J=7.1 Hz, 2H), 7.36-7.20 (m, 14H), 5.43 (br s,
2H), 5.23 (s, 2H); '*C NMR (100 MHz, CDCl;) 6 170.2,
136.9, 135.2, 132.4, 130.2, 129.4, 128.7, 128.4, 128.2,
127.9, 127.8, 127.4, 54.5, 52.0; IR » (cm™ ') 3178, 3052,
1636, 1545, 1412, 1255, 1148, 973; MS: (M +23): 423.
HRMS (ESI-MS): for C,y3H;0N4ONaS (M+23) caled
423.1256, found 423.1244.
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