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A broadly applicable oxidative coupling strategy of 3-substituted catechols and carbon-centered pro-nucleophiles for the construction of
arylated quaternary stereogenic centers has been developed. Pivoting on a base-catalyzed addition of a carbon-centered acid to an in situ
generated 0-benzoquinone, the method is general and atom-economical and provides remarkably efficient access to one of the most challenging
structural motifs. Furthermore, use of chiral bifunctional organocatalysts allows the process to be rendered asymmetric (up to 81% ee).

A number of biologically important natural products and ~ Common though this motif is, its direct construction, and
pharmaceutical compounds contain derivatives of 1,2-dihy- the direct construction of the quaternary carbanyl bond
droxylated aromatic rings (catechol derivatives) covalently in general, remains a significant synthetic challeh§eme
attached to all-carbon quaternary stereogenic centers; ex-of the most attractive synthetic solutions include Friedel
amples include the calcium channel antagonist verapamil Crafts alkylations, intramolecular Heck couplings SyAr
and the paraherquamide family of antiparasitic alkaloids reactions of 1,3-dicarbonyl compounds witt-fluoro-
(Figure 1)~ nitrobenzene$and transition-metal-catalyzed coupling reac-
tions of carbon-centered nucleophiles to aryl halides. The
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latter approach, first reported by Buchwald in 1998, is
arguably the most powerful to date allowing efficient and  scheme 1. Concept: An Oxidative Coupling Strategy for the
sometimes highly enantioselective arylation reactions to be  Construction of Arylated Quaternary Stereogenic Centers
performed with a range of transition metals and ligahtis. OH . OH
Recently, enantioselective arylation reactiong-¢eto esters  Rr! OH R% Ry OH
+ JEWG
o R
2

(0]

using commercially available 1,4-quinones as electrophiles
were reported?!2
RZ 4

The abundance of attractive target molecules containing H REWG
all-carbon quaternary stereogenic centers attached to func- o
tionalized aromatic ring systems and the possibility of  [O]] oxidation aromatize
developing a new, broadly applicable and metal free method

for their construction was appealing. 0

Our planned strategy, based on a formal oxidative coupling o R2M\KEWG
of a 5-unsubstituted catechblwith a suitably acidic carbon- |}’ 0 R® base
centered pro-nucleophiin the presence of a base catalyst, base catalyzed R2
is shown in Scheme 1. In situ oxidation of a catechol would 3 Michael addition R3
generate an electrophilio-benzoquinone intermediate
primed for attack® by the conjugate base of the carbon-
centered acid. Following Michael addition, aromatization
would generate the catechol produttsubstituted at the _
5-position as desired. As 3-substituted catechols can bestert_apgem;: centers. )
readily preparett or are commercially available and the Initially, *H NMR studies were performed to demonstrate

intermediateo-benzogquinone reagents are highly reactive and the necessity for the in situ generation of thbenzoquinone
intermediates. A range of 3-substituted catechols were
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With the necessity for in situ generation of the
benzoquinone intermediate demonstrated, proof of principle scheme 3. Scope of the Organocatalytic Oxidative Couplings
studies were required to probe the feasibility of the organo- of Catechols with Pro-nucleophiles
catalytic oxidative coupling strategy.t&¢t-Butylcatechob OH
and ethyl phenylcyanoacetdievere chosen as representative R! OH
quinone precursor and pro-nucleophile, respectively, and their 1. ps-BEMP (10 mol %) OH
coupling using a range of base catalysts and conditions in ] ps-10, (2 equiv), CHoCl R? OH

; . . ; . D —20°C,2h
conjunction with ps-IQ was investigated. Feasibility was H
readily established, optimization followed, and the best ; 2. NayS,04 (aq) R Ewgb'p
reaction conditions employed 1 equiv eactb@ind6 and 2 Rzm/{\EWG rt, 10 min R3
equiv of ps-1Q in the presence of 10 mol % of polymer- R3 0
supported Zert-butylimino-2-diethylamino-1,3-dimethyl- 2
perhydro-1,3,2-diazaphosphorine (ps-BEMP) in,CH at OH

—20°C.
After 30 min, complete consumption of the starting
materials and production of quinone intermedidtevas o
observed. Following a sodium hydrosulfite reductive workup, .
the desired arylated produ8a was afforded in 85% overall OMe

yield (Scheme 2).

8b, 79% 8¢, 78% 8d 84%

OH
Scheme 2. Proof of Principle Studies: Oxidative Coupling of Ph CH
3-tert-Butylcatechol and Ethyl Phenylcyanoacetate O
o

o]

e}

ps-BEMP (10 mol %) O OMe
NC
+ %OEt ps-10, (2 equiv), CH,Cl, o

_op e Ph 8e, 77%*

20 °C, 30 min NG OEt

7 OH

MeO OH

Na,S,04 (aq)
rt, 10 min

OH
OH OMe
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OH
MeQO OH
Q 0
CN DEt

8l, 72% 8m, 95%

Ph
NC  OFEt
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The scope of the reaction with respect to the 3-substituted
catechol was then investigatedrt-Butyl-, ethyl-, phenyl-,
and methoxy-substituted catechols were all found to be
effective substrates. The scope of the reaction with respect
to the pro-nucleophile was also found to be brogeke-
toesters S-diketones,-ketoamidesa-cyano ketones, and OH

a-cyano acetates were all found to be effective. In most MeO OH
cases, equimolar amounts of pro-nucleophile and catechol
H

were employed, and in all cases, the addition was rapid, Q 0
completely regioselective, and high yielding (Scheme 3). N

Although optimized for the production of racemates, the N\ \(
oxidative coupling strategy was readily modified to allow 8n, 78% 80, 78% 8p, 89% F
an efficient asymmetric organocatalytic variant. Thus, re-
placement of ps-BEMP with a cinchona alkaloid-derived

* 2 equivalents of 2 were used

f(:’}7) AEer 24 h, 3C§mpllgex rlmxture of pr{%ducts was Obtamekdlnthe case bifunctional organocatalyst allowed the formation of the
[0) methoxy- an ert-butylquinones enzoqumone Is known to

decompose through dimerization and polymerization pathways; see: Harley—arylated proqluct. with hlgh levels of .enantlocontrol. For
Mason, J.; Laird, A. HJ. Chem. Soc1958, 1718. example, oxidative coupling of equimolar amounts of
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Scheme 4. Asymmetric Organocatalytic Oxidative Coupling

OH

MeO OH

1.cat. 12 or 13 (10 mol %)
ps-104 (2 equiv), CH,Cl,
-20°C,2h

2. N328204 (aq)
rt, 10 min

cat. 12, 81% yield, 74% ee
cat. 13, 84% yield, 81% ee

Y,
- {0 >
() °
cat. 12 cat. 13

3-methoxycatechd andtert-butyl 1-oxoindan-2-carboxylate
10in CH.Cl, at —20°C in the presence of known quinidine-
derived catalysfi2'® (10 mol %) afforded arylated product
11in 81% isolated yield and 74% ee. A repeat of the reaction
in the presence of cataly$8 gave produciilin 84% vyield
and 81% ee (Scheme 4).

4904

In summary, a new broadly applicable oxidative coupling
of 3-substituted catechols and pro-nucleophiles has been
developed for the direct construction of arylated quaternary
stereogenic centers. Pivoting on a base-catalyzed addition
of a carbon-centered acid to an in situ generated
benzoquinone, the method is general, atom economical,
practically simple, and provides remarkably efficient access
to one of the most challenging structural motifs. Further
extensions and improvements to the work are ongoing and
will be presented in due course.
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