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with large perfluoroalkyl groups

Masaaki Omote, Yuji Nishimura, Kazuyuki Sato, Akira Ando and Itsumaro Kumadaki*

Faculty of Pharmaceutical Sciences, Setsunan University, 45-1, Nagaotoge-cho, Hirakata 573-0101, Japan

Received 17 September 2004; revised 1 November 2004; accepted 5 November 2004

Available online 25 November 2004
Abstract—A new axially dissymmetric ligand with large perfluoroalkyl groups, 2,2 0-bis(1-hydroxy-1H-perfluorooctyl)biphenyl (1c),
which could not be obtained by the coupling reaction of the aryl bromide using copper powder, was synthesized successfully by the
coupling reaction using Ni(COD)2. This ligand showed much higher asymmetric induction in the reaction of diethylzinc with benz-
aldehyde than the trifluoromethyl (1a) or pentafluoroethyl (1b) analogues.
� 2004 Elsevier Ltd. All rights reserved.
An asymmetric reaction to provide enantiomerically en-
riched product is of great importance to recent organic
reaction. A number of chiral ligands for the asymmetric
synthesis have been synthesized, and new methodologies
using them have been developed. Among the chiral li-
gands, 1,1 0-bi-2-naphthol (BINOL) is one of the most
widely used and well-studied chiral ligands with C2 sym-
metry.1 Many outstanding reports on the asymmetric
reactions with BINOL and its derivatives have been
published.2

We have already reported the synthesis of new axially
dissymmetric ligands of C2 symmetry with two chiral
centers, (R)-(R)2- and (S)-(S)2-1a and 1b, as chiral li-
gands for Lewis metals (Fig. 1).3 Concerning the repre-
sentation of stereochemistry, the first (R) indicates axial
chirality and the second (R) the chirality of side chains.
Perfluoroalkyl (Rf) groups, composing the chiral cen-
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Figure 1. Structure of (R)-(R)2-1a–c.
ters, are characteristic of our ligands. The electron with-
drawing and hard Rf groups inhibit racemization of the
chiral centers on the side chains. Further, the Rf groups
increase the acidity of the hydroxyl groups near to that
of phenols. This makes the hydroxyl groups favorable as
a ligand for Lewis metals. The ligands, 1a or 1b, cata-
lyzed asymmetric addition reaction of diethylzinc to
benzaldehyde, and 1b showed higher asymmetric induc-
tion than 1a. This suggested that the larger perfluoro-
alkyl groups would give the larger asymmetric
induction. Thus, we designed a perfluoroheptyl ana-
logue of 1a (1c) expecting much higher asymmetric
induction. However, the coupling reaction with copper
powder used for the synthesis of 1a or 1b did not work
for the synthesis of 1c. In this paper, we would like to
report the synthesis of 1c using nickel complex and its
application to asymmetric synthesis.

The key step for the synthesis of the ligands (1a or 1b)
was the Ullmann type coupling reaction of correspond-
ing aryl bromides using copper powder. The chiral sub-
strate (5c) for the same coupling reaction was prepared
according to the previous route as shown in Scheme 1.
Thus, enantioselective reduction of 3c4 with catechol-
borane in the presence of CBS catalyst5 gave 4c6 quan-
titatively in a high ee. Interestingly, while (S)-4a was
obtained with (R)-CBS catalyst, (R)-4c was obtained
with the (R) catalyst.7 This suggested that the order of
steric bulkiness is C7F15 � C6H5 � C2F5 > CF3. The
reduction of heptafluoropropyl analogue with the (R)
catalyst gave the (S)-product only in 60% ee, which
means that the bulkiness of C3F7 is slightly smaller than
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Figure 2. Thermal equilibrium of 1.
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Scheme 1. Reagents and conditions: (a) (i) BuLi, THF–Et2O, �110 �C,
(ii) RfCOOEt, (b) catecholborane, THF, (R or S)-5,5-diphenyl-2-

methyl-3,4-propano-1,2,3-oxazaborolidine, �78 to �30�C, (c) NaH,

MOMCl, THF.
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C6H5. After protection of the hydroxyl groups, (R)-5c8

was used for the next coupling reaction.

Coupling reaction of 5c using copper powder was extre-
mely difficult probably due to the strong repulsion be-
tween the large C7F15 groups. To solve this problem,
tetrakis(triphenylphosphine)nickel(0), Ni(PPh3)4, or
bis(1,5-cyclooctadiene)nickel(0), Ni(COD)2, were exam-
ined in the place of active copper powder, since they
were reported to have high activity on oxidative addi-
tion to aryl bromides.9 Results of the coupling reaction
are summarized in Table 1. The coupling reaction of
(R)-5c with Ni(COD)2 in DMF at 60 �C gave 6c in total
71% yield, 59% of (R)-(R)2-6c and 12% of the axial iso-
mer (S)-(R)2-6c

10 after separation by a column chroma-
tography (entry 1). The latter was easily converted to
(R)-(R)2-1c after hydrolysis as mentioned later. When
NMP was used as a solvent, the total yield was de-
creased to 30% (entry 2). Raising the reaction tempera-
ture did not improve the yield of the coupling reaction
(entry 3). When Ni(PPh3)4 was used, the total yield of
6c was decreased to 6%, and a fairly large amount of
5c was recovered. This suggested that the low reactivity
might be due to a low oxidative additivity of this nickel
complex to aryl bromide. This coupling reaction using
Ni(COD)2 in DMF gave much higher yields of 6a or
6b than the former method3 (entry 5 and 6).

Deprotection of (R)-(R)2-6a–c with TFA gave the de-
sired ligands (R)-(R)2-1a–c quantitatively. The axial iso-
mers (S)-(R)2-6a–c were also deprotected quantitatively
to (S)-(R)2-1a–c. The (S)-(R)2-ligands could be con-
verted to the corresponding (R)-(R)2-ligands by thermal
Table 1. Ni mediated homo-coupling reaction

Br

Rf

H OMOM

Ni(0), DMF, 60 °C

(R)-5a to c

Entry Substrate Catalyst

1 (R)-5c Ni(COD)2 (R)-(R

2b Ni(COD)2
3c Ni(COD)2
4 Ni(PPh3)4
5 (R)-5a Ni(COD)2 (R)-(R

6 (R)-5b Ni(COD)2 (R)-(R

a Isolated yield.
b NMP was employed as a solvent.
c Reaction was carried out at 120�C.
equilibration followed by separation. Namely, refluxing
a solution of each (S)-(R)2-ligand in toluene gave an
equilibrium mixture, where the corresponding (R)-
(R)2-ligand predominated. The efficiency of the conver-
sion depended on each equilibrium constant (K) shown
in Figure 2. The equilibrium mixture was separated by
silica-gel column chromatography to a major amount
of the desired (R)-(R)2-ligand and a minor amount of
(S)-(R)2-ligand. The large K values of 1b and 1c facili-
tated the conversion of (S)-(R)2-1b or 1c to the corre-
sponding (R)-(R)2-isomers over 90%11 in only once
equilibration followed by separation. (S)-(R)2-1a was
also converted into (R)-(R)2-1a in 93% yield by twice
equilibration and separation. (S)-(S)2-1c was obtained
similarly.

Activities on asymmetric induction of 1c were evaluated
by the reaction of diethylzinc with benzaldehyde in the
presence of a stoichiometric amount of Ti(Oi-Pr)4.

12

The results are summarized with the previous results
of 1a and 1b in Table 2. The trifluoromethyl analogue
1a showed a good asymmetric induction, as reported be-
fore: The product was obtained in 85% ee using 5mol%
of 1a.13 The pentafluoroethyl analogue 1b with bulkier
pentafluoroethyl groups showed higher asymmetric
induction: Ee of the product increased to 91% with the
same amount of 1b as 1a. The highest asymmetric induc-
tion was achieved by the perfluoroheptyl analogue 1c. A
5mol% of 1c catalyzed the reaction efficiently to give the
product of 97% ee. Increasing the amount of 1c to
8mol% resulted in a further improvement of the ee.
Only 1mol% of (S)-(S)2-1c gave the (R)-product in
88% ee. These results suggest that the asymmetric induc-
tion depends significantly on the size of perfluoroalkyl
moieties of the ligands. The larger perfluoroalkyl groups
give better asymmetric induction.
Rf

H OMOM
Rf

HMOMO

(R or S)-(R)2-6a-c

Product Yielda (%)

)2-6c 59 (S)-(R)2-6c 12

25 5

55 10

5 1

)2-6a 56 (S)-(R)2-6a 36

)2-6b 69 (S)-(R)2-6b 11



Table 2. Asymmetric reaction of benzaldehyde with Et2Zn

PhCHO
Ph Et

H OH
Et2Zn+

Ti(Oi-Pr)4

Ligand *

Ligand Mol% Yielda (%) Eeb (%) Config.c

(S)-(S)2-1a 2 95 81 R

(R)-(R)2-1a 2 97 82 S

3 92 81 S

5 94 85 S

10 97 85 S

(R)-(R)2-1b 1 97 63 S

2.5 99 90 S

5 96 91 S

10 99 93 S

(S)-(S)2-1c 1 92 88 R

3 93 94 R

5 97 96 R

(R)-(R)2-1c 5 96 97 S

8 91 98 S

a Isolated yield.
b Ee was determined by chiral GLC analysis.
c Determined by sign of optical rotation.
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Another characteristic of 1c is that the perfluoroalkyl
groups are comprised in the active center of the ligand,
while almost all of the catalysts designed so far for fluo-
rous extraction have perfluoroalkyl groups far from the
active center. In the latter cases, activity of the ligands is
hardly increased.

In conclusion, we have succeeded in the synthesis of new
axially dissymmetric ligands, (R)-(R)2- and (S)-(S)2-1c
by coupling reaction of 5c using Ni(COD)2 in DMF.
The undesired axial diastereomer, (S)-(R)2-1c, was con-
verted efficiently into the desired ligand (R)-(R)2-1c by
the thermal equilibration and separation. This method-
ology could be used for less bulky analogue to give bet-
ter results than the conventional Ullmann reaction using
copper powder. (R)-(R)2- or (S)-(S)2-1c showed very
high asymmetric induction in the reaction of diethylzinc
with benzaldehyde to give up to 98% ee of the product.
Furthermore, the high fluorine content of 1c was ex-
pected to allow it to be recoverable by a fluorous sol-
vent. The detailed study on the recovery of the ligand
is under investigation.
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