
Tetrahedron Letters 51 (2010) 6619–6621
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
A double oxidation procedure for the preparation of halogen-substituted
para-benzoquinone monoketals: asymmetric synthesis of (�)-harveynone

Daniel R. Hookins, Richard J. K. Taylor ⇑
Department of Chemistry, University of York, Heslington, York YO10 5DD, UK

a r t i c l e i n f o
Article history:
Received 19 August 2010
Revised 30 September 2010
Accepted 8 October 2010
Available online 14 October 2010
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.10.047

⇑ Corresponding author. Tel.: +44 01904 432606; fa
E-mail address: rjkt1@york.ac.uk (R.J.K. Taylor).

BrX

1a, X = I

O

MeO OMe

1b, X = Br
a b s t r a c t

The double oxidation of halophenols with hypervalent iodine reagents in methanol provides a simple
procedure to prepare halo-1,4-benzoquinone monoketals. Seven examples of this procedure are reported
as is the conversion of 3-iodo-4,4-dimethoxycyclohexa-2,5-dienone into the natural product, (�)-
harveynone.

� 2010 Elsevier Ltd. All rights reserved.
Halogen-substituted 1,4-benzoquinone monoketals are extre-
mely valuable building blocks in natural product synthesis.1–9 For
example, we have utilised 3-iodo-4,4-dimethoxycyclohexa-2,5-
dienone (1a) and 3-bromo-4,4-dimethoxycyclohexa-2,5-dienone
(1b) as the cornerstones of racemic routes to bromoxone (2),1 har-
veynone (3)2 and tricholomenyn A (4) (Fig. 1).3 Other groups have
also used such compounds to prepare related and more complex
natural products such as (�)-asperpentyn,4 (+)-calafianin,5 (+)-
hexacyclinol,6 (+)-ottelione7 and (+)-panepophenanthrin.8,9

One of the most common ways of preparing halogen-substi-
tuted 1,4-benzoquinone monoketals is by electrochemical oxida-
tion of 1,4-dimethoxybenzene derivatives 6a and subsequent
regioselective ketal hydrolysis (Scheme 1).10 Alternatively, the cor-
responding phenol 6b can be oxidised directly using thallium trin-
itrate or hypervalent iodine reagents.11 In both cases, standard, but
laborious procedures are often required to obtain the aromatic
starting materials 6 (and thallium trinitrate is toxic and potentially
explosive in methanol). We required large quantities of halogen
ll rights reserved.
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substituted 1,4-benzoquinone monoketals for a complex natural
product project and decided to investigate a more direct approach
involving the double oxidation of substituted phenols 7 in metha-
nol as solvent. Whilst this type of transformation has been re-
ported using a number of substituted phenols,12 it has been little
explored using phenols with halide substituents, and not at all
on simple halogenated phenols.13 Given our experience in using
hypervalent iodine reagents for the oxidation of alkyl substituted
phenols,14,15 we decided to further explore the scope of these re-
agents, initially using 3-iodophenol (7a) as substrate (Table 1).16

The first approach (entry i) utilised phenyliodo dichloride and
gave none of the expected product 1a, and the use of Koser’s re-
agent was equally unsuccessful (entry ii). Success was achieved
with phenyliodoso bis(trifluoroacetate) (PIFA, entry iii) and with
phenyliodoso diacetate (PIDA, entry iv) giving iodo-dienone 1a in
52–56% yield (unidentified minor by-products accounted for the
material balance). Attempts to optimise the PIDA and PIFA
processes were unsuccessful, despite changing the reaction
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Table 2
Products obtained from the double oxidation using PIDAa

Entry Phenol 7 Quinone 1 Yield (%)

i
OH

I

7a
1a2,17

O

MeO OMe
I

56

ii OH

7b

I

O

MeO OMe

I

1b7
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iii
OH
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Br

O

MeO OMe

1c1b,8

Br
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iv OH

7d

Br
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Br

1d18

52

v
OH

7e

Cl

O

MeO OMe

1e19

Cl

38

vi OH

7f

Cl

O

MeO OMe

1f11a

Cl 64

vii OH

7g

Br Br

O

MeO OMe

1g20

Br Br 41

a Using substrate 7 (0.8–1.6 mmol), redistilled MeOH (0.25 mmol/mL), rt, 30 min.

Table 1
Double oxidation of 3-iodophenol (7a)a

1a
O

MeO OMe

OH

II

7a

PhIZ2

MeOH
rt

i. PhICl2 0%
ii. PhI(OH)OTs 0%
iii. PhI(OCOCF3)2 52%
iv. PhI(OAc)2 56%b,c

a Reaction carried out on a 1.0 mmol scale using redistilled MeOH, unless stated
otherwise.

b 54% at �20 �C.
c 34% using reagent grade MeOH.
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temperature, the concentration and the use of mixed solvents and
basic additives. However, we were delighted to have developed
such a straightforward route to 3-iodo-4,4-dimethoxycyclohexa-
2,5-dienone (1a) and briefly explored the utility of the PIDA pro-
cess with other commercially available halogenated phenols (Table
2).

As can be seen, a range of mono-iodo (entries i and ii), mono-
bromo- (entries iii and iv) and mono-chloro- (entries v and vi) die-
nones were prepared, as was 2,6-dibromo-4,4-dimethoxycyclo-
hexa-2,5-dienone (1g). In all cases the standard procedure
developed for the iodo example 1a was employed—it is likely that
better yields could be obtained after further optimisation.

As a simple demonstration of the synthetic utility of these hal-
ogen-substituted 1,4-benzoquinone monoketal building blocks, we
revisited the synthesis of harveynone. (�)-Harveynone (3) was iso-
lated from Curvularia harveyi and shown to possess anti-cancer
properties by inhibiting microspindle formation.21 In addition,
(+)-harveynone has been isolated as a phytopathogenic metabolite
of grey tea blight, Pestalotiopsis theae.22 In 1996, our group reported
the first total synthesis of harveynone, in racemic form,2 and sub-
sequently the groups of Johnson (1997),9c Ogasawara (1998),23

Negishi (2000),24 Maycock (2000),4 Lee (2009),25a Banwell
(2009)9b and Ryu (2010)25b reported other approaches. Using 3-
iodo-4,4-dimethoxycyclohexa-2,5-dienone (1a) as starting mate-
rial, we have now completed a short and efficient synthesis of
(�)-harveynone (3) as shown in Scheme 2.

Thus, employing the L-diisopropyl tartrate (DIPT) epoxidation
procedure developed by Porco and co-workers,26 we were able to
obtain the crucial epoxide 8 in 84% yield and 93:7 er {chiral HPLC
using a Chiralpak� AS™ chiral column, 2.1 mm ID � 150 mm; 2%
IPA in hexane, flow rate 0.3 mL/min; [a]D 156 (c 2.06, CHCl3)}. It
is noteworthy that the reaction was too slow at �78 �C (>500 h),
and when carried out at temperatures above �65 �C the er began
to deteriorate (�55 �C, er = 90:10). Following the racemic route,2

stereoselective reduction was achieved using DIBAL-H (anti:-
syn = 85:15) and deprotection was effected with Montmorillonite
K10.27 These two steps could be telescoped and the required
anti-product, ‘iodoxone’ 9a isolated by column chromatography.
As before,2 we were able to carry out a Stille coupling between
iodoxone 9a and alkynylstannane 10, although by using
Pd(PhCN)2Cl2/AsPh3

4 we were able to improve on our earlier yield
(83% vs 74% using PdCl2(PPh3/CuI2). This sequence delivered (�)-
harveynone (3) {[a]D �164; lit.23 [a]D �200, consistent with the
93:7 er obtained during the epoxidation step}.28 We believe that
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Scheme 2. Reagents and conditions: (i) TrOOH, NaHMDS, L-DIPT, PhMe, �65 �C, 84%, 93:7 er; (ii) DIBAL-H, THF, �78 �C then; (iii) Montmorillonite K10, CH2Cl2, rt, 93% (over
two steps), 9a/9b = 85:15; (iv) 5 mol % Pd(PhCN)2Cl2, 10 mol % AsPh3, THF, rt, 83%.
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this is the shortest and the most efficient route to (�)-harveynone
(3) (five steps, 32% overall yield) proceeding without the need for
protection of the secondary alcohol group.

In summary, we have shown that a range of halogen-substi-
tuted quinone monoketals 1a–g can be readily accessed, albeit in
modest yields, via hypervalent iodine oxidation using PIDA in
methanol. Furthermore, we have demonstrated the synthetic util-
ity of this class of compound by carrying out a short synthesis of
(�)-harveynone (3) starting from 3-iodo-4,4-dimethoxycyclo-
hexa-2,5-dienone (1a). We are currently utilising halogen-substi-
tuted quinone monoketals 1a–g to prepare more complex epoxy-
quinol natural products.
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