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The Stille coupling reaction is a widely used carb@arbon Table 1. Stille Reactions under Various Reaction Conditions
bond-forming synthetic methddMany important advances have o. .0 0.0 0.0 0.0
been reported in the literature, further expanding its scope and Jl/\;[ _PhSnBus_ JI/\;[ + L;[ + JT\I
versatility, with the development of efficient Pd catalysts and Br ; Br conditions Br o Ph PR - Br Ph . Ph
ligands? Despite the extensive usage, however, there is no standard
protocol for a given coupling reaction in terms of selecting an enty conditions time  2a(%) 3a(%) 4a(%)
appropriate set of reaction conditions as the reported procedures 1 Pd(PPH)4/t0l/100°C 05h 81 trace 16
employ a wide variety of solvents, catalysts, and additives for the 2  Pd(PPBJCul(0.1equiv)) 05h 94 trace  trace

reactions'¢ One of the synthetic limitations in the Stille reaction 3 Pdt(%/lg[g?/ccul (1.0 equiv)/ oh 71 6 4
would be its high steric demand, which often slows down the tol/100°C
subsequent Sn/Pd transmetalation in the catalytic cycle. Liebeskind 4 Pd(PPB)4/Cul (0.1 equiv) 5h 34 20 trace
et al. have reported that the addition of Cul can increase the reac'tion p d/(gl\lgg){j&jlc(l.o equiv)/ oh  wace 75 wrace
rate®# The exact nature of the rate-enhancing “copper effect” is, DME/50°C
however, not fully understood. They suggested that the added Cu(l) 6 Pd(PPB4/DMF/50°C 4d 41 2 1
salt would increase the otherwise slow transmetalation by forming 7 Pd(PPR4LICI(1.0equiv)/  1d 50 trace 9
organocopper species from the organotin reagent via a Sn/Cu g Cu?('\fgse%u%)/ 3d  trace 3 trace
transmetalation, when the reaction is carried out with a weak ligand DME/50°C
in a polar solvent. The resulting organocopper species is believed
to undergo Cu/Pd transmetalation at a higher {‘E.lte than organptlnmble 2 Effect of Cul in DMF2
reagents. In ethereal solvents, the Cul would facilitate the formation

Cul time ratio (2a:3a) total yield (%)

of the coordinatively unsaturated Pd-species formed in the oxidative __ "
addition step. There are a few contrasting cases in the literature 1 none 4d 100:0 41

where organotin undergoes cross coupling reactions with the action 2 0.1 5h 63:37 54
5 3 0.2 5h 45:55 76

of Cu(l) alone® 4 0.3 45h 19:81 64
In connection to our ongoing research program on the chemistry 5 0.4 2.5h 15:85 66
of 3,5-dibromo-2-pyrone, we have reported its Stille, Sonogashira, 6 0.5 25h 0:100 64
7 1.0 2h 0:100 75

and Pd-catalyzed amination reactions, all of which underwent
sub_stltutlon_s _reglosele_ctlvel)_/ at C3 over C5 posifidrne observe_d aReaction condition: Pd(PBWDMF/50 °C.

regioselectivity at C3 is attributed to the lower electron density at

C3, proceeding via a faster oxidative addition of Pd(0) at this Table 3. Effect of Solvent Polarity with 1 Equiv of Cul?
position. The'3C NMR spectrum of 3,5-dibromo-2-pyrone clearly entry solvent templtime ratio (2d:3d)° total yield (%)

indicates that C3 is more deshielded than C5 (C3: 113.8; C5: 100.0° toluene 100C/1.5 h 86:14 71
ppm). The Stille coupling reaction with phenyl tributyltin in fact 2 1,4-dioxane 100C/1.5h 81:19 53
provided 3-phenyl-5-bromo-2-pyrorza in 94% yield when the 3 CH,Clp 100°C/0.5h 77:23 97

: - - o i ; 4 DMF 50°C/0.5h 12:88 68
reaction was carried out with Cul (10 mol %) in refluxing toluene 5 DMSO 50°G/5 min 8-02 39
(Table 1, entry 2)° Quite surprisingly, however, the Stille coupling 6 NMP? 50°C/5 min 3961 46

reaction gave rise to 3-bromo-5-phenyl-2-pyr@gein 75% vyield
when the coupling was performed with 1.0 equiv of Cul in DMF aPd(PPh)4 (5 mol %).P PACh(PhCN} (5 mol %)/AsPh.
(entry 5). The structures dla and 3a were fully characterized  gpserved in toluene, regardless of the amount of Cul (data not
spectroscopically and confirmed upon chemical transformations into shown).
the corresponding cycloadduétsn this account, we present the  ith 1.0 equiv of Cul, the ratiodd:2d) increases as the solvent
details of the Stille coupling reactions of 3,5-dibromo-2-pyrone, pojarity increases (Table 3). In these experiments, we used 2-furyl
the first report showing that the Stille couplings can be made to triputyitin instead of phenyl tributyltin for easier chromatographic
occur at either of two chemically different bromides, depending separation of the two regioisomeric products.
on the reaction conditions. A similar trend was observed with other stannanes (Table 4).
In toluene, the added Cul has no effect on the regiochemistry. Condition C was used for the coupling with vinyltin (entry 9) as
The addition of Cul not only increases the reaction rate, but also the product decomposes under conditiot /& entry 2, no isolable
changes the course of the reaction, providing mor8aothan2a products were seen under condition B. Apparently, the Stille
when the reaction was conducted in DMF (entry 5). couplings took place at the electron-rich C5, rather than the usual
In DMF, the ratio of3a to 2a increases in proportion to the  C3 position under condition B, which may not be readily explain-
equivalents of Cul (Table 2). No regiochemical changes were able with the level of current mechanistic understanding.
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Table 4. Regiocontrolled Stille Couplings with Other Stannanes?

Pd(PPhy, OO 0,0
+ stannane — I %z or | =
Br conditions Br R R Br
3

1 2b-j 3b-j

entry stannane condition 2
A (0.5 h) 50% trace
4
EtO” “SnBug B (0.5 h) trace 50%
10 mi 9 0%
» TMS—=—SnBu, A (10 min) 67%
B (6 h) trace trace
3 O SnBu, A (20 min) 61% trace
\/ B (0.5 h) trace 60%
. S SnBu, A (20 min) 72% trace
\/ B (20 min) trace 68%
~,-SnBug A(10min)  51% trace
5
_N B (12 h) trace 33%
SnBug- ------ A(1h) ———————— 80% trace
6
10,
Nc£> 4444444 B(20mn) tace 9%
/©/S"BU3 A (1.5h) 79% trace
7
0,
MeoC BOSH e LI
SnBujg A (7 h) 61% trace
"l
B(05h trace 55%
MeO plosm e .
5
0 /\SnBug C(2h) 57% trace
B(2h) trace 52%

aA: Pd(PPh)4/Cul (0.1 equiv)/PhMe/100C, B: Pd(PPh)4/Cul (1.0
equiv)/DMF/50°C, C: Pd.dba/P(t-Bu)s/PhMe/re.

Table 5. Regiocontrolled Oxidative Additions

O
Pd(PPhg)4
o ] Br (5 mol%) o PdL,X o i Br
N conditions ~ " N
Br1 L =PPhjs Br 5a: X=Br,5b: X =1 PdLBr 6
entry conditions ratio (5:6)%
1 toluene/100C 100:0
2 toluene/Cul(1.0 equiv)/10TC 100:0
3 DMF/50°C 100:0
4 DMF/Cul(1.0 equiv)/50C 30:70

A set of control experiments demonstrated that it is the favorable

oxidative addition of “PdL” at C5, together with higher reactivity
of the resulting Pd intermediat(vide infra) that determines the

regiochemical outcome under condition B. Table 5 summarizes the

effects of solvent and Cul on the regiochemistry of the oxidative
adducts. Heating in toluene without Cul provided exclusivedy
(entry 1), accompanied with small amousiv formed from the

halogen exchange on Pd when Cul was added (entry 2), with no

traceable6 in either case. In DMF, Cul plays a decisive role,
providing mainly 6 under the conditions representing the actual
catalytic conditions (entry 4). The palladium compleXss 5b,

and6 are sufficiently stable for the silica gel column chromatog-

raphy and subsequent recrystallization for X-ray crystallography.

The isolated5a produced2a in 91% vyield when reacted with
phenyltributyltin, while the same reaction wiprovided3a in
99% vyield.

The Pd intermediaté undergoes much faster coupling reaction
than5; an equimolar mixture dba (or 5b), 6, and phenyltributyltin
provided exclusively8ain quantitative yield after 30 min at 5@C
in DMF (5aor 5b remained intact). Similar regiochemical outcomes
were obtained when CuBr was used in lieu of Cul, excluding the
possible involvement of iodine in the reaction.

In summary, we have found that 3,5-dibromo-2-pyrone undergoes
Stille coupling reactions regioselectively at either C3 or C5,
depending on the reaction conditions. The preferred formation of
the Pd intermediaté and its higher reactivity would account for
the regioselective substitutions at C5 when the Stille couplings are
conducted under condition B. Further study is underway to elucidate
the exact nature of the Cu(l) effect on the oxidative addition of
Pd(0) in a polar solvent.
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