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ortho-Substituted Unsymmetrical Biaryls from Aryl tert-Butyl Sulfones

Jonathan Clayden and Marc Julia*

Ecole Normale Supérieure: Laboratoire de Chimie, 24 rue Lhomond, 75231 Paris Cedex 05, France

Nickel-catalysed coupling of arylmagnesium halides with aryl tert-butyl sulfones, and in particular with those bearing
ortho-substituents introduced by ortholithiation, gives ortho-substituted unsymmetrical biaryls.

The tert-butylsulfonyl group has been shown to be an excellent
director of ortholithiation, making ortho-substituted aryl
tert-butyl sulfones very readily available.! The use of such
molecules to the synthetic chemist would be enhanced if the
sulfonyl group could subsequently be transformed into
another substituent. In this communication, we describe the
substitution of the aryl tert-butylsulfonyl group by aryl-
magnesium halides under nickel catalysis to give ortho-
substituted unsymmetrical biaryls. Scheme 1 illustrates the
strategy.

A variety of methods exist for the synthesis of biaryls,?
many involving coupling of aryl subunits catalysed by nickel,3
copper®3 or palladium.5-7 In the field of sulfur chemistry,
Wenkert® has shown that nickel(0) can insert into the sp2C-S
bond of an aryl alkyl sulfide to give a nickel(ir) complex. He
found that ligand exchange with arylmagnesium halides,
followed by reductive elimination of nickel(0), leads to biaryls
in an overall nucleophilic aromatic substitution of the alkyl-
thio group.? Work in our laboratories directed towards the
stereocontrolled synthesis of trisubstituted double bonds has
shown that nickel can also catalyse the substitution of sulfonyl
groups attached to aryl or vinyl sp? centres.10

We treated phenyl tert-butyl sulfone la with p-tolylmag-
nesium bromide (2 equiv.) in the presence of 5 mol%
nickel(11) acetylacetonate [Ni(acac),] at 20 °C in tetrahydrofu-
ran (THF) (Scheme 2). After 20 h, GC showed an 80% yield
of 4-methylbiphenyl 2a (R = p-Me), together with a 15% yield
of biphenyl 4a arising from coupling of the sulfone with itself.
4,4'-Dimethylbiphenyl, from oxidative coupling of the Grig-
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Scheme 1 Reagents i, 1 BuLi, 2 X+; ii, 1 BuLi, 2 Bu%,S,, 3 oxidase; iii,
ArMgX, Ni

nard reagent, was also observed. Using o-tolylmagnesium
bromide as the second reagent produced 2-methylbiphenyl 2a
(R = 0-Me) in 82% yield with only 4% biphenyl 4a (Table 1,
entries 1 and 2).

Combining this new substitution reaction with the ability of
the tert butylsulfonyl group to direct ortholithiation! enabled
us to make a number of ortho-substituted biphenyls. Aryl
tert-butyl sulfones 1b-d were synthesised by electrophilic
capture of 2-lithiophenyl fers-butyl sulfone. Further ortho-
substituted sulfones le and 1f were made by oxidation of aryl
tert-butyl sulfides obtained by quenching ortholithiated spe-
cies with di-ters-butyl disulfide. 1,6-Substituted aryl sulfones
1g and 1h were made by lithiation and methylation of 1e and
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Scheme 2 Reagents and conditions i, Ni(acac); (5 mol%), THF,
2-20h,20°C

1 Reagents and yields for the synthesis of sulfones 1b-d from phenyl
tert-butyl sulfone: 1b: 1. BuLi, 2. Mel (83%); 1c: 1. BuLi, 2. Me3SiCl
(90%); 1d: 1. BuLi, 2. m-anisaldehyde (88%), 3. NaH, 4. Mel (99%).
Sulfone 1e was synthesised from N,N-diisopropylbenzamide: 1. BuLi,
2. Bu';S; (68%), 3 NaBO3;~AcOH (96% ) and sulfone 1f from anisole:
1. BuLi, 2. Bu%S; (20%), 3. NaBO3;-AcOH (94%). Methylation of
sulfone 1e gave sulfone 1g: 1. BuLi, 2. Mel (66% ), and methylation of
sulfone 1f gave sulfone 1g: 1. BuLi, 2. Mel (95%).
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Table 1 Nickel-catalysed reactions of aryl reri-butyl sulfones with arylmagnesium bromides

Starting Product isolated yield

Entry material1 X Y R Equiv. 2¢ 3a 42 12 (%)

1 a H H p-Me 2 80 — 15 0

2 a H H o0-Me 2 82 — 4 0

3 b Me H H 4 66 12 12 0

4 c SiMe; H p-Me 4 67 27 0 0

OMe

5 d \)\@OMS H p-Me 4 36 25 0 20

6 e CONPri, H H 4 95 2 0 0 2¢(R=H),81

7 e CONPriy H p-Me 4 92 2 0 0 2¢ (R = p-Me), 86

8 e CONPri, H o-Me 4 58 41 0 0 2e (R =0-Me), 42

9 f OMe H H 4 38 16 24 5
10 f OMe H p-Me 4 33 3 15 17
11 g CONPriy Me p-Me 6 48 S 0 41 2g(R=p-Me), 47
12 h OMe Me p-Me 4 20 53 0 16

@ Yield (%) measured by GC of crude product mixture.

X X
1 3

Scheme 3 Reagenis and conditions i, PriMgCl (4 equiv.), Ni(acac),
(5 mol%), THF, 20 h, 20 °C

Table 1 shows the results of the reactions of these eight
sulfones with phenyl-, o-tolyl-, and p-tolyl-magnesium bro-
mide in the presence of 5 mol% nickel acetylacetonate
(Scheme 3).% In each case, the starting sulfone 1 gave rise to
three products in varying proportions: the desired substitution
product 2, a reduction product 3 and the self-coupled product
4. Symmetrical biaryls formed by oxidative coupling of the
excess of Grignard reagent were always present as by-
products. In most cases, 4 equiv. of Grignard reagent were
used to ensure completion of the reaction.

The ortho-substituted sulfones 1b, 1c and 1e all gave good to
excellent yields of unsymmetrical biaryls with phenyl- or
p-tolyl-magnesium bromide (Table 1, entries 3, 4, 6 and 7).
With more hindered reactants the reactions were slower,
sometimes failing to reach completion, and generally giving
increased yields of the reduced by-product 3 (entries 8, 11 and
12). Sulfones 1d and 1f, which both contain methoxy groups,
also seemed particularly reluctant to form the desired substitu-
tion products (entries 5, 9 and 10).

The reductive desulfonylation reaction, which can lead to
meta-substituted compounds 3, could be encouraged by using
isopropylmagnesium chloride in the place of the aryl Grignard
reagent (Scheme 3). The yields of reduced products 3, shown
in Table 2, were good to excellent. Raney nickel has been
used! to accomplish a similar transformation, but in rather
lower vield.

The strategy we have begun to develop here makes use of
the tert-butylsulfonyl group as a versatile latent aryl or
hydrogen substituent which can both direct and be introduced
by ortholithiation. The easy access, by a variety of synthetic
routes, to the starting sulfones, along with their stability and
crystallinity, shold enable this new method to complement the
well-developed existing strategies? for the synthesis of poly-
aromatic systems.

i After reaction of le with 4 equiv. of phenylmagnesium bromide
in the absence of the nickel catalyst, no substitution product was
detectable by GC in the crude product mixture.

Table 2 Nickel-catalysed reductive desulfonations of aryl tert-butyl
sulfones using isopropylmagnesium chloride

Product,
Starting isolated
Entry  materiall X Y 3a yield (%)
1 e CONPri, H 89 3e, 81
2 g CONPri; Me 60
3 h OMe Me 96 3h,92

2 Yield (%) measured by GC of crude product mixture.
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