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ABSTRACT

The regioselective alkylation and oxidative rearrangement of isobenzofurans has been achieved to generate substituted 4,8-
dihydroxyisochromanones in good yields and with complete regiocontrol.

Isochroman-1-ones are pharmacophores present in a
number of natural products with therapeutic potential.1

The 4,8-dihydroxyisochroman-1-one motif is particularly
significant, as it is a key structural component in a number
of biologically active metabolites such as the ajudazols 1,2

acetoxygeranyloxymellein 2,3 thailandolide 3,4 the Hel-
minthosporium monoceras antifungal metabolite 4,5 and
(4R)-hydroxyochratoxin 5 (Figure 1).6

However, despite their potential as therapeutic leads, the
approaches currently available for the syntheses of sub-
stituted 4,8-dihydroxyisochroman-1-ones tend to be either
low yielding or not flexible enough for the efficient gen-
eration of analogues.

Recently, we reported the fast and efficient synthesis of
simple 4-hydroxyisochroman-1-one units 7 through a
high-yielding four-step sequence starting from phthalan
6. The entire process requires minimal purification and
does not require the isolation of any of the intermediate
species (Scheme 1).7

Mechanistically, we believe that the phthalan unit 6 is
deprotonated with LDA to generate the unstable
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isobenzofuran unit 8 which is deprotonated to afford the
lithiated isobenzofuran 9. The isobenzofuran anion 9 is
then trapped with an aldehyde to generate the postulated
R-hydroxyisobenzofuran 10, which upon treatment with
m-CPBA undergoes a hydroxyl-directed epoxidation to
generate epoxide 11 that then rearranges to the desired
lactol 12. Oxidation of the lactol 12 to the lactone 13
followed by regioselective reduction completes the diaster-
eoselective synthesis of the isochromanone 7. The stereo-
chemical outcome of the reduction is dependent on the
nature of the alkyl side chain, with the syn diastereomer
being the preferred product. The relative stereochemistry
can be determined by 1HNMR analysis (Jab syne 2.5 Hz;
Jab anti g 6.0 Hz) (Scheme 2).

On the basis of our proposed mechanism, it was postu-
lated that if a C4-substituted isobenzofuran unit 14 could
be generated, then it would be possible to use the C4 group
to influence the subsequent deprotonation step. A regio-
selective deprotonation would then allow for the selective
formation of either the C5 17A or the C8-substituted
isochromanone 17B (Scheme 3). The ability to control
the regiochemistry of the deprotonation step is crucial if
substituted 4,8-dihydroxyisochromanones are to be ac-
cessed using this methodology.

It was decided to focus initially on the synthesis and
rearrangement of 4-methoxyisobenzofuran. The methoxy
group was chosen because of its likely stability to with-
stand the reaction conditions while simultaneously allow-
ing the assessment of the reliability and flexibility of the
oxidative rearrangement in the presence of a potentially
competing methyl enol ether.
Our synthesis began with 2-methoxybenzoic acid 18,

which was converted to the diethylamide 19 in excellent
yield. Ortho-formylation of amide 19 cleanly generated the
desired aldehyde 20, which upon reduction followed by
acid treatment afforded lactone 21.8 Dibal reduction pro-
vided the desired lactol, which was then converted to the
key methyl acetal 22 in excellent yield (Scheme 4).

Treatment of methyl acetal 22 under our rearrangement
conditions yielded the isochromanones 23A and 23B in
excellent yield and, significantly, as a 1:2 ratio of regioi-
somers. The regiochemistry of the isochromanones was
corroborated by X-ray crystallography (Figure 2).9

This result was consistent with the methoxy group
directing the deprotonation of the isobenzofuran unit to
the C1 position B over the C3 position A (Figure 3). This
highly encouraging result made us confident that a more
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Figure 2. Crystal structure of isochromanones 23A and 23B.
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sterically demanding group at the C7 position of the
phthalan starting material 22 would be able to further
influence the product ratio in favor of the desired C1
alkylation product.

Deprotection of methoxy phthalide 21 with iodocyclo-
hexane afforded the free hydroxyl 24 in good yield. The
hydroxyl group was then capped as the benzyl and tert-
butyl dimethylsilyl ethers 25 and 26 in excellent yield
(Scheme 5). DIBAL reduction followed by treatment of
the resulting lactols withmethanol under acidic conditions
generated the required phthalans 27 and 28.

Treatment of phthalans 27 and 28 with LDA followed
by trapping with isobutyraldehyde and oxidative rearran-
gement of the resulting R-hydroxy isobenzofurans gener-
ated the desired lactol intermediates. At this point, it was
decided to replace the Jones oxidation step of the original
sequence with the milder TEMPO oxidation to avoid any
undesired loss of the C4 isobenzofuran protecting groups.
Regioselective reduction of the ketone unit then afforded
the isochromanones 29 and 30 in excellent overall yield.
As expected, introduction of the more sterically de-

manding benzyl ether at the C7 position of the starting
phthalan resulted in an improved ratio of regioisomeric
isochromanones 29A/29B (1:4) compared to that obtained
with the methoxy substituent.
The C7 OTBS-substituted phthalan 28 on the other

hand, afforded the desired isochromanone 30B as a single
product in excellent yield over the reaction sequence.
At this point, it was decided to explore the effects of C4

phthalan substituents on the regioselectivity of isochroma-
none formation. It was hypothesized that if the reaction

proceeds through an isobenzofuran intermediate 31, re-
arrangement of the C4 silyloxy-substituted phthalan deri-
vative should yield the same isochromanones as the C7-
substituted phthalan 28with the same regioisomeric selec-
tivity (Scheme 6).

The synthesis of the C4 silyloxy-substituted phthalan 37
began with benzoic acid 32, which was converted into the
diethyl amide and then methylated to afford methyl ether
33. Regioselective formylation of amide 33 using Snieckus’
conditions afforded aldehyde 34, which upon reduction
and acid treatment afforded lactone 35 in good yield
(Scheme 7).

Iodocyclohexane promoted deprotection followed by sily-
lation afforded the TBS ether 36. Reduction of lactone 36
followed by acidicmethanol treatment resulted in the desired
TBS phthalan 37. Gratifyingly, treatment of phthalan 37
under our optimized conditions yielded the desired isochro-
manone 30B in 45% yield and as a single regioisomer.
Webelieve that the drop in yield observed in the case of the

C4 isomer is likely to be due to the steric hindrance provided
by the silyloxy group during the initial rate-determining
isobenzofuran formation. However, once the isobenzofuran
unit is generated, the same steric hindrance provided by the
TBS group controls the regiochemistry for alkylation.
Having shown the ability of using either a C7 or C4

phthalan substituent to control the regiochemistry of
isobenzofuran alkylation and subsequent rearrangement
to yield C8-substituted isochromanones exclusively, this
approach was applied to the synthesis of the isochroma-
none unit of the ajudazols
The ajudazols 1 are biologically active metabolites iso-

lated from themyxobacteriaChondromyces crocatus. Struc-
turally, the ajudazols showcase a number of highly unusual
features such as 4,8-dihydroxy-7-methylisochroman-1-one
and 3-methoxybutenoic acid methyl amide.6

Figure 3. Methoxy-directed isobenzofuran deprotonation.
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Our synthesis of the ajudazols’ 4,8-dihydroxy-7-methyli-
sochroman-1-one subunit began with 3-methylsalicylic acid
38, which was converted into diethyl amide 39 (Scheme 8).
Directed ortho-formylation of amide 39 generated the corre-
spondingaldehyde,whichuponreductionandacid treatment
yielded the desired lactone 40.8 Replacement of the methyl
protecting group for the requiredTBSunit proceeded cleanly
to yield lactone 41. Lactone reduction followed by metha-
nolic acid treatment afforded the required phthalan 42.

Treatment of phthalan 42 under our optimized protocol
conditions afforded the desired 4,8-dihydroxy-7-methyliso-
chroman-1-one 43 in good yield and as a single regioisomer.
Having observed the ability of phthalan 42 to regiose-

lectively couple with a simple aldehyde, a more relevant
model system was envisioned which incorporated the
functionality present in the ajudazols.
Oxazole 44 was subjected to a Taylor tandem oxidation�

olefination to afford ester 45 in excellent yield.10 Hydrogena-
tion of ester 45 followed by DIBAL reduction afforded the
primary alcohol,whichwas resolved through the use of chiral
HPLC.11 The novel nature of the enantiomeric alcohols
obtained meant that one of the enantiomeric components
had to be arbitrarily chosen. TEMPO oxidation of the
enantiomerically pure alcohol yielded aldehyde 46. Reaction
of aldehyde 46with the phthalan 42derived isobenzofuran 47
produced thediastereomeric isochromanones48Aand48B in
59% yield (Scheme 9). The regiochemical outcome of the
rearrangement as well as the absolute stereochemistry of the
isochromanone (and via infra that of aldehyde 46) were
corroborated by X-ray crystallographic analysis of the 4,8-
dihydroxyisochroman-1-one 48B (Figure 4).
In conclusion, we have demonstrated the ability to

control the regiochemistry of isobenzofuran alkylation

to generate 4,8-dihydroxyisochroman-1-ones regiose-
lectively and in excellent overall yield. Although the
reduction step of the rearrangement sequence yields
the syn relation exclusively, the analogous anti relation-
ship can be obtained by treatment of the isochromanone
product under Mitsunobu conditions as demonstrated
previously.7

Crucially, however, the successful coupling of isobenzo-
furan 47 with aldehyde 46 demonstrates the ability of the
isobenzofuran rearrangement to take place in the presence
of potentially conflicting unsubstituted C2-oxazoles. Ef-
forts are currently underway to apply this methodology to
the total synthesis of the ajudazols.
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Figure 4. 4,8-Dihydroxyisochroman-1-one 48B.
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