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Abstract A series of 5-hydroxybenzofurans have been prepared by
PIDA-mediated oxidation and coupling cyclization of B-dicarbonyl com-
pounds and hydroquinones. The reaction functionalizes C(sp?)-H of hy-
droquinones directly with yields of target molecules up to 96%.

Key words 5-hydroxybenzofurans, oxidation, dearomatization, aro-
matic C(sp?)-H functionalization, one-pot reaction

Benzofurans have attracted much attention because
they possess a broad range of biological activities and they
are found extensively in natural products.! Consequently, a
wide range of synthetic methodologies have been devel-
oped for the construction of this privileged structure.?
Many synthetic approaches to benzofurans involving intra-
molecular cyclization have been reported.? In recent years,
transition-metal-catalyzed C-H activation and functional-
ization has attracted much attention.* Furthermore, cross-
dehydrogenative coupling (CDC) has become an efficient
strategy for the formation of C-C bonds through an oxida-
tive coupling reaction catalyzed by copper or iron in the
presence of oxidants,>® and CDC reaction-based methods
for the synthesis of benzofurans have been developed re-
cently.” Moreover, there are many reports of the prepara-
tion of dihydrobenzofurans based on [3+2] cycloaddition of
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I 0o * PIDA-mediated oxidation strategy
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PIDA, Znl,
PhCI, 95 °C

quinones with electron-rich olefins,® and enantioselective
processes employing benzoquinones or N-tosyl-p-benzo-
quinone imines have been developed.®
5-Hydroxybenzofuran derivatives display a range of bio-
logical activities (Figure 1). Among these are antitumor ac-
tivity and potent selectivity to human umbilical vein endo-
thelial cells.!® In addition, 5-hydroxybenzofuran derivatives
are efficient anti-estrogen breast cancer agents, demon-
strating strong hydrogen-bond interactions and good inhib-
itory activity.!! In addition, these derivatives can act as in-
hibitors of mTOR signaling, controlling cell growth, metab-
olism and autophagy,’?> and they show antifungal,'®
antiproliferative' and anti-inflammatory activity.!”

In traditional approaches, 5-hydroxybenzofurans are
formed by Michael addition.'® In 2006, Gu et al. discovered
a method for preparing 5,6-dihydroxylated benzofuran de-
rivatives by oxidation-Michael addition, although this pro-
tocol suffers from disadvantages such as limited substrate
scope and low yields.!” Liu et al. reported a CuBr,/BF;-OEt,
catalyzed reaction for the preparation of 5-hydroxybenzo-
furans via Michael addition and cyclization of benzoqui-
nones and ketene dithioacetals'® (Scheme 1b). However,
there remains a need to develop simple and efficient meth-
ods for the synthesis of 5-hydroxybenzofurans due to the
drawbacks of many existing methods.

Herein, we report a practical and powerful aromatic
C(sp?)-H functionalization-based method for the prepara-
tion of 5-hydroxybenzofurans via oxidative coupling of
simple phenols and B-dicarbonyl compounds (Scheme 1c).

In an initial study, we chose phenol 1a and ethyl aceto-
acetate 2a as model substrates in the presence of various
oxidants and catalysts (Table 1) to induce the initial adduct
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Figure 1 Pharmaceutical compounds containing the 5-hydroxybenzofuran subunit

a) Traditional route to 5-hydroxybenzofurans (1958)'
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Scheme 1 Syntheses of 5-hydroxybenzofurans

to undergo in situ oxidative dearomatization and coupling-
cyclization. Initially, we explored the impact of the oxidant
(entries 1-7). Gratifyingly, the yield of 3a was 61% when
the oxidant selected was phenyliodine(III) diacetate (PIDA).
We then screened catalysts for promoting the coupling-
cyclization step and the results showed that the use of Znl,
as Lewis acid catalyst led to best yields (entries 1-7 and 14-
24). The effect of solvent on reaction was further examined,
and the reaction in chlorobenzene and toluene showed
good yields (entries 14, 15, 21-24). When the reaction was
carried out at 75-110 °C, the yield of product tended to be
slightly higher with increased temperature (entries 14, 21—
24), with the optimal reaction temperature being 95 °C. Ul-
timately, the yield of 3a was improved to 88% with adjust-
ments of the substrate ratio (entry 24).

Table 1 Optimization of the 5-Hydroxybenzofuran Formation?

OH o o o OEt
’ MOEt %’HO b
! ’ (6]
OH
1a 2a 3a
Entry Catalyst Oxidant solvent Temp. (°C)  Yield (%)¢

1 Znl, DDQ DCE 85 40
2 Znl, PIFA DCE 85 21
3 Znl, PIDA DCE 85 61
4 znl, CAN DCE 85 53
50 Znl, I,/H,0, DCE 85 35
6 Znl, IBX DCE 85 36
7 Znl, air DCE 85 ND
8 Zncl, PIDA DCE 85 27
9 FeCl; PIDA DCE 85 54
10 BF;-OFEt, PIDA DCE 85 20
11 AlCl5 PIDA DCE 85 trace
12 LiCl PIDA DCE 85 ND
13 TiCl, PIDA DCE 85 ND
14 Znl, PIDA PhCl 85 75
15 Znl, PIDA PhCH, 85 69
16 Znl, PIDA CHCly 85 64
17 Znl, PIDA DMF 85 ND
18 Znl, PIDA THF 85 trace
19 znl, PIDA CH,CN 85 35
20 Znl, PIDA EtOH 85 trace
21 Znl, PIDA PhCl 75 58
22 Znl, PIDA PhCl 95 81
23 Znl, PIDA PhCl 110 83
24¢ Znl, PIDA PhCl 95 88

2 Reaction conditions: 1a (0.50 mmol), 2a (1.00 mmol), catalyst (0.25
mmol), oxidant (0.55 mmol) in solvent (5 mL) was stirred for 6 hours at the
given temperature.

b1, (2.50 mmol), H,0, (0.55 mmol).

€2a (3.0 equiv).

dlsolated yield.
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Scheme 2 Reagents and conditions: 1 (0.50 mmol), 2 (1.00 mmol), Znl, (0.25 mmol), PIDA (0.55 mmol), PhCl (5 mL), reflux, 95 °C, 6 h.

Using the optimized reaction conditions, we examined
the substrate scope and generality of the oxidative coupling
reaction for the synthesis of 5-hydroxybenzofurans
(Scheme 2). Firstly, we investigated a broad range of pB-di-
carbonyl compounds, and obtained diverse products 3 in
moderate yields (Scheme 2). Generally, the yield of product
became lower as the size of the acyl group increased. We
speculate that this is the result of the combined effect of the
size of the acyl group and ease of enolization of the (3-ke-
toesters, with substrates 2d-g also being less liable to eno-
lization.

Additionally, we studied the impact of electron-with-
drawing and electron-donating groups of substituted aryl-
B-ketoesters, with yields being poor when electron-with-
drawing groups were present on the aromatic ring (3i-k).

Finally, we evaluated a broad range of hydroquinone
substrates and found that the yield of product was as high
as 96% with a substrate containing an electron-donating
group (30). When mono-substituted hydroquinones were
used as substrates, isomeric products 3m,n, 3p,q were ob-
tained. It should be noted that the benzofuran product was
obtained in only 38% yield when p-benzoquinone was se-
lected as substrate without in situ oxidation.

Based on our experimental work, two plausible reaction
pathways for the PIDA mediated tandem in situ oxidative
coupling cyclization can be proposed (Scheme 3). Initially,
intermediate 1" reacts with tautomer 2' of the B-dicarbonyl
precursor, producing coupling intermediate A by 1,4-Michael
addition. However, from A, there are two possible routes to-
wards the target product.

Path a proceeds by intramolecular cyclization of keto-
enol tautomer B, followed by aromatization of intermediate
C. Path b involves aromatization after coupling, generating
intermediate D, followed by cyclization and formation of
the product. However, path a is favored because if the
mechanism follows path b, the yield of product would be
higher with hydroquinone substrates possessing electron-
withdrawing groups, contrary to the results observed.

In conclusion, this work presents a practical and scal-
able approach for preparation of 5-hydroxybenzofurans by
PIDA-mediated tandem oxidative-cyclization based on in
situ oxidation of hydroquinones. The methodology is supe-
rior to traditional approaches.
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Scheme 3 Proposed reaction mechanism

Synthesis of 3; General Procedure

A mixture of 1 (0.50 mmol), 2 (1.00 mmol), Znl, (0.25 mmol), and
PIDA (0.55 mmol) in chlorobenzene (5 mL) was stirred at 95 °C for 6
hours. After the reaction was complete, the mixture was quenched
with water. The organic phase was separated, dried over anhydrous
magnesium sulfate, filtered, and concentrated under vacuum. The
crude product was purified by column chromatography on silica gel
to obtain 3a-s.

Ethyl 5-Hydroxy-2-methylbenzofuran-3-carboxylate (3a)

Yield: 88%; white solid; mp 136-137 °C.

'H NMR (400 MHz, DMSO-dg): 8 = 9.37 (s, 1 H), 7.37 (d, ] = 8.8 Hz, 1
H),7.28(d,J=2.6 Hz, 1 H), 6.76 (dd, = 8.8,2.6 Hz, 1 H), 4.33(d,]= 7.1
Hz,2 H), 2.69 (s, 3 H), 1.37 (t,J = 7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 163.7, 163.5, 154.1, 147.0, 126.4,
112.8,111.1,108.1, 106.0, 59.9, 14.1 (2C).

HRMS (EI): m/z [M]* calcd for C;,H;,0,4: 220.0736; found: 220.0733.

Ethyl 5-Hydroxy-2-propylbenzofuran-3-carboxylate (3b)

Yield: 65%; white solid; mp 105-106 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.35 (s, 1 H), 7.36 (d, J = 8.8 Hz, 1
H),7.30(d,J=2.5Hz,1H),6.76 (dd, = 8.8,2.6 Hz, 1 H), 4.30(q,J= 7.1
Hz, 2 H), 3.05 (t,] = 7.4 Hz, 2 H), 1.63-1.76 (m, 2 H), 1.34 (t, ] = 7.1 Hz,
3 H),0.90(t,J=7.4Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 166.9, 163.4, 154.2, 147.1, 126 .4,
112.9,111.2,107.9, 106.1, 59.9, 29.4, 20.8, 14.1, 13.5.

HRMS (EI): m/z [M]* calcd for C;4H;50,4: 248.1049; found: 248.1051.

Ethyl 5-Hydroxy-2-phenylbenzofuran-3-carboxylate (3c)

Yield: 82%; white solid; mp 154-155 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.52 (s, 1 H), 7.93 (dd, J = 6.7, 3.0
Hz, 2 H), 7.53-7.44 (m, 4 H), 7.43 (d, ] = 2.5 Hz, 1 H), 6.89 (dd, ] = 8.8,
2.6 Hz, 1 H), 4.30 (q,J = 7.1 Hz, 2 H), 1.30 (t,J = 7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 163.0, 160.2, 154.4, 147.4, 130.2,
129.1 (2C), 128.4, 128.0 (2C), 127.4, 114.3, 111.6, 108.3, 106.6, 60.3,
13.9.

HRMS (EI): m/z [M]* calcd for C;,H,,0,: 282.0892; found: 282.0889.

OH OH
path b RIT X 0 20l | it = b o
3 | aromatization = R3 =
R3
OHO B2 [¢] 20H
R
D E

(5-Hydroxy-2-methylbenzofuran-3-yl)(phenyl)methanone (3d)
Yield: 23%; yellow solid; mp 196-197 °C.

H NMR (400 MHz, DMSO-dg): & = 9.30 (s, 1 H), 7.76-7.73 (m, 2 H),
7.71-7.64 (m, 1 H), 7.60-7.53 (m, 2 H), 7.41 (d, J = 8.8 Hz, 1 H), 6.80
(d,J=2.4Hz, 1 H),6.75(dd, ] = 8.8, 2.5 Hz, 1 H), 2.39 (s, 3 H).

13C NMR (101 MHz, DMSO-d,): 8 = 191.7, 162.8, 154.4, 147.5, 139.4,
133.0, 129.0 (2C), 128.9 (2C), 127.6, 116.6, 113.4, 111.6, 105.9, 15.0.

HRMS (EI): m/z [M]* calcd for C,gH;,05: 252.0786; found: 252.0788.

5-Hydroxy-2-methyl-N-phenylbenzofuran-3-carboxamide (3e)
Yield: 38%; brown solid; mp 210-211 °C.

TH NMR (400 MHz, DMSO-d): 8 = 10.08 (s, 1 H), 9.36 (s, 1 H), 7.78 (d,
J =75 Hz, 2 H), 7.45-7.35 (m, 3 H), 7.19-7.04 (m, 2 H), 6.79 (dd, J =
8.8, 2.5 Hz, 1 H), 2.65 (s, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 161.9, 158.0, 153.7, 146.9, 139.0,
128.6(2C), 126.9, 123.5,119.9 (2C), 118.1, 113.5, 112.7, 111.1, 13.7.

HRMS (EI): m/z [M]* calcd for C;¢H;3NO3: 267.0895; found: 267.0899.

1-(5-Hydroxy-2-methylbenzofuran-3-yl)ethanone (3f)
Yield: 44%; yellow solid; mp 238 °C.

H NMR (400 MHz, DMSO-d): § = 9.33 (s, 1 H), 7.40-7.33 (m, 2 H),
6.74 (dd, J = 8.7, 2.6 Hz, 1 H), 2.73 (s, 3 H), 2.55 (s, 3 H).

13C NMR (101 MHz, DMSO-d): 8 = 193.7, 163.2, 154.3, 146.8, 126.6,
117.1,112.8,111.0, 106.4, 30.7, 15.3.

HRMS (EI): m/z [M]* calcd for C;;H;405: 190.0630; found: 190.0627.

8-Hydroxy-3,4-dihydrodibenzo[b,d]furan-1(2H)-one (3g)

Yield: 49%; pale-yellow solid; mp 154-156 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.42 (s, 1 H), 7.43 (d, J = 8.8 Hz, 1
H),7.27 (d,J = 2.6 Hz, 1 H), 6.76 (dd, = 8.8, 2.6 Hz, 1 H), 3.01 (t, ] = 6.2
Hz, 2 H), 2.49 (d, ] = 6.9 Hz, 2 H), 2.16 (p,J = 6.4 Hz, 2 H).

13C NMR (101 MHz, DMSO-dg): & = 194.3, 171.9, 154.6, 147.8, 124.0,
115.6,113.0,111.6, 105.6, 37.3, 23.2, 21.9.

HRMS (EI): m/z [M]* calcd for C;,H,405: 202.0630; found: 202.0628.

SynOpen 2022, 6, 158-163
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Ethyl 5-Hydroxy-2-(4-methoxyphenyl)benzofuran-3-carboxylate
(3h)

Yield: 95%: white solid; mp 172-173 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.47 (s, 1 H), 7.96 (d, J = 9.0 Hz, 2
H), 7.48 (d, J = 8.8 Hz, 1 H), 7.41 (d,J = 2.5 Hz, 1 H), 7.08 (d, J = 9.0 Hz,
2 H),6.86(dd,J=8.8,2.5Hz,1H),4.34(q,J=7.1 Hz, 2 H), 3.86 (s, 3 H),
1.35(t,J=7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-d;): & = 163.3, 160.8, 160.5, 154.3, 147.1,
130.8 (2C), 127.5, 121.4, 113.8, 113.5 (2C), 111.4, 107.0, 106.6, 60.2,
55.3,13.9.

HRMS (EI): m/z [M]* calcd for C;gH;605: 312.0998; found: 312.1001.

Ethyl 2-(3-Bromophenyl)-5-hydroxybenzofuran-3-carboxylate
(31)

Yield: 70%; pale-yellow solid; mp 169 °C.

TH NMR (400 MHz, DMSO-d;): 5 =9.51 (s, 1 H), 8.12 (t, ] = 1.8 Hz, 1 H),
7.88 (d,J=8.0 Hz, 1 H), 7.67 (dd, J = 8.0, 1.1 Hz, 1 H), 7.48-7.39 (m, 2
H),7.38(d,J=2.5Hz, 1H),6.86 (dd,J=8.9,2.6 Hz, 1 H), 4.28 (q,] = 7.1
Hz,2 H), 1.30 (t,J = 7.1 Hz, 3 H).

3C NMR (101 MHz, DMSO-dg): & = 162.8, 158.1, 154.5, 147.5, 132.8,
131.6, 131.2, 130.1, 127.9, 127.2, 121.2, 114.8, 111.7, 109.1, 106.6,
604, 13.9.

HRMS (EI): m/z [M]* calcd for C;;H;3BrO,4: 359.9997; found: 359.9994.

Ethyl 2-(2-Chlorophenyl)-5-hydroxybenzofuran-3-carboxylate (3j)
Yield: 79%; white solid; mp 161-162 °C.

'H NMR (400 MHz, DMSO-dg): 6 = 9.59 (s, 1 H), 7.70 (dd, J = 7.6, 1.7
Hz, 1 H), 7.66 (dd, J = 8.1, 1.3 Hz, 1 H), 7.62-7.56 (m, 1 H), 7.54 (d, J =
9.0 Hz, 1 H), 7.55-7.46 (m, 1 H), 7.45 (d, ] = 2.6 Hz, 1 H), 6.93 (dd, ] =
8.9,2.6 Hz, 1 H), 4.20 (q,J = 7.1 Hz, 2 H), 1.14 (t,/ = 7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): 8 = 162.4, 158.1, 154.6, 147.9, 133.0,
132.2, 131.8, 129.3, 129.3, 126.9, 126.2, 114.6, 111.9, 111.0, 106.1,
60.1,13.7.

HRMS (EI): m/z [M]* calcd for C;,H;3ClO,4: 316.0502; found: 316.0504.

Ethyl 5-Hydroxy-2-(4-(trifluoromethyl)phenyl)benzofuran-3-car-
boxylate (3k)

Yield: 61%; pale-yellow solid; mp 157-159 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.56 (s, 1 H), 8.12 (d, J = 8.1 Hz, 2
H), 7.83 (d, ] = 8.1 Hz, 2 H), 7.48 (d, ] = 8.9 Hz, 1 H), 7.40 (d, J = 2.5 Hz,
1 H),6.90 (dd, J=8.8,2.6 Hz, 1 H),4.30 (q,J = 7.1 Hz, 2 H), 1.30 (t,] =
7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): 8 = 162.8, 158.0, 154.6, 147.7, 132.9,
129.9 (q,J =31.3 Hz), 129.8 (2C), 127.0, 124.9 (q,] = 3.9 Hz, 2C), 123.9
(q,J=273.7 Hz), 114.9, 111.8, 109.7, 106.6, 60.5, 13.8.

HRMS (EI): m/z [M]* calcd for C;gH;3F;0,4: 350.0766; found: 350.0765.

Ethyl 2-(Furan-2-yl)-5-hydroxybenzofuran-3-carboxylate (31)
Yield: 57%; pale-yellow solid; mp 155-156 °C.

TH NMR (400 MHz, DMSO-dg): & = 9.51 (s, 1 H), 7.98 (dd, J = 1.8, 0.7
Hz, 1 H),7.72 (dd,J = 3.6, 0.8 Hz, 1 H), 7.47 (d,] = 8.9 Hz, 1 H), 7.37 (d,
J=2.5Hz,1H),6.85(dd,J=8.9,2.6 Hz, 1 H), 6.76 (dd,J = 3.6, 1.7 Hz, 1
H),4.36(q,J=7.1 Hz, 2 H), 1.39(t,J = 7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-d): 8 = 162.6, 154.6, 150.8, 147.0, 145.5,
143.3,126.6,116.1,114.45,112.5, 111.6, 106.7, 106.6, 60.4, 14.1.

HRMS (EI) m/z [M]* calcd for Cy5H;,05: 272.0685; found: 272.0689.

Ethyl 5-Hydroxy-2,6-dimethylbenzofuran-3-carboxylate (3m)
Yield: 30%; white solid; 173 °C.

TH NMR (400 MHz, DMSO-dg): 8 = 9.34 (s, 1 H), 7.31 (s, 1 H), 7.27 (s, 1
H),4.32(q,J]=7.1Hz, 2 H),2.67 (s,3 H),2.21(s,3H), 1.37(t,J = 7.1 Hz,
3 H).

13C NMR (101 MHz, DMSO-dg): & = 163.6, 162.5, 152.4, 146.9, 123.9,
122.0,111.8,108.0, 105.2, 59.8, 16.5, 14.2, 14.1.

HRMS (EI): m/z [M]* calcd for C;3H,40,4: 234.0892; found: 234.0890.

Ethyl 5-Hydroxy-2,7-dimethylbenzofuran-3-carboxylate (3n)
Yield: 61%; white solid; mp 175-178 °C.

TH NMR (400 MHz, DMSO-dg): & = 9.23 (s, 1 H), 7.10 (d, J = 2.4 Hz, 1
H), 6.59 (d, J = 2.5 Hz, 1 H), 4.31(q, ] = 7.1 Hz, 2 H), 2.68 (s, 3 H), 2.37
(s,3H),1.37(t,J=7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-de): 8 = 163.6, 163.2, 154.0, 146.1, 125.8,
120.8,113.8,108.3, 103.6, 59.8, 14.5, 14.2, 14.1.

HRMS (EI): m/z [M]* calcd for C;3H,,0,: 234.0892; found: 234.0891.

Ethyl 5-Hydroxy-2,6,7-trimethylbenzofuran-3-carboxylate (30)
Yield: 96%; white solid; mp 142-143 °C.

'H NMR (400 MHz, DMSO-dg): & = 9.21 (s, 1 H), 7.17 (s, 1 H), 4.29 (q,
J=7.1Hz, 2 H), 2.64 (s, 3 H), 2.28 (s, 3 H), 2.12 (s, 3H), 1.36 (t, ] = 7.1
Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 163.7, 162.1, 152.2, 146.5, 122.5,
120.1,119.2,108.2,102.8, 59.7, 14.1, 14.1,11.7, 11.6.

HRMS (EI): m/z [M]* calcd for Cy4H,50,: 248.1049; found: 234.0890.

Ethyl 6-Chloro-5-hydroxy-2-methylbenzofuran-3-carboxylate
(3p)

Yield: 33%; white solid; mp 184-186 °C.

TH NMR (400 MHz, DMSO-d;): & = 10.12 (s, 1 H), 7.63 (s, 1 H), 7.46 (s,
1H),4.30(q,J=7.1 Hz, 2 H), 2.66 (s, 3 H), 1.36 (t, / = 7.1 Hz, 3 H).

13C NMR (101 MHz, DMSO-dg): & = 164.2, 163.1, 150.0, 146.3, 125.2,
117.3,111.9,107.9, 106.7, 60.1, 14.1, 14.1.

HRMS (EI): m/z [M]" calcd for C;,H;;ClO,4: 254.0346; found: 254.0342.

Ethyl 7-Chloro-5-hydroxy-2-methylbenzofuran-3-carboxylate
(3q)

Yield: 31%; white solid; mp 209-210 °C.

H NMR (400 MHz, DMSO-dg): & = 9.76 (s, 1 H), 7.20 (d, J = 2.3 Hz, 1
H), 6.83 (d, ] = 2.3 Hz, 1 H), 4.31 (q,J = 7.1 Hz, 2 H), 2.70 (s, 3 H), 1.35
(t,J=7.1Hz, 3 H).

13C NMR (101 MHz, DMSO-d): 8 = 164.6, 162.9, 154.8, 142.6, 127.8,
114.7,112.8,108.8, 105.3, 60.2, 14.2, 14.1.

HRMS (EI): m/z [M]* calcd for C;,H;,ClO,4: 254.0346; found: 254.0345.

Ethyl 4-Acetyl-5-hydroxy-2-methylbenzofuran-3-carboxylate (3r)
Yield: 43%; yellow solid; mp 145 °C.

'H NMR (400 MHz, DMSO-dg): 8 = 9.87 (s, 1 H), 7.46 (d, ] = 8.9 Hz, 1
H), 6.89 (d, J = 8.9 Hz, 1 H), 4.22 (q, ] = 7.1 Hz, 2 H), 2.61 (s, 3 H), 2.53
(s,3H),1.27(t,J=7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-dg): & = 201.5, 162.9, 162.7, 150.6, 146.9,
122.1,120.8,113.3,112.4, 109.2, 60.0, 31.9, 14.1, 13.9.

HRMS (EI): m/z [M]* calcd for C;4H,405: 262.0841; found: 262.0840.
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3-Ethyl 4-Methyl 5-hydroxy-2-methylbenzofuran-3,4-dicarboxyl-
ate (3s)

Yield: 82%; white solid; mp 144-146 °C.

'H NMR (400 MHz, DMSO-dg): 8 = 9.81 (s, 1 H), 7.52 (d, ] = 8.9 Hz, 1
H), 6.92 (d, J = 8.9 Hz, 1 H), 4.25 (q, ] = 7.1 Hz, 2 H), 3.78 (s, 3 H), 2.62
(s,3H),1.28 (t,J=7.1 Hz, 3H).

13C NMR (101 MHz, DMSO-dg): & = 166.4, 162.9, 162.8, 151.9, 146.7,
123.1,113.4,113.4,111.9,109.3, 60.3, 51.4, 14.1, 13.9.

HRMS (EI): m/z [M]* calcd for C,,H;404: 278.0790; found: 278.0789.
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