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Palladium-Catalyzed Decarboxylative Alkynylation of a-
Acyloxyketones via C(sp3)-0 Bond Cleavage

Ryohei Doi,* Akimasa Yabuta and Yoshihiro Sato*

Abstract: Disclosed herein is palladium-catalyzed decarboxylative
alkynylation of a-acyloxyketones triggered by C(sp®-O bond
cleavage. The decarboxylation strategy featuring a neutral reaction
condition enabled an unprecedent catalytic alkynylation of a ketone
enolate. The reaction was applied to a variety of substrates, giving
desired products in good yields. We successfully obtained X-ray
crystallography of a novel palladium enolate intermediate that was
synthesized by a reaction of Pd(cod)(CH,TMS), with XPhos and a-
acyloxyketone at room temperature, indicating facile C(sp®-0O bond
disconnection.

Installation of a C-C triple bond into a molecule is an important
topic due to the pivotal roles of alkyne in organic chemistry.
Alkyne is an indispensable organic building block transformed by
addition reaction, cyclization and metathesis.* In addition, natural
products containing a C-C triple bond have long been synthetic
targets as biologically active molecules.? Thus, development of a
method for synthesis of alkyne has been an important issue in
organic synthesis. Deprotonation of a terminal alkyne followed by
coupling with a certain electrophile is a conventional method for
obtaining an internal alkyne, though there remains much room to
be improved.

One of the major challenges in internal alkyne synthesis is
alkynylation of an enolate, for which the difficulty lies in controlling
the selectivity of cross-coupling over homo-coupling of
carbanions. Indeed, homo-coupling of alkynes easily occurs to
give 1,3-diynes in the presence of an a-halocarbonyl as a
precursor of an enolate.®>* Some researchers have succeeded in
the alkynylation of a-halocarbonyl compounds with acetylides in
the presence or absence of transition-metal catalysts.> However,
the scope for alkynylation has so far been limited to a-haloesters
and amides. We found two reports in which a-alkynylation of a
ketone is described, though there is only one reaction example in
each report.5% One possible reason why a ketone has not been
employed as a substrate would be decomposition or side reaction
of the starting material and/or product caused by deprotonation of
an acidic a-proton under basic conditions applied in most cross-
coupling reactions. Furthermore, a carbonyl group of a ketone is
susceptible to nucleophilic attack by acetylide.®
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Figure 1. Our working hypothesis on alkynylation of ketone. M = metal, R =
substituent.
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We envisioned a catalytic cycle including C(sp®)-O bond
cleavage by Pd(0) and decarboxylation to achieve an
unprecedent catalytic alkynylation of an a-acyloxyketone (Figure
1). Although C(sp®-O bond cleavage at an allylic or benzylic
position by a Pd(0) complex is well known, corresponding
activation of a-hydroxyketone derivatives with a transition-metal
complex is less common.”® We speculated that coordination of
Pd(0) to a ketone would lead to C(sp®)-O bond disconnection at
the a-carbon to afford intermediate A.}* The decarboxylation
reaction can be conducted under a neutral condition to avoid
decomposition of the ketone since the carbanion is generated in
situ by releasing CO, without an additional base to activate the
nucleophile.!? Furthermore, our decarboxylation strategy is a
unimolecular process after complexation between the substrate
and catalyst which in principle puts an enolate and an acetylide
on the metal giving intermediate B without a transmetalation step
to prevent disproportionation. Herein, we disclose palladium-
catalyzed decarboxylative alkynylation triggered by C(sp®)-O
bond cleavage of a-acyloxyketone.

During reaction condition screening using a-acyloxyketone 1la
based on our decarboxylation strategy, we discovered that, in the
presence of 2.5 mol% Pd(dba), and 10 mol% XPhos, heating 1a
at 130 °C in toluene delivered the desired alkynylation product 2a
in a 61% vyield (Table 1, entry 1. For details, see Table S1 in
Supporting Information.). In this experiment, we also obtained by-
product 3 in 12% yield. This compound would be generated upon
deprotonation of the desired product 2a with alkynylpalladium
intermediate B’ followed by reductive elimination (Scheme 1). To
circumvent such undesired intermolecular events of a palladium
intermediate, the concentration of the reaction mixture was
reduced from 0.1 M to 0.05 M and 2a was obtained in 69% yield.
Further dilution had no positive effect on the yield. We then
conducted the reaction at an elevated temperature to accelerate
intramolecular C-C bond formation competing with an
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intermolecular deprotonation path. We found that replacement of
the solvent to boiling m-xylene resulted in formation of 2a in 84%
yield (entry 3). It is noteworthy that the reaction reached
completion within only 10 min (entry 4).

Table 1. Condition screening?®

(o] TIPS
Q = TIPS d 0 TIPS Z
o =z cat. Pd(0) )"\/ Ph
Ph)k/ \N/ 30 min. Ph 7z Ph
0]
1a 2a 3 O

Yield (%)°
Run  Solvent

2a 3 O
1 Toluene (0.1 M) 61 12 0
2 Toluene (0.05 M) 69 10 Py,
3 m-Xylene (0.05 M) 84 3 XPhos
4¢ m-Xylene (0.05 M) 87 6

aThe reaction was conducted at 0.3 mmol scale with 2.5 mol% Pd(dba)2
and 10 mol% XPhos for 30 min. The mixture was heated at reflux
temperature. TIPS = triisopropylsilyl. “Isolated yield. “Reaction time was 10
min.
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Scheme 1. Possible pathway forming 3

Next, we briefly investigated the effect of a substituent on the
alkyne terminus. The reactions of compounds 4 and 5 substituted
with TBS (tert-butyldimethylsilyl) and TPS (triphenylsilyl)
delivered desired products 6 and 7 in 62% and 26% yields,
respectively. Substrates carrying relatively small TMS
(trimethylsilyl, 8), methyl (9) and phenyl (10) groups were
completely consumed to give complicated mixtures under our
reaction conditions.

With the optimized reaction conditions in hand, a survey of the
substrate scope of our decarboxylative a-alkynylation was
undertaken and the results are compiled in Table 3. Firstly, we
investigated the steric effect of the aromatic ring. Compounds 1b
and 1c having a methyl group at para- and meta-positions gave
the desired products in good yields. In contrast, compound 1d
possessing an ortho-methyl group was found to be an unsuitable
starting material for our decarboxylative coupling. Compounds le
and 1f having naphthyl and biphenyl rings gave the corresponding
products in 74% and 80% yields, respectively. Electron-donating
para-methoxy and N,N-dimethylamino groups promoted the
decarboxylative coupling reaction to give the desired alkynylation
products 2g and 2h in good yields. We succeeded in determining

the structure of 2h by X-ray crystallography (Figure 2). In contrast,
reactions of compounds 1i, 1j, 1k and 1l carrying an electron-
withdrawing group were sluggish. The reaction of compound 1j
having a cyano group gave a better result when 5 mol% of a Pd
catalyst and 20 mol% of XPhos were loaded. We tried
halogenated compounds, but only fluorinated compound 1m
delivered decarboxylated products without dehalogenation. Our
reaction was not able to tolerate a phenolic OH group (1n). Thus,
we tried phenol derivatives protected by pivaloyl (20),
tetrahydropyran (THP, 2p) and TBS (2q), which gave desired
products in good yields. Deprotection of THP under an acidic
condition gave the phenol 2n in 83% yield. In addition, our
decarboxylative alkynylation of primary, secondary and tertiary
aliphatic ketones 1r, 1s, 1t and 1lu occurred to give desired
products in good to moderate yields.

Table 2. Effect of substituent of alkyne terminus?®

2.5 mol% Pd(dba),

i =" 10 mol% XPhos o R
Ph)]\/"\n/ e e o AE
0 30 min.

Run R Yield® (%)

1 TIPS (1a) 84%

2 TBS (4) 62%

3 TPS (5) 26%

4 TMS (8) Complex mixture

5 Methyl (9) Complex mixture

6 Phenyl (10) Complex mixture

aThe reaction was conducted in boiling m-xylene
with 2.5 mol% Pd(dba). and 10 mol% XPhos for 30
min. Plsolated yield.

Figure 2. Crystal structure of 2h
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ORTEP diagram was depicted at 30% probability level with
omission of hydrogen atoms for clarity.



Table 3. Substrate scope of decarboxylative a-alkynylation®

TIPS TIPS o TIPS
o Tips 2.5 mol% Pd(dba), F A
)K/O A 10 mol% XPhos /U\/TIPS
R m- Xylene reflux
1 0
2b, 79% 2¢, 71% 2d, ND
TIPS TIPS o} TIPS

(0] TIPS o TIPS
sendd DM Q)V ’ 7
O

2e, 74% 2f, 80%

TIPS TIPS (o} TIPS

Nepaliivogd

2k, 36% OMe

0
2j, 34% 21,32%

(with 5 mol% Pd)

TIPS TIPS TIPS
/@)k/ /©)1\/ /”\/TIPS v/U\/ TIPS O)k/ W
THPO BSO

T

67% 2q, 70% 2r, 59%

2g, 73%

o

N
A

MeO,C

2h, 84% 2i, 40%

o TIPS

2m, 70% 2n, ND 20, 60%

TIPS

2s, 76% 83% 2u, 36%

aThe reaction was conducted with 2.5 mol% Pd(dba). and 10 mol% XPhos in refluxing m-xylene (0.05 M) for 30 min. Isolated yields were shown.

Figure 3. Transformation of the product

a) Scale-up

9
o TIPS 2.5 mol% Pd(dba),
TIPS

Z 10 mol% XPhos o
Ar)k/oj/ /U\/
Xylene, reflux, Ar
o 30 min.

1f, 2 mmol 2f, 73%
Ar = 4-PhCgH,

b) Derivatization of 2f

TIPS

)\/ —@—»A,)\/

11,91%

a E/O\ \/&
o) TIPS
P TIPS
Ar/u\/ //

2f Ar 13, 59%

\@\A,_@

15, 87%
Conditions of derivatization: a) NaBHj, rt; b) TBAF, 0 °C, then rt; c)
Allylboron reagent 14; d) Au(PPhs)Cl, AgSbFs, CHCI3, 50 °C, then
TBAF.

12,90%

We conducted the decarboxylation of 1f at a 2 mmol scale to
obtain 2f in 73% vyield (Figure 3a). Then we performed
derivatization of 2f to evaluate the usage of TIPS-protected
alkynyl ketone for organic synthesis (Figure 3b). Treatment of 2f
with NaBH, delivered corresponding alcohol 11 in good yield. The
TIPS group of 11 was easily detached by reaction with TBAF.
Reaction with methallylboronic acid 1,3-propanediol ester 14
gave enyne 13.1% Activation of 2f with a catalytic amount of a
cationic gold complex generated in situ by abstraction of chlorine
with AgSbFs resulted in construction of a furan ring which was
interestingly obtained as a mixture of furan 15 and silylfuran (For

details, see Supporting Information.).}* Treatment with TBAF
allowed us to obtain furan 15 in 87% as a total yield. These
functionalization of TIPS-protected a-alkynylketone attained
without isomerization to allene is noteworthy.’> Our
decaboxylative alkynylation of enolate as well as the
transformations of alkynylketones give rise to expansion of
decarboxylative alkyne coupling chemistry represented by
Saegusa and Tunge’s elegant allylation.®

To shed light on the key palladium intermediate, we conducted a
stoichiometric reaction using Pd(cod)(CH,TMS),, which is
recognized as a useful precursor of Pd(0)/phosphine complex.*”
To a toluene solution of 1g and XPhos was added
Pd(cod)(CH,TMS), at room temperature to afford a novel
palladium enolate complex 16, for which structural information
was obtained by X-ray crystallography and NMR spectroscopies
(Scheme 3). X-ray analysis clearly pointed out cleavage of the a-
C-0O bond to generate a palladium enolate species without
decarboxylation (Figure 4). The palladium center adopted a
square-planar geometry in which one coordination sphere is
occupied by ipso-carbon (C28) of a triisopropylphenyl ring of
XPhos ligand. The C-O bond length of the enolate moiety,
1.241(8) A, was characteristic of a C-bound enolate complex
since the length is in the range of a typical carbonyl C=0 bond
(1.21 A) rather than that of a C-0 single bond (1.43 A).18 Although
the yellow powder of isolated the complex seems relatively stable,
the solution of that was somewhat unstable even at room
temperature to give a black solution in minutes. Therefore, we
collected *H, 3P and **C NMR, HMQC and HMBC data at —30 °C.
A resonance observed at 3.7 ppm in *H NMR was assigned to the
methylene proton of the palladium C-enolate moiety and was
supported by an HMBC experiment giving a cross-peak between
the H signal and a signal of a characteristic carbonyl carbon
found at 199.5 ppm in the C NMR spectrum. In addition, the
HMQC cross-peak indicated that the methylene carbon of C-



enolate can be assigned to 16.1 ppm in the 3C NMR spectrum. It
is noteworthy that heating the complex 16 quickly formed the
coupling product 2g.

Scheme 2. Generation of palladium enolate complex 16

Pd(cod)(CH,TMS),
XPhos
~o Toluene,

130 °C,
TIPS 10 min.

Toluene, rt, 12 h
46% (GC)

16, 79%

Figure 4. Crystal structure of 16

ORTEP diagram was depicted at 30% probability level with
omission of hydrogen atoms for clarity.

In summary, we have achieved a catalytic a-alkynylation reaction
of a ketone enolate via a decarboxylation strategy. This reaction
is a rare example of a catalytic C—C bond-forming transformation
of a-acyloxyketone via C(sp®)-O bond scission. An unprecedent
catalytic alkynylation of a-acyloxyketones provides synthetically
useful organic building blocks carrying keto and alkynyl groups. In
addition, we succeeded in capturing a possible key palladium
enolate intermediate and characterized it by X-ray crystallography
and NMR studies. Further studies to expand the scope and to
clarify the reaction mechanism are in progress.
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Table-CO:z trick: Disclosed herein is a palladium-catalyzed a-alkynylation reaction
of ketone triggered by C-0O bond cleavage. The decarboxylation strategy was
suitable for ketones carrying acidic a-protons and an electrophilic carbonyl group. In
addition, we succeeded to isolate a key palladium-enolate intermediate of which
structure was clarified by X-ray analysis.
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