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Abstract: Asymmetric desymmetrization ol meso-pyrrolidine derivatives was first cttected by
cnantiosclective oxidation of the C-H bond a 1o the nitrogen atom using Ma-salen complex 1h as a
catalyst.  © 1998 Elsevier Science Ltd. All rights reserved.

Enantiotopic sclective catalytic oxidation of C-H bond is a current topic in organic synthesis, and moderate
to good enantioselectivities have been observed in the asymmetric oxidation of benzylict and allylic2 C-H
bonds. On the other hand, desymmetrization of symmetrical compounds such as meso-compounds by
enantiotopic selective catalytic oxidation of C-H bond is an important strategy for creating new chiral centers.
Recently, we have found that (salen)mangancse(Il) complex 1a (hercafter abbreviated as Mn-salen complex)
is an cxcellent catalyst for the desymmetrization of prochiral symmetrical cyclic ethers o afford synthetically
useful optically active lactones.3 This protocol constitutes an appealing strategy 1o construct optically active
molecules from readily available meso-compounds. Another advantage of the protocol is that multi-
asymmetric centers can be simply constructed by single manipulation. This strategy should be applicable to
other classes ol meso-compounds and provide a uscful tool for the synthesis of chiral heterocyclic compounds.
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To explore this possibility, we examined the oxidation ol meso-pyrrolidine derivatives using Mn-salen
complexes as catalyst (Eq. 1). Optimization of the catalyst and rcaction conditions has led o the development
of a usetul protocol for the synthesis of optically active chiral lactams which serve as uscful building blocks for
many biologically important molccules.

Various meso-pyrrolidine derivatives were readily dVdI|dh|( 4 First, we cxamined the oxidation ol N-
henzoyl-8-azabicyclo[4.3.0]nonane 2a as the test material using Mn-salen complex 1a in various solvents in
the presence of a terminal oxidant, iodosylbenzene or pentatluoroiodosylhenzene.  As cxpected, oxidation
occurred preferentially at the carbon @ o the nitrogen atom, aftording optically active 2-hydroxypyrrolidine
derivative 3a which was further oxidized by Jones reagent Lo provide chiral lactam 4a.5 Enantiomeric excess
of 4a was determined by HPLC analysis (Table 1). Through these examinations, acetonitrile was found to be
the solvent of choice (entry 7). The rcaction with pentafuluoroiodosylbenzene showed the same
enantiosclectivity as that with iodosylbenzene, but the yield ol 4 was better in the former reaction (entry 7).
We next examined the reaction using a scrics of Mn-salen complexes 1a-e und found that complex 1b was the
most suitable catalyst for the oxidation of pyrrolidine derivative 2a. Moderate cnantioselectivity of 64% cc
was obtained in the reaction at -25 °C (entry 9). It is also notewarthy that, in accord with desymmetrization of
meso-lurans, the (R.R)-complex 1h wus proven to he hetier a catalyst for the present oxidation than the
diastercomeric (R,S)-complex le, which was an excellent catalyst for benzylic oxidation. 1P
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Table 1. Desymmetrization of N-benzoyl-8-azabicyclo[4.3.0]nonane
Entry Catalyst 1 Solvent Temp. (°C)  Time (h) Yicld(%)ah ced
| a Chlorobenzene r 2 58 19
2 " " 0 4 34 27
3 " " -20 12 4] 33
4 " Ethyl acclate -20 12 27 4
5 " Dichloromethanc -20 12 27 10
6 " Acclone -20 12 42¢ 42
7 " Acctonitrile -20 14 43, 47¢ 46
8 b " -20 12 43¢ 61
9 " " -25 14 55¢ 64
10 c " -25 14 56¢ 61
11 d " -25 14 41 29
12 e " () 4 37 5
13 " " -20) 12 29 12

a) Carried out using 1 equivalent of iodosytbenzenc as the terminal oxidant.

b) Isolated yield.

c) Pentatluoroiodosylbenzene was used as oxidant.

d) Determined by HPLC analysis using optically active column (DAICEL CHIRALCEL OD-H. hexane/isopropanol 9:1),

To ascertain the cficet of amino-protecting groups on cnantiosclectivity, we next examined the oxidation
ol a series of N-protected 8-azabicyclo|4.3.0Jnonanes 2 with complex 1b and pentafluoroiodosylbenzene in
acetonitrile (Table 2). Both 4-nitro- and 4-methoxybenzoylated 2 showed less seleclivity, suggesting that the
electronic effect did not play a major role in cnantioselection (entrics 2 and §5). Then, we examined the
oxidation ol 2 prowceted with propionyl, naphthoyl, 4-chlorobeazoyl, 4-methylbenzoyl, phenylacetyl, (1-
naphthylacetyl and hydrocinnamoyl groups and found that good cnantiosclectivity ol 76% ce was realized (at
-27 °C) when N-phenylacetylpyrrolidine was the substrate (entry 8). Consistently, the oxidation ok place
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chemoselectively on the carbon o (o the nitrogen atom in the pyrrolidine ring as the major product along with
ca. 10%: ol unidentitied oxidized compounds (entries 7-100).

H H OH
O:)%R 1b CE>NR Jones
CeFslO g Oxdn
H H
2 3
Table 2. Effect of N-Protecting groups
Entry R Temp.(°C) Time (h) Yield(%)®b ect
1 Propionyl 25 14 65 36d
2 4-Nitrohenzoy) " 14 42 43d
3 4-Chlorohenzoyl " 14 38 394
4 4-Methylhenzoyl " 12 41 394
5 4-Methoxybenzoyl " 12 37 28d
6 Naphthoyl ! 14 43 58¢
7 Phenylacetyl 0 4 40 44ef
8 " -27 14 65 76048
9 (1-Naphthylacetyl -25 12 45 706/
10 Hydrocinnamoyl -25 12 42 40/
@) Carried out in acetonitrile using 1 equivalent of pentafluoroiodosylbenzene as the terminal oxidant.

b) Isolated yield of 4.

¢) The % ce ol 4.

&) Determined by HPLC analysis using DAICEL CHIRALPAK AD column (hexanc/isopropanol= 9:1).
¢} Detcrmined by HPLC analysis using DAICEL CHIRALCEL OD-H columa (hexane/isopropanol= 9:1).
) Accompanied with ~ 10 % of unidentified by-products.

g} Specific rotation of 4 : {a]ff +11.3%¢ 0.2. CHCR3).
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Scheme 1

We also studied the oxidation of N-phenylacetyl protecied 3.4-dimethyl pyrrolidine 5 and 7-
azahicyclo[3.3.0Joctanc 6 under the optimized reaction conditions.  As above, the oxidation occurred
chemoselectively to give the corresponding optically active hydroxypyrrolidine derivatives 5a and 6a which,
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on further oxidation with Jones reagent, provided chiral lactams 5b6 and 6b with good enantioselectivities
(Scheme 1).

To determine the absolute configuration of 4, the phenylacetyl group was deprotected by treatment with

aqueous LiOH to afford chiral lactam 7 in quantitative yield and its optical rotation was compared with the
literature (Scheme 2).7.%

i LiOH

CHoPh —— = H
THF-H,0 (1:1) f N
H (a]3® -22.4° (c 0.25, CHCl,)
7 25 ... ;
lo]d -24° (c 0.5, CHCI3) (88% ee)
Scheme 2

In conclusion, we have developed an efficient and uselul synthetic methodology for the synthesis of

optically aclive chiral lactams [rom meso-pyrrolidine derivatives by enantioselective C-H oxidation. Further
study on this protocol is curtently underway in our laboratory.
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