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Abstract—A highly effective procedure has been developed for desilylation of 3-trimethylsilylprop-2-yn-
amides in the presence of KF—Al,O; as catalyst. The corresponding terminal prop-2-ynamides were obtained in
high yield in methanol at 25°C using 5 mol % of the catalyst (reaction time 20 min). Rise in temperature leads
to the formation of Z,E-3-methoxyprop-2-enamides or 3,3-dimethoxypropanamides as a result of tandem
desilylation—addition of methanol, depending on the conditions.
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The synthetic strategy silylation—desilylation of
triple bond is widely used in fine organic synthesis, in
particular in total syntheses of highly efficient natural
antibiotics [1]. This approach was partially reviewed in
[2]. The presence of a trimethylsilyl group at triple
C=C bond stabilizes the latter so that it becomes
inactive toward nucleophiles [3], organometallic com-
pounds, and transition metal catalysts in various syn-
thetic transformations [4]; as a result, regioselective
cycloaddition of azides at the triple bond of various
trimethylsilylalkynes becomes possible [5], the stabil-
ity of compounds increases, and their solubility in
organic solvents is improved.

Desilylation of acetylenic compounds can be per-
formed with the use of various reagents, among which
such bases as alkali metal hydroxides [6], alkoxides
[7], and carbonates [8] in protophylic solvents, as well
as potassium [9] and ammonium fluorides [10] are
used most frequently. We recently showed that suc-
cessful desilylation may be achieved with the aid of

even weak bases generated in protic medium from
metal oxides (PbO,, MnO,, Co,0s, Ni,O3) [11].

Despite diversity of desilylating agents, published
data on desilylation of silicon-containing acetylenic
compounds with an activated triple bond are few in
number. Desilylation of such compounds requires mild
conditions, taking into account the possibility for un-
desirable addition of alcohol or water (used as solvent)
at the terminal triple bond in the resulting alkynes by
the action of base in protophilic medium.

In the present work we developed an efficient
procedure for desilylation of trimethylsilylacetylenes
having an activated triple bond. 3-Trimethylsilylprop-
2-ynamides Ia—Ig were selected as substrates, and KF—
AlLO3, as reagent. Solid-phase desilylation of trimeth-
ylsilylalkynes under microwave irradiation required
excess KF-AL,Os3 (4 equiv) [12]. There are no pub-
lished data on desilylation of trimethylsilylacetylene
derivatives with an activated triple bond by the action
of KF—A1203.

Scheme 1.

KF—Al,O3 (5 mol %)

0o MeOH. 25°C, 20 min //O
Me;Si—— HC=
NR'R2 NR'R2
la-Ig lla-lig

R'=H, R*=H (a), Ph (b), PhCH, (¢), 2,5-C1,C¢H; (d), 3-BrCsH, (), HOCH,CMe; (f); R'R*N = morpholino (g).
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In the reactions of amides Ib, Id, and Ie containing
an aromatic ring with an equimolar amount of KF—
Al O3 in diethyl ether at room temperature the yield of
the corresponding terminal propynamides did not ex-
ceed 62%. The efficiency of the process considerably
increased when diethyl ether was replaced by methanol.
Terminal propynamides Ila—IIg were isolated in high
yield (82-99%) by the action of a catalytic amount of
KF-Al O3 (5 mol %) over a period of 20 min at room
temperature (Scheme 1). N-(2-Hydroxy-1,1-dimethyl-
ethyl)prop-2-ynamide (IIf) was not reported previ-
ously. The developed procedure is advantageous due to
selectivity of the reaction, experimental simplicity,
mild conditions (room temperature), the use of a cata-
lytic amount of desilylating agent, and purity of the
products (no additional purification was necessary).
The process was not accompanied by cleavage of the
amide C—N bond and addition of methanol at the triple
bond of the resulting terminal propynamide.

A probable scheme of KF—Al,O;-induced desilyla-
tion of trimethylsilylpropynamides Ia—Ig includes gen-
eration of complex A (Scheme 2) and its protonation
with methanol to produce terminal propynamide,
fluorotrimethylsilane, and potassium methoxide. Potas-
sium fluoride liberated in the reaction of fluorotri-
methylsilane with potassium methoxide returns to the
catalytic cycle.

Scheme 2.
KF MeOSiMe;
MeOK + Me3SiF
-k _
Me\S|.
y i—Me
Me | K+
(0]
o NR'R? HC=—
- MeOH NR'R?
A lla-lig
(o]
MesSi——=—=
NR'R?
la-lg

Rise in temperature favors tandem desilylation—
methanol addition process with formation of previ-
ously unknown (Z,E)-3-methoxyprop-2-enamides
(Scheme 3). By heating amides Ic and Ig in boiling
methanol in the presence of KF—Al,O; (5 mol %) over
a period of 7 or 3 h, respectively, we obtained 3,3-di-
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methoxypropanamides I'Va and IVb in high yield. The
reaction of trimethylsilylpropynamide Ig with KF-
AlL,O3 (5 mol %) under microwave irradiation (700 W,
15 min) resulted in selective addition of one methanol
molecule with formation of 88% of (£,2)-4-(3-me-
thoxyprop-2-enoyl)morpholine (I, E: Z = 1:2).

Scheme 3.
KF-Al,0;4
R MeOH _ P
MesSi—— HC=—X
NR'R2 NR'R2

Ic, Ig lic, lig

OMe O

NR'R2
IVa, IVb

b MeO

Ic, IVa, R' = H, R* = PhCH,; Ig, IVb, R'R*N = morpholino;

a: KF-A1,0; (5 mol %), MeOH, microwave irradiation

(700 W, 20 min) or KF-A1,0; (12 mol %), MeOH-MeCN,
reflux, 2 h; b: KF—AL,O;5 (5 mol %), MeOH, reflux, 3—7 h.

Insofar as protodesilylation of various silicon-
containing acetylenic amides occurs fairly readily, the
efficiency of the tandem process is determined mainly
by the stage of methanol addition at the terminal triple
bond in intermediate propynamide. Higher reactivity
of amide Ig in this process, as compared to N-benzyl
analog Ic, may be rationalized in terms of higher
basicity of benzylamine (pK, 9.34 in water) as com-
pared to morpholine (pK, 8.70 in water) [13]. The use
of a mixture of methanol with acetonitrile considerably
inhibits methanol addition, and their ratio affects the
reaction selectivity. According to the '"H NMR data,
amide Ig in boiling methanol (5 mol % of KF-Al,0O3)
is completely converted into 3,3-dimethoxypropan-
amide (IVb) in 3 h, whereas the reaction in MeOH—
MeCN (1:2) gives a mixture of terminal propynamide
IIg (14%), adduct III (66%), and dimethoxy derivative
IVb (20%). Considerable reduction of the concentra-
tion of methanol (methanol-acetonitrile, 1:9) and in-
crease in the catalyst concentration to 12 mol %
ensures selective addition of methanol with formation
of monomethoxy adduct IIl (E:Z = 1.0:1.2) in 88%
yield on heating under reflux over a period of 2 h.

3-Methoxyprop-2-enamides may be regarded as
push—pull vinyl ethers, while 3,3-dimethoxypropan-
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amides are acetals derived from the corresponding
formyl amides, which attract interest as polyfunctional
intermediate products in organic synthesis. f-Keto
amides are used in the synthesis of natural antibiotics
[14]. Terminal propynamides are used as starting
materials in the synthesis of various heterocyclic
compounds possessing a broad spectrum of biological
activity [15].

Known methods for the synthesis of terminal
propynamides are based on acylation of amines with
propynoic acid esters [16, 17], chloride [18], and an-
hydride [19] or propynoic acid itself in the presence of
N,N'-dicyclohexylcarbodiimide [20]. A common dis-
advantage of the above procedures is the use of highly
toxic and flammable (inflammation temperature 58°C)
propynoic acid which also acts as skin irritant [21].
Moreover, the presence in propynoic acid esters of
an additional electrophilic center, activated triple bond,
favors formation of aminopropenoates [16, 22, 23].

To conclude, we have developed a simple and
highly efficient procedure for the synthesis of terminal
propynamides from accessible 3-trimethylsilylprop-2-
ynamides [22, 24] using a catalytic amount of KF-
Al,O;. Conditions have been found for selective one-
step preparation of new mono- and dialkoxy amides
as polyfunctional intermediate products for organic
synthesis.

EXPERIMENTAL

The IR spectra were recorded on a Bruker IFS-25
spectrometer. The '"H and >’C NMR spectra were
measured on a Bruker DPX-400 instrument relative to
hexamethyldisiloxane as internal reference. Micro-
wave-assisted reactions were performed in a 25-ml
Teflon high-pressure reactor using an unmodified LG
MS-1904H microwave furnace (700 W). Initial 3-tri-
methylsilylprop-2-ynamides were synthesized accord-
ing to the procedure reported in [24]; KF—Al,O3 (KF
concentration 40%) was prepared as described in [25].

Prop-2-ynamide (IIa). A mixture of 100 mg
(0.71 mmol) of amide Ia, 5.1 mg (5 mol %) of KF—
Al O3, and 5 ml of methanol was stirred for 20 min at
room temperature. The mixture was then evaporated
under reduced pressure, and the residue was washed
with chloroform and dried. Yield 40 mg (82%),
mp 59-61°C [26]. '"H NMR spectrum (CDCls), 3,
ppm: 2.88 s (1H, HC=), 6.02 br.s and 5.88 br.s (1H
each, NH,).

N-Alkyl(aryl)prop-2-ynamides IIb-IIg (general
procedure). A mixture of 0.47 mmol of amide Ib-Ig,
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3.4 mg (5 mol %) of KF-Al,0O;, and 5 ml of methanol
was stirred for 20 min at room temperature. The
mixture was then treated with 1 ml of 5% hydrochloric
acid and extracted with diethyl ether (in the synthesis
of IIb—IId) or chloroform (Ile-IIg), and the extract
was dried over MgSO, and evaporated under reduced
pressure. The residue was propynamide ITb—IIg which
required no additional purification.

N-Phenylprop-2-ynamide (IIb). Yield 99%,
mp 80-81°C [17]. '"H NMR spectrum (CDCl;), 3, ppm:
2.92 s (1H, HC=), 7.16 t (1H, 4-H, J = 7.60 Hz), 7.34 t
(2H, m-H, J=7.56 Hz), 7.54 d (2H, o-H, J = 7.52 Hz),
7.92 br.s (1H, NH).

N-Benzylprop-2-ynamide (IIc). Yield 93%,
mp 88-90°C [23]. '"H NMR spectrum (CDCl;), 3, ppm:
2.80 s (1H, HC=), 4.50 d (2H, CH,Ph, J = 5.88 Hz),
6.12 br.s (1H, NH), 7.31 m (5H, Ph).

N-(2,5-Dichlorophenyl)prop-2-ynamide (I1d).
Yield 99%, mp 112—-113°C [18]. IR spectrum (KBr), v,
ecm 't 3224 (NH, H-C=), 2109 (C=C), 1668 (C=0),
1587 (C=Crom), 1522 (C-N, 3NH). '"H NMR spectrum
(CDCl), 3, ppm: 3.00 s (1H, HC=), 7.07 m (1H, 4-H,
J = 8.56 Hz), 7.31 d (1H, 3-H, J = 8.60 Hz), 8.46 s
(1H, 6-H), 7.90 brs (1H, NH). *C NMR spectrum
(CDCly), 8¢, ppm: 75.00 (=C-), 77.41 (HC=), 120.38
(C?), 121.86 (C®), 125.46 (CY), 129.78 (C?), 134.04
(C?), 134.87 (C"), 149.08 (C=0). Found, %: C 50.09;
H 2.50; Cl 33.26; N 7.03. CoHsCL,NO. Calculated, %:
C 50.50; H 2.35; C1 33.13; N 6.74.

N-(3-Bromophenyl)prop-2-ynamide (Ile). Yield
90%, mp 124-125°C [18]. IR spectrum (KBr), v, cm
3271 (H-C=), 3239 (NH), 2109 (C=C), 1649 (C=0),
1593 (C=Crom), 1547 (C-N, 3NH). '"H NMR spectrum
(CDCl), 6, ppm: 2.93 s (1H, HC=), 7.20 t (1H, 5-H,
J=17.92 Hz), 7.29 d (1H, 4-H, J = 9.04 Hz), 7.46 d
(1H, 6-H, J =7.60 Hz), 7.73 s (1H, 2-H), 7.46 br.s
(1H, NH). >C NMR spectrum (CDCl3), 8¢, ppm: 76.89
(=C), 77.90 (HC=), 118.11 (C*), 121.42 and 121.96
(C% C%), 126.34 (CY), 130.13 (C°), 139.72 (C"), 149.45
(C=0). Found, %: C 48.53; H 2.59; Br 36.02; N 6.38.
CoH¢BrNO. Calculated, %: C 48.25; H 2.70; Br 35.66;
N 6.25.

N-(2-Hydroxy-1,1-dimethylethyl)prop-2-yn-
amide (IIf). Yield 83%, mp 135-136°C. IR spectrum
(KBr), v, cm ': 3400 (OH), 3290 (H-C=), 3210 (NH),
2120 (C=C), 1650 (C=0), 1560 (C-N, NH). 'H NMR
spectrum (DMSO-dg), o, ppm: 3.80 s (1H, HC=),
3.34 s (2H, CH,0), 1.18 s (6H, CH3), 4.69 br.s
(1H, OH), 7.88 br.s (1H, NH). *C NMR spectrum
(DMSO-ds), d¢, ppm: 23.11 (CHj3), 55.32 (N-C), 66.78
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(C-0), 73.71 (=C), 78.98 (HC=), 151.12 (C=0).
Found, %: C 59.78; H 7.20; N 9.61. C;H;;NO,. Cal-
culated, %: C 59.56; H 7.85; N 9.92.

1-Morpholinoprop-2-yn-1-one (IIg). Yield 95%,
mp 70-72°C [16]. IR spectrum (KBr), v, cm': 3200
(H-C=), 2096 (C=C), 1630 (C=0). 'H NMR spectrum
(CDCl3), 6, ppm: 3.16 s (1H, HC=), 3.68 m (4H,
NCH,), 3.74 m (4H, OCH,). *C NMR spectrum
(CDCly), é¢, ppm: 75.33 (=C), 79.53 (HC=), 42.01 and
47.28 (NCH,), 66.44 and 66.86 (OCH,), 151.70
(C=0). Found, %: C 60.01; H 6.50; N 10.05.
C7HgNO,. Calculated, %: C 60.42; H 6.52; N 10.07.

(Z,E)-3-Methoxy-1-morpholinoprop-2-en-1-one
(ITI). a. A Teflon reactor was charged with a mixture
of 60 mg (0.28 mmol) of amide Ig, 2.1 mg (5 mol %)
of KF—-Al,O3, and 5 ml of methanol, and the reactor
was placed into a microwave furnace and irradiated at
a power of 700 W over a period of 15 min (in 2—4-min
pulses followed by cooling to room temperature). The
mixture was filtered, and the filtrate was evaporated
under reduced pressure. Yield 43 mg (88%), mp 53—
55°C (from hexane). IR spectrum (KBr), v, cm™: 1670
(C=0); 1630, 1610 (C=C). '"H NMR spectrum
(CDCl), o, ppm: 3.70 s (3H, CH;0, E), 3.75 s (3H,
CH;0, Z), 4.94 d (1H, =CHCO, J=7.08 Hz, Z), 5.56 d
(1H, =CHCO, J = 11.72 Hz, E), 6.23 d (1H, OCH=,
J=17.20 Hz, Z), 7.61 d (1H, OCH=, J = 11.84 Hz, E),
3.45 m and 3.55 m (2H each, NCH,), 3.66 m (4H,
OCH,); (E:Z = 1.0:2.0). *C NMR spectrum (CDCl,),
d¢c, ppm: 42.39 and 47.63 (CH,N), 67.51 (CH,0),
61.83 and 58.50 (CH;0), 95.04 and 98.5 (=CHCO),
153.96 and 163.45 (=CHO), 165.57 and 166.81 (C=0).
Found, %: C 56.59; H 7.32; N 8.19. CgH;3NO;. Cal-
culated, %: C 56.13; H 7.65; N 8.18.

b. A mixture of 60 mg (0.28 mmol) of amide Ig,
4.9 mg (12 mol %) of KF—Al,0;, 1 ml of methanol,
and 9 ml of acetonitrile was heated for 2 h at 65°C.
The mixture was filtered, and the filtrate was evaporat-
ed under reduced pressure to obtain 41 mg (84%) of
compound III as a mixture of £ and Z isomers at
aratio of 1.0:2.0, mp 53-55°C (from hexane).

N-Alkyl-3,3-dimethoxypropanamides IVa and
IVb (general procedure). A mixture of 0.47 mmol of
amide Ic or Ig, 3.4 mg (5 mol %) of KF—Al,0;, and
5 ml of methanol was heated at 65°C for 3 (Ig) or 7 h
(Ie). The mixture was evaporated under reduced pres-
sure, the residue was extracted with hot hexane, and
the extract was filtered and evaporated under reduced
pressure.
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N-Benzyl-3,3-dimethoxypropanamide (IVa).
Yield 90%, oily substance. IR spectrum (film), v, cm :
1640 (C=0), 1580 (C=Cyom), 1530 (C-N, dNH), 1110
(C-0). '"H NMR spectrum (CDCL3), 8, ppm: 2.60 d
(2H, CH,CO, J = 5.36 Hz), 3.39 s (6H, CH;0), 447 d
(2H, CH,Ph, J = 5.64 Hz), 4.72 t (1H, CH, J=
5.36 Hz), 7.30 m (5H, Ph), 6.40 br.s (1H, NH).
BC NMR spectrum (CDCl;), 8¢, ppm: 41.04 (CH,CO),
43.47 (CH,Ph), 54.20 (CH;0), 102.23 (CH); 127.45,
127.58, 128.71, 136.85 (Cyrom); 169.02 (C=0). Found,
%: C 64.18; H 7.73; N 6.02. C,H;7NO;. Calculated,
%: C 64.55; H7.67; N 6.27.

3,3-Dimethoxy-1-morpholinopropan-1-one
(IVb). Yield 83%, oily substance. IR spectrum (film),
v, em': 1630 (C=0), 1100 (C-0). "H NMR spectrum
(CDCl), o, ppm: 2.68 d (2H, CH,CO, J = 5.48 Hz),
3.43 s (6H, CH;0), 3.52 m (4H, NCH,), 3.72 m (4H,
OCH,), 4.70 t (1H, CH, J = 5.52 Hz). >C NMR spec-
trum (CDCl;), 8¢, ppm: 37.76 (CH,CO), 42.14 and
46.61 (CH;,N), 66.98 (CH,0), 54.89 (CH;0), 103.51
(CH), 168.18 (C=0). Found, %: C 53.56; H 8.33;
N 6.94. CoH7;NO,. Calculated, %: C 53.19; H 8.43;
N 6.89.
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