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Cercosporin, phleichrome, and the calphostins belong to a classScheme 1

of natural productsthat contain an extended oxidized aromatic unit R' 1) i. SOCl,
known as a perylenequinone (Figure 1). These potent protein kinase Mem . f,';ﬁ(%%mik
C inhibitors with unique binding to the regulatory dontaire -
promising agents for photodynamic cancer therapy due to the 4 o2 Q"SS_Q’Q%OS’ 1) A, pyridine,
photochemical properties of perylenequinofes. 1 > 152 =H ) ) 00" oopZ
aR =HR =OMe ¢R,R"=H s,R = 2 NaOMe 50-76%
b R'R?= OMe dR'=H, R®=n-Pr
Asymmetric
CELaP%Q OMe OH Application of the copper catalysts derived fréhto the biaryl
2 OR® :> MeQ CO:Me coupling of 5a led to only trace amounts of the corresponding
a2 OO on binaphthol. Presumably, the unprotected C4 OH competes with the

C2 OH for catalyst or facilitategp-quinone formation. With
. ) protection of the C4 OH as the methyl ether, these problems were
O OH R? = achiral eMantiosolective alleviated as seen by the formation din good yield (Chart 1).

2 _ i diastereoselective
R® = chiral coupling

Figure 1. Perylenequinone natural products. ) )
Chart 1. Couplings with 10 mol % Catalyst under O,

The perylenequinone substitution renders these interesting struc- OAc
tures helical (naphthalene dihedral20°),* introducing axial MeQ CO:Me
chirality and contributing to their complexity. The biosynthetic Ve OO on

pathways to these compounds likely involve oxidative phenolic
coupling!a Prior approachésby Broka® Coleman] and Merlié
have utilized this concept by employing diastereoselective oxida-

OH

MeQ l l
MeO CO,Me

tive couplings of chiral 2-naphthols (Figure 1). Typically, these OMe OAc

couplings yield the undesired diastereomer. Additional steps involv- s S)-2‘Cu|7 (S,S)-2CuCl s S)_ZC:, (RR)-2Cul

ing separation, isomerization, or Mitsunobu inversion are needed 40°C,83%  1,81% 40 °C,82%  1,72%

to obtain the required diastereomer. 3% ee (S) 3%ee(S) 74% ee (R) 90%ee (S)
Utilizing the catalytic asymmetric oxidative phenolic coupling ; j-

method that we have developed (ed ¥)e propose that this series oMe = G Me

of compounds could be generated byemantioselectie coupling Me!
of a functionalized 2-naphthol (Figure 1). The C7/Gitle-chain

stereogenic centers could then be introduced separately. Such &%e®
versatile approach would allow the selective and convergent Me©
synthesis of the complete diastereomeric series.

MeO

O l COgMe MeO COZMe
MeO I I COzMe MeO CO.,Me

10 mol% p O\Mec’):(?\
R g Me 10 1
N (RR)2Cul (S,S)-2-CuCl (S,8)-2Cul (S,9-2-Cul

“: (S.9- 2 ) 40°C,38%  1t,41% 40°C, 71% 1t, 85%

OH ™10 mol% Cul cU| OH 22% ee(S) 27%ee (R) 86%ee (R) 87% ee (R)
R= co R COR, 2448h.0

- 2" td o, . ..

POR,, SO,R, OR  44-93%ee (R)-3 R The enantioselectivity of, however, was low (3% ee) under

the same conditions used to obtda (eq 1, R= CO,Me) with

Since enantioselective oxidative binaphthol couplings have only high enantioselectivity and yield (85%, 93% &eThe three
been reported for naphthalenes with a low degree of substifttfon, methoxy groups in the substrate leadingrtmtroduce additional
we began this effort by assessing the ability of our catalyst to form electron density which reduces the naphthalene oxidation potential
highly functionalized chiral binaphthols. Installation of the majority and stabilizes the intermediate 2-keto-1-radical. As a result, the
of the substituents found in perylenequinone natural products in reaction was considerably more rapid than that leadiratd/ilder
the 2-naphthol would obviate the need for multiple late-stage reaction conditions were therefore examined (CuCl cat., rt; Chart
functionalization. The substituted 2-naphthols required for this study 1); the yield (81%) was again high, but the enantioselectivity re-
were generatéd by utilizing the optimized protocol outlined in  mained low (35% ee). Due to the high degree of similarity between
Scheme 1 fo6a—d. 3aand?7, this result was unexpected. Analysis of the enantiomeric
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Figure 2. Conversion vs time and enantiomeric excess vs time (monitored by CSP HPLC) for the formatioB. of

Scheme 2 retention of axial chirality. This represents the first asymmetric
(R)-11 Moo COpMe synthesis of a perylenequinone containing only an axial chirality
element.
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