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Abstract

Polymeric chiral Mn(lll) Salen complexeka, 1b were synthesised by the interaction &23S-(+)-1,2-diaminocyclohexane,R,2R-(+)-
I,2-diphenyl ethylenediamine with B:Enethylene-di-3ert-butylsalicylaldehyde. Number of repetitive units and molecular weight of the
polymeric ligands were found to be between 10 and 12Mpd= ~5200 and~5400, respectively by VPO. Enantioselective epoxidation
of chromenes, indene and styrene mediated by complexaesd1b (2 mol%) as catalyst using NaOCI as an oxidant gave >99% epoxide
yields except for cyclochromene where the yield is in the range of 50-61% in 2.5-12 h. The enantiomeric excess (ee) for the product epoxide
was found to be in the range of 75 to >99%, except for styrene (ee, 32-56%). The catalysts were easily recovered by precipitation and were
re-used up to five times with some loss of activity while there was no loss of enantioselectivity in the product epoxide. The effect of axial
bases, oxidants and phase transfer reagents on activity and enantioselectivity of the catalytic system was also studied.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction These catalysts showed lower solubility in non-polar sol-
vents and could be easily recovered from catalytic reaction

To obtain high chiral induction in the synthesis of chiral mixture by precipitation and could be used in subsequent

building blocks for pharmaceutical and fine chemicals, the catalytic runs. Herein, we report polymeric chiral Mn(lll)

designing of a chiral catalyst and its reusability is of utmost Salen complexeda and 1b derived from 52S(+)-1,2-

important[1-3]. Chiral Mn (Ill) Salen complexes have been diaminocyclohexane, R,2R-(+)-l,2-diphenyl ethylenedi-

reported to give high enantioselectivity in the epoxidation amine with 5,5methylene di-3ert-butylsalicylaldehyde.

of cis and cyclic alkenes in presence of 4-phenyl pyridine These complexes were used as catalyst for the enantios-

N-oxide (4-PhPyNO) using NaOCI as oxidant under homo- elective epoxidation of styrene, indene and chromenes in

geneous biphasic reaction conditipf-7] but separation  presence of pyridine-N-oxide (PyNO) as an axial base and

and recycling of the catalyst is problematic. Attempts were NaOCI as oxidant and were recycled several times.

made to develop supported Mn(lll) Salen complexes using

organic polymer[8,9], polymeric membrangl10] encap-

sulation in zeolite[11] and inorganic supported catalyst 2 Experimental

[12-14] so as to minimise the degradation of the catalyst,

allowing easy recovery and re-usability of the catalyst for 2.1 Materials and methods

a number of cycles. We have earlier reported recyclable

dimeric catalysf15-17]by means of simultaneous increase  Manganese acetate from s.d. Fine Chemical, indene and

in the molecular weight and active sites in the catalyst. styrene were passed through a pad of neutral alumina before

use. 2,2-Dimethylchromene and its substituted derivatives

* Corresponding author. Fax:91-278-2566970. were synthesised by known meth@iB]. All the solvents
E-mail address: salt@csir.res.in (R.l. Kureshy). were purified by reported methgii9].
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Microanalysis of the ligands and metal complexes was 1630 cnt?, IH NMR (CDCls, 200 MHz) 6 ppm 13.56 (bs,
carried out on Perkin-Elmer CHN Analyzer 24361 NMR 2H, OH), 8.22 (s, 2H, azomethine), 7.13 (bs, 10H, phenyl),
spectra were recorded in CD{JBruker F113V 200MHz). 7,03 (d, 2H, aromatic), 6.67 (d, 2H, aromatic), 4.64 (s, 2H,
FTIR spectra were recorded on Perkin-Elmer Spectrum methylene), 3.66 (s, 2H, asymmetric), 1.34 (s, 18bijtyl);
GX spectrophotometer in KBr/nujol mull. Electronic spec- (a1, = 5200,n = ~10).
tra were recorded in dichloromethane on Hewlett-Packard
Diode Array spectrophotometer Model 8452A. Molar con 23, Synthesis of poly[(S9-N.N'-bis{3-(L,1-

ductance was measured at room temperature on Digisun®; T
Electronic Conductivity Bridge DI-909. The optical rotation dimethylethyl)-5-methylene salicylidine} cyclohexene-1,2-

was measured in dichloromethane on Polarimeter Atago,diaminato(z-)rranganeae(llI)chloride] 1a and poly[(RR)-

- ,N'-bis{3-(1,1-dimethyl ethyl)-5-methylene-salicylidine}
Japan. CD spectra were recorded on Jasco machine 3-720" \ S
Melting points were determined with capillary apparatus 1,2-dipheny!-1,2-ethane diaminato(2-)manganese(|11)] 1b

and are unconnected. . . , , .
The purity of solvents, alkenes and analysis of the prod- . Chiral Schiff based'a and1'b (0.001 mol) was dissolved

ucts epoxide was determined by gas chromatography (GC)!n CHzCl, while manganese acetate (0.002 mol) was taken

using Shimadzu GC 14B having a stainless steel column (2 m'" CH;OH .and the two solutions were mixed and rlefluxe'd
long, 3mm i.d., 4mm o0.d.) packed with 5% SE30 (mesh under an inert atmosphere for 8-10h. Th_e rga_cnon mix-
size 60-80) and FID detector. Ultrapure nitrogen was used tl_Jdre vgaosogooleld to rogrgl ;em%eratur?, tsr? lid lt't hiu dmf chéor;
as carrier gas with flow rate 30 ml/min and injection port rnae ©. mol) was a ded and was IUrher sirred for A,
temperature was kept at 200. For styrene and indene, col- while exposed to the air and filtered. The solvent was re-
umn temperature was programmed between 70 and,CLSO moved from the filtrate and the residue was extracted with
while for chromene it was held at 15@ isothermal. Syn- dichloromethane. The organic layer was washed with water,
thetic standard of the product was used to determine yieldsbrlne ar|1d fd:'hed ovler atnr;%/drt()jus_so(;jlum Slljlf)?;z' Odnlgartlal
by comparison of peak height and area. Ee for styrene ox-'c/ova o1 the Solvent, fne desired compleXesan

ide was determined by GC chiral capillary column GTA. were.prempltated on addition of petroleum ether (40-60).
For chromenes and indene epoxides, ee were determine 3‘ 8??'3" 97000/;{ Qn"’g' O(';:S?/ICdl.: fOFc%2396g|g|893HMr;- 0%’_ N
by IH NMR using chiral shift reagent Eu(hfg)as well as -, H, 1.9 N, 2.8970. Founad. &, be.ou, H, 7.05; N,

. Jen: =t 5.02%; IR (KBr) cnt! 3431 (br), 2947 (s), 2865 (s), 1612
HPLC (Shimadzu SCL-10AVP Chiralcel column OD,
o J/OB( imadzu ) using Chiralcel column (s), 1538 (s), 1421 (sh), 1388 (m), 1342 (s), 1309 (s), 1285

Synthesis of 5,5methylene-di-3ert-butylsalicylaldehyde (sh), 1238 (sh), 1201 (m), 1170 (m), 1100 (w), 1030 (m),

- 940 (w), 833 (m), 780 (w); UV-Vis: (ChICl2) Amax (&) 196
2 was carried out by the procedure reported eafliéj. (3092), 206 (3778), 218 (4904), 224 (4618). 238 (16.116),

248 (16,823), 260 (18,545), 278 (16,782), 290 (16,243),
326 (14,187), 412 (4527), 416 (4517), 424 (4513), 484
(1932), 602 (516); CD: (CBCl2) Amax(As), 340 ¢-23), 445
(+10), 570 ¢2), 600 (3), 650 (-2), 680 (+2); [a]P =
4188 ¢ = 0.05, CH:Cly); Configuration §); Ay (MeOH)

4 mho cnt1 mol~1; 1b: Yield: 90%; Anal. Calcd. for G7Hag
CIN,OzMn: C, 69.91; H, 5.86; N, 4.07%. Found: C, 69.86;
H, 5.83; N, 4.04%; IR (KBr), 3446 (br), 2957 (s), 2869 (s),
1605 (s), 1536 (s), 1456 (sh), 1418 (s), 1388 (m), 1346 (s),
1309 (s), 1285 (sh), 1238 (sh), 1201 (m), 1170 (m), 1100
(w), 1030 (m), 940 (w), 831 (m), 780 (w), 731 (w); UV-Vis:
(CH2Cl2) Amax (¢) 206 (3658), 220 (4851), 238 (16,342),
242 (16,881), 264 (179,755), 266 (17,674), 280 (17,485),
296 (17,168), 316 (15,602), 328 (15,602), 416 (4695), 412
(47,416), 448 (5011), 490 (2248); CD: (GEI2) Amax (Ae),

340 (—23), 440 (4.5), 580 ¢3), 610 (+6), 650 (+8), 680
(+9); [ = +793 ¢ = 0.06, CH,Cly); Configuration
(R); Am (MeOH) 6 mho cn! mol—1.

2.2. 9ynthesis of poly[(SS)-N,N'-bis-{3-(1,1-
dimethylethyl)-5-methylene salicylidine}cyclohexene-
1,2-diamine] 1'a and poly[(R,R)-N,N"-bis{3-(1,1-
dimethylethyl)-5-methylene salicylidine}1,2-
diphenyl-1,2-ethylene diamine] 1'b

5,5-Methylene-di-3tert-butylsalicylaldehyde 2 (0.002
mol) in ethanol was refluxed withS]2S-(+)-1,2-cyclohe-
xanediamine andR,2R-(+)-1,2-diphenyl ethylenediamine
(0.002 mol) in dichloromethane for 6-8 h. Partial removal
of the solvent and addition of hexane precipitated out the
desired chiral ligandsl’a and 1'b. These ligands were
recrystallised with ethanol and characterised by microanal-
ysis, IR,’H NMR and Vapour Pressure Osmometry (VPO).
1’a: Yield: 84%; Anal. Calcd. for GgHag N2O2: C, 77.64;

H, 8.98; N, 6.24%. Found: C, 77.52; H, 8.93; N, 6.20%. IR
(KBr) cm~1 1620v(H-C=N), 'H NMR (CDCl3, 200 MHz)

8 ppm; 13.77 (bs, 2H, OH), 8.21 (s, 2H, azomethine),
6.74 (d, 2H, aromatic/,, = 2Hz), 7.05 (d, 2H, aromatic,
Jm = 2Hz), 3.68 (s, 2H, methylene), 3.29 (bm, 2H, asym- 2.4. Enantioselective epoxidation of non-functionalised
metric), 1.87 (m, 8H, cyclohexane), 1.36 (s, 8+hutyl); alkenes

(M, = ~5400,n = ~12). 'b: Yield: 85%, mp: 220C;

Anal. Calcd. for G7H40N202: C, 82.83; H, 6.90; N, 4.82%. Enantioselective epoxidation reactions were performed
Found: C, 82.75; H, 6.85; N, 4.76%. IR (KBr), (H=Q) according to the procedure reported earli¢20].
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Accordingly, 2mol% of the compleXa and 1b (based
on monomeric unit of Mn(lll) Salen), appropriate alkene = ~5200,n =
(.29 mmol) and PyNO (0.2 mmol) were stirred in 1ml

was ~5400 M, = ~5400,n = ~12) and ~5200 M,
~10), respectively. Microanalysis of ligands
further confirms the structure of the ligands as depicted in

dichloromethane and the oxidant NaOCI (2.75 mmol) was Scheme 1

added in four equal portions at°G. The progress of the

epoxidation reaction was monitored on GC. After com- 3.1. Enantioselective epoxidation of non-functionalised
pletion of reaction the organic layer was washed with zlkenes

water, dried over sodium sulfate and the catalyst was pre-
cipitated out from the solution by the addition of hexane

The epoxidation reaction catalysed by poly Mn(lll)

and was kept for subsequent use without further purifi- Salen complexega and1b conducted in dichloromethane

cation.

3. Results and discussion

Polymeric Mn(lll) Salen complexeda and 1b were
synthesised by condensation & 2S-(+)-1,2-cyclohexane-
diamine/R,2R-(+)-1,2-diphenyl ethylenediamine with 5.5
methylene-di-3ert-butylsalicylaldehyde in 1:2 molar ratio

in CHCI; followed by insertion of manganes8gheme 1

using styrene, indene, 2,2-dimethylchromene, 6-cyano-
2,2-dimethylchromene, 6-nitro-2,2-dimethylchromene, 6-
methoxy-2,2-dimethylchromene and spiro[cyclohexane-
[,2’-[2H][1]]chromene gave epoxides in quantitative yields
with NaOCI as oxidant in presence of PyNO as axial base
except for cyclochromene which gave corresponding epox-
ide yield in the range of 50-61% in 2.5-10 h. Product yield,
ee and turn over frequency (TOF) for the compleXasnd

1b are given inTable 1 The catalytic reaction is observed
to be faster in case of 6-nitro 2,2-dimethylchromene (entries

'H NMR and IR showed absence of aldehyde group in the 14 and 15) as shown by TOFi@. 1). The best chiral induc-

ligandsl’a and I’b. The average molecular weight afa

tion (ee> 99%) was found in the case of electron deficient

and1’b as measured by vapour pressure osmometry (VPO)Nitro- and cyanochromene (entries 11, 12, 14 and 15). The

HO b3 OH

HN NH HN  NH

[_. — I S
HQIH

' I'a
MnOAc
LiCl MnOAc
Licl
© é. p H
n

n=10 n—12

Scheme 1. Synthesis of the complexXasand 1b.

catalyst1b was observed to give the high ee (89%) for
6-methoxy-2,2-dimethylchromene (entry 10). However, the
ees were not encouraging (32-56%) in the case of styrene;
nevertheless the catalyh gave higher ees thata. In all

the catalytic runs the configuration of product is the same
as that of the catalyst.

To compare the efficiency of the catalysta and 1b
(2mol% of Mn(lll) Salen unit) with that of monomeric
Jacobsen’s complexJ) (2 mol%), epoxidation of 6-cyano-
2,2-dimethylchromene was conducted using these catalysts
in presence of PyNO under similar reaction conditions,
which gave >99% conversion with >99% ees in 5.5-6h
(Table 1 entries 11, 12) while Jacobsen’s catalyst gave
60% conversion and 92% ees in 9h (entry 13). The en-
hanced activity of the polymeric catalysh and1b may be
attributed to the increase in the active reaction sites that are
functioning in synergy.

S""”'ate

Fig. 1. 3D view showing TOF vs. substrates (1) styrene (2) indene (3)
cyclochromene (4) chromene, (5) methoxychromene (6) cyanochromene
and (7) nitrochromene with catalysts and 1b.
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Table 1
Data for enantioselective epoxidation of non-functionalised alkenes catalysed by polymeric corigjeb®ed presence of PyNO with NaOCI as oxidant
Entry Catalyst Substrate Product Yiglho) Time (h) e8 (%) ITOF x 1073
o
1(2) 1a (1b) >99 (>99) 10 (12) 32 (56)¢ 1.37 (1.14)
O
3 (4) 1a (1b) (j:} @:) >99 (>99) 10 (6) 78 (79) 1.37 (2.29)
9
5 (6) 1a (1b) % % 50 (61) 10 (9) 78 (82) 0.70 (0.95)
< 8
7 (8) 1a (1b) @:;< @Q< >99 (>99) 10 (9.5) 7% (77) 1.37 (1.45)
M D Met '?
9(10)  1a(lb) m m >99 (>99) 6 (10) 82 (89  2.29 (1.37)

11 (12) la (1b) m CN\@Q( >99 (>99) 6 (5.5) 99 (99) 2.29 (2.50)
.2
13 Jacobsen Mn(lll) Salery) Qm CN\@Q( 66 9 92 0.95

Q

NO, X NO &
14 (15)  1a (ib) m m >99 (>99) 26 (25 999 530 (5.51)

Reactions conditions: catalyst (2mol% in 1 ml gEl,), substrate (1.29 mmol), pyridine N-oxide (0.13 mmol), NaOCI (2.75 mmol).
a Determined on GC.
b Chiral capillary column GTA-type/byH NMR using chiral shift reagent)Eu(hfc)k/chiral HPLC column OJ, OD, OB.
¢ Epoxide configurationS.
d Epoxide configurationR.
€ Epoxide configuration, 32R.
f Epoxide configuration R,2S.
9 Epoxide configuration, 34S.
h Epoxide configuration, R4R.
i Turnover frequency is calculated by the expression [product]/[catafystine (s™1).

Various O coordinating axial bases have been reported towith water, brine, concentrated and the catalyst was precip-
increase the activity and stability of the Mn(lll) Salen com- itated by hexane. The recovered catalyst was used as such
plexes for the epoxidation of non-functionalised alkenes without purification (dried under vacuum before use) for
using NaOCI as an oxidaff20]. In the case of complexds the subsequent catalytic runs and the whole process was re-
and1b the effect of axial bases namely, PyNO, 4-PhPyNO, peated five timesTable 3. The activity of the recycled cat-
4-(3-phenyl propyl pyridine N-oxide) (4-PPPyNO), 4- alyst gradually decreased upon successive use possibly due
methyl morpholineN-oxide, (NMO) and dimethyl sulphox-  to minor degradation under epoxidation conditions and/or
ide, (DMSO) in the epoxidation of styrene, indene and weight loss during recovery process of the catalystaind
6-cyano-2,2-dimethylchromene was studied and data arelb. The retention of ee suggests that there is no apparent
given in Table 2 With water-insoluble axial bases, viz., 4- change in the catalyst structure during epoxidation reaction.
PhPyNO and 4-PPPyNO the time period for completion of The epoxidation reaction with NaOCl as an oxidant
the epoxidation reaction decreases from 10 to 1.5h (entriesis a biphasic reaction therefore, we thought it would be
18-21, 26-29, 34-37) as compared to water-soluble PyNO,appropriate to study the effect of various commercially
however, there was no change in enantioselectivity. This available phase transfer catalysts viz., tetrabutylamminium
observation is in consonance with that reported for dimeric bromide (TBAB), tetrabutylammonium hexaflurophos-
Mn(l1) Salen complexe$15] and polymeric Mn(lll) Salen phate (TBAHFP), tetraethylammonium hydroxide (TEAH),
complex reported by Yao et gl21]. Whereas, in case of tetrabutylammonium tetrafluoroborate (TBATFB) and
NMO (entries 16, 17, 24, 25, 32, 33) and DMSO (entries cetyltrimethylammonium bromide (CTAB) in the epoxida-
22,23, 30, 31, 38, 39) as axial base the reaction is slow andtion of styrene as representative substrate with catdlyst
does not complete even after 24 h. and 1b under the similar reaction conditions. The results

Furthermore, the recovery and reusability of the catalyst are summarised in th&ble 4 The epoxidation of styrene
was studied. After the completion of the epoxidation reac- with catalystla and1b in absence of a phase transfer cata-
tion the organic phase of the reaction mixture was washedlyst takes 10-12 hTable 1 entries 1 and 2) while with the
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Table 2
Data for enantioselective epoxidation of styrene, indene and 6-cyano-2,2-dimethylchromene catalysed by camplbxespresence of different axial
bases with NaOCI as oxidant

Entry Substrate Product Axial base Conversion (%) Time (h) ee (%) *Qr 3
16 (17) [5 ;g NMO 79 (50) 24 (24) 28 (40) 0.41 (0.29)
18 (19) 4-PhPyNO >99 (>99) 8 (8) 31 (58) 1.71 (1.71)
20 (21) 4-PPPYNO >99 (>99) 2 (6) 30.5 (57) 6.87 (2.29)
1(2) PyNO >99 (>99) 10 (12) 32 (55) 1.37 (1.14)
22 (23) DMSO 60 (40) 24 (24) 33 (55) 0.35 (0.23)
24 (25) e NMO 70 (80) 15 (15) 67 (49) 0.65 (0.74)
26 (27) (33 @ 4-PhPyNO >99 (>99) 25 (3) 77 (71) 5.50 (4.58)
28 (29) 4-PPPYNO >99 (>99) 3.5 (2.5) 76 (63) 3.93 (5.50)
3 (4) PyNO >99 (>99) 10 (6) 78 (69) 1.37 (2.29)
30 (31) DMSO 50 (25) 16 (16) 70 (63) 0.43 (0.22)
32 (33) C“m &2 NMO 51 (51) 8.5 (7.5) 83 (81) 0.83 (0.94)
34 (35) o) m 4-PhPyNO >99 (99) 1.5 (2) 100 (100) 9.16 (6.87)
36 (37) 4-PPPYNO >99 (99) 1.5 (3.5) 100 (100) 0.92 (3.93)
11 (12) PyNO >99 (99) 6 (5.5) 100 (100) 2.29 (2.50)
38 (39) DMSO 73 (53) 9.5 (9) 81 (82) 1.07 (0.86)

Results given in parenthesis are for the catalyst

Table 3 with all non-functionalised alkenes in the presence of PyNO
Data for enantioselective epoxidation of styrene with recycled catalysts \yith NaOCI as an oxidant. Water insoluble substituted pyri-
1aand1b in presence of PyNO as axial base with NaOCI dine N-oxides were found to be more effective axial base

Catalytic cycle Time (h) Conversion (%) ee (%)  than water-soluble pyridine N-oxide. Certain phase transfer

1 10 (12) >99 (>99) 32 (55) catalysts quicken the epoxidation reaction. The polymeric

2 10 (12) 95 (92) 31 (54) Mn(lll) Salen complexes used in the present study can be

3 12 (14) 75 (72) 31 (55) easily separated from the reaction system and re-used effec-
4 17 (19) 60 (59) 31 (54) tively.

5 20 (24) 40 (39) 31 (55)

Results given in parenthesis are for the catalyst
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