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alkynyltriisopropoxyborates with acid chlorides: a new access

to synthesis of conjugated ynones
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Abstract—An efficient palladium-catalyzed protocol for the synthesis of ynones from lithium alkynyltriisopropoxyborates with acid
chlorides under mild neutral conditions.
� 2004 Elsevier Ltd. All rights reserved.
The Suzuki–Miyaura coupling reaction between organo-
boron compounds and organic electrophiles provides a
powerful method for the formation of carbon–carbon
bonds.1 Recently this method has been extended to syn-
thesis of ketones from the corresponding acid chlorides
and anhydrides.2 Conjugated ynones have been promi-
nently utilized as equivalents of valuable intermediates
in organic synthesis as well as various functional groups
in natural product,3 heterocycles,4 and acetylenic scaffold-
ings.5 This has encouraged the development of a number
of traditional approaches for the synthesis of ynones
and ynoates. Among most frequently employed methods
to access ynones,6 the use of organometallic reagents
such as organosilanes,7organoantimony,8 and organo-
tin9 have attracted much attention. However these
organometallic reagents and their byproducts are highly
toxic and difficult to remove.10 We imagined that the
coupling reaction of acid chlorides with alkynylborate
salts might be an interesting alternative toward the syn-
thesis of ynones.

Alkynylborates have long been known to useful syn-
thetic intermediates.11 Utility of these reagents in metal
catalyzed reactions have become the subject of intense
interest due to their enhanced reactivity and stability,
and successful transformations now include Suzuki–
Miyaura cross coupling,12 conjugated addition to
enones,13 allylic additions to allyliccarbonates,14 and
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Mannich reaction.15 On the basis of these promising
potentialities, our efforts have been made in developing
new synthetic methodologies using organoboron com-
pounds.16 Herein we wish to report an efficient protocol
for the synthesis of ynones from cross-coupling reaction
of acyl halides with lithium alkynylboronate salts. Initial
studies were directed toward finding a general set of
reaction conditions that could be applied to a wide vari-
ety of acid chlorides and alkynylborates. The reaction
was optimized by using phenylacetylene borate (1a) with
benzoyl chloride (1b) as standard substrates. These
results are summarized in Table 1.

Both the Pd(0) and Pd(II) complexes catalyzed the reac-
tion smoothly. When the reaction was screened with a
catalytic amount of PdCl2(PPh3)2 and CuI in various
solvents such as DME, acetonitrile, 1,4-dioxane, THF,
and toluene. The reaction worked in DMF, toluene
and 1,4-dioxane albeit in low yields. The reaction in
THF afforded the coupling product in 54% yield along
with the homocoupled product. Gratifyingly, the use
of PdCl2(PPh3)2 (5mol%) in acetonitrile at 60 �C for
10h resulted in 3aa in 91% yield.17 It is noteworthy that
the present catalytic system does not require any added
base or additives. Also various palladium compounds
such as Pd(OAc)2, Pd(OAc)2/DPEPhos, Pd(OAc)2/
PPh3, Pd(PPh3)4, and Pd2(dba)3 in acetonitrile were
tested for this selected cross coupling.

To expand this approach further, we have applied
the method on cross coupling of alkynylborates with
acyl halides in the presence of optimized catalyst system
in acetonitrile. The reaction did not proceed without
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Table 1. Optimization of cross-coupling reaction of phenyl acetylene borate (1a) with benzoyl chloride (2a)

Entry Catalyst Solvent Temp (�C) Time (h) % Yielda

1 PdCl2(PPh3)2 DMF 120 14 32

2b PdCl2(PPh3)2 THF 60 10 54

3 PdCl2(PPh3)2 1,4-Dioxane 80 12 46

4 PdCl2(PPh3)2 CH3CN 60 10 91

5 PdCl2(PPh3)2 Toluene 100 12 54

6 Pd(PPh3)4 CH3CN 60 14 73

7c Pd(OAc)2/DPEPhos CH3CN 60 10 58

8 Pd(OAc)2 CH3CN 60 15 32

9 Pd(OAc)2/PPh3 CH3CN 60 16 45

10d Pd2(dba)3 CH3CN 60 17 —

a Isolated yields.
b Homocoupled product (diphenyl-1,3-butadiyne) was observed.
c Bis(diphenylphosphino ether).
d Undesired product was observed.
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adding CuI, though its role in the reaction was
unknown. Performing a similar transformation with
CuI but without Pd(II) catalyst resulted in no reaction,
consistent with the need for a Pd catalyst.18

With the optimized conditions for the facile cross cou-
pling of 1a and 2a in hand, we further explored the tol-
erance of this process toward a range of acid chlorides
(Table 2). Both the electron donating and withdrawing
substituted aroyl chlorides (2b–f) performed well, and
Table 2. Palladium catalyzed cross-coupling reaction of phenyl acetylene bo

COCl

Z

Z- = H- (2b)
CH3O- (2a)
NO2- (2c)
Cl-    (2d)
CH3- (2e)
t-butyl-(2f)

COCl
CH3

2g

Entry Substrates Time (h)

1 2b 8

2 2c 12

3 2d 8

4 2e 10

5 2f 10

6 2g 14

7 2h 13

8 2i 12

9 2j 14

10 2k 15

a Isolated yields.
provided the cross-coupled products in 76–84% yields
(entries 1–5).

However, the ortho-substituted aroyl chloride (2g) dis-
played poor reactivity, presumably because of steric fac-
tors (entry 6). The use of heterocyclic aroyl chlorides
were tolerated well, with 2-thiophenoyl (2h), 2-furoyl
(2i) chlorides providing the coupled products 3af and
3ai in 72% and 74% yields, respectively. The reaction
also performed well with alkylic acid chlorides such
rate (1a) with various acid chlorides (2b–k)

S

COCl

2h

O

COCl

2i

O

Cl

Cl

O

2j 2k

Products % Yielda

3ab 84

3ac 78

3ad 82

3ae 78

3af 76

3ag 61

3ah 72

3ai 74

3aj 65

3ak 68



Table 3. Palladium catalyzed cross-coupling reaction of benzoyl chloride (2a) with a various lithium alkynylborates (1b–m)

Entry Substrates Time (h) Products % Yield

1 O2N 1b 10 3ba 83

2 H3CO 1c 8 3ca 81

3 tert-C4H9 1d 8 3da 78

4 n-C4H9 1e 8 3ea 76

5 Me3Si 1f 10 3fa 68

6 TBSOCH2 1g 8 3ga 78

7 TBSO(CH2)2 1h 10 3ha 76

8 BnO(CH2)4 1i 10 3ia 74

9 NCH3

1-Np
1j 12 3ja 72

10 1k 10 3ka 76

11
OTBS

1l 10 3la 68

12
OTBS

1m 10 3ma 64
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as methyl (2j) and n-butyl (2k) provided the corres-
ponding ynones 3aj and 3ak in moderate yields (entries
9 and 10).

To extend the general applicability of this coupling reac-
tion, we initiated to test the reaction of several alkynyl-
borates with benzoyl chloride (2a) under the above
optimized conditions. To this end we have prepared a
series of alkynylborates from the commercially available
triisopropoxyborate with alkynyllithium, which was in
situ prepared from the corresponding terminal alkynes
with the n-BuLi at �78 �C in ether.19

In most cases, good to excellent yields of the corre-
sponding coupling products were observed (Table 3).
At first, arylacetylene borates bearing both an elec-
tron-deficient group (1b) and an electron-rich group
(1c) worked smoothly under these conditions to afford
3ba and 3ca in 83% and 81% yields, respectively. Al-
kyl-substituted acetylene borates such tert-butyl (1d)
and n-butyl (1e) gave the even more promising results.
The TMS protected alkynylboronate (1f) underwent
cross coupling with aroyl chloride (2a) to afford the
product 3fa in 68% yield.

We next employed a series of terminal alkynes bearing
an oxy-functionality. The reaction of TBDMS ether 1g
of propargyl alcohol provided the corresponding ynone
3ga in good yield. Similarly, the reaction with TBDMS
ethers 1h of 1-butynol afforded the product 3ha in 76%
yield. Benzyl ether 1i of 1-hexynol was also effective to
furnish the product 3ia in 74% yield.

Finally, the substrates 1j and 1k underwent smooth cou-
plings to give the products 3ja and 3ka in 72% and 76%
yields, respectively. Without significant loss of yields,
two more alkynyl substrates 1l and 1m were also effec-
tively coupled with benzoyl chloride (2a) to furnish the
products 3la and 3ma in 68% and 64% yields,
respectively.

The overall process displays a good generality as well as
good functional group compatibility toward acid chlo-
rides and alkyne components as well.

In summary, we have demonstrated a new and efficient
palladium-catalyzed coupling reaction of acid chlorides
with lithium alkynyltriisopropoxyborates leading to
ynones. Furthermore, the reaction proceeded under
mild conditions and employed a stable, nontoxic, and
functional group tolerant boronates. Extension of this
strategy to the synthesis of functionalized amines is
being pursued.
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