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An efficient metal-free hydroalkoxylation reaction of ynesulfona-
mides with esters under mild conditions is described. Under the
catalysis of TMSOTT, various ynesulfonamides are transformed into
the corresponding alkoxy-substituted enamides in high yields with
complete regioselectivity and high to excellent stereoselectivity.

Recently, the addition of oxygen nucleophiles to the a-carbon
of ynamides' has captured increasing interest of chemists.
And various reactions of ynamides with oxygen nucleophiles
have been established.>® For example, acid-mediated or gold-
catalyzed hydration of ynamides has been achieved,* and palla-
dium-catalyzed or metal-free hydroacyloxylation of ynamides
was also disclosed.*”” Despite the diverse additions of oxygen
nucleophiles with ynamides that have been developed, the
hydroalkoxylation of ynamides which directly provides useful
alkoxy-substituted enamides has met with limited success.
Hsung and co-workers first reported the hydroalkoxylation
of ynamides with allylic or propargylic alcohols; however, [3,3]-
sigmatropic rearrangements which subsequently occurred led
to the corresponding amides.® Bronsted acid catalyzed hydro-
alkoxylation of ynamides with simple alcohols such as benzyl
alcohol was also unsuccessful.” In 2016, Swamy et al. described
a palladium-catalyzed addition of phenol to ynamides provid-
ing the corresponding enamide in 76% yield (Scheme 1a),®
and later they observed the hydroalkoxylation of ynamides
with MeOH as a side reaction during their study on the palla-
dium-catalyzed reduction of ynamides (Scheme 1b).° Clavier
et al. realized the systematic research on the hydroalkoxylation
of ynamides to synthesize alkoxy-substituted enamides by the
palladium- or Znl,-catalyzed addition of 1,3-diones to yna-
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mides (Scheme 1c).’® Recently, Ye et al. reported an intra-
molecular hydroalkoxylation followed by a [1,3]-rearrangement
to synthesize medium lactams, and isolated the intermediate
alkoxy-substituted enamides in moderate yields (Scheme 1d)."*
They first achieved the non-metal-catalyzed intramolecular
hydroalkoxylation of ynamides with alcohols to produce
alkoxy-substituted enamides, and the metal-free inter-
molecular hydroalkoxylation of ynamides has never been
reported. Herein, we present a novel and efficient synthesis of
alkoxy-substituted enamides via TMSOTf-catalyzed hydroalkoxyla-
tion of ynesulfonamides with esters, and various ynesulfonamides
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Scheme 1 Hydroalkoxylation reactions of ynamides.
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are transformed into their corresponding enamides within short
reaction times (Scheme 1e). This outcome not only provides inter-
esting substrates to investigate the synthetic potential of trans-N,0-
enamides,””'*” but also is exciting as it is in contrast to a previous
study, which showed no evidence for useful a-substituted enamide
formation from ynamides under TMSOTf."

We began our investigation in the screening of catalysts for
the hydroalkoxylation of ynesulfonamide 1a with ethyl acetate
2a. Zinc- and aluminum-based Lewis acids were ineffective or
less effective (Table 1, entries 1-3), and non-metallic TfOH,
Tf,0 and TMSOTf are only marginal (entries 4-6). To our
delight, Tf,NH appeared to be the best promoter, leading to
the desired product 3a in 68% yield within 20 minutes (entry
7), while the Bronsted acid CSA appeared to impede the reac-
tion (entry 8). In order to reduce the by-product caused by the
hydrolysis of ynesulfonamide, we lowered the reaction temp-
erature. Follow-up investigation disclosed that there was a
noticeable temperature effect on the yield and stereoselectivity
(entries 7, 9 and 10), and —40 °C resulted in the highest yield
but with the lowest stereoselectivity (entry 10). Further lower-
ing the reaction temperature (—70 °C) led to poor yield and
selectivity (entry 11). Owing to the variability of yield and
selectivity with the catalyst Tf,NH, we tried to optimize the
reaction with TfOH, Tf,0 and TMSOT{ respectively (entries
12-22). A similar phenomenon also occurred under the cata-
lyst TFOH or Tf,O (entries 12-17). Under the catalysis of

Table 1 Condition optimization of the hydroalkoxylation

Ts \N,Bn Bn
o catalyst (0.2 equiv) N. O
[ P Ts” E[ CEt
Me~ O temp

Me Me H

1a 2a E-3a (major)
Entry’ Catalyst ~ Temp. (°C) Time (min) Yield’ (%) E/Z°
1 Znl, rt 240 0 —
2 Zn(OTf), 1t 180 35 >25:1
3 AlCl, It 240 18 >25:1
4 TfOH rt 20 40 >25:1
5 Tf,0 It 20 45 >25:1
6 TMSOTf rt 20 50 >25:1
7 Tf,NH rt 20 68 18:1
8 CSA rt 280 Trace >25:1
9 Tf,NH 0 20 71 >25:1
10 Tf,NH -40 20 90 6:1
11 Tf,NH -70 60 17¢ 5:1
12 TfOH 0 20 72 >25:1
13 TfOH -40 20 91 8:1
14 TfOH =70 20 82 8:1
15 Tf,0 0 20 72 >25:1
16 Tf,0 -40 20 89 8:1
17 Tf,O =70 20 72 8:1
18 TMSOTf 0 20 55 >25:1
19 TMSOTf =20 20 65 >25:1
20 TMSOTf -40 20 80 14:1
21 TMSOTf -60 20 86 14:1
22 TMSOTf =70 20 91 14:1

“Unless otherwise noted, reactions were carried out using 1a
£0.20 mmol) with a catalyst (0.04 mmol) in EtOAc (1.0 mL) under N,.

Isolated yields. ¢ Determined by "H NMR spectroscopy of the unpuri-
fied reaction mixture. ¢ 77% of 1a was recovered.
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TMSOTI, the temperature reduction led to excellent yield and
high stereoselectivity, although the stereoselectivity decreased
slightly (entry 22 vs. entry 19).

Having identified the optimum reaction conditions, the
scope of the hydroalkoxylation was investigated as shown in
Table 2. Initially, we examined variations in the sulfonamide
substitution of ynesulfonamides; the reaction proceeded well
giving the desired ethoxy-substituted enamides (3a-c) in high
yields with high stereoselectivity. A lower, but still quite good
yield of 3d was obtained from the hydroalkoxylation of N-Ns-

Table 2 Synthesis of alkoxy-substituted enamides?
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1 2 E-3 (major)
El’m Bn Bn Bn
_N._O. N._O N._O N._O
Ts I Et  Mbs” I “Et cs” I “Et Ns” I “Et
Me H Me H Me H Me H

3a: 91% (14:1)

3b: 95% (19:1)
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3d: 74% (9:1)

A I'Ia’u I\I/Ie I?n
N._ O« N._ O« N__ O«
Ts” Et Ts” Et Ts” Et
T § e )¢
Me H Me H n-Pr H

Me H
3e: 90% (10:1)

3f: 91% (10:1)

39: 80% (8:1)

3h: 91% (225:1)

Bn B Bn
N__O Kln o N e
Ts” | “Et Ts” | “Et | Ms~N O\Et
~ H |
n-hex H Ph H \ s n-hex H
3i: 91% (225:1)  3j: 88% (225:1) 3k: 89% (225:1)  3l: 88% (225:1)
I|3n l|3n I|3n |
N._O N._O N._O
Ts~ SiPr Mbs” NiPr Ns iPr
I I I Ts’N | o\i—Pr
Me H Me’ H Me H
Me’ H

3m: 87% (8:1)

3n: 87% (9:1)

30: 85% (6:1)

3p: 92% (7:1)

I'iiu l\llle an I|3n
_N._Ou. - . - N__OL,
Ts ]: SiPr T NIO\I-Pr Ts N]:O\i-Pr Ts I NiPr
Me H Me H n-Pr H n-hex H

39: 86% (8:1)

3r: 81% (5:1)

3s: 86% (16:1)

3t: 92% (16:1)

Bn Bn
Bn N__O N__O
N fe) - ~p3 - ~p3
7 /\|[ ~ipr Ts | R Ts | R
H H
P H
OTBS and oy

3u: 86% (=25:1)

R3=Et, 3v: 59% (225:1) and  3v': 20% (225:1)
R3 = i-Pr, 3w: 61% (14:1) and 3w'": 17% (225:1)

O O I|3n I?n (e}
_N (0] N.
Ts Ts
Et)J\O)J\Et J/ \[ Me)J\o’ Ph
2 Me Me 2d

3x: 42% (6:1) 3y": 32% (225:1)

“Unless otherwise specified, reactions were carried out using 1
(0.20 mmol), 2 (1.0 mL) and TMSOTS (0.04 mmol) under N,. E/Z ratio
in parenthesis. Mbs = para-methoxy-benzene-sulfonyl; Cs = para-
chloro-benzene-sulfonyl; Ns = para-nitro-benzene-sulfonyl.
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substituted ynamide 1d, presumably due to its low reactivity.
These examples revealed that the stronger the electron-donat-
ing ability of the substitution on the aromatic group, the
better the yield and stereoselectivity. Other N-allyl- and alkyl-
substituted ynesulfonamides or alkyl- and aryl-terminated yne-
sulfonamides were also compatible with the conditions
affording the desired products (3e—k) in high yields with high
to excellent stereoselectivity, even for the heteroaromatic sub-
stituted ynesulfonamide 1k. Meanwhile, a significant effect
has been detected with respect to the terminal substitutions:
the greater the steric hindrance, the better the reaction stereo-
selectivity. And we were also delighted to find that the high-
reactivity N-Ms-substituted ynamide 11 underwent highly
effective hydroalkoxylation to furnish ethoxy-substituted
enamide 31 in high yield with excellent stereoselectivity.
Subsequently, isopropyl acetate instead of ethyl acetate was
subjected to this protocol. Various substituted ynesulfona-
mides reacted with isopropyl acetate smoothly and produced
the isopropoxy-substituted enamides (3m—u) in high yields
with high to excellent stereoselectivity. It is worth mentioning
that ynesulfonamide 1m bearing the terminal TBS ether
moiety could also generate the corresponding alkoxy-substi-
tuted enamides 3v and 3w at high conversions, accompanied
by small amounts of enamides 3v' and 3w’ bearing the
hydroxyl group. Propionic anhydride 2c, the reactivity of which
is high, could also afford the desired enamide 3x, albeit with a
low yield. However, for the low-reactivity phenyl acetate 2d, no
desired product was isolated, but 32% yield of the by-product
enamide 3y’ was formed. For the reaction of terminally unsub-
stituted ynamide 1n with ethyl acetate 2a, no desired enamide
was obtained, and most of the ynamide 1n was hydrolyzed to
an amide in 86% yield. Also, no desired product was obtained
for TIPS-substituted ynamide 10; 36% yield of amine was gen-
erated with 55% of the starting material 10 recovered.'® All the
isolated alkoxy-substituted enamides 3 in the pure state
showed good stability even in chloroform.’® Last and most
importantly, the X-ray crystallographic analysis of the major
isomer reveals that it is E-3a (Fig. 1);'* the configurations of
other enamides 3 were assigned by NOESY experiments.

Then, we tried to expand the reaction scope beyond
N-sulfonyl ynamides. For example (Scheme 2), no desired
enamide was isolated from the reaction of oxazolidinone-sub-
stituted ynamide 4 with ethyl acetate 2a, instead ester 6'> was
formed in 83% yield, which is presumably due to the further
hydrolysis of highly reactive enamide 5.

Fig. 1 X-ray structure of E-3a.
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Scheme 2 Hydroalkoxylation reactions of oxazolidinone-substituted
ynamide 4.

Conclusions

In conclusion, we have showcased here a novel and efficient
TMSOTf-catalyzed hydroalkoxylation reaction of ynesulfona-
mides with esters. This methodology provides a general and
straightforward pathway to construct a diverse array of alkoxy-
substituted enamides in high yields with complete regio-
selectivity and high to excellent stereoselectivity. And such
enamide syntheses are applicable to diversified sulfonamide-
derived ynamides. More importantly, this strategy first realized
the metal-free intermolecular hydroalkoxylation of ynamides
with esters for the synthesis of alkoxy-substituted enamides.
Further studies on the mechanism and the application of this
hydroalkoxylation are currently underway in our group.
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