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Abstract: The palladium-catalyzed cross-coupling reaction of 3,4-
bis(tributylstannyl)furan-2(5H)-one using chelating ligand or polar
solvent gives mixtures of single and double coupled products, even
when one equivalent of halide coupling partner is used. After opti-
mization, the double coupling reaction was shown to be general,
with the use of two equivalents of aryl iodides giving 3,4-disub-
stituted furanones, The reaction using benzyl bromides proceeds at
lower temperatures than the corresponding coupling using aryl
iodides, giving dibenzylfuranones. The methodology has been
exemplified in a synthesis of (+)-hinokinin.
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There is considerable interest in efficient methods to pre-
pare furan-2(5H)-ones, due to the methodological
challenges involved and the presence of these heterocy-
cles at the core of many bioactive structures, both natural
and synthetic. We have previously reported the utility of
stannylated furanones,* and have shown that palladium-
catalyzed cross-couplings of 3,4-bis(tributylstannyl)fura-
none (1) are regioselective, leading to 3-tributylstannyl-4-
arylfuran-2(5H)-ones 2 (Scheme 1).? Subsequent Stille
coupling of 2 leads to dissymmetric diarylfuranones.®

BusSn SnBuz Ar. SnBus
Ar=1, PACI,(PPha), (2 mol%), i
o O  AsPhz (8 mol%), Cul (8 mol%), o O
THF, 50 °C, 24 hours,
1 37-51% yield 2

Scheme 1 Regioselective Stille coupling of 3,4-bis(stannyl)furan-
2(5H)-one

We observed during these studies that use of a chelating
ligand or a polar solvent led to the obtention of a mixture
of 4-substituted and 3,4-disubstituted furanones
(Table 1).? Thus, even using a single equivalent of iodide
coupling partner, significant amounts of 3,4-diphenyl-
furanone (3) were obtained in addition to the usual cou-
pling product 2 (Ar = Ph) when reactions were carried out
using Pd(dppb), as catalyst, or using PdCl,(PPhy), as
catalyst in DMF solution. Furthermore, the average yield
per coupling reaction was significantly higher than those
normally observed under the standard conditions (i.e.,
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when preparing only 4-aryl-3-stannylfuranones). In the
light of this observation, and with the knowledge that
diarylfuranones and related compounds, such as lignans
(dibenzylfuranones), are interesting small-molecule
targets, we set about optimizing the conditions of the
dicoupling reaction.

Tablel Double Coupling of 1 with lodobenzene?

BuzSn SnBuj Ph SnBuz Ph Ph
+
PdCI,(PPhs), (2%)

o” ° AsPh23 (8%§,ZCuI (8%), o” 7O o” °
1 solvent, temperature 2 3

Entry Solvent Temp (°C) Yieldof2 Yieldof 3

(%) (%)

1 THF 502 27 29

2 DMF 50 29 28

3 DMF 70 28 28

4 DMF 90 25 36

5 MeOH 50 12 27

2 Pd(dppb), (2 mol%) used as catalyst.

We commenced with an examination of the reaction using
Pd(dppb), as catalyst, but to our surprise (and in contrast
to the data shown in Table 1) found that the reaction of 1
with two equivalents of iodobenzene was complex. Spec-
troscopic examination of crude reaction mixtures indi-
cated adiverse range of products, most of which could not
be isolated in a pure state, and the processes furnished
diphenyl furanone 3 in a maximum yield of 25%; this
implies an average yield per coupling of 51%, indicating
that thefirst coupling reaction was no more efficient* than
under the ‘normal’ conditions. Using arange of chelating
diphosphines, similar results were obtai ned.

Turning our attention to the use of a more polar solvent,
initial screening studies indicated DMF as the ingredient
of choice. Thus, the reaction of 2 with iodobenzene (2
equiv) at 90 °C was a smooth process, and 3 was obtained
in 56% vyield (indicating an average coupling yield of
75%). Using a range of aryl iodides, it was found that a
dight diminution in temperature (to 80 °C) did not
adversely affect the yields of dicoupled products and
simultaneously minimized the amount of unidentifiable
side-products obtained. We aso found that the reactions
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werejust asrapid as the original monocoupling processes;
under these conditions, diarylfuranones were obtained in
good yields (Table 2). A few points arising from the data
shown in Table2 merit further comment. Thus, the
presence of an sp? ortho-substituent in the iodide partner
diminishes the yield of the coupling (entry 8), whilst an
sp? ortho-substituent has little effect (entry 4). A nitro
group has a deleterious effect (entry 7) but aligating sub-
stituent (entry 6) does not. As we have often observed in
analogous reactions,? amixture of geometricisomers of 2-
bromostyrene couples with 1 to give only E-configured
alkenes in the product. Finally, the reaction of benzyl
bromide under these conditions proceeded in moderate
yield, to give 3,4-dibenzylfuranone (entry 9).

Table2 Double Coupling of 1 with Aryl lodides®
BuszSn SnBuz Ar. Ar

i Ar—l (2 equiv), PdCI(PPh3), (2 mol%), HA\
o) O  AsPhs (8 mol%), Cul (8 mol%), (0]

DMF, 80 °C, 24 h ©

Entry Ar Yield (%) Efficiency (%)?
1 Ph 56 75
2 4-Tol 50 71
3 3-F,C-CeH, 43 66
4 2-Thienyl 47 69
5 3-Thienyl 43 66
6 4-MeS-CgH, 39 63
7 3-O,N-C¢H, 27 52
8 2-F5C-CH, 18 43
9 BnP 29 54

10 PhCH=CH®* 36¢ 60

a Averageyield per coupling reaction.

b Bromide used in place of iodide.

¢ A 2:1 mixture of E/Z isomers was used.
4 Only E,Z,E isomer obtained.

Given the higher reactivity of benzylic halides compared
with aryl halides, we were dlightly disappointed with the
yield obtained upon coupling of benzyl bromide with 1
(though we remained mindful of the anomalous reactivity
associated with such substrates in other cross-coupling
reactions).® Thus, we reexamined the conditions used to
prepare dibenzylfuranone and found after some experi-
mentation that THF was a more appropriate solvent and
that lower reaction temperatures could be used, improving
yields substantially (Table 3). In the case of the unsub-
stituted halides, both chloride and bromide gave good
yields of coupled products, but when substitution was
present in the aryl ring, chlorides react less well than the
corresponding bromides (low yields of coupled products
were isolated from complex product mixtures).
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Table 3 Optimized Coupling of 1 with Benzyl Bromides’

BusSn SnBuz  ArCH,-Br (2 equiv), Ar Ar
Z:</§ PACl,(PPhs), (2 mol%), ’iz/g
(0] AsPhz (8 mol%), Cul (8 mol%), (0]

? THF, 50 °C, 24 h ©
Entry Ar Yield (%) Efficiency (%)2
1 Ph 45 67
2 Ph® 44 66
3 4-MeO-CH, 25 50
4 1-Naphthy! 39 62
5 2-Naphthyl 43 66
6 Piperonyl 51 71

a Average yield per coupling reaction.
b Chloride used in place of bromide.

To our knowledge, this process represents one of the most
efficient methods available for the preparation of diben-
zylfuranones. As a demonstration of the power of the
methodology, we prepared (+)-hinokinin® by double cou-
pling of piperonyl bromidewith 1, followed by nickel(I1)-
mediated conjugate reduction (Scheme 2).° Though the
key intermediate is apparently an ideal substrate for asym-
metric conjugate reduction,'® to date we have obtained
only moderate ee values using arange of chiral modifiers
inthis process. Theidentification of an effective chiral re-
duction method for this furanone is a focus of our efforts

at thistime.
(@]
Br
2¢ j©/\ Ar Ar
o o PACl,(PPhg), (2 mol%), o~ 0

1 AsPhz (8 mol%), Cul (8 mol%),
THF, 50 °C, 24 h

1. NiCl,-6H,0, NaBH,4 OWO
MeOH, 0 °C L o’ =0 J

(©] (6]
2. MeOH, KOH, r.t.

BusSn SnBus

hinokinin
48% overall yield

Scheme2 Synthesis of hinokinin

In summary, we have modified the conditions for Stille
coupling of bis(stannyl)furan-2(5H)-one (1) to enable the
direct preparation of diaryl- and dibenzylfuranones. We
are currently engaged in the expl oitation of this methodol-
ogy in synthesis of arange of natural and synthetic lignans
and will report on these effortsin due course.
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Representative Experimental Procedure.
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Data for (+)-Hinokinin.
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