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Summary. New chiral metal salen complexes substituted in the 3 position with bulky silyl groups (TMS, TBDMS) have
been synthesized. Although some of these complexes catalyzed the epoxidation of unfunctionalized olefins in moderate to
high ee's, they catalyzed the aziridination of cis-B-methylstyrene without any asymmetric induction.

The design of chiral Mn(salen) and Mn and Fe porphyrin complexes to catalytically transform unfunctionalized
alkenes into optically active epoxides is one of the most challenging objectives in asymmetric synthesis today.!
Interestingly, few researchers have investigated the aza analogue of this reaction, namely catalytic asymmetric
aziridination.? Although there have been some investigations on the use of MnTPPX and FeTPPX for catalytic
aziridination,? there have been no reports on the use of metal(salen) complexes as aziridination catalysts. This is

1 As pan

surprising since chiral Mn (salen) complexes have enjoyed unprecedented success in asymmetric epoxidation.
of our on-going research efforts in metal-catalyzed asymmetric transformations,” we report studies of metal(saler)
complexes as catalysts for aziridination of olefins with emphasis on whether this transformation could be accomplished
with high enantiomeric excess (ee). The latter question was of particular interest to us since aziridines undergo facile
ring opening and would then serve as valuable precursors for chiral diamines and amino alcohols.’

Initial efforts focused on screening a wide variety of metal(salen) complexes for catalytic activity, including
complexes of Cr'Z, Mo, B ol Nill, cul, Rh™ and P&%. The prototypical reaction involved the formation of N-
tosyl-2-phenylaziridine by reacting styrene with PhI=NTs® in the presence of 5 mol% metal(salen) complex7 (eqn 1).
While almost all of the catalysts produced good yields of Phl and TsNH,, only Mn(salen)Cl catalyzed the reaction to
produce the aziridine (46% based on PhI=NTs added).® The catalytic oxidant in this reaction is presumably a
L,Mn=NTs species (L,=salen + CI) which transfers its nitrogen group to the olefin.’ To our knowledge, this is the first

report of a metal(salen) complex effecting this type of nitrogen group transfer.
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discovery of enantioselective catalysts. Consequently, chiral metal(salen) complexes substituted in the 3 position with
silyl groups were synthesized. Since the placement of a t-butyl group at the 3 position of Mn(salen) complexes has been
found to be crucial to the attainment of high ee’s in asymmetric epoxidation,'*” we hypothesized that substitution by
silicon might be additionally advantageous for two reasons. First, a C-Si bond length is ~20% longer than a C-C bond*®
and would presumably result in an increase in non-bonded interactions upon approach of the olefin to the metal center,
as well as an increase in the face selectivity of the catalyst. In addition, the steric bulk at silicon can be easily varied so
as to optimize the catalyst’s activity in asymmetric transformations. Second, the formation of aryl-silyl bonds often
proceeds in high yields'! and would easily allow for multigram quantities of the catalyst to be synthesized.

Two approaches to silyl-substituted metal salen complexes were investigated. The first approach involved a series
of ortholithiation reactions which served to install the TMS and formyl groups both ortho to the methoxymethyl
directing group (78%, Scheme 1).!''>  Deprotection of the MOM group, followed by condensation of the resulting
salicylaldehyde with the chiral diamine provided the chiral ligand (80%). Formation of the Mn complex (R,R)-1 was
accomplished by refluxing the ligand with Mn(OAc)2‘4H2O,1‘ followed by the addition of LiCl and air oxidation (78%).
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The second approach utilized an intramolecular silyl rearrangement' to form the aryl-Si bond (Scheme 2). o-
Bromophenol was first silylated with (t-Bu)(CH,),SiCl, and the resulting o-bromosilyl ether was then metallated (2.1
equiv, t-BuLi) to afford 2-t-butyldimethylsilylphenol (82%). The phenol was allowed to react with $nCl, and (CH,0),
as outlined by Casiraghi'* 1o provide the salicylaldehyde (28%). The final steps of the synthesis of (R,R)-2 were

identical to those outlined in Scheme 1.
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The reaction of (R,R)-1 (5 mol%) with a 5-fold excess of styrene in the presence of PhI=NTs provided the N-tosyl
aziridine in a 20% yield and without any enantiomeric excess.!® Similarly, cis-B-methylstyrene was converted to its
corresponding N-tosylaziridine in somewhat lower yield, but also with complete lack of face selectivity. A similar result

was obtained when using the more sterically hindered (R,R)-2 catalyst. Surprised by the lack of asymmetric induction
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displayed in the aziridination reactions, we decided to examine asymmetric epoxidation as another means of gauging the
face selectivity of complexes 1 and 2. Table 1 lists the ee’s obtained from epoxidation reactions with styrene and cis-
methylstyrene. Interestingly, these ee’s were appreciable, despite the lack of enantioselectivity observed for the
aziridination of styrene. This discrepancy strongly suggests that the transfer of the oxygen atom from a L, Mn=0 species
is essentially concerted, whereas L Mn=NTs species transfer the nitrogen atom in a stepwise fashion, perhaps via a

radical intermediate.

Table 1. Asymmetric Epoxidation of Unfunctionalized Olefins

Olefin Catalyst Yoee™® Conversion(%)  Yield(%)* Total Tumnover
styrene® (R,R)-1 18(R) 57 44 10
styrene? (R,R)-2 33(R) 14 86 16
Z-methylstyrene®  (R,R)-1 23(1R,28) 72 46 7
Z-methylstyrene® (R,R)-2 53(1R,28) 15 60 5

a) PhIO was used as the oxidant in CH,Cl,. b) Experimental conditions identical to those used in ref, 1a) were
employed; NaOCI was the oxidant. ¢) %ee was determined by 'H NMR analysis using Eu(hfc);. d)
Determined by GC integration against an internal standard (PhCl) and corrected for the extent of olefin
conversion. €) Assignment of absolute stereochemistry was made by a comparison of the shift reagent studies
done with epoxides produced in these experiments with those done with enantiomerically enriched samples of
known absolute configuration.'?

The intervention of radical intermediates in metal-catalyzed aziridination chemistry is well precedented for
MnTPPX and FeTPPX systems.? Although Mn(V)=NTs species are believed to be formed initially, these species might
also be formulated as Mn(IV)-N"-Ts radicals’ and might therefore add to olefins in a stepwise fashion (Scheme 3). Such
a radical most likely has a sufficiently long lifetime to allow for C-C bond rotation to compete effectively with ring
closure,’® Nevertheless, this mechanism would predict initial face selectivity reflected in a diasteromeric excess at the
methyl-substituted carbon of the substrate followed by thermodynamic control of ring closure at the benzylic carbon.
The complete lack of ee observed calls into question the currently postulated mechanism of aziridination. In particular,
it is possible that either an electron transfer pathway involving high valent manganese prevails, or that the reaction is

catalyzed by a decomposition product of the Mn complex.
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One method of obtaining ee’s comparable to those obtained in asymmetric epoxidation is to form a metal-imino

species which transfers its nitrogen atom in a concerted fashion to the olefin, We are currently investigating the use of

other nitrogen containing oxidants for this purpose and will report these results shortly.
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