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Abstract—A protocol for the one-pot synthesis of internal alkynes from 1,1-dibromoalkenes is reported. The method is hinged upon
the Suzuki-Miyaura cross-coupling of 2-aryl- or 2-heteroaryl-1,1-dibromoalkenes with aryl or heteroaryl boronic acids or borate
esters followed by dehydrobromination of the intermediate coupled products. Yields up to 89% were obtained.

© 2007 Elsevier Ltd. All rights reserved.

Alkynes are useful and versatile intermediates in organic
synthesis.! Amongst the several approaches described in
the literature to obtain such compounds, some of them
use 1,1-dibromoalkenes as starting points. Thus, the
treatment of gem-dibromoalkenes with a strong base
such as NaHMDS,? -BuOK,*> DBU* or NaOH/phase-
transfer agents® yields 1-bromoalkynes, whereas the
use of 2 equiv of n-BuLi (more rarely MeLi or #-BuLi)
produces the related lithium-acetylides, that can be
quenched with MeOH to give terminal alkynes or
trapped with various electrophiles to furnish the corre-
sponding internal alkynes.® 1,1-Dibromoalkenes are
precursor of intermediate alkylidene carbenes that can
generate, by a 1,2-migration process, terminal or inter-
nal alkynes according to whether the group bonded to
the alkene of the alkylidene carbene is a hydrogen or
an alkyl, alkenyl or aryl group, respectively.” Finally,
internal alkynes have been directly obtained by coupling
of 2-alkyl and 2-aryl-1,1-dibromoalkenes with organost-
annanes under Stille coupling conditions (Pd,dbas,
TFP, DIPEA, DMF and 80 °C).® This method is very
effective for the synthesis of internal alkynes, but org-
anostannanes generally suffer from toxicity and environ-
mental concerns, as well as issues associated to the
purification of the final products.

Organoboron compounds used in the Suzuki-Miyaura
cross-coupling’ represent a valuable alternative to the
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use of organostananes utilized in the Stille coupling.'”
Moreover, a variety of organoboron compounds are
now commercially available or readily prepared from a
variety of starting points via transmetallation or hyd-
roboration reactions.’

Since the Suzuki-Miyaura reaction of 1,1-dibromo-
alkenes with alkyl,!! alkenyl,''-!? alkynyl,!3 aryl'4a:b
and heteroaryl'® boronic acids and organotrifluorobo-
rates!! has proven to be successful for the synthesis of
tri- and tetrasubstituted olefins and also the stereoselec-
tive formation of (Z£)-1-aryl- or (Z)-alkenyl-1-bromo-1-
alkenes,'!'# it was of interest to explore the feasibility
to obtain internal alkynes from 1,1-dibromoalkenes
exploiting this reaction.

Herein we report the one-pot conversion of 1,1-di-
bromoalkenes into internal alkynes by sequential Suzuki
and dehydrobromination reactions.

As a model substrate for our studies we prepared
(Z2)-1-[1-bromo-2-(4-methoxyphenyl)vinylJbenzene  2a
(Scheme 1) starting from dibromide 1-(2,2-dibromovin-
yl)-4-methoxybenzene 1a and phenylboronic acid under
the optimized reaction conditions established by Shen
for the Suzuki-Miyaura coupling of 1,1-dibromoalkenes
with arylboronic acids [Pd,dbas;, TFP, Na,CO;, 1,4-
dioxane, H,0, 65 °C, and 4-6 h]'** (Scheme 1).

With bromoalkene 2a in hand, we devoted our attention
to find a method for its dehydrobromination that should
have been compatible with the aqueous conditions of
the Suzuki-Miyaura reaction. When 10 equiv of NaOH
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Scheme 1. Reagents and conditions: (a) PhB(OH),, Pd,dbas (2.5%), TFP (15%), Na,COj3 (2.0 equiv), 1,4-dioxane, H,O, 65 °C and 4 h; (b) Table 1.

Table 1. Dehydrobromination of 2a®

Entry Base (equiv) T/t Conv.® Yield®
(°C/h) (%) (%0)

1 NaOH (10.0) 25/24 0 —

2 NaOH (10.0) 65/15 65 —

3 NaOH (10.0)/BusN(HSOy) (1.0) 65/4 100 72

4 BuyN(OH)-30H,0 (5.0) 65/1 100 >95

The reaction was carried out at 1.0 mmol scale with Na,COj
(2.0 equiv) in a mixture of 1,4-dioxane (5 mL) and H,O (2 mL).

® Determined by 'H NMR.

“Isolated yields after flash chromatography.

were added to a mixture of 2a in 1,4-dioxane and aque-

(Table 1, entry 1), whereas partial conversion of the
starting material was obtained at 65 °C (entry 2). The
addition of the phase-transfer catalyst BuyN(HSOy)
greatly improved the reaction, but the yield was moder-
ate (entry 3). Finally, nearly quantitative yield was
obtained when BuyN(OH)30H,O was added to the
mixture and stirring was continued at 65°C for 1h
(entry 4).

Based on these results a sequential one-pot process was
then examined. Thus, the Suzuki-Miyaura coupling of
la with phenylboronic acid (1.05equiv) was accom-
plished using tris(2-furyl)phophine (TFP, 15 mol %)
and tris(dibenzylideneacetone)dipalladium (Pd,dbas,

ous Na,COs3, no reaction occurred at room temperature 2.5mol%) in 14-dioxane and aqueous cesium
Table 2. Synthesis of alkynes from 1,1-dibromoalkenes®
Pd,dba;, TFP, boronic acid
B borate ester R'B(OR? R! | Bu/N(OH
R/\r r  or borate ester ( )2= R/\r‘" 4 )= R gl
Br Cs,CO3, H,0, Br 65°C, 1h
1,4-dioxane, 65 °C
R, R! = aryl and/or heteroaryl
Entry Dibromide Boronic acid or borate ester Product Yield® (%)
Br
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Table 2 (continued)

Entry Dibromide Boronic acid or borate ester Product Yield® (%)
~ B B\ 0 \ _
7 _/ R — 48
Br N 0 N\ 4
1b 4b N
3g
N Br i A B/O . S
8 Br J % = | 35
1b 4c 3h
Cl
Cl X Br 7\ /O __
9 B, = 63
Br N=/ 0 — /Y
ab N
le 3i
10 | & _/) B - \_ 82
N N 0 N . N
le 4b 3j
Br O S
; Oht B N =& _
N Br s o N=
le 4c 3k

#Reaction conditions: 1,1-dibromoalkene (1.0 mmol), boronic acid or ester (1.05 equiv), Pd,dbas (2.5 mol %), TFP (15.0 mol %), Cs,COs (1.0 M in
H,0, 2.0 mL, 2.0 equiv), 1,4-dioxane (5 mL), 65 °C, 6-12 h; then BuyN(OH)-30H,O (4 g, 5.0 equiv), 65 °C, 1 h.

®Isolated yields after flash chromatography.

Br
R—CHO —> R/\r — | R
Br

Scheme 2.

carbonate (2.0 equiv)'® at 65 °C and once all the dibro-
mide has been converted (6 h and TLC monitoring),
BuyN(OH)- 30H,O was added. After stirring for a fur-
ther 1 h the related terminal alkyne 3a was obtained in
56% yield.

With a suitable protocol in hand, the scope of this meth-
odology was examined by first using various 1,1-di-
bromoalkenes (Table 2) and phenylboronic acid as a
prototype of boronic acids. Under the optimized reac-
tion conditions,'® the corresponding alkynes were ob-
tained in moderate to good yields with both electron
rich (Table 1, entries 1 and 2) and deficient 1,1-di-
bromoalkenes (entries 3-5). These results did not change
substantially when both m-excessive and n-deficient het-
eroaromatic substituents (entries 5 and 6) were used.
Some representative examples of 1,1-dibromoalkenes
were finally cross-reacted with the electron deficient
boronate ester 4b (entries 7,9 and 10) and electron rich
boronate ester 4¢ (entries 8 and 11) to give the corres-
ponding alkynes in satisfactory yields.

In summary, the palladium catalyzed Suzuki-Miyaura
coupling of 2-aryl- or 2-heteroaryl-1,1-dibromoalkenes
with aryl or heteroaryl boronic acids or borate esters
and the subsequent one-pot dehydrobromination of

Rl
/\rr — R—=—-r!

Br

the intermediate coupled products afford internal alky-
nes in moderate to good yields. Given the easy availabil-
ity of a variety of organoboron compounds, this
protocol represents a valuable alternative to the Stille
reaction to prepare this important class of compounds.
The last but not the least, 1,1-dibromoalkenes are easily
obtainable in high yields from the related aldehydes®!’
and so the total process offers a convenient and simple
route for aldehyde to internal alkynes homologation
(Scheme 2). Further studies on this subject are currently
in progress.
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