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Transition-Metal-Catalyst-Free Cross-Coupling Reaction of
Secondary Propargylic Acetates with Alkenyl- and Iboronic
Acids

Mitsuhiro Ueda,*™ Daiki Nakakoji,””! Takahiro Morisaki,’™ and Illhyong Ryut®

Abstract: A cross-coupling reaction between secondary propargylic ~ (a) Kabalka's Work (2004)
Ph

acetates and alkenylboronic acids proceeded to give 1,4-enynes in \OH [ Bh
good yields without adding transition metal catalyst and base. This I, \B
simple protocol was also applicable to arylboronic acids, which gave i '
. . . . . (b) Our Previous

3-arylated alkynes in good yields. The observed induction period

t that th ti f l tat Ph Ph
suggested . a . e reaction o pr‘opa'rgy ic acetates and \ S pn
organoboronic acids was affected by the in-situ generated AcOH as
a catalyst, which was confirmed by a separate experiment. Ph

\,CGH4-4-0Me
(c) Gandon's Work (2015
Propargylic alcohol esters, which are easy to synthesize from Ph Ph
terminal acetylenes and aldehydes, serve as useful coupling \OH oy P CaiNTf2), X Ph
partners for organoboronic acids." For example, the Pd- ph, Ph
catalyzed propargylation of arylboronic acids? and vinylboronic i
acids® was reported thus far to give acetylenic products. In oA « py "o additive NG o
recent times, efforts have been directed to develop transition- ¢t HOBTY - =
metal-free reactions. Nearly two decades ago, Kabalka and Ph
workers reported that the cross-coupling reaction of seco = no additive PN N
. . . (OH)BCgH4-4-OMe ———————> CeH4-4-OMe

propargylic alcohols with alkenylboron dihalides proceeded to 1

give acetylenic products under catalyst-free conditions
1-a).4 In this reaction, a stoichiometric amount of n-B
as a base to prepare (halovinyl)(propargyloxy)bo,
working as a key intermediate. In 2013, we
transition-metal-free cross-coupling reaction of
acids and arylboronic acids with propargylic
presence of Cs,CO; as a base (Scheme 1-b).”
Gandon and co-workers found that the cross-coupling re
of propargylic alcohols with alkenylboronic acids procee
efficiently by using Ca(NTf,), as a catalyst (Scheme 1-cjy’®°
Herein, we report that the cross-coupligg reaction of propar;

Scheme 1. Transition-Metal-Free Cross-Coupling Reaction of Propargylic
Alcabol Derivatives with Alkenyl- and Arylboron Reagents.

en 1,3-diphenylprop-2-yn-1-yl acetate (1a) was treated with
)-(4-methoxystyryl)boronic acid (2a) in dioxane at 90 °C for 5 h,
the cross-coupling reaction took place to give the enyne 3a in
18% vyield (Table1, entry 1). Switching the solvent from
dioxane to DMF, toluene, and BTF did not give any products
(entries 2-4). To our delight, the use of 1,2-dichloroethane (1,2-
DCE) as a solvent dramatically improved the yield (78%, entry 5).
The addition of a base such as K,COs; resulted in no reaction
(entry 6). While benzoate 1b was also applicable to the present
reaction (entry 7), the reaction of the corresponding methyl
carbonate 1¢ with 2a was sluggish, giving 3a in 11% yield (entry
8). Alkenylboronic acid esters 4a and 4b, and fluoroborate anion
4c did not participate in the present cross-coupling reaction
(Scheme 2).

[a] Mitsuhiro U ahiro Morisaki, and llhyong Ryu

hool of Science

Table 1. Optimization of the Reaction Conditions.?!

g OMe Ph = ‘ OMe
\(OW R+ /\/©/ [ NP
(HO),B A solvent
[¢] Ph
3

Ph

S o Ph 90°C,5h
is article is given via a link at the end of

this text if not appropriate)) 1 2a(15 equiv) a

Entry Solvent R Yield (%)™

1 dioxane Me (1a) 18
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2 DMF Me (1a) 0 and 6g (vide infra). Aliphatic alkyne and terminal alkyne,
such as 1-phenylhept-2-yn-1-yl acetate (1f) and 1-

3 toluene Me (1a) 0 phenylprop-2-yn-1yl acetate (1j), were also examined. The

reaction of 1f and 1j with 5a led to the corresponding
coupling products, 6h and 6i, i d yields. On the other
5 1,2-DCE Me (1a) 78 hand, phenylboronic acid and ele ficient arylboronic
acids, such as 4-nitrophenylboronic a ot participate

4 BTFY Me (1a) 0

6 1,2-DCE Me (1a) 0 in the reaction.

7 1,2-DCE Ph (1b) 73 The reaction of some, n-rich arylboronic acids
5b-5d with 1a proceeded we j-61 in good yields (78%-

8 1,2-DCE OMe (1c) 1" 82%). The reaction of 2- Iphenylboronic acid

(5e) with 1a gave 6 ield. tion of 5-chloro-2-
e corresponding product
ow reaction (55%). 2-
eaction conditions and
ct 6o in an 80% vyield.

[a] Reaction conditions: 1 (0.5 mmol), 2a (0.75 mmol), solvent (0.33 mL), 90
°C, 5 h. [b] Isolated yield of 3a. [c] BTF: Benzotrifluoride. [d] Used K,CO; (1

. 6n in moderate
equiv).

Furylboronic acid

O. /\Q/ e/v©/ R NV
0 Ao R NP*
o KF3B 1,2-DCE
90°C,5h Art
4a 4b 4c 1 2 (1.5 equiv) 3
R /Af Ar? Ar?
) ) ) L : Ph / 4-MeO-g, 2a:4-MeO-CgH, 2f : 3-F-CeHy
Sche.me 2. No Reactions with Alkenylboronic Esters and Borate Derivatives - Ph / 2-Me! N 2b: Ph 2g: 4-CF3-CgH,
2h-2j. Ph /3-MeO-TgHy4 2c : 4-Me-CgH4
Ph /1-Naphthyl 2d : 4-Cl-CgH,
/Ph 2e : 4-F-CgHy

Having the optimal conditions of entry 5 in hand, we n
explored the scope of the coupling reaction of propap
acetates with vinylboronic acids 2a (Table 2). The reactior of 1-
(4-methoxyphenyl)-3-phenylprop-2-yn-1-yl acetate (1b)
gave the corresponding 1,3-enyne 3b in 78% yield
The regio-isomeric  substrates, 1-(2-metho
phenylprop-2-yn-1-yl acetate (1c) and 1-(3-meth
phenylprop-2-yn-1-yl acetate (1d) showed
reactivity with 1b (3c: 70%, 3d: 73%). 1-(N
phenylprop-2-yn-1-yl acetate (1e) reacted with 2a f;
80% vyield. The reaction of (E)-alkenylboronic acids 2b-2f
proceeded well to give 3f-3j in good yields (74%-82%). Th
reaction of (E)-2-[4-(trifluoromethyl)phenyl]vinylboronic acidy2g)
with 1a was sluggish and gave a 3
substituted acetylene, such as 1-p
(1f), was also applicable albeit in a mo

3b: 78% 3c: 70% 3d: 73%

Since the catalyst-free cross-coupli =
propargylic derivatives with t to be @
reported, we then examined i i r similar ~
conditions, which also,prov well (Table 3).11 For 3k 39% 31 58%°

[a] Reaction conditions: 1 (0.5 mmol), 2 (0.75 mmol), 1,2-dichloroethane (0.33

(6a) in good oY
mL), 90 °C, 5 h. [b] Reaction time: 24 h.

lic acetates 1b
group showed a comparable
he other hand, the reaction
2- methoxyphenyl group
was sluggish an onding product 6c in
Propargylic acetate 1d, which has a
also served well as a coupling
n of 1d with 5a gave the desired
yield. Propargylic acetate 1i
reacted with 5a to give n 82% yield. In the cases of
propargylic acetates 1g and 1h having an electron-deficient
phenyl group, the addition of 10 mol % of AcOH was
required to obtain good yields of the coupling products 6f

yield (81%). In the reacti
having an electron-rich ph
reactivity with 6b: 78%).
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Table 3. Substrate Scope of Coupling Reaction of Secondary Propargylic
Acetates 1 with Arylboronic Acid 51

R R
x N
\"“ + ABOH), \r’”z
1,2-DCE
Art 90°C, 5h Arl
1 5 (1.5 equiv) 6
R /A AR
1a :Ph/Ph 5a : 4-MeO-CgH,

1b : Ph /4-MeO-CgH,4
1c : Ph /2-MeO-CgHy
1d : Ph / 3-MeO-CgHy4
1f :Bu/Ph

1g : Ph /4-CI-CgH4
1h : Ph /4-CF3-CgH,
1i : Ph/2-Naphthyl
1j :H /Ph

5b : 4-MeS-CgHy

5¢ : 3,4-(MeO),-CgH3
5d : 3,4-(CHy0,)-CgH3
5e : 2-MeO-5-Me-CgH3
5f : 2-MeO-5-Cl-C¢H3
5g : 2-furanyl

OMe

OMe

6¢c: 47%

=
O OMe | OMe
\ S
S x

Cl
6e: 82% 6f: 76%P°
Bu Z | OMe H /\IrOMe
SN N
6h: 61%°

\

/4
Vi
@,
{ 3

[a] Reaction conditions: 1 (0.5 mmoI)
mL), 90 °C, 5 h. [b] 10 mol % ofAcO

To get some insights
catalyst-free reaction, we ca
reaction of 2b with 1a and foun

Since the

(0.75 mmol), 1 ZWne (0.33
dded. [c] Reaction ti 24 h.

—omf the present

out a time course study of the
at there is an induction period
d the addition of AcOH
reaction of

dramatically shor
propargylic acetate, ing the 4-chlorophenyl moiety 1g, with
ted the addition of AcOH. Thus, when
d in the reaction of 1g with 2a, the
ined in 68% yield (Scheme 3)."
These results rigorous that the reaction of propargylic
acetates and organoboronic acids would be initiated by in-situ
generated AcOH."*™ We then examined the cross-over
experiment of 2b and anisole, which gave a 2 : 1 mixture of 3g

10.1002/ejoc.201701450
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and 6a. These results suggest the intermediacy of propargylic
cations in the present coupling reaction (Scheme 4). The fact
that an aromatic substituent at the propargylic position was
indispensable is rationalized by the formation of the cation
intermediates.

3m
no additive: no reaction
AcOH (10 mol %): 68% yield

Scheme 3. Rea
with 2a.

ving 4-Chlorophenyl Moiety 1g

Ph OMe
+ _—
Ph ©/ 1,2-DCE
2b (1.5 equiv) (1.5 equiv) 90°C,5h
GC ratio 2 : 1
Yield (%) 57 : 28

ol Experiment.

Copsequently, a mechanism involving the propargylic cation is
ed (Scheme 5). As the first step, 1a would react with 2b
e the ion-pair A of propargylic cation and alkenylborate
n. This process was affected by the in-situ generated AcOH.
e propargylic cation in ion-pair A would then react with the
alkenylborate anion or 2b to give the zwitterionic intermediate B.
Finally, the desired product 3g was obtained by deboration.

in-situ generated
Ph AcOH Ph

AcO
\°A° « Mg — \ LS Ph
OH N
Ph AcOH ph HO OH
1a 2b A
Ph B(OH),0Ac
—_— % Ph
Y N

Ph (HO),BOAC
B

Scheme 5. Plausible Mechanism.

In summary, we have developed a simple protocol for
cross-coupling reaction of propargylic acetates with
alkenylboronic acids leading to 1,3-enynes, which does not
use a transition metal catalyst and a base. The protocol has
also been successfully extended to the reaction of
propargylic acetates with arylboronic acids, which gave 3-
aryl-substituted alkynes in good yields. Further studies
regarding the detailed reaction mechanism and the
application of using 2 and 6, such as the synthesis of

This article is protected by copyright. All rights reserved.
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functional molecules bearing n-conjugated skeletons,'® are
currently in progress.

Experimental Section

A magnetic stirring bar, styrylboronic acids (2a, 133.5 mg, 0.75 mmol),
propargylic acetates (1a, 125.1 mg, 0.50 mmol), 1,2-dichloroethane (0.33
mL) were placed in a screw capped test tube. The test tube was purged
with argon and sealed. The mixture was stirred at 90 °C for 5 h. After the
reaction, solvent was removed under reduced pressure. The residue was
purified by chromatography on silica-gel (hexane/ethyl acetate = 20/1) to
give 3a (126.2 mg, 78%).
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