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A convenient method for the synthesis of 2-bromo-3-aroyl-
benzop]furans from readily accessible precursors has been
developed. The 2-bromo group has been employed as
versatile synthetic handle in both palladium-mediated cou-
plings and direct nucleophilic substitutions to give access to
a wide range of 2-substituted-3-aroyl-beraélrans.

Benzofurans, in particular 3-aroylbenbfilirans 1 (Figure
1), are core structural components in a range of biologically
active compounds.Examples include anti-Alzheimét,anti-
arrhythmicld tubulin polymerization inhibitory&f and anti-
estrogeni&d compounds among others. Accordingly, the devel-
opment of concise, flexible syntheses of 3-aroylbeb}fofans

MeO I

R1

o]

2

R'=H, OH
R? = variable
R®=H or OMe

FIGURE 1. 2-Aroylbenzop]furans.

In our ongoing medicinal chemistry efforts, aimed at the
identification of novel tubulin polymerization inhibitors (TPIs)
of the formula2 (Figure 1), we have identified that, so long as
the substitution pattern at positions €8 are kept within the
range shown, considerable variation can be tolerated at C2 while
maintaining good activity®* We are interested in taking
advantage of this factor in the discovery of new TPIs with
improved pharmacokinetic properties. Accordingly, we wish to
introduce this C2-substituent very late in the synthetic process
in a manner that would facilitate the synthesis of a focused
library of C2 derivatives of2 with different physiochemical

E’\oroperties but have been struck by the dearth of existing methods

that provide for such a strategy. Most synthetic approaches to
2,3-disubstituted benzofurans introduce the C3-substituent at the
end of the synthes#&3 We envisage that a C2-bromo derivative

of 2 (R? = Br) should serve as a versatile intermediate that
would enable us to introduce a significant array of substituents
at C2 through subsequent palladium-mediated coupling and
nucleophilic substitution reactions. However, no methods for
the synthesis of 2-halo-3-aroyl(or acyl)berd@jrans have been
described. In this paper, we describe our efforts toward the
synthesis of such 3-aroyl-2-bromobenafjirans and their

1 has been the goal of numerous efforts in the development of further substitution. This work should have broad applicability

new synthetic methods?
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for those seeking to utilize the benb{fliran scaffold in drug
discovery.

Larock and co-workers have previously demonstrated that
2-silylbenzop]furans5 can be prepared by palladium-catalyzed
annulation ofo-iodophenol3 with silylalkynes4 (eq 1)>¢ We
sought to further develop this process by extending it to the
synthesis of 3-aroyl-2-silylbenZgffurans that could then be
converted to 3-aroyl-2-bromobenbiflirans by bromo substitu-
tion of the silyl group. This work was undertaken with the
specific objective of producing compounds of the formala
(R? = Br) to aid our medicinal chemistry studies on TPIs
(Scheme 1). lodophend@a was prepared as previously de-
scribed’ lodophenol8b was prepared frono-vanillin through
a sequence of isopropyl ether protection, BaewéHiger

Pd(OAc),, LiCl, R

R Na,CO3, DMF,
+ N g
Si(i-Pr
E:[OH |‘|_ 100°C, 72-500h @E} P (1)
Si(i-Pr)3
3 4a: R =Me 5a: R = Me (90%)
4b: R = Ph 5b: R = Ph (70%)
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SCHEME 1. Synthesis of 3-Aroyl-2-br0m0benzd:[|furans
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oxidation, and iodination (49% over 3 steps, Scheme 2). The
requisite 1-aryl-3-silylpropynoneBda and 10b were prepared
by addition of lithiumtert-butyldimethylsilylacetylide to ben-
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zaldehyde®aand9b, respectively, followed by Mn@oxidation
of the intermediate alcohols.

Palladium-mediated annulation of 2-iodophe8alith 10b
afforded 11a (59%), while a similar reaction d8b with 10a
and 10b afforded 11b (64%) andll1c (69%), respectively. In
all cases, the reactions proceeded with complete regioselectivity
to provide only the 3-aroyl-2-silylbenzgjfuran derivatives. The
2-tert-butyldimethylsilyl group in11lawas readily substituted
for a bromide to givel2a (53%) upon reaction with bromine
in 1,2-dichloroethane. However, in the casel@tit was first
necessary to replace the isopropyl group with an acetyl group,
giving 11d (93%), to avoid competitive electrophilic bromina-
tion of the C4-position of the benZgfuran. Treatment ofl1d
with bromine in 1,2-dichloroethane gave the 2-bromo derivative
12b in 66% yield. Alternatively, the 2-TBDMS group could
also be removed to provide the corresponding 2-H system as
demonstrated by the transformationldfato 13 upon treatment
with TBAF in THF (86%).

Having achieved efficient access 1@a and 12b, we then
turned to studying various means of substitution of the C2-
bromo group (eq 2, Table 1). Boflraand12breacted readily
with various boronic acids/esters under standard Suzuki condi-
tions, in the presence of Pd(Pfhand NaCO; at 80—100°C
in aqueous 1,4-dioxane. The reactions were complete within
1-2 h (the crude reaction mixtures of 7-OAc compounds were
further treated with KCO; and methanol to ensure complete
deacetylation), providing the corresponding coupled products
15a—ein good yields (entries-15). Negishi coupling reactions
of 12b with alkyl- and arylzinc bromides proceeded at room
temperature to give the producisf—h in excellent yields
(entries 6-8, in situ deacetylation was observed for entries 6
and 8). Heck coupling ofl2b with methyl acrylate and
subsequent deacetylation ga{8i in low yield even in the
presence of excess acrylatel(0-fold) and considerable amounts
of catalyst (20%) (entry 9). The 2-bromo substituentl@b
was also exploited in a range of direct substitution reactions
with various nucleophiles. Reaction with sodium cyanide in
DMSO proceeded with in situ cleavage of the acetyl group to
give the 2-cyano derivative5j in good yield (entry 10), while
reaction with the sodium salt of 1,2,4-triazole in THF/toluene
gave the phenoll5k in moderate yield (entry 11). Both
imidazole and ethanolamine were successfully reactedigith
in refluxing pyridine to providel5l (92%) and15m (67%),
respectively (entries 12 and 13).

TMP, TMP,
O Bromo-substitution o
Method A-E
N—gr Nz
MeO o MeO o )
R R'
12a (R' = H)
12b (R" = OAc) .

TMP = 3,4,5-trimethoxyphenyl

Method A (Suzuki): (HO),B-Z, Pd(PPhj)4 (5-10%), Na,COj3, 1,4-dioxane / H,0, reflux
Method B (Negishi): (CI/Br)Zn-Z Pd(PPh3),Cl, (10%), Cul (cat.), THF, 20 °C.

Method C (Heck): H-Z, Pd(OAc), (2 x 10%), CH3CN/Et;N 2:1, reflux.

Method D (ArSy2): Na-Z, DMSO or THF/toluene, 55-100 °C

Method E (ArSy2): H-Z, pyridine, reflux

In conclusion, a concise and convergent protocol for the
synthesis of 2-bromo-3-aroylbenbifuran systems has been
developed. The 2-bromo substituent provides a versatile syn-
thetic handle in both palladium-mediated cross-coupling and
direct nucleophilic substitution reactions to give a wide range



TABLE 1. Substitution of 12a and 12b (See Also eq 2)

Entry 12 14 Method Product 15 (Yield)
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of C2-substituted 3-aroylbenzifurans. The process as a whole
is quite functional group tolerant and efficient.

Experimental Section

2-tert-Butyldimethylsilyl-7-isopropoxy-6-methoxy-3-(3,4,5-tri-
methoxybenzoyl)benzdj]furan (11a). A suspension of 2-iodo-
5-methoxyphenol&a, 250 mg, 1 mmol), 3tért-butyldimethylsilyl)-
1-(3,4,5-trimethoxyphenyl)propynoné&db, 468 mg, 1.40 mmol),
lithium chloride (42 mg, 1 mmol), and sodium carbonate (424 mg,
4 mmol) in dry dimethylformamide (2.5 mL) was deoxygenated
with nitrogen gas. Palladium acetate (100 mg, 0.45 mmol) was
added, the reaction mixture was then stirred at 2@0under
nitrogen fa 2 h (TLC), and the solvent was removed by distillation
under vacuum. The residue was dissolved in ethyl acetate (40 mL),
stirred well, and filtered. The solvent was distilled, and the crude
was purified by silica gel flash chromatography (eluenthexane/
diethyl ether; 95:5 to 8:2) to give the title compound as a light
yellow paste (268 mg, 59%)*H NMR (300 MHz, CDC}) 6 7.14
(s, 2H), 7.05 (s, 1H), 7.04 (dl = 8.49 Hz, 1H), 6.77 (ddJ =
8.73, 2.19 Hz, 1H), 3.93 (s, 3H), 3.84 (s, 6H), 3.78 (s, 3H), 1.00
(s, 9H), 0.28 (s, 6H)*C NMR (75 MHz, CDC}) 6 191.1, 165.4,
158.6, 158.5, 153.0, 142.6, 133.6, 131.7, 121.5, 120.1, 112.6, 107.4,
95.4, 61.0, 56.3, 55.7, 26.8, 17+#5.7; LRMSnm/z 457 (M + 1,
100); HRMS ESI (M+ H)* calcd for GsH3,06Si 457.2046, found
457.2054.

2-Bromo-6-methoxy-3-(3,4,5-trimethoxybenzoyl)benzdf-
furan (12a). To a stirred solution of 2ert-butyldimethylsilyl-6-
methoxy-3-(3,4,5-trimethoxybenzoyl)benbfiliran (L0a 200 mg,
0.44 mmol) in 1,2-dichloroethane (2 mL) at room temperature under
nitrogen was added bromine (2&, 0.44 mmol) dropwise, and
the reaction mixture was stirred for 10 min. After this time, the
solution was diluted with extracted with ethyl acetate (20 mL),
washed with brine (30 mL), the organic layer dried over magnesium
sulfate, and the solvent evaporated under reduced pressure. The
crude product was directly crystallized from acetonitrile to afford
the title compound as a colorless crystalline solid (98 mg, 53%,
mp = 136-38 °C): *H NMR (300 MHz, CDC}) 6 7.45 (d,J =
8.73 Hz, 1H), 7.15 (s, 2H), 7.01 (d,= 2.19 Hz, 1H), 6.90 (dd)
= 8.74, 2.27 Hz, 1H), 3.94 (s, 3H), 3.85 (s, 9HJC NMR (75
MHz, CDCl) 6 188.2, 158.3, 155.8, 152.7, 142.6, 132.0, 130.7,
121.0, 120.0, 119.7, 112.9, 107.0, 95.3, 60.7, 55.9, 55.4; LRMS
m/z 423/421 (M+ H, 100), 421 (M, 91); HRMS ESI (MY calcd
for C19H1706Br 421.0287, found 421.0284.

2-(1-Isdoutyl-1H-pyrazol-4-yl)-7-hydroxy-6-methoxy-3-(3,4,5-
trimethoxybenzoyl)benzop]furan (15a). To a stirred solution of
7-acetoxy-2-bromo-6-methoxy-3-(3,4,5-trimethoxybenzoyl)benzo-
[blfuran (12b, 40 mg, 0.084 mmol) and 1-isobutyl-4-(4,4,5,5-
tetramethyl-1,2,3-dioxaborolon-2-yhitpyrazole {43 42 mg, 0.168
mmol) in 1,4-dioxane (3 mL) at 90C was added Pd(PBh (8
mg, 0.008 mmol) followed by the addition of a solution of sodium
bicarbonate (40 mg, 0.48 mmol) in distilled water (1 mL). The
reaction mixture turned brown after 5 min. After 25 min (TLC),
the reaction mixture was cooled to room temperature and diluted
with ethyl acetate (10 mL). The organic layer was washed with
water, the solvent was removed by distillation under vacuum, and
the crude residue was treated with potassium carbonate (100 mg,
excess) in methanol (10 mL). The material thus obtained was
purified by preparative thin layer chromatography to give the title
compound as a crystalline yellow solid (26 mg, 65%, mp
146-48°C): *H NMR (300 MHz, CDC}) 6 8.04 (s, 1H), 7.99 (s,
1H), 7.14 (s, 2H), 6.81 (d] = 8.61 Hz, 1H), 6.75 (d) = 8.58 Hz,
1H), 5.70 (bs, 1H), 3.93 (s, 3H), 3.92 (s, 3H), 3.89 Jd= 7.38
Hz, 2H), 3.77 (s, 6H), 2.232.16 (m, 1H), 0.89 (dJ = 6.69 Hz,
6H); 13C NMR (75 MHz, CDC}) 6 190.1, 154.0, 152.6, 143.4,
141.9, 140.9, 138.7, 133.3, 130.5, 130.2, 123.26, 113.4, 111.8,
111.2, 108.0, 106.7, 106.7, 60.7, 59.58, 56.8, 55.9, 29.2, 19.5;
LRMS m/z 481 (M + 1, 100); HRMS ESI (M+ H)* calcd for
CaeH28N207 481.1975, found 481.1979.
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2-Methyl-7-hydroxy-6-methoxy-3-(3,4,5-trimethoxybenzoyl)-
benzoplfuran (15f). Zinc bromide dihydrate (950 mg, 3.67 mmol)
was dried under vacuum at 1:2@40°C for 2 h with stirring, cooled
to room temperature, and dissolved in 4 mL of dry THF. To this
solution was added methyllithium (1.6 M in diethyl ether, 3.3 mL,
5.28 mmol) dropwise at-78 °C under nitrogen. The resulting
mixture was allowed to warm to room temperature, stirred for 15
min, and cooled again te-78 °C. To the cooled reaction mixture
was added solid 7-acetoxy-2-bromo-6-methoxy-3-(3,4,5-trimeth-
oxybenzoyl)benzdi]furan (12b, 480 mg, 1 mmol) followed by
(PPh),PdC} (92 mg, 0.131 mmol) and copper(l) iodide (160 mg,
0.084 mmol). The resulting mixture was stirred in vacuo for 3 min
at—78°C, back-filled with dry nitrogen, allowed to warm to room
temperature, and stirred for 30 h under nitrogen. After this time,

2-(1,2,4-Triazol-1-yl)-7-hydroxy-6-methoxy-3-(3,4,5-trimeth-
oxybenzoyl)benzadpjfuran (15k). To a solution of 1,2,4-triazole
(14k, 22 mg, 0.32 mmol) in dry tetrahydrofuran (2 mL) was added
sodium hydride (60%, 24 mg, 0.60 mmol), and resulting suspension
was treated with a solution of 7-acetoxy-2-bromo-6-methoxy-3-
(3,4,5-trimethoxybenzoyl)benafuran (12b, 50 mg, 0.10 mmol)
in dry toluene (2 mL). The mixture was stirred at reflux for 6 h
(TLC), quenched with saturated ammonium chloride solution,
extracted with dichloromethane (10 mL), and dried over magnesium
sulfate and the solvent distilled under vacuum. The crude residue
was purified over silica gel plate to give the title compound as a
yellow solid (22 mg, 50%, mp= 78—80°C): H NMR (300 MHz,
CDCly) ¢ 8.61 (s, 1H), 8.07(s, 1H), 7.11 (d,= 8.60 Hz, 1H),
7.06 (s, 2H), 6.97 (dJ = 8.65 Hz, 1H), 6.19 (bs, 1H), 3.97 (s,

methanol (5 mL) was added, and the resulting mixture was stirred 3H), 3.89 (s, 3H), 3.77 (s, 6H)}:*C NMR (75 MHz, CDC}) ¢
for 30 min at room temperature and evaporated to dryness. Thel187.5, 152.9, 145.9, 145.4, 144.8, 143.0, 140.1, 131.7, 131.5, 121.3,

residue was diluted to with ethyl acetate (50 mL) and washed with

11.9,110.4, 110.1, 106.68, 60.8, 57.0, 56.0; LRM3426 (M +

saturated ammonium chloride (20 mL). The insoluble material was 1, 100); HRMS ESI (M+ H)* calcd for GiH19NsO; 426.1301,
removed by filtration and the organic phase separated, washed withfound 426.1283.
brine, dried over anhydrous magnesium sulfate, and evaporated to

dryness. The crude product was purified by flash column chroma-
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tography to give pure product as colorless crystals recrystallized jn obtaining LCMS data.

from methanol (360 mg, 94%, mp 156-58 °C): H NMR (300
MHz, CDCL) 6 7.09 (s, 2H), 6.93 (dJ = 8.54 Hz, 1H), 6.83 (d,
J = 8.56 Hz, 1H), 5.69 (bs, 1H), 3.93 (s, 3H), 3.92 (s, 3H), 3.83
(s, 6H), 2.54 (s, 3H)3C NMR (75 MHz, CDC}) 6 190.3, 161.2,

152.6, 143.7, 141.8, 141.4, 133.7, 130.5, 122.4, 116.5, 110.9, 108.2

106.5, 60.6, 56.8, 55.9, 17.4;,LRM8z 373 (M+ 1, 100); HRMS
ESI (M + H)* calcd for GgH2007 373.1287, found 373.1285.
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