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Abstract

We developed a method for the synthesis of alkgnyides via the carbonylation of alkynoic
acids and C-N activation of tertiary amines. Thact®n of alkynoic acid and tertiary amine
with carbon monoxide using a palladium catalysth@ presence of oxygen, KI, andRQ,

gave the desired alkynyl amides in good yields.



1. Introduction

The amide functionality is an important scaffoldnmany biologically active compounds and
is the key structure of peptides and proteinsifiparticular, the alkynyl amide functionality
has attracted much attention in organic synthestause it can be readily transformed into
several useful building blocks for pharmaceutical enaterials chemistry [2].

A number of methods have been reported for thegpatjon of alkynyl amides. A classical
method in this regard is the Pd/Cu-catalyzed cogpieaction with a terminal alkyne and
carbamoyl chloride (Scheme 1a) [3]. However, the eiscarbamoyl chloride is problematic
because it is moisture sensitive and not many cawially available. It has been reported
that alkynoic acid can be converted to a carbooyhmound possessing a leaving group and
that it further reacts with an amine to give theresponding alkynyl amide, but this method
requires multiple steps and has a narrow subssipe (Scheme 1b) [4]. Another reported
strategy involves the transition metal-catalyzedlattve carbonylation of terminal alkynes
with amines in the presence of carbon monoxide d®ehlc) [5]. Although this method is
straightforward, the preparation of terminal alkynieas disadvantages in terms of high
environmental load and poor cost effectivenessyddic acid has been widely used as a
terminal alkyne surrogate since our first reporttlom decarboxylative coupling reactions of
alkynoic acid in 2008 [6]. Specifically, aryl alkgit acids could be readily prepared via a
direct coupling reaction with aryl halides and podip acid and purified in a simple and
convenient step [7]. Many decarboxylative coupliegctions with aryl alkynoic acids have
been developed by our group [8] as well as otrerarch groups [9].

Although reactions with primary and secondary amifeave a wide substrate scope,

undesired side reactions are often encounteredinAalternative method, the reaction with



tertiary amines has recently gained consideralit@n because of the high stability and

ready availability of the amines and the absencsid# reactions. C-N activation of tertiary

amines has been developed via oxidative additidj, [ds well as imine, iminium [11],

ammonium [12], and alkyl migration [13], gF-amino elimination [14] to provide the

corresponding secondary amine source. Recentlyadiain-catalyzed carbonylation of

tertiary amines via N-dealkylation has been regbfte the synthesis of indolin-2-ones [15]

and arylamides [16]. Bhanage and co-workers regogesimilar method based on the

carbonylation of tertiary amines for the synthedialkynylamides (Scheme 1d)[17].
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We reported the palladium-catalyzed oxidative deweylative aminocarbonylation for the

synthesis of alkynylamides via the reaction of alkg acid and secondary amine (Scheme
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le) [18]. Thus, we envisioned that the reactioroimng the use of a tertiaryamine could be
selectively controlled at the C-N activation stagafford the desired alkynylamide by tuning
the reaction parameters (Scheme 1f). With this ideaind, we carried out several trials to

accomplish our goal.

2. Results and discussion

To obtain the optimal conditions for the synthesfsalkynylamides, we chose phenyl
propiolic acid and trimethylamine as the standartoksgrates. First, we employedtéit-butyl
peroxide as an oxidant and carried out this carladioy under various conditions, as shown
in Table 1. When Pdgiwas used in the absence of a ligand, the desiedupt was not
formed (entry 1). A number of ligands were testedtrjes 2—5), among which dppf (%,1
bis(diphenylphosphino)ferrocene) gave the bestyi#lough not more than 50% (entry 5).
Attempts to carry out the reaction using differgrailadium sources (entries 6-9) and
solvents (entries 10-12) were unsuccessful anddidyive satisfactory results. From these
results, we determined that DTBP is not a suitalidant for this transformation and hence

turned our attention to oxygen gas as an alter@ativice.



Table 1. Decarboxylative carbonylation witta and2a in the presence of DTBP.
Pd (5 mol%)

O . A O
< > — /< + CO + EtN Ligand (5 mol%) . < > — /<
OH NH,CI (10 mol%) NEt,

1a 2a  DTBP (1.0 equiv)

3a
Solvent, 90 °C
Entry Cat. Ligan8 Solvent 3a Yield (%)
1 PdC} - Anisole 0
2 PdC} dppm Anisole 34
3 PdC} Dppp Anisole 3
4 PdC} dppb Anisole 5
5 PdC} dppf Anisole 45
6 Pd(OAc) dppf Anisole 3
7 Pd(TFA) dppf Anisole 22
8 Pd(acacg) dppf Anisole 38
9 Pd(PPBR).Cl, dppf Anisole 22
10 PdC} dppf Toluene 0
11 PdC} dppf o-Xylene 11
12 PdC} dppf CHCN 0

®Reaction conditionsla (0.3 mmol),2a (0.45 mmol), Pd (0.015 mmol), ligand (0.015
mmol), NH,Cl (0.03 mmol), and DTBP (0.3 mmol) wereacted under CO (7 atn
atmosphere in a solvent (1.0 mL) at 98C for 12 h. °dppm =
bis(diphenylphosphino)methane, dppp bis(diphenylphosphino)propane, dppb =
bis(diphenylphosphino)butane, dppf = bis(diphengkghino)ferrocene’Determined
by gas chromatography using an internal standaphtialene).

We next investigated the parameters for the reactd phenyl propiolic acid and
trimethylamine under oxygen atmosphere (Table 2)ekivthe reaction was conducted with
PdCL as the palladium source in the absence of a ligdmedproduct was obtained in 14%
yield in anisole solvent (entry 1), while the yiaitreased to 55% in GEN solvent (entry
2). Among the palladium sources we tested (en&€9, Pd(PP$)CI, showed the best result
and the product was obtained in 74% yield (entryThe reactions performed with ligands
such as dppf and dppb did not improve the yielthefproduct (entries 8 and 9). Changing
the solvent to 1,4-dioxane, THF, and toluene ledvdoy low yields of the product or no

product (entries 10-12).



Table 2. Decarboxylative carbonylation witta and2a in the presence of oxygén.

Pd (5 mol%)

P Ligand (5 mol%) o
@%{ + CO + Et3N 9 2y @%/(
OH

KI (0.5 equiv) NEt,
la 2a K3sPO, (3.0 equiv) 3a
0,, Solvent, 90 °C
Entry Pd Ligand Solvent 3aYield (%)’

1 PdC} - Anisole 14

2 PdC} - CH:CN 55

3 Pdb - CH:CN 34

4 Pd(TFA) - CH:CN 59

5 Pd/C 10% - CECN 50

6 Pd(MeCN)Cl, - CH;CN 41

7 Pd(PPE).Cl, - CH:CN 74

8 Pd(PPK).Cl, dppf CHCN 35

9 Pd(PPE).Cl, dppb CHCN 40

10 Pd(PP$).Cl, dioxane 5

11 Pd(PP¥).Cl, THF 4

12 Pd(PP$).Cl, Toluene trace

®Reaction conditionsla (0.3 mmol),2a (0.45 mmol), Pd (0.015

mmol), ligand (0.015 mmol), KI (0.15 mmol), ancRO, (0.9

mmol) were reacted under CO (7 atm) and(Datm) atmosphere

in solvent (1.0 mL) at 9°C for 12 h."Determined by gas

chromatography with an internal standard (naphttegle

With these conditions, we further investigated effect of the mole ratio of all reagents. The
results are summarized in Table 3. When the presgurarbon monoxide was decreased to 3
atm or increased to 9 atr8a was formed in 6% and 72% vyields, respectivelyr{estl and
2). With a decrease in the amount of Kl to 0.3 eauian increase in the amount 0RO,

to 2.0 equiv, the produ8a was obtained in 94% yield (entries 3 and 4). Hovewhen the
reaction was performed with 1.0 equiv ofRQ,, the yield of3a decreased to 74% (entry 5).
It was noteworthy thaBa was formed even in the absence @PR), although the yield was
not satisfactory (entry 6). Moreover, no producsviamed in the absence of Kl (entry 7).

Decreasing the amount of Pd(RBEI, to 3 mol% provided the product in 65% yield (entry
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8). No amide product was formed when the reactmmdacted in the absence of CO gas.
(entry 9). This result support that the source@®” in the amide product might come from
CO gas. No product was formed in the absence of@xyentry 10). Finally, we established
the optimal conditions as follows: reactionlat (1.0 equiv), tertiary amine (1.5 equiv), CO
(7 atm), Q (1 atm), Pd(PP.Cl, (5 mol%), Kl (0.3 equiv), and O, (2.0 equiv) in CHCN

at 90°C for 12 h.

Table 3. Optimal conditions for the synthesis3a from 1a, 2a, and carbon monoxidg.

o Pd(PPh;),Cl, (X mol%) o
< >—<: + CO + EtN KIYequy) < >—<:
OH (x atm) K3POy4 (Z equiv) NEt,
1a 2a O,, CH3CN, 90 °C 3a
Entry Pd(PPH.Cl, K3POy Kl CcO 3a
(mol%) (equiv) (equiv) (atm) Yield(%)
1 5 3 0.5 3 6
2 5 3 0.5 9 72
3 5 3 0.3 7 94
4 5 2 0.3 7 94
5 5 1 0.3 7 74
6 5 0 0.3 7 60
7 5 3 0 7 0
8 3 2 0.3 7 65
9 5 2 0.3 0 0
10° 5 2 0.3 7 0

®Reaction conditionsia (0.3 mmol),2a (0.45 mmol), Pd(PRRCl, (X mol%), KI (Y

equiv), and KPO, (Z equiv) were reacted under CO (x atm) andDatm) atmosphere

in CH:CN (1.0 mL) at 90°C for 12 h.’No oxygen was usedDetermined by gas
chromatography with an internal standard(naphtteglen

With the optimal conditions in hand, we evaluatedaaety of aryl propiolic acids for the
reactions with triethyl amines and trimethyl aminas shown in Scheme 1. As expected, the
reaction with phenyl propiolic acid and triethylamaiprovided the desired prodBza in 94%
isolated yield. Methyl-substituted aryl propiolicids such a®-, m-, andp-tolyl propiolic

acids gave the corresponding produgits 3c, and3d in good yields. Methoxy-substituted

aryl propiolic acids also led to the formation3ef 3f, 3g, and3h in good yields. Chloro- and

9



fluoro-substituted aryl propiolic acids provid8dand3j in 91% and 89% yields, respectively.
Cyano-substituted aryl propiolic acid furnished theduct in good yield. 2-Thiophenyl
propiolic acid afforded3l in 72% yield. The use of trimethyl amine in theagons with
phenyl propiolic acid and tolyl propiolic acids @lsesulted in good product yields. These
results indicated that there was no notable diffeeebetween the yields obtained with aryl

propiolic acids having electron-withdrawing or ¢fea-donating groups.

Table 4. Synthesis of alkynyl amides from the reactionudfstituted-aryl propiolic acids
o Pd(PPh3),Cl; (5 mol%)
<:> _ /< EtsN Kl (0.3 equiv) <:> e /<O
— + CO or X —
OH K3POy4 (2 equiv)
1a

0O,, CH5CN, 90 °C 3

@/\NEtz ©\/‘\NEQ Me\@/LNEtz NEtZ
3a (94%) Me 3b (88%) 3c (86%) 3d (92%)
NEt,
o Q/LNE‘Z Z N
Me 36 (85%) 3f (91%) MeO 3g (94%) OMe  3h (95%)
/@/ NEt; /©/L NEt, /©/L NEt, O/L NEt,
3i (91%) (89%) 3k (81%) 31(72%)
NM92
NMez NMez N|\/|e2
m (90%) Me 34 81%) 30 (84%) 3p (94%)

aReaction conditionsl (1.0 equiv), tertiary amine (1.5 equiv), CO (7 gtr®, (1 atm),
Pd(PPBR).Cl, (5 mol%), Kl (0.3 equiv), and 40, (2.0 equiv) in CHCN at 90°C for 12 h.
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In addition, tripropylamine and N-methylpiperidingere used as a tertiaryamine in this
transformation. As shown in Scheme 2, the corregipgnamides3q and3r were formed in

good vyields.

O
Pd(PPh3),Cl, (5 mol%)

0
__ KI (0.3 equi = NPr
@T‘/{ + CO + N(n-Pr) 03equv) o
OH KsPOy (2 equiv)

(7 atm) O,, CHyCN, 90 °C 3q (82%)

o)
Me Pd(PPhs),Cl, (5 mol%)
_ 7 ' Kl (0.3 equiv) ~ N
OH Q K3PO, (2 equiv)

(7 atm)
1a 0
0,5, CH;CN, 90 °C 3r (79%)

Scheme 2. Reactions with tripropylamine and N-methylpipemieli

We next carried out control experiments for unaerding the reactivity of the starting
materials in this transformation (Scheme 3). Whegquaé amounts of 3-(4-
methoxyphenyl)propiolic acid and phenyl acetyleneerav allowed to react with
trimethylamine under the optimal standard cond#j@y and 3a were formed in 60% and
2% vyields, respectively, implying that the readtivof the alkynoic acid is higher than that of
the terminal alkyne in this transformation. In arde understand the steric effect of the
substituent in tertiary amine, a similar controlpesment using trimethylamine and
trimethylamine was carried out. When two tertianyirres were allowed to react with phenyl
propiolic acid under the optimal standard condgi@a was formed as the major product and
3m was formed in very low yield. This result suppdtiat the size of alkyl group in tertiary
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amine is not a major factor in the C-N bond cleavag

< :> /<O o)
MeO T o Pd(PPhs),Cl, (5 mol%) MeO

:

. NEt
i Kl (0.3 equiv 2
19(1.0equv) | g , EtN (0-3eq )' .- 3g (60%)
+ 7 at K3POy4 (2 equiv) o
@%H (7 atm) 05, CHyCN, 90°C Q%/(
NEt,

1a’ (1.0 equiv) 3a (2%)

o EtsN  Pd(PPh;),Cl, (5 mol%)
. . co (1.5 equv) Kl (0.3 equiv) 3a (40%) NE,
<: :>—4_ + >
OH + K3PO4 (2 eqUiV)

1a (7atm)  Me3N 0,, CH;CN, 90 °C
(1.5 equv)

!

7

NMGQ
3m (1%)

Scheme 3. Control experiments

To understand the reaction mechanism, trioctylanvi@es allowed to react with phenyl
propiolic acid under optimal condition. As shownScheme 4, the desired prod3stwas

formed with 84 % vyield, and the octanal was foumthe reaction mixture.

§ > 20, Pd(PPh3),Cl, (5 mol%)
— Kl (0.3 equiv)
— + CO + N(n-Oct) . )
on ® KqPO, (2 equiv) 3s (84%)

(7 atm) 0,, CH5CN, 90 °C L
H

detected by GCMS analysis

Scheme 4. Reaction with trioctylamine.

Based on our experiment result and previous repiothe C-N bond cleavage of tertiary
amine [17], we proposed the reaction mechanismhas/s in Scheme 5. Tertiary amine

reacts with palladium in the presence of oxygeaftord N-palladated compleR and follow

12



by CO insertion to give intermediaB Alkynoic acid reacts with intermediaBto giveC
and intermediatd is formed through decarboxylation. Finally, theluetive elimination
provides the desired product and palladium (O)laBalm (II) active species is regenerated

through oxidation.

R!' R?
Kl / O, /o N
L PO R
R
0
Ar——= C// Pd (0) H>:O
N-R?2
R2
(/:(I) 2 H R?
e— - |
Ar — Pd \N/R Pd\N/
D R2 A, R

Scheme 5. Proposed mechanism

3. Conclusion

Alkynoic acids and tertiary amines were allowedréact with carbon monoxide in the
presence of a palladium catalyst to provide theresmonding alkynyl amides via
decarboxylation, carbonylation, and C-N activatairthe tertiary amine. We found that the
optimal conditions are as follows: reaction of goybpiolic acid (1.0 equiv), tertiary amine

(1.5 equiv), Pd(PRRCI, (5 mol%), KI (0.3 equiv), and #0, (2.0 equiv) with CO (7 atm)
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in the presence of oxygen (1 atm) in {OM at 90 °C for 12 h. A number of substituted aryl
propiolic acids provided the corresponding alkyagiides in good vyields. It was found that
the alkynoic acid showed higher reactivity than teaminal alkyne under these optimal
conditions. In addition, triethyl amine was muchrenceactive than trimethylamine. However,
the reaction mechanism is not clear at present,farider investigations to elucidate the
mechanism this regard are underway in our lab.

4. Experimental

Aryl propiolic acid (1.0 mmol), tertiary amine (1mmol), Pd(PP¥).Cl, (25 mg, 0.05 mmol),

KI (25 mg, 0.3 mmol), and ¥0, (100 mg, 2.0 mmol) were added to £HN (5.0 mL) in a
20-mL sealed tube reactor, which was purged wittbaa monoxide and oxygen. The
solution was stirred at 90 °C for 12 h. The reggltmixture was placed in a separating funnel,
followed by the addition of water and NEI, and the mixture was extracted with EtOAc.
The separated organic layer was washed with watkidaed over anhydrous MgQQAfter
removal of the organic layer under vacuum, the erpdoduct was purified by silica gel
column chromatography witim-hexane/ethyl acetate as the eluent to obtain teeredl

product.

4.1. N,N-Diethyl-3-phenylpropiolamide (3a) [5h]

Phenyl propiolic acid (146 mg, 1.0 mmol) and tngdimine (152 mg, 1.5 mmol) afford&a
(189 mg, 0.94 mmol, 94% yield NMR (400 MHz, CDCJ) § 7.53 (m, 2H), 7.41 — 7.33 (m,
3H), 3.66 (qJ = 7.2 Hz, 2H), 3.47 (q] = 7.2 Hz, 2H), 1.28 () = 7.1 Hz, 3H), 1.18 () =

7.2 Hz, 3H)."*C NMR (101 MHz, CDGJ) § 154.0, 132.3, 129.9, 128.5, 120.8, 89.0, 82.0,

43.6, 39.3, 14.4, 12.9.
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4.2. N,N-Diethyl-3-(o-tolyl)propiolamide (3b) [3d]

3-(o-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trigtamine (152 mg, 1.5 mmol) afforded
3b (189 mg, 0.88 mmol, 88% vield}H NMR (400 MHz, CDCY}) & 7.52 (ddJ = 7.6, 1.0 Hz,
1H), 7.33 — 7.26 (m, 1H), 7.24 — 7.15 (m, 2H), 3(§8] = 7.1 Hz, 2H), 3.49 (g} = 7.2 Hz,
2H), 2.48 (s, 3H), 1.28 (1] = 7.2 Hz, 3H), 1.19 (t) = 7.2 Hz, 3H).X*C NMR (101 MHz,
CDCl) 6 154.1, 141.2, 133.0, 129.9, 129.7, 125.8, 12(86),85.8, 43.6, 39.4, 20.7, 14.5,

12.9.

4.3. N,N-Diethyl-3-(m-tolyl)propiolamide (3c)

3-(m-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trigtamine (152 mg, 1.5 mmol)
afforded3c (185 mg, 0.86 mmol, 86% vyieldd4 NMR (400 MHz, CDG}) & 7.34 (dddJ =
6.1, 1.6, 0.6 Hz, 2H), 7.29 — 7.19 (m, 2H), 3.66)(g 7.1 Hz, 2H), 3.47 (q] = 7.2 Hz, 2H),
2.34 (s, 3H), 1.28 (] = 7.1 Hz, 3H), 1.18 () = 7.2 Hz, 3H)**C NMR (101 MHz, CDGJ) 5
154.0, 138.3, 132.8, 130.8, 129.4, 128.4, 120.63,881.7, 43.6, 39.3, 21.2, 14.4, 12.9.

HRMS (ESI, TOF) calcd. for GH1gNO [M+H]* 216.1388, found 216.1386.

4.4. N,N-Diethyl-3-(p-tolyl)propiolamide (3d) [3d]

3-(p-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trigtamine (152 mg, 1.5 mmol) afforded
3d (198 mg, 0.92 mmol, 92% vyieldH NMR (400 MHz, CDCJ) & 7.43 (m, 2H), 7.16 (dd]

= 8.5, 0.6 Hz, 2H), 3.66 (d,= 7.1 Hz, 2H), 3.47 (4] = 7.2 Hz, 2H), 2.37 (s, 3H), 1.27 {t=
7.1 Hz, 3H), 1.17 (t) = 7.2 Hz, 3H).X*C NMR (101 MHz, CDGJ) & 154.1, 140.3, 132.3,

129.3, 117.7, 89.4, 81.6, 43.6, 39.3, 21.6, 1£248.1
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4.5. N,N-Diethyl-3-(2-methoxyphenyl)propiolamide (3¢) [3d]

3-(2-Methoxyphenyl)propiolic acid (176 mg, 1.0 mmaind triethylamine (152 mg, 1.5
mmol) afforded3e (197 mg, 0.85 mmol, 85% yieldH NMR (400 MHz, CDC}) § 7.51 (dd,
J=17.6,1.7 Hz, 1H), 7.38 (ddd,= 8.4, 7.5, 1.7 Hz, 1H), 6.93 (td~ 7.5, 0.9 Hz, 1H), 6.89
(d,J = 8.4 Hz, 1H), 3.88 (s, 3H), 3.73 (= 7.1 Hz, 2H), 3.48 (q] = 7.2 Hz, 2H), 1.29 (4

= 7.1 Hz, 3H), 1.18 () = 7.2 Hz, 3H)X*C NMR (101 MHz, CDCJ) § 160.2, 153.3, 133.3,

130.5, 119.5, 109.6, 109.1, 85.0, 84.8, 54.7, 4863, 13.3, 11.9.

4.6. N,N-Diethyl-3-(3-methoxyphenyl)propiolamide (3f) [3d]

3-(3-Methoxyphenyl)propiolic acid (176 mg, 1.0 mmaind triethylamine (152 mg, 1.5
mmol) afforded3f (210 mg, 0.91 mmol, 91% vieldYd NMR (400 MHz, CDC}) & 7.27 (m,
1H), 7.13 (dtJ = 7.6, 1.2 Hz, 1H), 7.06 (m, 1H), 6.96 (ddds 8.4, 2.6, 0.9 Hz, 1H), 3.81 (s
3H), 3.66 (q,J = 7.2 Hz, 2H), 3.48 (q] = 7.2 Hz, 2H), 1.28(t) = 7.1 Hz, 3H), 1.18 () =

7.2 Hz, 3H).13C NMR (101 MHz, CDGJ) & 159.3, 154.1, 129.6, 124.8, 121.6, 117.2, 116.6,

89.3, 81.5,55.4,43.7, 39.4, 14.4, 12.8.

4.7. N,N-Diethyl-3-(4-methoxyphenyl)propiolamide (3g) [3d]

3-(4-Methoxyphenyl)propiolic acid (176 mg, 1.0 mmaind triethylamine (152 mg, 1.5
mmol) afforded3g (217 mg, 0.94 mmol, 94% yieldd4 NMR (400 MHz, CDCY) & 7.49 —
7.46 (m, 2H), 6.89 — 6.86 (M, 2H), 3.83 (s, 3HBE3(M, 2H), 3.47 (o) = 7.2 Hz, 2H), 1.28
(t, J = 7.1 Hz, 3H), 1.17 (t) = 7.2 Hz, 3H).**C NMR (101 MHz, CDG) § 160.9, 154.4,

134.1, 114.2, 112.6, 89.8, 81.1, 55.4, 43.6, 33434, 12.9.

4.8. N,N-Diethyl-3-(3,4,5-trimethoxyphenyl)propiolamide (3h)
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3-(3,4,5-Trimethoxyphenyl)propiolic acid (236 mg0Immol) and triethylamine (152 mg,
1.5 mmol) affordedh (277 mg, 0.95 mmol, 95% yieldH NMR (400 MHz, CDC)) & 6.77
(s, 2H), 3.87 (s, 3H), 3.86 (s, 6H), 3.67Jc 7.1 Hz, 2H), 3.48 (g] = 7.2 Hz, 2H), 1.29 (4]
= 7.1 Hz, 3H), 1.18 () = 7.2 Hz, 3H)X*C NMR (101 MHz, CDCJ) § 154.0, 153.2, 140.3,
115.6, 109.7, 89.4, 81.2, 61.0, 56.3, 43.6, 39434,112.9. HRMS (ESI, TOF) calcd. for

C16H22NO4 [M+H] ™ 292.1549, found 292.1548.

4.9. 3-(4-Chlorophenyl)-N,N-diethyl propiolamide (3i) [5h]

3-(4-Chlorophenyl)propiolic acid (181 mg, 1.0 mmai)d triethylamine (152 mg, 1.5 mmol)
afforded3i (214 mg, 0.91 mmol, 91% vyieldd4 NMR (400 MHz, CDC}) § 7.461 (m, 2H),
7.34 (m, 2H), 3.65 (q] = 7.2 Hz, 2H), 3.48 (] = 7.2 Hz, 2H), 1.28 () = 7.2 Hz, 3H), 1.18
(t, J=7.2 Hz, 3H).13C NMR (101 MHz, CDGJ) 6 153.8, 136.2, 133.6, 129.0, 119.2, 88.0,

82.7,43.7,39.4, 14.4, 12.8.

4.10. N,N-Diethyl-3-(4-fluorophenyl)propiolamide (3j) [3d]

3-(4-Fluorophenyl)propiolic acid (164 mg, 1.0 mmat)d triethylamine (152 mg, 1.5 mmol)
afforded3j (195 mg, 0.89 mmol, 89% yield)H NMR (400 MHz, CDC}) § 7.53 (m, 2H),
7.06 (m, 2H), 3.65 (q] = 7.2 Hz, 2H), 3.48 (q] = 7.2 Hz, 2H), 1.28 () = 7.1 Hz, 3H), 1.18
(t, J= 7.2 Hz, 3H)!*C NMR (101 MHz, CDGJ) 8 163.4 (d Jc.r= 252.5 Hz), 153.9, 134.4 (d,
Jo.r= 8.1 Hz) 116.9 (dJc.r= 3.1 Hz) 116.0 (dJcr= 23.2 Hz), 88.0, 81.8, 43.6, 39.3, 14.4,

12.8.

4.11. 3-(4-Cyanophenyl)-N,N-diethyl propiolamide (3k) [3d]

3-(4-Cyanophenyl)propiolic acid (171 mg, 1.0 mmatd triethylamine (152 mg, 1.5 mmol)
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afforded3k (183 mg, 0.81 mmol, 81% yield)H NMR (400 MHz, CDC}) 5 7.66 (m, 2H),
7.63 (m, 2H), 3.65 (q] = 7.2 Hz, 2H), 3.49 (gl = 7.2 Hz, 2H), 1.29 () = 7.1 Hz, 3H), 1.19
(t, J = 7.2 Hz, 3H)**C NMR (101 MHz, CDGCJ) § 153.2, 132.7, 132.2, 125.6, 118.0, 113.3,

86.6, 85.3, 43.7, 39.5, 14.5, 12.8.

4.12. N,N-Diethyl-3-(thiophen-2-yl)propiolamide (3I) [5h]

3-(Thiophen-2-yl)propiolic acid (152 mg, 1.0 mmahd triethylamine (152 mg, 1.5 mmol)
afforded3l (149 mg, 0.72 mmol, 72% yieldd4 NMR (400 MHz, CDC}) 5 7.42 — 7.38 (m,
2H), 7.03 (dd,) = 5.0, 3.9 Hz, 1H), 3.63 (d,= 7.1 Hz, 2H), 3.47 (q] = 7.2 Hz, 2H), 1.27 (4,
J=7.2 Hz, 3H), 1.18 ( = 7.2 Hz, 3H)*C NMR (101 MHz, CDGJ) 5 153.8, 134.8, 129.7,

127.4, 120.6, 86.0, 82.8, 43.6, 39.3, 14.4, 12.9.

4.13. N,N-Dimethyl-3-phenyl propiolamide (3m) [17]

Phenyl propiolic acid (146 mg, 1.0 mmol) and trimgamine (89 mg, 1.5 mmol) afforded
3m (156 mg, 0.90 mmol, 90% vyield)H NMR (400 MHz, CDCY) & 7.55 (m, 2H), 7.43 —
7.34 (m, 3H), 3.30 (s, 3H), 3.04 (s, 34jC NMR (101 MHz, CDG)) § 154.7, 132.4, 130.0,

128.5, 120.6, 90.2, 81.6, 38.4, 34.2.

4.14. N,N-Dimethyl-3-(o-tolyl)propiolamide (3n)

3-(o-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trirhgtamine (89 mg, 1.5 mmol)
afforded3n (152 mg, 0.81 mmol, 81% yieldH NMR (400 MHz, CDC}) § 7.52 (dd,J = 7.6,
0.5 Hz, 1H), 7.30 (m, 1H), 7.23 — 7.15 (m, 2H),®B(8, 3H), 3.04 (s, 3H), 2.48 (s, 3HjC
NMR (101 MHz, CDC}J) 6 154.8, 141.2, 132.9, 130.0, 129.7, 125.8, 12(0%,85.5, 38.4,

34.2, 20.8. HRMS (ESI, TOF) calcd. fof8:4,NO [M+H]* 188.1075, found 188.1075.
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4.15. N,N-Dimethyl-3-(m-tolyl)propiolamide (30)

3-(m-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trirhgtamine (89 mg, 1.5 mmol)
afforded3o (157 mg, 0.84 mmol, 84% yielddH NMR (400 MHz, CDCJ) & 7.36 — 7.32 (m,
2H), 7.27 — 7.21 (m, 2H), 3.29 (s, 3H), 3.03 (s),3R34 (s, 3H)*C NMR (101 MHz,
CDCl) 6 154.7, 138.3, 132.9, 130.9, 129.5, 128.4, 12(0%,B1.3, 38.4, 34.2, 21.2. HRMS

(ESI, TOF) calcd. for H14,NO [M+H]" 188.1075, found 188.1075.

4.16. N,N-Dimethyl-3-(p-tolyl)propiolamide (3p)

3-(p-Tolyl)propiolic acid (160 mg, 1.0 mmol) and trirhgtamine (89 mg, 1.5 mmol)
afforded3p (176 mg, 0.94 mmol, 94% vyieldH NMR (400 MHz, CDG}) § 7.44 (d,J = 8.0
Hz, 2H), 7.16 (dJ = 8.0 Hz, 2H), 3.28 (s, 3H), 3.02 (s, 3H), 2.373H). *C NMR (101
MHz, CDCk) 6 154.8, 140.5, 132.3, 129.3, 117.5, 90.6, 81.24,38%.2, 21.6. HRMS (ESI,

TOF) calcd. for GH1,NO [M+H]* 188.1075, found 188.1075.

4.17. 3-Phenyl-N,N-dipropyl propiolamide (3q) [18]

Phenyl propiolic acid (146 mg, 1.0 mmol) and tripyamine (215 mg, 1.5 mmol) afforded
3q (188 mg, 0.82 mmol, 82% vieldH NMR (400 MHz, CDC}) & 7.54 (m, 2H), 7.43 — 7.34
(m, 3H), 3.57 (m, 2H), 3.37 (m, 2H), 1.70 (m, 2&)61 (M, 2H), 0.98 (t) = 7.4 Hz, 3H),
0.93 (t,J = 7.4 Hz, 3H).*C NMR (101 MHz, CDGJ) § 154.7, 132.3, 129.9, 128.5, 120.8,

89.7, 81.96, 51.0, 46.6, 22.2, 20.7, 11.4, 11.3.

4.18. 3-Phenyl-1-(piperidin-1-yl)prop-2-yn-1-one (3r) [18]

Phenyl propiolic acid (146 mg, 1.0 mmol) and 1-mgfdiperidine (149 mg, 1.5 mmol)
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afforded3r (169 mg, 0.79 mmol, 79% vyielddH NMR (400 MHz, CDCJ) & 7.55 (m, 2H),
7.43 — 7.33 (m, 3H), 3.77 (m, 2H), 3.63 (m, 2HRA - 1.67 (m, 4H), 1.65 — 1.58 (m, 2H).
¥C NMR (101 MHz, CDGJ) 6 153.0, 132.4, 129.9, 128.5, 120.8, 90.3, 81.3,48.4, 26.5,

25.4, 24.6.

4.19. N,N-dioctyl-3-phenyl propiolamide (3s) [16b]

Phenyl propiolic acid (146 mg, 1.0 mmol) and tridainine (531 mg, 1.5 mmol) afford&s
(310 mg, 0.84 mmol, 84% yieldH NMR (400 MHz, CDC) § 7.49 — 7.43 (m, 2H), 7.37 -
7.25 (m, 3H), 3.55 — 3.49 (m, 2H), 3.36 — 3.29 2i), 1.62 — 1.47 (m, 4H), 1.27 — 1.17 (m,
20H), 0.82 - 0.76 (m, GH%.SC NMR (101 MHz, CDC)) 5 153.4, 131.3, 128.8, 127.5, 119.9,

88.2, 81.2, 48.2, 43.9, 30.78, 30.75, 28.4, 283,27.9, 26.5, 26.0, 25.6, 22.1, 21.62, 21.59,

13.07, 13.05.
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