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Abstract—An efficient synthesis of spiroannulated dihydroisobenzofurans is achieved using easily accessible carbohydrate-derived
furanyl propargyl ethers via an AuCl3 promoted intramolecular Diels–Alder (IMDA) reaction. The scope of the spiroannulation
protocol was demonstrated using a diverse range of pentofuranosyl, hexofuransoyl and hexopyranosyl derived substrates in order
to synthesize spiroannulated dihydroisobenzofurans. The reaction is high yielding, moisture tolerant, fast and uses only a catalytic
amount of AuCl3.
� 2006 Elsevier Ltd. All rights reserved.
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PKCa belonging to the protein kinase C family of en-
zymes (PKC) plays a dominant role in intracellular sig-
nal transduction of a variety of cellular events such as
proliferation, differentiation and apoptosis.1 Benzofuran
1 and dihydroisobenzofuran 2 possess a broad spectrum
of biological activity and a recent protein docking study
by Sodeoka revealed that chiral isobenzofuranone deriv-
ative 3 binds to PKCa.2 We envisaged that introduction
of a spirocyclic moiety would enhance the biological
activity of the PKCa inhibitor as the spirocyclic moiety
occurs in many natural products and its presence has
been shown to inhibit many important proteins in the
cellular context because of the increased conformational
rigidity.3 Pioneering contributions from various groups
resulted in the development of spirocyclization strategies
exploiting ring closing metathesis4 for the synthesis of
spiro compounds comprising peptides, carbohydrates
and barbituric acids as their core templates.5 We
recently found that utilization of the Pauson–Khand
reaction results in the intramolecular formation of
spiroannulated monosaccharides.6 As a part of our
programme7 dedicated to the exploration of carbo-
hydrate based diversity oriented synthesis pathways
for spirocycles, we investigated the use of Au(III)
mediated phenol synthesis8a for spiroannulation on
carbohydrate scaffolds. Dihydroisobenzofurans can be
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synthesized from furfuryl propargyl ethers exploiting
the alkynophilicity of gold (Fig. 1).8

However, to the best of our knowledge, the gold medi-
ated phenol synthesis developed by Hashmi’s group8a

has not been explored to synthesize spiroannulated
frameworks so far.8 We disclose in this letter a method-
ology towards the synthesis of spirocyclic dihydroiso-
benzofurans from carbohydrate-derived furfuryl prop-
argyl ethers using a catalytic amount of AuCl3.

To commence our studies, readily available 1,2:5,6-di-O-
isopropylidene-a-DD-glucofurano-3-ulose 46 was converted
to the corresponding 3-C-(2-methylfuranyl)-DD-allose
using 5-methylfuryl-2-lithium in THF generated at
�40 �C for 1 h in 91% yield.9 The resulting tertiary
hydroxyl group was alkylated using propargyl bromide
in the presence of NaH in DMF at 0 �C–rt to afford
propargyl ether 5.6 With the furfuryl and propargyl ether
moieties attached to the carbohydrate template, the
O
HO1 32

Figure 1. Benzofuran 1, dihydroisobenzofuran 2 and PKCa inhibitor
3.
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intramolecular Diels–Alder (IMDA) reaction and subse-
quent C–O bond cleavage was effected8a in the presence
of a catalytic amount of AuCl3 in acetonitrile for
10 min to afford spiroannulated dihydroisobenzofuran
derivative 6 in 93% yield.10,11 We next performed the
current spiroannulation protocol on furfuryl propargyl
ether 7 and observed the formation of two regioisomeric
spiroannulated derivatives 8 and 9 in a 1:1 ratio, which
were easily separated by silica gel column chromatogra-
phy with a combined yield of 92% (Scheme 1).12

It is noteworthy to mention that a large number of
compounds can be synthesized exploiting acid sensitive
isopropylidene groups. However, with optimized condi-
tions in hand, we decided to explore this spiroannulation
protocol on a diverse set of substrates derived from
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Scheme 1. Reagents and conditions: (a) 2-methylfuran, n-BuLi, THF, �40 �C
2 h, 95%; (c) 3 mol % AuCl3, acetonitrile, 10 min, 93%; (d) furan, n-BuLi, TH
n-Bu4NI, DMF, 2 h, 96%; (f) 3 mol % AuCl3, acetonitrile, 10 min, 92%.
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Scheme 2. Synthesis of spirocyclic dihydroisobenzofurans.
pentofuranosides, hexofuranosides and hexopyrano-
sides. Gratifyingly, we found that sterically demanding
substrates 10 and 12 could also be converted into spiro-
annulated compounds 11, 13 and 14.12 Furthermore,
arabinose derived furfuryl propargyl ethers 15 and 17
could be successfully converted to the corresponding
spirocycles 16, 18 and 19 in 82% and 92% yields, res-
pectively. Similarly, glucopyranosides 20 and 22 also
underwent IMDA reaction and subsequent C–O bond
cleavage to give spiroannulated dihydroisobenzofuran
derivatives 21, 23 and 24 in good yields (Scheme 2).12

In summary, we have developed an AuCl3 mediated
spirocyclization method that provides access to diverse
spiroannulated isobenzofurans, which are otherwise
very difficult to synthesize. This reaction proceeds under
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, 1 h then 4, rt, 1 h, 91%; (b) NaH, propargyl bromide, n-Bu4NI, DMF,
F, �40 �C, 1 h then 4, rt, 45 min, 78%; (e) NaH, propargyl bromide,
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mild reaction conditions with a catalytic amount of
AuCl3 and is moisture tolerant. Further efforts to utilize
this pathway towards the synthesis of chiral PKCa
inhibitors and diverse ranges of glycosides and nucleo-
sides are currently underway and will be disclosed in
due course.
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Calcd for C20H26O7: C, 63.48; H, 6.93. Found: C, 63.37;
H, 7.09. Calcd mass for C20H26O7: 378.42. Found: 401.06
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8.36 Hz), 4.30 (d, 1H, J = 8.09 Hz), 4.36 (d, 1H,
J = 3.52 Hz), 5.19 (d, 2H, J = 2.18 Hz), 5.23 (br s, 1H),
5.92 (d, 1H, J = 3.52 Hz), 6.56 (d, 1H, J = 7.52 Hz), 7.03
(d, 1H, J = 7.52 Hz); 13C NMR (CDCl3, 50 MHz): d 15.0,
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(t, 1H, J = 2.52 Hz), 3.29 (d, 1H, J = 1.43 Hz), 3.33 (d,
1H, J = 0.77 Hz), 4.21 (dq, 2H, J = 2.49, 14.51 Hz), 4.12
(m, 1H), 4.45 (d, 1H, J = 3.41 Hz), 4.74 (d, 1H,
J = 3.80 Hz), 6.00 (d, 1H, J = 3.67 Hz), 6.45 (d, 2H,
J = 1.32 Hz), 7.47 (t, 1H, J = 1.40 Hz); 13C NMR (CDCl3,
50 MHz): d 25.1, 26.4, 26.8, 26.9, 54.3, 63.8, 74.1, 74.2,
79.6, 80.9, 82.0, 83.8, 104.8, 108.5, 109.8, 110.8, 113.3,
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1H, J = 4.93, 8.48 Hz), 4.30 (d, 1H, J = 7.84 Hz), 4.37 (d,
1H, J = 3.52 Hz), 5.12 (m, 2H), 5.94 (d, 1H, J = 3.57 Hz),
6.11 (br s, 1H), 6.65–6.74 (m, 2H), 6.92 (d, 1H,
J = 8.53 Hz); 13C NMR (CDCl3, 50 MHz): d 25.4, 26.3,
26.6, 26.9, 67.2, 73.3, 73.9, 79.3, 84.3, 93.3, 103.5, 108.4,
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109.3, 113.4, 114.8, 122.3, 129.0, 142.2, 156.9; Anal. Calcd
for C19H24O7: C, 62.63; H, 6.64. Found: C, 62.39; H, 6.67.
Calcd mass for C19H24O7: 364.39. Found: 387.06 (M+23
for Na).
Compound 9: [a]D +18.6 (c 1.40, CHCl3); 1H NMR
(CDCl3, 200 MHz): d 1.23, 1.36, 1.48, 1.68 (4s, 12H), 3.78–
3.95 (m, 2H), 4.06 (m, 1H), 4.33 (d, 1H, J = 8.29 Hz), 4.37
(d, 1H, J = 3.53 Hz), 5.22 (m, 2H), 5.93 (d, 1H,
J = 3.60 Hz), 6.30 (d, 1H, J = 7.62 Hz), 6.57 (br s, 1H),
6.61 (d, 1H, J = 7.62 Hz), 7.03 (t, 1H, J = 7.62 Hz); 13C
NMR (CDCl3, 50 MHz): d 25.3, 26.3, 26.7, 26.9, 67.5,
71.8, 73.9, 79.0, 84.3, 94.2, 103.5, 107.8, 112.9, 113.5,
114.8, 126.6, 129.2, 139.3, 150.8; Anal. Calcd for C19H24O7:
C, 62.63; H, 6.64. Found: C, 62.57; H, 6.89. Calcd mass for
C19H24O7: 364.39. Found: 387.06 (M+23 for Na).

12. See Supplementary data for 1H, 13C and DEPT NMR
spectral charts. All products gave satisfactory 1H, 13C,
DEPT NMR and CHNS analysis.
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