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Abstract

A series of new dissymmetric chiral Schiff base complexes has been obtained by a systematic condensation of
(18,28 + )-diaminocyclohexane and 3-acetyl-4-hydroxy-6-methyl-2-pyrone with salicylaldehyde, 5-chloro-, 5-methoxy-
and 5-nitrosalicylaldehyde and by subsequent metallation with manganese and ruthenium. The characterization of the
complexes 1-8 was accomplished by physico chemical studies viz. microanalysis, IR-, UV /VIS-, and CD spectral studies,
optical rotation, molar conductance measurements and cyclic voltammetry. Enantioselective epoxidation of non function-
alised olefins, viz. cis-stilbene, trans-3-nonene and trans-4-octene with iodosyl benzene as oxidant was demonstrated in the
presence of catalytic amounts of chiral Mn(IlI) and Ru(Il) dissymmetric Schiff base complexes. Good optical yields of
epoxides were obtained for the catalyst 4 with the substrates trans-3-nonene and cis-stilbene.

Keywords: Enantioselective epoxidation; Dissymmetric complexes; Schiff bases; cis-stilbene; trans-3 nonene; trans-4 octene; Manganese;
Ruthenium

1. Introduction pounds [7]. However, enantioselective epoxida-
tion of prochiral non-functionalised olefins and
several enzymatic reactions with terminal
alkenes were achieved with great success [8—11].
Several examples have been reported using arti-
ficial metal porphyrin designed as cytochrome
P-450 peroxidase [10,11], a synthetic metallo-
porphyrin [12,13] model system, some macro-
cyclic ligands [14,15] and Mn(1II) salen [16-20]
complexes together with terminal oxidants such
as iodosyl benzene, sodium hypochlorite and
hydrogen peroxide for asymmetric epoxidation
of non-functionalised olefins. Jacobsen et al.
[21-23] have reported the catalytic enantioselec-

* Corresponding author. Fax: +91-278-426970. tive epoxidation of non-functionalised alkenes,

Enantioselective epoxidation of olefins is one
of the most important and challenging areas in
organic synthesis as their chiral epoxides play
an eminent role as drug intermediates and chiral
building blocks in the synthesis of optically
active complex molecules [1-4]. Much attention
has been paid to enantioselective epoxidation of
allylic alcohol by Sharpless [5,6] and this method
led to the synthesis of a variety of different
allylic epoxides of which many of them have
been used for the synthesis of valuable com-
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viz. cis-stilbene and trisubstituted alkenes using
chiral Mn(III) salen complexes as catalyst, and
this procedure led to trans epoxide preferen-
tially.

In continuation of our earlier work on enan-
tioselective epoxidation of prochiral non-
functionalised olefins, viz. styrene, substituted
styrenes and cis-stilbene, by Ru(II), Ru(IIl) and
Mn(I1D) chiral Schiff base complexes [24-27],
we are reporting here the synthesis and charac-
terization of a series of Ru(Illl) and Mn(III)
dissymmetric chiral Schiff base complexes de-
rived from (15,25)(+)-cyclohexane diamine
and 3-acetyl-4-hydroxy-6-methyl-2-pyrone with
salicylaldehyde, 5-chloro-, 5-methoxy- and 5-
nitrosalicylaldehyde in order to make efforts
towards elucidation of the factors controlling
cis—trans selectivity in epoxide formation, for
an improvement in enantioselectivity by varying
different electron withdrawing or releasing
groups at the Sth position of the salicylaldehyde
moiety. Such substituents are able to produce
different electronic and steric effects, thereby
tuning the catalytic efficiency.

2. Experimental

Mn(CH,COO), - 4H,0 (Sisco), RuCl,
3H,0 (Johnson and Mathey), salicylaldehyde,

H
CH2Clz
OH —* O

HzN NH HC

4-chloro-, 5-methoxy-, and S5-nitrosalicylalde-
hyde, dehydroacetic acid, cis-stilbene, trans-3-
nonene, trans-4-octene, (15,25)(+)-cyclohe-
xane diamine and Eu(hfc), (Aldrich) were used
as such. The metal complex K,[RuCl,(H,0)]
was prepared by the known method [28].

2.1. Synthesis of dissymmetric chiral Schiff bases

Synthesis of dissymmetric chiral Schiff bases
was carried out with a little modification to the
reported method. (15,25)( +)-cyclohexane di-
amine (0.01 mol) dissolved in dichloro methane
was stirred at room temperature with 3-acetyl-
4-hydroxy-6-methyl-2-pyrone (0.01 mol) in
dichloromethane for 10 h (TLC checked). After
the completion of reaction the solvent was re-
moved on a rotaevaporator to get a light cream
compound referred as to as 1 in Scheme 1. It
was recrystallised twice by
dichloromethane / methanol (1:1). Compound I
(0.002 mol) and salicylaldehyde, 5-chloro-, 5-
methoxy- and 5-nitrosalicylaldehyde (0.002 mol)
in ethanol were refluxed for 6-8 h on a water
bath (TLC checked). The solution was concen-
trated on a rotaevaporator and the desired lig-
ands were precipitated by 40-60 petroleum
ether.

The dissymmetric chiral Schiff bases
(S,8(—)-DISSAL), (S,5(—)-DISSAL CI),

|~u-|2 xjé

rdlux

7

MnOACKA H0
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N
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Scheme 1.
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(5,S(—)-DISSAL MeO) and (S,S(—)-DISSAL
NO,) were characterised by microanalysis, IR-,
'H—, "C'H-NMR spectroscopy as previously
reported [27].

2.2. Preparation of Mn(Ill) dissymmetric chiral
Schiff base complexes 1-4

Ethanolic solution of the chiral Schiff bases
(0.001 mol) containing KOH 0.5M (4 ml) was
allowed to reflux in inert atmosphere with Mn
(CH,CO00), - 4H,0 (0.002 mol) for 8 to 10 h.
The reaction mixture was cooled to room tem-
perature and 0.127 g of LiCl in minimum quan-
tity of water was added. The resulting solution
was filtered and concentrated in rotaevaporator.
The residue was redissolved in dried
dichloromethane filtered again and water was
removed by a separating funnel and the solution
was again concentrated till dryness. Recrystal-
lization of the complexes was done in aceto-
nitrile. The overall yield for all the complexes
lies in the range 56—63%. The analytical data
for the complexes is given below.

2.2.1. (S,SN— )-DISSAL Mn (1)

Calcd. for C,,H,,N,O,CiMn: C, 53.12: H,
5.10: N, 5.90. Found: C, 54.12; H, 5.20; N,
5.96. IR (KBr) (cm™"') 1575 »(H-C=N), 3400
v(OH) 1100, 1170 8(OH); UV /VIS (nm)
MeOH A_,, (&), 330 (2400), 400 (1986); CD
A (Ag) (MeOH) 360 (+5.4), 401 (+2), 470
(+1.4), 555 (—1.4); [a]l, = —9.64; configura-
tion (5); A, (MeOH), 3 mho cm ™' mol™!: p
(BM) 4.80; AEPC = —0.28 V.

2.2.2. (5,8)(—)-DISSAL Cl Mn (2)

Calcd. for C, H,;N,0,Cl,Mn: C, 49.53; H,
4.55; N, 5.50. Found: C, 50.00; H, 4.60; N,
5.53. IR(KBr) cm™' 1580 »(H-C=N), 3400
v(OH), 1100, 1170 (OH); UV/VIS (nm)
(MeOH) A___ (&), 346 (2500), 380 (1533); CD:
A (MeOH) 340( — 2), 440( +2.5), 550( — 1.8);
[a], = —13.60; configuration (S); A,, (MeOH)
3 mho cm™! mol™'; pu; (BM) 4.80; AE, =
—-0.19 V.

2.3. (5,5~ )-DISSAL MeO Mn (3)

Calcd. for C,,H,,N,0,CIMn: C, 52.34; H,
5.19; N, 5.54. Found: C, 52.30; H, 5.12; N,
5.50. IR(KBr) (cm™') 1575 »(H-C=N), 3400
»(OH), 1100, 1170 &(OH); UV/VIS (nm)
(MeOH) A, (&), 367 (1012), 315 (2221), sh
439 (645); CD A, (Ae) (MeOH) 370 (—1),
430 (+2.8), 600 (—1.3); [a], = — 18.85; con-
figuration (S); A,; (MeOH) 4 mho cm™"' mol ™',
Keir (BM) 4.9; AE, = —0.50 V.

2.3.1. (S,S/(—)-DISSAL NO, Mn (4)

Calcd. for C, H,; N;O,CIlMn: C, 48.53; H,
4.46, N, 8.08. Found: C, 48.50; H, 4.43; N,
8.03. IR(KBr) (cm™") 1585 »(H-C=N), 3400
»(OH) 1100, 1170 8(OH); UV/VIS (nm)
(MeOH) A__ (&), 335 (2400), 448 (2500); CD
A (Ae) (MeOH) 415 (—2), 455 (+3), 540
(—4); [al, = —12.59; configuration (S); Ay
(MeOH) 4 mho cm™' nmol™'; . (BM) 4.85;
AE = —015V.

2.4. Methods

Microanalysis of the complexes was done in
a Carlo Erba Analyzer Model 1106. Molar con-
ductance was measured at room temperature on
a Digisun Electronic Conductivity Bridge DI-
909. The IR spectra were recorded on a Carl
Zeiss Specord M-80 spectrophotometer in a
KBr/nujol mull. Electronic spectra were
recorded on Shimadzu a UV /visible recording
spectrophotometer Model 160. "H NMR (99.55
MHz) and “C{'H} NMR (24.99 MHz) were
carried out on a Jeol FX100 NMR spectro-
photometer in CDCl; and CH,Cl,. The mag-
netic moment measurements were done at 298°C
by the Gouy method using Hg[Co(SCN),] as
calibrant and experimental susceptibilities were
corrected for diamagnetism. Cyclic voltamme-
try, differential pulse voltammograms were
recorded with a Princeton Applied: Research
(PAR) instrument using tetrabutyl ammonium
fluoroborate as supporting electrolyte in aceto-
nitrile. The optical rotation of the complexes in
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methanol was measured by an Atago (Japan)
polarimeter. The CD spectra were recorded in
methanol by a Jasco Machine Model J-20, Japan.
The purity of the solvent, the substrate and
analysis of the product was determined by GLC
using a Shimadzu GC 14B coupled with a PC
using a 2 m long, 3 mm ID, 4 mm OD stainless
steel column packed with SE30, 5% mesh size
60 to 80, with an FID detector. The column
temperature was programmed between 70 to
170°C and an injection temperature of 200°C.
Nitrogen served as carrier gas with a flow of 30
ml /min. Synthetic standards of the product were
used to determine yields by comparison of peak
height and area. The optical yield of the product
was determined by '"H NMR using Eu(hfc), as
chiral shift reagent.

2.5. Epoxidation of prochiral non functionalised
alkenes by catalysts 1-8

Enantioselective epoxidation of trans-4-oc-
tene, trans-3-nonene and cis-stilbene by cata-
lysts 1-8 was attempted in a homogenous sys-
tem with iodosyl benzene by the following pro-
cedure: The chiral catalyst (0.02 mmol), cis-
stilbene, trans-4-octene and trans-3-nonene (1
mmol), pyridine-N-oxide (0.24 mmol) and n-tri-
decane (0.1 mmol) as GLC internal standard
were dissolved in 5 ml dichloromethane. The
reaction was initiated by the addition of iodosyl
benzene (1 mmol) and stirred at a constant
speed in an inert atmosphere at 4°C. After each
interval of 60 min an aliquot was taken from the
reaction mixture quenched with PPh; and anal-
ysed by OLC. After completion of the reaction
the solvent was removed and the product was
separated by a short silica gel column (60-120
mesh) using hexane:dichloromethane as eluent.
Evaluation of enantiomeric excess was done by
"H NMR using NMR shift reagent Eu(hfc),.

3. Results and discussion

The new dissymmetric chiral Schiff base
complexes 1-8 were isolated as neutral solids

(Scheme 1) with the stoichiometry MLX(H,0)
where X = chloride, L. = chiral dissymmetric te-
tradendate Schiff base derived from
(15,28)(+ )-diamino cyclohexane and 3-acetyl-
4-hydroxy-6-methyl-2-pyrone with salicylalde-
hyde (DISSAL), 5-chloro-(DISSAL Cl), 5-
methoxy-(DISSAL MeO), and 5-nitro-salicy-
laldehyde (DISSAL NO,) and M = Mn(III) and
Ru(III) metal ions. The magnetic moment of the
complexes 1-4 lies in the range 4.80-4.90BM,
which is consistent with a high spin d* system,
while p.. values for complexes 5—8 are close
to 1.90-2.04BM, indicating the presence of a
Ru(IIl) ion with a spin paired 4d> electronic
configuration.

In the infrared region a strong band near
1620-1630 cm~' of the chiral dissymmetric
Schiff bases undergoes a modest decrease to
lower wave numbers after complexation, infer-
ring the involvement of an azomethine group in
the coordination to the metal ions. A broad band
centred at ca. 3400 cm™' assigned to »(OH)
along with two deformation bands at 1100 and
1170 cm ™' to coordinated water [29].

The electronic spectra in methanol show the
high intensity charge transfer band in the range
241 (£=93840) and 346 (&= 2500) nm while
the MLCT bands fall between 400 (£ = 1986)
and 448 (& = 2264) nm. The position of MLCT
bands depend on the substituent [30] attached at
the 5th position of the salicylaldehyde in the
chiral Schiff base complexes and the energy of
the band decreases in the order (S,$)(—)-DIS-
SAL NO, > (8,5} —)-DISSAL > (8,5} —)-
DISSAL Cl1> (S,5)(—)-DISSAL MeO. In the
case of complexes 5 to 8 one more band lies
near 612 (&= 133) and 689 (&= 171) nm, as-
signed to the forbidden ligand field transition of
Ru(1ID).

CD spectra of these complexes were mea-
sured in methanol. Interestingly, complexes 3
and 7, although prepared from the same ligand,
namely DISSAL MeO, showed mirror image
CD spectra (Fig. 1). Complex 7 ((S,S)(—)-DIS-
SAL MeORu) was stereospecifically coordi-
nated to the metal so that the gauche ring was
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almost exclusively in the é form whereas com-
plex 3 ((S,5)(—)-DISSAL MeOMn) is located
in the A form with a little contribution from the
0 form. A similar trend was also reported else-
where [28,30] and it depends on the steric inter-
action between the substituents at the asymmet-
ric centre and the size of the metal ions. In the
ligand field region the CD bands near 550
(—1.4) and 670 (—0.6) nm are assigned to dd
bands and spin forbidden ligand bands while
d — 7" bands fall between 401 (+2) and 440
(—4.0) nm. The high intensity 7 — 7~ transi-
tion lies between 333 (+2.8) and 370 (— 1) nm.

Table 1

The cyclic voltammogram of the complexes
in acetronitrile is a one electron reduction pro-
cess. For the complexes 1-4 the reduction po-
tential of Mn(III) /Mn(II) falls in the range of
—0.15 to —0.50 V while the Ru(III) /Ru(ID)
couple lies near —0.20 to —0.55 V for 5-8. A
positive shift is seen in the reduction potential
when an electron withdrawing group is attached
at the 5th position of the salicylaldehyde moiety
of the ligand and the reverse is true for electron
donating groups.

4. Enantioselective epoxidation

Mn(Ill) and Ru(Ill) dissymmetric chiral
Schiff base complexes have been used as cata-
lysts for enantioselective epoxidation of cis-
stilbene, trans-4-octene and trans-3-nonene
Table 1. Evaluation of the optical yield for the
resulting epoxide separated by a short silica gel
column (mesh 60-120) was carried out by 'H
NMR using chiral shift reagent Tris-
[heptafluoropropyl hydroxy methylene] cam-
phorato-( + )-Eu(III).

Data for enantioselective epoxidation of trans-4-octene, trans-3-nonene and cis-stilbene by disymmetric chiral Schiff base complexes of

Mn(III) and Ru(III)

Catalyst Substrate Reaction time (h) % conversion to epoxide ee (%) *
1/(5) t-4-octene 24 /(48) 36,/(27) 12.6 /(27.4)
1-3-nonene 24 /(48) 68/(35) 21.2/(33.3)
cis-stilbene 24 /(24) 30/(10)
cis /trans 30 /70 /(cis /trans 46 /54) cis 36, trans 1 /(cis 33, trans 9)
2/(6) t-4-octene 24 /(48) 30/(13) 9.0/(23.07)
t-3-nonene 24/(48) 70,/(25) 16.6,/(16.13)
cis-stilbene 24 /(24) 20/(20)
cis /trans 26 /74 /(cis /trans 44 /56) cis 22, trans 3 /(cis 25, trans 1)
3/(7 r-4-octene 24 /(48) 35,/(11) 23.0/(30)
t-3-nonene 24 /(48) 60/(18) 5.8/(18.18)
cis-stilbene 24 /(24) 30/(22)
cis /trans 16 /84 /(cis /trans 45 /55) cis 28.6, trans 5 /(cis 20, trans 1)
4/(8) t-4-octene 24 /(48) 60/(28) 40.7/(33.3)
t-3-nonene 24 /(48) 84 /(40) 54.0/(33.3)
cis-stilbene 24 /(24) 26 /(25)

cis /trans 48 /52 /(cis /trans 48 /52)

cis 50, trans 0/(cis 23, trans 1)

* Configuration not determined; figures within parentheses are for Ru(III) catalysts.
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In the case of stilbene oxide, on addition of
several equivalents of Eu(hfc), the peaks for the
trans isomer at 3.87 ppm and the cis isomer at
4.36 pm shifted downfield and splitted into two

singlets at 4.22 and 4.25 ppm and 6.10 and 6.25
ppm, respectively. Relative intensities of the
splitted peaks were used for calculating enan-
tiomeric excesses. A broad triplet at approxi-

S%conversion { cisfrans ratio)
8

48 [
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0s 1

—&— cis stilbene oxide with 1-4
—8— trans stiibene oxide with 1-4
—a— cis stilbene oxide with 5-8
~3- trans stilbene oxide with 5-8

Fig. 3.
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mately 6 2.6 ppm for trans-4-octene oxide and
trans-3-nonene oxide shifted to 3.6-3.9 ppm
and 4.78-5.03 as two sets of triplets on addition
of several equivalents of Eu(hfc),, respectively,
were used to evaluate enantiomeric excesses.
Overall chemical yields for respective epox-
ides obtained with Mn(III) catalysts 1-4 were
better than those obtained by catalysts 5—8 with
all the olefins studied here. Further, in case of
trans-3-nonene there is a linear increase in %
conversion to its epoxide when the catalyst
bears more electron withdrawing groups on the
ligand (Fig. 2). However, no such trend was
obtained with other substrates but the nitro sub-
stituted catalyst gave better conversions. The
cis/trans ratio for stilbene oxide was again
better in case of the nitro catalyst and lowest in
case of methoxy bearing complexes (Fig. 3).
Therefore, one can conclude that any substituent
at position 5 of the salicylaldehyde moiety of
the catalyst does plays a distinctive role for
these groups. Besides playing a crucial role in
tuning electron density around the metal ion
they can also determine the path of the incom-
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Fig. 4.

ing substrate. Thus, a nitro group facilitates the
sidewise approach of electron-rich olefins [3,17].
These trends are also reflected in enantiomeric
excesses of product oxides (Fig. 4). Moderate to
good enantiomeric excesses in case of cis-stil-

Ph Ph
? Ph Ph b>a .
_/ Ph Ph >Y_7< ¢is product
M (V) \s/ |/ H 0 H
o)
™ m— ~——= "N
R M a>b H>W< trans product
N o’ “ph
R R R
e i \7
OR | O : Ng | ===> chiral product
M—0O
M(V)
concerted mataliaoxetane
R
e b ——>>  racemic product
O R
M
free radical

Scheme 2.
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bene oxide were obtained, while in frans-stil-
bene oxide enantiomeric excesses were poor,
which suggests the racemisation of trans prod-
uct at the oxygen atom transfer stage where
rotation (a) is faster than collaps (b) (Scheme
2). In the case of trans-3-nonene and trans-4-
octene no cis products were obtained showing
the oxygen atom transfer (Scheme 2) mostly
through concerted addition /oxametallacyclic in-
termediates with a contribution of a radical
mechanism which accounts for the loss in enan-
tiomeric excess.
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