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Abstract—A convenient and rapid method for the preparation of chiral C,-symmetric 1,10-phenanthrolines is reported. As an
example of this procedure the synthesis of new 1,10-phenanthroline (+)-7 and its 5,6-dihydro derivative (+)-6 from (-)-B-pinene
is described. These ligands have been assessed in asymmetric copper(I)-catalyzed allylic oxidation of cycloalkenes affording

enantioselectivities up to 71%. © 2002 Published by Elsevier Science Ltd.

Enantioselective reactions based on chiral nitrogen lig-
ands are currently an actively pursued research area and
a number of bidentate-nitrogen (N-N) ligands with
sp2-nitrogen donors have been demonstrated to be useful
auxiliaries for metal-promoted asymmetric reactions
reaching high levels of stereocontrol.!

In this contest, there has been considerable work involv-

ing the synthesis and application in asymmetric catalysis
of 2,2"-bipyridines (bpys) with both C,-> and C,-symme-
try. By contrast, the use of chiral 1,10-phenanthrolines*
(phens) has been limited to C,-symmetric derivatives
owing to the difficulties associated with the preparation
of the C,-symmetric controupart.** In fact only one
example of this kind of phens has been reported*" and
used in asymmetric catalysis.?

Scheme 1. (a) LDA, THF, -78°C, 2 h; then 2 from —78°C to slowly rt; (b) AcOH, AcONH,, THF, reflux, 2 h; (c) 10% Pd/C,
MeOH, 3 atm; (d) Swern oxidation; (e) 10% Pd/C, decaline, reflux, 3 h.
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Herein, we report a new approach to the synthesis of
chiral C,-symmetric phens describing the preparation of
the phen (+)-7 and of its 5,6-dihydro derivative 6 in
which the chiral auxiliary, (-)-B-pinene, is present in the
form of a cycloalkeno-condensed substituent in the 2,3-
and 8,9-positions of the heterocycle.

The synthesis of phen (+)-7 begin with racemic 2-benzyl-
oxycyclohexanone 1° (Scheme 1) whose lithium enolate,
generated by treatment with LDA (THF, -78°C, 2 h),
was treated with (1R,5R)-3-methylenenopinone (2), in
turn obtained from (-)-B-pinene.® to give by conjugate
addition an unisolated 1,5-dicarbonyl intermediate.
This intermediate underwent azaanellation with con-
comitant aromatization (AcONH,, AcOH, reflux, 2 h)
to afford the pyridine 3 (23% overall yield). Catalytic
hydrogenolysis of this benzyl derivative (Pd/C at 3 atm)
gave the carbinol 4 (92%) which was oxidized under
Swern conditions to ketone 5 (93%). Starting from this
key intermediate, the 5,6-dihydrophen (+)-6’ was pre-
pared by building up the second pyridine ring in a
similar manner to that used to prepare 3 from 1 (35%
overall yield). Dehydrogenation by using a catalytic
amount of palladium on charcoal in refluxing decaline
completes the synthesis of (+)-77 (93%).

Recently, Kocovsky et al. have reported the use of the
bipyridine (bpy) (+)-8 in the asymmetric copper(I)-cata-
lyzed allylic oxidation of cycloalkenes obtaining enan-
tioselectivities up to 62% ee in the case of cycloheptene
(75% ee at 0°C).>*® The structure of this bpy is closely
related to those of dihydrophen 6 and phen 7, but a
distinct catalytic activity for each of these ligands could
be expected as they differ in their coordinating proper-
ties. In fact, the five-membered chelate ring resulting
from the coordination to the metal of phen 7 is most

probably locked in a single conformation, whereas a
certain degree of conformational mobility is allowed to
the bpy 8 on account of the inherently high flexibility of
its backbone. An intermediate situation could be possi-
ble to find in the dihydrophen 6 in which the 3,3’-bridge
can control the relative orientation of the two pyridine
rings and thus influence the shape of the chelating
bite-angle.

On the basis of these considerations, it appeared inter-
esting to exploit 6 and 7 as catalysts for the asymmetric
copper(I)-catalyzed allylic oxidation of cycloalkenes.®

(+)-8

The reaction conditions selected to carry out the cata-
Iytic oxidation of cycloalkenes were those used by
Kocovsky for bpy ligands.>*® The protocol entails the
reaction of the ligand with Cu(OTf), to give a Cu(Il)
complex, which is then reduced in situ with phenylhy-
drazine to the corresponding Cu(I) species.” The oxida-
tion reaction is then carried out with ferz-butyl
peroxybenzoate as the oxidant in the presence of the
catalyst (1.0 mol%) and of the cycloalkene.!® The
results of the catalytic reactions are reported in Table 1.

The catalytic activity showed by ligands 6 and 7 was
greatly dependent on the ring size of the cycloalkene.
Thus, the oxidations of cyclopentene, cyclohexene and
cycloheptene were complete within <30 min at room
temperature giving the corresponding benzoate esters in
good vyields. It should be noted that the reaction time

Table 1. Asymmetric allylic oxidation of cycloalkanes catalyzed by Cu(I)-L* complexes®

OCOPh

Cu(OTf),, L*, PhNHNH,,

()

acetone, PhCO;1Bu, 1t

n
(S)-(-)-10a, n=0

9a, n=0

9b, n=1 (S)-(-)-10b, n=1

9¢, n=2 (S)-(-)-10¢, n=2

9d, n=3 (S)-(-)-10d, n=3
Entry Olefin Ligand Time (h) Yield (%0)® Ee (%)°
1 Cyclopentene (+)-6 0.5 78 47
2 Cyclopentene (+)-7 0.5 86 57
3 Cyclohexene (+)-6 0.5 82 50
4 Cyclohexene (+)-7 0.5 85 53
5 Cycloheptene (+)-6 0.5 81 63
6 Cycloheptene (+)-7 0.5 91 71
7 Cyclooctene (+)-6 168 - -
8 Cyclooctene (+)-7 168 - -

4 The reaction were carried out at room temperature in Me,CO in the presence of the catalyst (1 mol%), generated in situ by reduction of

Cu(OTf), with PANHNH,.'?
" Isolated yields.

¢ Determined by chiral HPLC.'® The assignment of the absolute configuration is based on the sign of the optical rotation: Ref. 12.
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recorded with these alkenes was significantly shorter
than most of the catalysts reported so far.®!" On the
other hand, cyclooctene was substantially unreactive, in
fact only a trace of the reaction product was detected
after a week.

The stereoselectivity was also dependent on the struc-
ture of the cycloalkene. Thus, the enantiomeric excess
obtained in the oxidation of cyclopentene and cyclohex-
ene was modest (47-57% ee), while that afforded by
cycloheptene was moderately high (63-71% ee).

A comparison among the data obtained with ligands
6-8 appear to indicate that the increase of the stiffness
of the structure of the ligand passing from the bpy 8 to
the phen 7 has a beneficial effect on the enantioselectiv-
ity of the reaction. This fact is particularly evident
employing cycloheptene as the alkene. In this case the
enantiomeric excess of 62% obtained with the bpy 8
was substantially lower than that found with the phen 7
(710 0 66).3"1’17

In summary, we have described a general procedure for
the preparation of C,-symmetric phens preparing the
new dyhydrophen (+)-6 and phen (+)-7 from (-)-B-
pinene. The preliminary results obtained with the
[Cu(I)-7] complex indicate that phens are good catalysts
in asymmetric-catalyzed allylic oxidation of cycloalke-
nes. Further studies aimed at the synthesis of other
C,-symmetric phens with the hope to obtain a very
effective enantioselective catalytic system are in
progress.
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