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Regiocontrolled Suzuki—Miyaura Couplings of 3,5-Dibromo-2-pyrone
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Abstract: In a similar way to its Stille coupling reactions, 3,5-di-
bromo-2-pyrone undergoes the Suzuki—Miyaura coupling reactions
at either the C3- or the C5-position with high regioselectivity de-
pending on the reaction conditions.
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We have previously reported that 3,5-dibromo-2-pyrone
undergoes Pd-catalyzed coupling reactions regioselec-
tively at C3 over C5, providing various 3-alkynyl-, 3-alk-
enyl-, 3-aryl-, 3-amino-5-bromo-2-pyrones via the
Sonogashira, Stille and Pd-catalyzed amination reactions,
respectively.! The preferred coupling reactions at C3
would be due to the lower electron density at C3, account-
ing for the faster oxidative addition of Pd(0) at this posi-
tion, as suggested by its *C NMR spectrum (Figure 1).
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Figurel 13C NMR spectrum of 3,5-dibromo-2-pyrone

More recently, we have demonstrated that the Stille cou-
pling reactions of 1,3-dibromo-2-pyrone can be made at
C5-position, rather than the usual C3-position, by chang-
ing the reaction conditions as described in Scheme 1.2 The
presence of Cu(l) reversed the regiochemical course of
the reaction, when the reaction was carried out in a polar

solvent.
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Schemel Regioselective Stille couplings of 3,5-(Br),-2-pyrone
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The resulting regiochemical reversal has been attributed
to the preferred formation of C5-Pd intermediate under
condition B, together with its higher reactivity. While the
underlying mechanistic fundamentals are still not clear,
we have conducted Suzuki coupling reactions of 1. Asthe
Stille coupling reactions are quite susceptible toward ster-
ic hindrance, our previous couplings were not feasible
with bulky aryl halides. Attempted couplings with 1-stan-
nyl naphthal ene provided the coupling product in lessthan
10% yield. The success of the Suzuki couplings would
thus greatly expand the reaction scope, generating struc-
turally more diverse synthetically useful 2-pyrone deriva-
tives. Herein, we present our recent results on the
couplings with aryl boronic acids,® which also proceeded
in a highly regioselective fashion at either of the two C-
Br, depending on the reaction conditions and the type of
Pd-catalyst (Scheme 2).
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Scheme 2 Regioselective Suzuki couplings of 3,5-(Br),-2-pyrone

A systematic study was conducted with Ph-B(OH), as a
model under the conditions varying solvent polarity, with
and without Cu(l), using Pd(PPhs), as a catalyst, based on
our previous success on the regiochemical control in the
Stille coupling reactions.? Asshown in Table 1 summariz-
ing some of the notable cases, the solvent polarity and the
presence of Cu(l) played a decisive role in determining
the regiochemical outcomes.

Under the conditionsin entry 4, the coupling reaction pro-
ceeded predominantly at C3, while the reaction took place
at C5 under the conditionsin entry 8. For the reasons that
are not clear, we obtained better results with K,CO,, com-
pared to other bases when the reaction was conducted in
toluene. It is al'so worth noting that coupling reaction oc-
curred at C3 under the conditionsin entry 9 (the same con-
ditionsin entry 8 except temperature). Infact, we obtained
the oxidative adduct A exclusively when an equimolar
mixture of 3,5-dibromo-2-pyrone, Pd(PPh;), and Cul was
stirred in DMF at room temperature (Scheme 3).
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Tablel Suzuki Couplingsunder Various Conditions

Ph
_Ph—B(OH),
<‘j/condltlonsa K;/ Hi/ :)/

Br 2a Ph 3a Ph

Entry Conditions Yield (%)°
2a:3a:4a
1  Toluene, Cs,CO, 100 °C, 20 min 64:trace:15
1,4-dioxane, Cs,COj3, 100 °C, 40 min 56:trace:14
Toluene, Na,CO;, 100 °C, 12 h No reaction

81:trace:trace

Toluene, Cs,CO;, 100°C, 1 h 57:trace:13

2
3
4 Toluene, K,CO;, 100 °C, 4 h
5
6 DMF, Cs,CO;, Cul (1 equiv), 50 °C, 30 min  trace:71:trace
7 DMF, K,CO;3, Cul (1 equiv),50°C, 1h trace:71:trace
8 DMF, Na,CO;, Cul (1 equiv), 50 °C, 4 h trace:89:trace

9 DMF, Na,CO;, Cul (1 equiv), r.t., 4h 55:trace:trace

10 DMF, NaCO; 50°C, 8h 43:trace:5
aWwith 10 mol % Pd(PPhy),.
b |solated yields.
0
PdL,X X paerhg o Br Pd(PPh), .0 Br
" CulomFrL Cul/DMF N
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Scheme 3 Oxidative addition of ‘Pd’ onto 3,5-(Br),-2-pyrone

Asreported earlier, the oxidative adducts A and B are suf-
ficiently stable for silica gel column chromatography and
spectroscopic characterizations. The bromide at Pd under-
goes ligand exchange reaction with iodide.

The presence of Cu(l) in apolar solvent at elevated tem-
peratures exerts a peculiar effect to enhance the formation
of C5-Pd intermediate. Although the exact nature of the
Cu(l) effect in the change of regiochemistry of the oxida-
tive addition is not certain, it surely suppresses the forma-
tion of 3-pallado-2-pyrone (A). Remained to be answered
is whether it exerts its effect through the prior coordina-
tion into the ester oxygen thus slowing down oxidative ad-
dition of *PdL,’" at C3.

The Suzuki coupling reactions with various other aryl or
vinyl boronic acids also proceeded regioselectively at C3
position under the conditions in entry 4 (condition A) to
give a series of 3-substituted-5-bromo-2-pyrones in good
yields (Table 2). In entries 5 and 6, no desired products
were obtained under condition A. Running thereactions at
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lower temperature (80 °C) provided the coupling pro-
ducts, only in the range of 10-20% yield even after a pro-
longed heating. We have later found that the use of
DAPCy [trans-Pd(OACc),(Cy,NH),], prepared according
to the literature method,* significantly increases the rate
and chemical yieldsin these cases.

No detectable 3-substituted or 3,5-disubstituted 2-pyrones
were observed in any cases. The electronic nature of the
boronic acid does not appear to affect the reaction rate and
product yield as both electron rich and poor aryl boronic
acidswerewell coupled. The coupling reaction with steri-
cally hindered 2-naphthyl boronic acid also proceeded
smoothly to afford 3-(2-naphthyl)-5-bromo-2-pyrone (2i).
There was no success with the analogous Stille coupling
reaction using (2-naphthyl)tributyltin, because of the ster-
ic hindrance.

Table2 Regioselective Suzuki Couplings with Various Aryl and
Vinyl Boronic Acids under Condition A2

9 o]
0 | o conditon A o R
~ +ORTBOH, = [ |

Br 1 Br 2
Entry R Time(h) Product Yield (%)°
1 4-MeOCgH, 2 2b 70
2 3,5-Me,CeHs 4 2c 65
3 3,5-F,CeH, 6 2d 74
4 Bu-CH=CH- 3 2e 55
5 Ph-CH=CH- 24 2f 40°¢
6 2-Benzofuranyl 2 29 50°¢
7 2-Thiophenyl 6 2h 55
8 1-Naphthyl 3 2i 90

aCondition A: 10 mol % Pd(PPh;),, toluene, K,CO,, 100 °C, 4 h.
b |solated yield.
¢ Conditions: trans-Pd(OAc),(Cy,NH),, toluene, K,CO,, 80 °C.

The couplings with the same boronic acids under the con-
ditionsin entry 8 (condition B) furnished 5-substituted-3-
bromo-2-pyronesin good to excellent yields and selectivi-
ty (Table 3).5 In entries 4, 6 and 7, we obtained small
amounts of disubstituted 2-pyrones (15%, 14% and 11%
isolated yield, respectively).

In summary, we have found that 3,5-dibromo-2-pyrone
undergoes the Suzuki coupling reactions with various ar-
yl- and vinyl boronic acids at either C3- or C5-position
with high regiosel ectivity, depending on the reaction con-
ditions. Similar to its Stille coupling reactions, Cu(l) and
solvent polarity played a decisive rolein the regiochemis-
try of the Suzuki coupling reactions. Further study is un-
der way for the elucidation of their exact effects.
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Table3 Regioselective Suzuki Couplingswith Various Aryl and
Vinyl Boronic Acids under Condition B2

0

o Br condition B o) Br
« | + R—BOH), o |

Br 1 R
Entry R Time(h) Product  Yield (%)°
1 4-MeOCH, 4 3b 81
2 3,5-Me,CoHs 3 3 78
3 3,5-F,CeHs 3 3d 72
4 Bu-CH=CH- 3 3e 86
5 Ph-CH=CH- 5 3f 91
6 2-Benzofuranyl 6 39 83
7 2-Thiophenyl 6 3h 71
8 1-Naphthy! 3 3 60

aCondition B: 10 mol % Pd(PPhs),, DMF, Na,CO,, Cul (1 equiv), 50
°C,4h.
b |solated yield.

Preparation of 2a (Condition A):

To aflask were charged 1 (30 mg, 0.12 mmol), phenylboronic acid
(0.14 mmol), Pd(PPhs), (14 mg, 10 mol%), K,CO; (33 mg, 0.28
mmol) and anhyd toluene (1.0 mL) at r.t. After 5 min, the reaction
mixture was heated at 100 °C. After 4 h, the reaction mixture was

cooled, concentrated and purified by silica gel column chromatog-
raphy (hexanes-EtOAc = 50:1) to give 2a (24 mg, 81% yidd).

Preparation of 3a (Condition B):

To aflask were charged 1 (25 mg, 0.10 mmol), phenylboronic acid
(0.10 mmal), Cul (19 mg, 0.01 mmol), Pd(PPhs), (11 mg, 10
mol%), Na,CO; (20 mg, 0.02 mmol) and anhyd DMF (1.0 mL) at
r.t. After 4 hat 50 °C, the reaction mixture was cooled, concentrated
and purified by silica gl column chromatography (hexanes—
EtOAc = 30:1) to give 3a (22 mg, 89% yield).
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