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a b s t r a c t

The enantioselective hydrogenolysis of racemic 3-aryl-3-hydroxyisoindolin-1-ones catalyzed by BINOL-
derived chiral phosphoric acid with benzothiazoline as the hydride source is described. The correspond-
ing cyclic diaryl methylamines are obtained in good to excellent yields and up to 91% enantioselectivities.

� 2013 Elsevier Ltd. All rights reserved.
Optically active amines are prevalent substructures in many yisoindolin-1-ones to produce cyclic N-carbonyl chiral amines in
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drugs and biologically active molecules, and widely applied as chi-
ral reagents, chiral ligands, and chiral catalysts in asymmetric syn-
thesis. Consequently, the development of reliable approaches to
chiral amines has been a focused interest for organic chemists.1

Numerous methods have been intensely established for this pur-
pose, in which the asymmetric reduction of imines is undoubtedly
a direct means of accessing chiral amines.2 In this context, the
organocatalytic transfer hydrogenation of imine has developed as
a facile and powerful process to enantiopure amines.3 Pioneered
by the groups of Rueping and List, BINOL-derived chiral phosphoric
acids4 have been proved to be efficient catalysts in the asymmetric
transfer hydrogenation of C@N double bonds.5 A wide range of
substrates, such as acyclic ketimines,6 cyclic ketimines,7 a-imino
esters,8 enamides,9 and nitrogen aromatics10 have been enantiose-
lectively reduced to the corresponding chiral amines. Hantzsch es-
ter was the commonly used organic hydride source in these
transformations, while benzothiazoline has been demonstrated
by Akiyama and co-workers as a unique and efficient hydride-
transfer reagent.11 Moreover, by applying the same protocol the
enantioselective hydrogenation of in situ generated imines has also
been successfully established.12 In spite of these notable advances,
efficient approaches to chiral diaryl methylamine still remained
less exploited.

Recently, hemiaminals have been extensively involved in asym-
metric organocatalysis as stable imine precursors through the for-
mation of N-carbonyl iminium in situ.13 Zhou and co-workers
disclosed an enantioselective hydrogenolysis of 3-alkyl-3-hydrox-
ll rights reserved.
modest to excellent enantioselectivities.14 However, the extension
of the 3-aryl substituted substrate to form cyclic diaryl methyl-
amine was not successful. We reported herein a BINOL-derived
chiral phosphoric acid catalyzed asymmetric hydrogenolysis of 3-
aryl-3-hydroxyisoindolin-1-ones 1 with benzothiazoline as effi-
cient hydride source, led to 3-arylisoindolinones 2, a structurally
important unit in many biologically active compounds and natural
products,15 in good to excellent yields and with modest to excel-
lent enantioselectivities (Scheme 1).

Initially, 3-hydroxy-3-p-tolylisoindolin-1-one (1a) was chosen
as the model substrate to study the asymmetric hydrogenolysis
reaction (Table 1). Thus, treatment of 1a with 1.2 equiv 2-phen-
ylbenzothiazoline 4a in the presence of 10 mol % chiral phosphoric
acid 3a in CH2Cl2 at 35 �C for 12 h led to 3-p-tolylisoindolinone 2a
in almost quantitative yield and 23% ee (Table 1, entry 1). This re-
sult inspired us to investigate other acid catalysts bearing different
substituent groups at 3,30-positions of the binaphthyl unit (entries
2–6). Gratifyingly, catalyst 3d containing a 9-phenanthryl substitu-
ent accessed the best enantiomeric excess (entry 4), whereas poor
to modest ee values were obtained for the other catalysts screened.
After the solvent examination, we found CHCl3 was the best choice
Scheme 1. Asymmetric hydrogenolysis of racemic 3-aryl-3-hydroxyisoindolin-1-
ones.
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Table 2
Substrate scope for the asymmetric hydrogenolysis reactiona

*
NH

O

Ar

10 mol% 3d

1.2 eq. 4a
CHCl3, 25 oC, 12 h

1 2

NH

O

Ar OH

Entry R Yieldb (%) eec (%)

1 4-Me-Ph (1a) 99 89
2 3-Me-Ph (1b) 89 72
3 2-Me-Ph (1c) 91 <5
4 Ph (1d) 99 70 (S)
5 4-MeO-Ph (1e) 99 91
6 4-Et-Ph (1f) 99 85
7 4-tBu-Ph (1g) 99 67
8 4-nPr-Ph (1h) 97 83
9 4-Vinyl-Ph (1i) 98 86

10d 4-Cl-Ph (1j) 92 83
11 3-MeO-Ph (1k) 82 32
12 3,5-Me2-Ph (1l) 99 <5

13d 2-Naph (1m) 95 79

a Reaction conditions: 1 (0.2 mmol), 4a (0.24 mmol), and 3d (10 mol %) in CHCl3

(2.0 mL) at 25 �C for 12 h.
b Isolated yield.
c Determined by HPLC analysis.
d At 50 �C.

Table 1
Optimization of the asymmetric hydrogenolysis reactiona
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10 mol% 3

1.2 eq. hydride
solvent, 35 oC, 12 h
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3a: R = Ph
3b: R = 1-Naphthyl
3c: R = 2-Naphthyl
3d: R = 9-phenanthryl
3e: R = Mesityl
3f: 3,5-(tBu)2-Ph

O

O
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O
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4a: R = Ph
4b: R = 2-Br-Ph
4c: R = 3-Br-Ph
4d: 1-Naphthyl
4e: 2-Naphthyl
4f: 4-NO2-Ph

Entry Catalyst Hydride Solvent Yieldb (%) eec (%)

1 3a 4a CH2Cl2 99 23
2 3b 4a CH2Cl2 98 66
3 3c 4a CH2Cl2 89 39
4 3d 4a CH2Cl2 99 83
5 3e 4a CH2Cl2 97 32
6 3f 4a CH2Cl2 90 19
7 3d 4a CHCl3 99 85
8 3d 4a Toluene 92 81
9 3d 4a Et2O 98 69

10 3d 4b CHCl3 95 47
11 3d 4c CHCl3 99 85
12 3d 4d CHCl3 99 75
13 3d 4e CHCl3 99 81
14 3d 4f CHCl3 99 83
15 3d 5 CHCl3 76 59

16d 3d 4a CHCl3 99 89

a Reaction conditions: 1a (0.2 mmol), hydride source 4 or 5 (0.24 mmol), 3
(10 mol %) in the solvent (2.0 mL) at 35 �C for 12 h.

b Isolated yield.
c Determined by chiral HPLC analysis.
d At 25 �C.
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for this transformation to give the product in 85% ee (entry 7). The
reactions proceeded smoothly in toluene and ether but with lower
enantioselectivities (entries 8 and 9). In order to further improve
the ee value, other hydride sources 4b–f and Hantzsch ester 5 were
investigated in CHCl3 at 35 �C with 3d as a catalyst. However, no
improvement of the enantioselectivity resulted from the modifica-
tion of the substituted aryl groups of benzothiazoline (entries 10–
14), showing 4a was the best hydride source for this reaction.
When Hantzsch ester 5 was used, only 59% ee and modest yield
were obtained (entry 15). Finally, decreasing the temperature from
35 to 25 �C resulted in a slight improvement in the enantioselectiv-
ity from 85% to 89% (entry 16).

With the optimized reaction conditions in hand, the substrate
scope was then investigated and a range of 3-aryl-3-hydroxyisoin-
dolin-1-ones 1a–o were tested. As shown in Table 2, all the reac-
tions proceeded smoothly to give the desired products with good
to excellent yields, whereas the enentioselectivities were dramati-
cally influenced by the steric effect. For instance, almost all racemic
products were isolated in the reaction of 2-methylphenyl substrate
1c and 3,5-dimethylphenyl substrate 1l (entries 3 and 12). Signifi-
cantly lower enantioselectivity was also observed for 3-methoxyl-
phenyl substrate 1k (entry 11). The reaction was also affected by
the electronic property of the aryl group. Low reaction rate was ob-
served for the hydrogenolysis of para-Cl-substrate 1j at 25 �C and
the reaction needed to take place at 50 �C to ensure good conver-
sion (entry 10). To our delight, the reaction of 2-naphthyl-substrate
1m proceeded smoothly at 50 �C to afford the product in excellent
yield and good enantioselectivity (entry 13). Although only modest
enantiomeric excess of 70% was detected for the phenyl-substrate
1d (entry 4), the introduction of suitable substituents at the para-
position of phenyl ring could favorably improve the enantioselec-
tivity. Thus, the reactions of substrates bearing Me, MeO, Et, nPr, vi-
nyl, and Cl groups afforded the corresponding products in good to
excellent enantioseletivities (83–91% ee). Exception was that mod-
est ee value was obtained in the reaction of para-tBu substrate 1g
(entry 7). Noticeably, the absolute configuration of product 1d
was determined to be S by the comparison of its optical rotation
with that reported in Ref. 13.

In conclusion, we have developed an efficient asymmetric
hydrogenolysis of racemic 3-aryl-3-hydroxyisoindolin-1-ones, led
to chiral cyclic diaryl methylamines in good to excellent yields
and up to 91% enantioselectivities. The present process utilized
chiral BINOL-derived phosphoric acid 3d as a catalyst to form sta-
ble N-carbonyl iminium ions by dehydration and benzothiazoline
as the hydrogen donor to reduce enantioselectively the iminium
to N-carbonyl amines. Further extension of this methodology to
asymmetric synthesis is underway in our laboratory.
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