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Recent developments on the chiral diene ligands have openedTable 1.

the door to an exciting new research area of catalytic asymmetric
reactions. The Cy-symmetric bicyclo[2.2.1]heptadienes (nbd*),
which we have reported in 20G&re highly enantioselective chiral
ligands for rhodium-catalyzed asymmetric addition of organoboronic
acids toa,S-unsaturated ketongsind fumaric and maleic com-
pounds?® More recently, Carreira reporte@;-symmetric bicyclo-
[2.2.2]octadienes and their successful use for iridium-catalyzed
kinetic resolution of allyl carbonatésWe have continued our
studies on the preparation of new chiral diene ligands and their
application to catalytic asymmetric reactions. Here we wish to report
our newC,-symmetric bicyclo[2.2.2]octadienes (bod*), which have
a clear superiority over chiral phosphorus ligands in both enantio-
selectivity and catalytic activity in the rhodium-catalyzed arylation
of N-tosylarylimines giving diarylmethylamines.

The synthetic pathway to th€,-symmetric bicyclo[2.2.2]-

octadienes is straightforward as shown in Scheme 1. Enantiomeri- 14

cally pure (R4R)-bicyclo[2.2.2]octa-2,5-dione RR)-1)° was
obtained by optical resolution of racemic diketofiethrough
fractional recrystallization of its dihydrazone dR)(5-(1-phenyl-
ethyl)semioxamazid& Ditriflate formation with excess LDA and
N-(2-pyridyl)trifimide followed by cross-coupling oRR,R-ditriflate

2 with PhCHMgBr and PhMgBr in the presence of Pd@ippf)

as a catalystgave the 2,5-disubstituted RUR)-bicyclo[2.2.2]-
octadienes, R,R)-Bn-bod* and RR)-Ph-bod*, respectivel§. It
should be noted that the 2,5-diphenyl diene, Ph-bod*, is a stable
compound, while its [2.2.1] (nbd) analogue readily undergoes
decomposition in the air under light.
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(R,R)-ditriflate (2)

Scheme 12
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(R,R)-diketone (1) R = PhCHoa: (R,R)-Bn-bod*
R = Ph: (R,R)-Ph-bod*

aReagents and conditions: (a) (i) LDA/THF78 °C; (ii) TfoNpy-2,
—78°C—rt. Yield = 70%. (b) RMgBr, PdCG(dppf) (1 mol %), E£O reflux.
Yield = 59% for R= PhCH. Yield = 78% for R= Ph.

The asymmetric synthesis of diarylmethylamines by the catalytic
asymmetric arylatioht®has attracted growing attention due to their
importance in biological activity* Unfortunately, however, enan-
tioselectivity as high as 95% has not been reported yet for the
asymmetric synthesis of phenyl(4-chlorophenyl)methylamine, which
is a potential key intermediate to Cetirizine hydrochlofée,
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yield (%)° % ee®
entry  imine3  boroxine 4 ligand of amine of amined
1 3a 4m (R,R-Ph-bod* 96 bam) 98 (9
2 3a 4m (R,R-Bn-bod* 98 bam) 94 (9
3 3a 4m (R,R-Bn-nbd* 98 bam) 92 (9
4 3a 4m (R)-binap 28bam) 31(9
5 3a 4m (R)-segphos 305am) 70§
6 3a am (9-phosphoramidite  446@m) 6 (S
7 3b 4m (R,R-Ph-bod* 97 Bbm)  95(9
8 3c 4m (R,R-Ph-bod* 96 6cm) 99 (9
9 3d 4m (R,R-Ph-bod* 946dm) 98 (9
10 3e 4m (R,R-Ph-bod* 98kem) 99 (9
11 3f am (R,R-Ph-bod* 95 Bfm) 98 (9
12 39 4m (R,R-Ph-bod* 996gm) 99 (9
13 3h 4n (R,R-Ph-bod* 99 Bhn) 9 R
14 3h 40 (R,R-Ph-bod* 97 bho) 96 R)
15 3h 4p (R,R-Ph-bod* 96 bhp) 9 R
3c 4n (R,R-Ph-bod* 98 ben) 29 R

a8 Reaction was carried out in dioxane at®Dfor 6 h with 1.2 equiv of
boroxine4 in the presence of 20 mol % KOH, 1 equiv (with respect to
boron) of HO, and 3 mol % the catalyst generated from [RhGHg)2]2
and a chiral ligand? Isolated yields by column chromatography on silica
gel (hexane/ethyl acetate 2/1). ¢ Determined by HPLC analysis with a
chiral stationary phase column (Chiralcel OD-H: hexane/2-propar&d/
20 for 5am, 5bm, 5cm, 5dm, 5em 5fm, 5hn, 5ho, 5hp, and5cn; hexane/
2-propanol = 90/10 for 5gm). 4 Absolute configuration of5am was
determined by conversion into known free amiSgghenyl(4-chlorophen-
yl)methylamine. The configurations of other amines were assigned by
consideration of the stereochemical reaction pathway.

ylboroxine @m).12 Thus, a rhodium catalyst generated from
[RhCI(CHJ)]2]2 (3 mol % Rh), Ph-bod* (1.1 equiv with respect to
Rh), and aqueous KOH (20 mol %) in dioxane was added to a
solution of imine3a and boroxine4m (1.2 equiv with respect to
3a) in dioxane, and the mixture was heated at °€D for 6 h.
Chromatography on silica gel gave phenyl(4-chlorophenyl)meth-
ylamine tosylamidéam in 96% yield, whose enantiomeric purity
was determined to be 98% ee by HPLC analysis with a chiral
stationary phase column (entry 1 in Table 1). Deprotection of
tosylamide5am with Smk, in HMPA gave free amineS)-phenyl-
(4-chlorophenyl)methylamine in 64% yield as a mixture with 14%
of diphenylmethylamine (not optimized). The enantioselectivity was
still high but a little lower with benzyl-disubstituted diene ligands,
Bn-bod* and Bn-nbd*, which gave a high yield of tosylamiam

in 94 and 92% ee, respectively (entries 2 and 3). On the contrary,
(R)-binap, which is a chiral bisphosphine ligand successfully used

although considerable efforts have been made, for example, by steridor the rhodium-catalyzed asymmetric 1,4-addition to electron-

tuning of aryl groups in arenesulfonamides of arylimiffes.

It was found that the enantioselectivity as high as 98% was
readily attained by use of chiral diene ligand R)-Ph-bod* for
the reaction of 4-chlorobenzaldehybetosylimine 3a with phen-
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deficient olefins'* was a poor ligand in terms of both enantiose-
lectivity and catalytic activity in the present arylation reactfon
(entry 4). Low efficiency was also observed with segphasd a
phosphoramidit€ as a ligand (entries 5 and 6).
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Scheme 2 using arylboroxines where the aryl groups are 4-chlota),(
Ts [RhCI(CoHy)olo/L* Ts 4-methoxy 40), and 2-methyl 4p) phenyls (entries 1315). The
N + (ABO) (3 mol % Rh) HN diarylmethylamines where both of the aryl groups are substituted
AHJ\H ¢ KOH/H,0 Ar'7 AR phenyls can be prepared as well by combination of substituted
3a-h 4m-p dioxane, 60 °C, 6 h 5 arylimines and substituted arylboroxines. One example givi)g (
4-chlorophenyl(4-methoxyphenyl)methylamin&c) with 99%
3a: —Ar! _Q | 3f:-Ar' = (A2BO)3 (4m-p) enantioselectivity is showp in entry .16. . . .
In summary, asymmetric synthesis of diarylmethylamines with
3b: _Ar! ?Q 4m: -Ar® =—© high enantioselectivity (9599% ee) was realized for the first time
—(j by use of aC,-symmetric diene ligand, Ph-bod*, for the rhodium-
3c: -Ar' =_Q Me 3g:-Ar" = o Am A2 =‘©’C| catalyzed asymmetric arylation dEtosylarylimines.
3h: —Ar" __@ 40: A2 =—©—0Me Acknowledgment. This work has been supported in part by a
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