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Abstract

Some symmetrical and non symmetrical square planar Ni(I1) chiral Schiff base complexes derived from 1523+ )di-
aminocyclohexane, S+ )1,2-diaminopropane and 1R,2 R(-)diphenyldiamino ethane with 3-acetyl-4-hydroxy-6-methyl-2-py-
rone have been prepared. The characterization of the complexes was done by physico—chemical methods viz. microanaysis,
conductance measurement, IR-, UV /visible-, *H-, *C{*H}NMR, CD spectral studies, optical rotation and cyclic voltamme-
try. These complexes catalyses the epoxidation of non-functionalized olefins viz. 1-hexene, 1-octene, trans-4-octene and
indene with molecular oxygen as terminal oxidant in presence of the sacrificial reductant. Excellent chemical yield was
obtained by GC with middle and terminal long chain alkenes than indene although the enantiomeric excess is good for
indene with catalyst 3 and evaluated by 'H NMR usi ng chiral shift reagent Eu(hfc), or by chiral capillary column on GC.
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1. Introduction

In recent years the synthesis of optically pure
chiral epoxide has gained great importance, par-
ticularly in the area of pharmaceuticals, agro-
chemicals, flavors and fragrances [1] because of
the growing awareness about the utility of the
desired epoxide and the disposal of the un-
wanted one whose negative side effects can far
outweigh the beneficial value of the right enan-
tiomer. It is therefore becoming imperative that
convenient methods be available to prepare bio-
logically active materias in an enantiomerically
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pure form [2,3]. Catalytic methods represent the
most efficient route for the synthesis of thou-
sands of chiral products by utilizing just one
chira catalyst [4]. One more reason for ongoing
research is to develop a better understanding
about the factors controlling the enantiosel ectiv-
ity in the catalytic system. The Sharpless asym-
metric epoxidation of allylic alcohols is the
most practicable method for the preparation of
epoxy alcohols[5,6]. However, the enantioselec-
tive epoxidation of non functionalized olefins
remained yet a big challenge. Jacobsen [7—14]
and Katsuki [15,16] have recently reported an
efficient catalytic system for enantioselective
epoxidation of several kinds of olefins with
moderate to high enantioselectivity depending
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on the substitution degree of double bond using
iodosyl benzene [15], NaOCI, [17] hydrogen
peroxide [18], periodates [19] as terminal oxi-
dant.

However the selective epoxidation of organic
substrates with molecular oxygen [20] in pres-
ence of sacrificial reductant is a chalenging
goal in synthetic organic chemistry. Severa re-
ports highlighting the utility of effective reduc-
tants such as primary /secondary alcohol [21],
aldehyde [22], or cyclic ketones [23] in aerobic
oxidation of olefins catalyzed by transition metal
complexes have appeared recently [24—26].

In continuation to our earlier communications
on enantioselective epoxidation of non-func-
tionalized olefins using Ru(l1), Ru(ll1), Mn(l11)
and Co(ll) chiral Schiff base complexes [27-32]
and to explore a detailed mechanistic study we
are reporting here the aerobic enantioselective
epoxidation of non-functionalized olefins viz
1-hexene, 1-octene, trans-4-octene and indene
with molecular oxygen in presence of isobu-
tyraldehyde as sacrificial reductant catalyzed by
Ni(ll) symmetrical and non-symmetrical chiral
Schiff base complexes.

2. Experimental

Nickel acetate (Sisco), 1529 +)cyclohe-
xanediamine and 1R,2R(-—)diphenyldi-
aminoethane, 1-hexene, 1-octene, trans-4-oc-
tene, indene and Eu(hfc), (Aldrich), were used
as received. 9 +)1,2-diaminopropane was re-
solved from racemic mixture by literature pro-
cedure [33].

2.1. Synthesis of the ligands

The ligands PROS, DPHS and CyLS were
synthesized by the reported procedure [32] while
for the synthesis of PROH, DPHH and CyLH a
solution of appropriate chiral diamine, (0.112
mol) in chloroform was stirred with the solution
of 3-acetyl-4-hydroxy-6-methyl-2-pyrone (0.112
mol) at room temperature for 6-8 h (TLC

checked). The resulting solution was filtered,
concentrated on rotaevaporator to yield the de-
sired ligands. The ligands were recrystallized
from CH,Cl .

2.1.1. 1'S(+)YN{(4-hydroxy-6-methyl-2-py-
rone)3-acetyledene} 1,2’ propylenediamine
(PROH)

Yield 66%. ‘H NMR (CDCl,): 8, 1.18 (d,
3H, CH,, H%, J=6.83), 2.0(s, 3H, CH,, H5),
2.29(d, 2H, CH,, H,, J=7.08), 2.57(s, 3H,
CH,, Hg), 331 (m, 1H, CH, H)), 55%(s, 1H,
CH, Hy), 14.10(bs, 2H, NH,), 14.53(bs, 1H,
OH keto/enol). Calcd. for C;; Hig N, O C,
58.90; H, 7.10; N, 12.50. Found C, 58.89; H,
7.12; N, 12.45. IR (KBr) cm™*: 1630 »(H-
C=N), 3320 »(O-H).

2.1.2. YR2'R(—)YN {(4-hydroxy-6-methyl-2-
pyrone)3-acetyledene} 1,2 diphenylethylene  di-
amine (DPHH)

Yield 60%. '"H NMR (CDCl,): 8, 2.10(s,
3H, CH,, H,), 2.72(s, 3H, CH, Hy), 4.42(bd,
1H, CH, H}), 4.92(bd, 1H, CH, H}), 5.75(s,
1H, CH, H,), 7.30(bs, 10H, aromatic phenyl),
14.98-15.06(bm, 3H, NH, and OH ketoenol).
Calcd. for C,, H,, N, O, C, 72.90; H, 6.12;
N, 7.73. Found C, 72.87; H, 6.08; N,7.67. IR
(KBr) em™1: 1630 »(H—C=N), 3320 »(O-H).

2.1.3. 1S2'S(+) TN {(4-hydroxy-6-methyl-2-
pyrone)3-acetyledene} 1,2 cyclohexane diamine
(DHCH)

Yield 65%. 'H NMR (CDCl,): &, 1.46—
1.71(m, 8H, H’; to HY), 2.12 (s, 3H, CHg, H,),
2.69(s, 3H, CH,, H,), 3.38-3.82(m, 2H, H/—
HY,), 5.67(s, 1H, CH, H,), 14.39(bs, 2H, NH.,),
14.78(bs, 1H, OH keto/enal). Calcd. for C,,
H,, N, O;: C, 63.60; H, 7.63; N, 10.60. Found
C, 63.58; H, 7.59; N, 10.57. IR (KBr) cm™*:
1630 v(H-C=N), 3320 v(O-H).

2.2. Preparation of symmetrical and non-sym-
metrical Ni(Il) chiral Schiff base complexes 1-6

Appropriate amount of the chiral Schiff bases
(0.001 mol) dissolved in ethanol was refluxed
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with Ni(CH ;COO), (0.001 mol) in presence of
tri-ethylamine tetrahydrate (0.001 mol) for 10—
12 h. The progress of the reaction was checked
by TLC. The solutions were filtered, concen-
trated on rotaevaporator till dryness. The result-
ing complexes were washed with ethanol and
dried in vacuum. The yield of all the complexes
were in the range 60—65%.

2.2.1. S(+) PROSNiI(II) 1

Cdcd. for C,gH,,N,O5 Ni: C, 53.01; H,
4.69; N, 6.51. Found: C, 53.03; H, 4.66; N,
6.50. *H NMR (CDCl,), 8, 1.55(d, 3H, CH,,
H;, J=28.67), 2.10(s, 6H, CH,, H,), 2.50(s,
6H, CH,, Hyg), 3.22(d, 2H, CH,, H),, J=7.84),
3.69(m, 1H, CH, H)), 5.86(s, 2H, CH, H.). IR
(KBr) cm™*: 1580 »(H-C=N), 1265 »(C-0).
UV-Vis. (nm) (MeOH) A, (£)312(2499),
366(1172); CD A, (Ae) (MeOH) 325(+6.2),
350( +4), 520(—2.4); [« ], = +125.3. Config-
uration (S); A,, (MeOH) 6 mho cm~* mol~*;
AEpa=0.74 V.

2.2.2. RR-(—) DPHSNiI(Il) 2

Calcd. for CooH ,6N,OgNi: C, 63.37; H, 4.61;
N, 4.93. Found: C, 63.39; H, 4.58; N, 4.90. H
NMR (CDCl,), 8, 2.10(s, 6H, CH, H-), 2.15(s,
6H, CH,, H,), 4.60(s, 2H, CH, H} and HY),
5.92(s, 2H, CH, H5), 7.48—7.55(m, 10H, aro-
matic phenyl). IR(KBr) cm™ ! 1585 w»(H-
C=N), 1265 v(C-0O). UV-Vis. (nm) (MeOH)
)\max(a)383(1781), 440(430), 530(107); CD
Ao (Ae) (MeOH) 300(+3.7), 360(+2.6),
520( —1.4) [a], = —54.47. Configuration (R);
Ay (MeOH) 4 mho cm™* mol ~*; AEpa= 0.80
V.

2.2.3. SS(+) Cy LSNi(ll) 3

Calcd. for C,,H,,N,OgNi: C, 56.16; H, 5.15;
N, 5.96. Found: C, 56.13; H, 5.13; N, 5.93. 'H
NMR (CDCl,), 8, 1.64-1.82(m, 8H, (CH,),,
H’; to HY), 2.2%(s, 6H, CH,, H,), 2.84(s, 6H,
CH,, Hy), 3.83(bs, 2H, H’, and H’,), 5.61(s, 2H,
CH, Hy). IR (KBr) cm™*: 1585 v(H-C=N),
1260 v(C-0). UV-Vis. (nm) (MeOH) A, (&)
321(2499), 369558); CD A, (Ae) (MeOH)

305(+0.6), 350(—0.8), 530(+0.4) [al;=
+ 27.60. Configuration (S); A,, (MeOH) 3 mho
cm~* mol % AEpa=0.76 V.

2.2.4. S(+) PROH Ni(ll) 4

Calcd. for C 5H ,,N,OgNi: C, 43.57; H, 5.63;
N, 7.82. Found: C, 43.53; H, 5.61; N, 7.80. H
NMR (CDCl,), 8, 1.28(d, 3H, CH,, H%, J=
7.9), 2.08(s, 3H, CH,, H7), 2.83(s, 3H, CH,,
Hg), 3.63(d, 2H, CH,, H5, J=7.11), 4.80-
5.05(bs, 2H, coordinated H,0), 5.92(m, 1H,
CH, H’l), 16.82(bs, 2H, NHZ). IR (KBr) cm™1:
1590 »(H—C=N), 1260 »(C-0), 3300 v(O-H),
1100, 1170 8(O-H). UV-Vis. (nm) (MeOH)
/\max(a) 310(2499), 363(715); CD /\maX(Aa)
(MeOH) 300(+1.5), 350(+1.6), 520(—1.1)
[a], = +46.1. Configuration (S); A,, (MeOH)
95 mho cm~! mol~%, AEpa=0.72 V.

2.2.5. RR-(—) DPHH Ni(ll) 5

Cacd. for C,,H,xN,O Ni: C, 58.05; H,
5.28; N, 5.65. Found: C, 58.02; H, 5.26; N,
5.60. "H NMR (CDCl,), 8, 2.13(s, 3H, CH.,
H,), 352(s, 3H, CH,, H,), 45%s, 1H, CH,
H.), 4.90-5.18(bs, 2H, coordinated H,0), 5.77
and 5.92(two bs, 2H, CH, H’, and H’,), 7.34(bs,
10H, aromatic phenyl), 15.05(bs, 2H, NH,,). IR
(KBr) em™*: 1585 »(H-C=N), 1260 »(C-0),
3300 »(O-H), 1100, 1170 8(O—H). UV-Vis.
(nm) (MeOH) A (&) 333(2499), 372(570);
CD A, (A&) (MeOH) 310(+0.3), 355(—0.6),
530(+0.4) [a] = —19.04. Configuration (R);
Ay (MeOH) 90 mho cm™* mol ~*; AEpa= 0.77
V.

2.2.6. SS(+) CyLH Ni(ll) 6

Calcd. for C,4H,,N,OxNi: C, 48.23; H, 6.08;
N, 7.03. Found: C, 48.20; H, 6.04; N, 7.02. *H
NMR (CDCl,), 8, 1.32(bs, 8H, H} to Hj),
2.12(s, 3H, CH;, H,), 3.06(s, 3H, CH;, Hy),
4.80-5.10(bs, 2H, coordinated H,0), 5.31(S,
1H, CH, Hy), 5.69 and 5.82(two bs, 2H, CH,
H, and H,), 16.3%(bs, 2H, NH,). IR (KBr)
cm~%: 1585 »(H-C=N), 1260 »(C-0), 3300
v(O-H), 1100, 1170 8(O-H). UV-Vis. (nm)
(MeOH) A, (g) 310(2499), 372(570); CD
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Aa(Ae) (MeOH) 310(—1.7), 335(—2.5),
500(—0.4) [a], = +34.15. Configuration (S);
Ay (MeOH) 90 mho cm™* mol ~*; AEpa=0.71
V.

2.3. Aerobic enantioselective epoxidation of
non-functionalized olefins by the catalyst 1-6

Enantioselective epoxidation of 1-hexene, 1-
octene, trans-4-octene and indene by the cata
lyst entry 1-6 with molecular oxygen was car-
ried out by the following procedure: The chiral
catalyst (0.006 mmol), 1-hexene, 1-octene,
trans-4-octene and indene (2 mmol), dissolved
in 10 ml dichloromethane was stirred in pres-
ence of molecular oxygen with sacrificial reduc-
tant isobutyraldehyde (6 mmol) at 4°C in dark.
After each interval of 30 min an aliquot was
taken from the reaction mixture and analyzed by
GLC. After the reaction was completed the
solvent was removed and the product epoxide
was separated from the reaction mixture using
short column of basic auminain hexane:dichlo-
romethane (9:1) as eluent. Evaluation of enan-
tiomeric excess was done by chiradex BPH.
Besides, the product was taken in CDCI ; for H
NMR using chiral shift reagent Eu(hfc), for
further evaluation of enantiomeric excess.

3. Methods

Microanalysis of the complexes was done on
a Carlo Erba Analyzer Model 1106. Molar con-
ductance was measured at room temperature on
a Digisun electronic conductivity bridge DI1-9009.
The IR spectra were recorded on Carl Zeiss
Specord M-80 spectrophotometer in KBr /nuijol
mull. Electronic spectra were recorded on Shi-
madzu UV /Visible recording spectrophotom-
eter Model 160. 'H NMR 99.55 MHz were
done on Jeol FX-100 NMR spectrometer in
CDCl;. Cyclic voltammetry, differential pulse
voltammogram were recorded with a Princeton
Applied Research (PAR) instrument using tetra
butyl ammonium perchlorate as supporting elec-

trolyte in dichloromethane. The optical rotation
of the complexes in methanol was measured by
polarimeter Atago, Japan. The CD spectra were
recorded in methanol by Jasco Machine Model
J-20 Japan. The purity of the solvent, substrate
and analysis of the product was determined by
GLC using Shimadzu GC 14B coupled with PC
using 2 M long, 3 mm I.D., 4 mm O.D. stain-
less stedl column packed with SE30, 5% mesh
size 60 to 80 with FID detector. Column tem-
perature programmed between 70 to 150°C and
injection temperature 200°C with nitrogen car-
rier gas flow 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 chi-
raldex BPH type column.

4. Results and discussion

The symmetrical and non-symmetrical Ni(ll)
square planar complexes 1-6 were isolated as
solids using symmetrical and non-symmetrical
chiral Schiff bases derived from
1S,2S(+ )cyclohexanediamine, S(+)1,2-di-
aminopropane and 1R,2R(—)diphenyldiamino
ethane with 3-acetyl-4-hydroxy-6-methyl-2-py-
rone Fig. 1. Millimolar solution of the com-
plexes 1-3 in methanol shows the non elec-
trolytic nature of the complexes while the com-
plexes 4—6 are 1:1 electrolyte.

A strong band near 1580-1585 cm™? in all
the complexes is due to coordinated azomethine
nitrogen and this band lie at higher wave num-
ber in al the ligands. A strong band at 3320
cm~ ! in all chira Schiff bases is assigned to
v(O-H). After complexation with metal ions
this band disappeared showing the replacement
of hydrogen by metal atom. In such cases the
v(C-0) at 1280 cm™ ! in all chiral Schiff bases
show a red shift in the frequency of the com-
plexes. In the case of the complexes 4-6 two
bands at 1100-1170 cm~* along with a broad
band at 3300 cm~* appear due to coordinated
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Fig. 1. Representative structures of the catalysts.

water [34] and a broad band lie at 3280 cm™! is
due to coordinated amino nitrogen.

The electronic spectra of the complexes in
methanol show high intensity CT bands which
are usualy ligand centered and lie near 310
(&= 2499) and 333 (& = 2499) whilethe MLCT
bands fall between 363 (¢ = 715) and 440 (& =
430) nm. In some complexes band near 530
(&= 170) are assigned to d—d bands.

The CD spectra of the complexes recorded in
methanol show the bands near 520( — 2.4), 530
(+0.5) of opposite sign and assigned to d—d
bands and spin forbidden ligand bands. The
charge transfer region of the spectra shows d —
7" band between 350( + 1.6) to 360( +2.6) nm

®

and the high intensity =— 7 * transition are
seen near 300(+3.7) and 310(—1.7) nm. Two
representative CD spectra (A) and (B) for the
complexes S(+) PROS Ni(ll) and SS(+)
CyLH Ni(ll) respectively are shown in Fig. 2.
Here athough both the complexes have the
same absolute configuration but the complex
(A) is stereospecifically coordinated to nickel so
that the gauche chelate ring isin A form with a
little contribution of & form while the complex
(B) is exclusively in & form. This preferred
conformational and configurational relationship
is already reported earlier [27-32].

The cyclic voltammetry of the complexes
1-6 in dichloromethane with 0.1 M tetra butyl
ammonium perchlorate as supporting el ectrolyte
shows reversible oxidation in the range 0.71 to
0.80 V vs. SCE. These values are in consonance
to those reported earlier [35,36].

4.1. Aerobic enantioselective epoxidation

The catayst entry 1-6 were screened for
aerobic enantioselective epoxidation of prochi-
ral non functionalized olefins viz. 1-hexene,
l-octene, trans-4-octene and indene using
molecular oxygen in presence of isobutyralde-
hyde as sacrificial reductant, by GLC to give
corresponding epoxide and the carboxylic acid
as coproduct. Data regarding enantiosel ectivity
isgiven in Tables 1 and 2. The reductant isobu-
tyraldehyde behaves as an effective reductant to
accept one oxygen atom of molecular oxygen
with concomitant co-oxidation of isobutyralde-
hyde to carboxylic acid in the present reaction
system Scheme 1.

The catalyst 1, 3 and 4, 6 gave excellent
converson with 1-octene and trans-4-octene
(75-95%) while with 1-hexene very good con-
versions were obtained with the catalysts 2 and
3 (85-90%). Moderate to low conversion was
obtained in case of indene with these catalyst
1-6 (58-66%) Fig. 3.

The enantiomeric excess for the resulting
epoxide separated by short column of basic
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Fig. 2. CD spectra of the complexes (A) S(+) PROS Ni(11) and (B) S, S(+) CyLHNi(I1) recorded in methanol.

alumina was evaluated by chiral capillary col-
umn (Chiraldex BPH) and aso by "H NMR
using chiral shift reagent Eu(hfc),.
Furthermore, it is interesting to point out that
for al the three symmetric catalyst the maxi-
mum enantioinduction was in the case of indene
Fig. 4, though the chemica conversions were
low in comparison to the long chain olefins.
The bulkiness of the substrate seems to be the
main factor behind this. This factor seems to be
more pronounced for catalysts 1-3 where e€'s
obtained is higher as compared with catalysts

Table 1
Data for aerobic enantioselective epoxidation of prochiral non
functionalized olefins catalyzed by Symmetrical chira Ni(ll) com-
plexes?

4—6. Structure simulation of intermediates in-
volved in epoxidation step with the representa-
tive catalysts 3 and 6 Fig. 5a, & and b, b’ show
a cavity like reaction site for catalyst 3 hence,
restricted rotation, thereby, less chance for
racemization, while with catalyst 6 there is a
fair possibility for the free rotation at intermedi-
ate level, hence, more chances of racemization.
This, in fact is reflected in our experimental
results. In al the cases on employment of S
form of the catalyst resulted in R form of the
product as a dominant enantiomer. With similar

Table 2

Data for aerobic enantioselective epoxidation of prochiral non
functionalized olefins catalyzed by non-symmetrical chiral Ni(ll)
complexes®

Catalyst Substrate Time(h) % conversion® ee® Configuration

Catalyst Substrate Time(h) % conversion® ee® Configuration

1 1l-octene 12 75 17 R
1-hexene 12 68 22 R
t-4 octene 12 20 20 R
indene 12 60 25 R
2 1l-octene 12 55 17 S
1-hexene 12 90 22 S
t-4 octene 12 95 14 S
indene 12 65 3 S
3 1l-octene 12 80 30 R
1-hexene 12 85 18 R
t-4 octene 12 75 26 R
indene 12 66 41 R

4 l-octene 12 85 19 R
1-hexene 12 65 20 R
t-4 octene 12 920 18 R
indene 12 58 18 R
5 l-octene 12 90 25 S
1-hexene 12 70 23 S
t-4 octene 12 90 20 S
indene 12 60 25 S
6 l-octene 12 95 25 R
1-hexene 12 65 20 R
t-4 octene 12 80 21 R
indene 12 65 20 R

#Reaction conditions: Substrate (2 mmol), catalyst (0.006 mmol),
isobutyraldehyde (6 mmol) solvent 10.0 ml dichloromethane, 1
atm. O, at 4°C.

PDetermined by GC analysis,

°Determined by Chiraldex BPH and by "H NMR using Eu(hfc)s.

#Reaction conditions: Substrate (2 mmol), catalyst (0.006 mmol),
isobutyraldehyde (6 mmol) solvent 5.0 ml dichloromethane, 1
am. O, at 4°C.

PDetermined by GC analysis.

°Determined by Chiraldex BPH and by *H NMR using Eu(hfc)s.
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Scheme 1. Possible mechanism for the catalytic epoxidation reaction.

47

kind of ligands switching over to Ni from Ru however, there was not much improvement in
and Mn [29-32] with molecular oxygen from enantioinduction. Although enantioinduction in
iodosyl benzene resulted in better conversions, most of the present generation of catalysts with

7

% Conversion

7.

Substrates

}PROS MPROH ODPHS ODPHH ECyLS ECyLH\
\

Fig. 3. Bar diagram representing the % conversion of epoxide by the catalyst 1-6.
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Fig. 4. Bar diagram representing the % ee’s of epoxide by the catalyst 1-6.

Fig. 5. (3, b) Molecular model of intermediates involved in epoxidation step with the catalysts 3 and 6 while (d, b') are their space filled
diagrams.
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cis substrates is improving by increasing bulki-
ness of the catalyst, while in trans substrates
these were found to be poor.

As there is hardly any reaction in absence of
catalyst under our reaction conditions the most
likely mechanism operated for the meta com-
plex catalyzed oxygenation of non functional-
ized olefins by molecular oxygen and isobu-
tyraldehyde is shown in Scheme 1. Here the
catalyst is assumed to play two distinctive roles.
First, the catalyst reacts with isobutyraldehyde
to initiate the radical chain process by generat-
ing an acyl radical (a) which then reacts with
molecular oxygen to give an acylperoxy radical
(b). The acyl peroxy radical acts as carrier in a
chain mechanism by reacting with another
isobutyraldehyde molecule to give a peroxy acid,
with concomitant generation of acyl radical.
The peroxyacid then react with catalyst to form
high valent metal oxo intermediate (c) which on
approach of the substrate gave another interme-
diate (d) to give respective epoxides (e) in a
similar fashion analogous to that reported earlier
[26].

5. Conclusion

In this paper we have presented the aerobic
enantioselective epoxidation of 1-octene, 1-
hexene, trans-4-octene and indene using Ni(ll)
symmetrical and non-symmetrical chiral Schiff
base complexes in presence of molecular oxy-
gen using isobutyraldehyde as sacrificial reduc-
tant. The catalyst 1, 3 and 4, 6 gave very good
conversion with 1-octene and trans-4-octene
while catalyst 2 and 3 favors the formation of
1-hexene oxide in good yield. The symmetric
catalysts 1-3 gave the maximum enantioinduc-
tion with indene though the chemical conver-
sions were low in comparison to the long chain
olefins. As expected S form of the catalyst gave
predominantly R form of the product. The work
in the direction of moderating bulkiness of the
ligand in order to achieve optimum conversions

and enantioinduction in trans and long chain
terminal alkenes is in progress.
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