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Aziridines are versatile intermediates that have great value in
organic synthesisA recent review on the asymmetric synthesis

of aziridines reveals that nearly all nonracemic aziridines are made

from other chiral materiald.Therefore, there is a need for the
development of new methods for the asymmetric catalytic

synthesis of aziridines. Previous reports have focused on three

different strategies to this problem as outlined in Scheme 1. Most
past effort has involved the transfer of a nitrene frol(p-
toluenesulfonyl)imino]phenyl iodinane to an alkene mediated by
a chiral metal catalyst which can result in the productioN-0bsyl
aziridines in good asymmetric inductions with certain alkene
substrate$ An alternate method involves the transfer of a carbene
to an imine which has been reported with a chiral copper catalyst

and more successfully with a rhodium catalyst that was mediated

by a chiral sulfur ylide*® A third strategy arises from the recent
observation that simple Lewis acids can catalyze the formation
of aziridines from ethyl diazoacetate and imiféddowever, a
screen of this reaction with a variety of chiral Lewis acids failed
to produce aziridines with significant asymmetric inductién.
Previously we reported that chiral Lewis acid catalysts derived
from the vaulted biphenanthr&B (VAPOL) proved effective in
providing excellent asymmetric inductions in Diel&lder reac-
tions with both ester and aldehyde dienophil&ge now report
that a catalyst prepared from VAPOL and boratetrahydrofuran
complex can give very high asymmetric inductions in the
formation of aziridines from the reaction of benzhydryl imines
with ethyl diazoacetate. This catalyst was prepared by treating
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S-VAPOL with 3 equiv of borane THF complex, heating at 55
°C for 1 h, removing the volatiles, and then heating the residue
at 55°C for 30 min under a high vacudnfScheme 2). Entry 4
in Table 1 shows that this catalyst produces a 74% yield of the
aziridine10ain 98% ee and only small amounts of the acyclic
productsllaandl12awere observed. Thes-aziridine is produced
with a diastereoselectivity of greater than 50:1 with the catalyst
generated from S-VAPOL but this falls to 8:1 with the catalyst
prepared from R-BINOL (entry 1). In addition the enantiomeric
excess with the R-BINOL catalyst falls to 17% ee. Entries 2 and
3in Table 1 reveal that the catalysts that were most effective for
Diels—Alder reactionswere not optimal for the present aziridi-
nation reaction.

The asymmetric induction observed fbBais not a function
of the substrate-to-catalyst ratio and remains constant as the
catalyst loading is reduced from 10 to 1 mol % (entries9h
The rate of the reaction significantly drops when the amount of
catalyst is reduced from 10 to 2.5 mol %, but interestingly, the
rate of the reaction is greatly accelerated if the imine is added by
slow addition. Entries 7 and 8 reveal that the order of addition of
reagents does not affect the rate. However, the data in entries 7
and 9 reveal that the reaction time can be reduced from 20 to 2
h for reactions with 2.5 mol % catalyst if the imine is added over
a period of 1 h.

The rate of the reaction can be affected by the purity of the
imines. The reactions in Tables 1 and 2 were performed with
imines that were crystallized from etharfdmine 8a contained

(8) The same selectivity is observed with a catalyst prepared with 1.0 equiv
of borane-THF complex, but catalyst formation requires longer periods of
time.

(9) The iminesBa—i were prepareld by reaction of benzhydrylamine with
1.0 equiv of aldehyde in methylene chloride at rt in the presence of anhydrous
magnesium sulfate. After filtration, the solvent is removed and the imine
purifed by crystallization from ethanol with the exception8bf which is an
oil and was used without purification.
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Table 1. Asymmetric Aziridination of ImineBa (R® = Ph) with (§-VAPOL-Boron Catalystl4?

entry catalyst (mol %) time, h yieldis-10° % eecis-10¢ cis-10/ftrans-10¢ yield 11¢ yield 12
1 10 20 42 17 8:1 8 10
2 10 20 53 66 >50:1 13 6
3 10 18 41 5 >50:1 17 14
4 10 0.5 74 98 >50:1 2 2
5 10 0.5 78 97 >50:1 2.5 2.1
6 5 3 74 97.5 >50:1 1.7 0.7
7 2.5 20 73 97 >50:1 1-1.5 1-15
8 2.5 17 74 97 >50:1 1.6 1.0
9 2.8 2 79 98 >50:1 <1 <1
10 1 16 72 99 42:1 3.7 25

aUnless otherwise specified, all reactions were run in methylene chloride with 0.1 mm8J-gAPOL at 22 °C with 1.1 equiv of ethyl
diazoacetate with respect to imiBe9 was added all at once to a mixture of imine and catalyst. IrBim&s crystallized from ethanol argiwas
used as supplied by Aldrich. Imine concentration is 0.5 M for entrie6,Jand 2.0 M for entries 710. ° Isolated after purification by silica gel
chromatography: Determined by HPLC on a Chiralcel OD colunfiDetermined by*H NMR of crude reaction mixture’ Determined by*H
NMR of crude reaction mixture by integration relativedis-10.  Catalyst prepared fronRj-BINOL and BH,—THF which gave the enantiomer
of 10a 9 Catalyst prepared fronS[-VAPOL and BH:Br—Me,S. " Catalyst prepared fron5-VAPOL and E$AICI. ' Reaction with R)-VAPOL
which gave the enantiomer dDa | 80% recovery of VAPOLX Imine added all at once to a mixture of catalyst @adimine aded ove3 h by
syringe pump to a mixture of the catalyst a&d™ Imine crystallized from CHCl,/hexane.

Table 2. Asymmetric Aziridination of Imine8 with (S-VAPOL-Boron Catalystl4*

entry imine R time yieldcis-10° % eecis-10° cis-10/trans-10 yield 11° yield 12
1 8a Ph 5 7 97 >50:1 =1 =<1
2 8b p-BrCsHa 4 64 97 16:1 3.9 2.0
3 8c p-NO2CeH4 24 68 91 111 =<1 <1
4 8d p-OAcCsH. 16 67 96 40:1 3.6 3.0
5 8e 0-MeGeH,4 24 51 98 31 8.1 6.5
6 8f 2-Naphthyl 4 70hii 97 30:1 15 1.4
7 89 2-furyl 8 55 94.5 16:1 =<1 =<1
8 8h n-Propyl 7 54 91 >50:1 9.6 6.4
9 8i C-CeHux 3 72 96 35:1 =<1 <1

@ Same as footnote a in Table 1 except solvent is toluene, 10 mol % catalyst is used, and imine is added by syringe pump over 3 h. Imine
concentration varies from 0.2@.50 M." ~¢See Table 1'Reaction started at fC and warmed to rt after-45 h. 9 CH,Cl, as solvent and 5 mol
% catalyst. 0.05 mole of VAPOL.'5 mol % catalyst used.Substrate9 added all at once to a mixture of catalyst and imine.

traces of ethanol as revealed %y NMR, but this was only found Scheme 3

to be detrimental to the rate with very low catalyst loadings. More PR _Ph

reasonable reaction times were observed with 1 mol % catalyst HN/ Pd black H2

when the imine was purified by crystallization from pentane/CH HCO,H, MeOH P CO,Et
Cl,. The effect of ethanol was confirmed when the reaction in Ph COEt 22°C, 24 h 158 80%
entry 10 of Table 1 was repeated in the presence of 10 mol % [o]o = -23.0
ethanol and found to proceed only to the extent of 18% conversion 10a D-Phenyl Alanine Ethyl Ester
in 17 h.

This asymmetric aziridination reaction was found to be slightly . . _ _

) ) . of this material was found to be(Jp = —23.0 € = 3.2, EtOH)
e e Al e 1" whih s to b compared wih he value ay = 1238 ¢ =
and less of the ac clicg roducgls. and12. For this reason, the 3.2, BOH) reported for-phenyl alanine ethyl estrand which
scope of the react?/on wgs explored in tbluene for the su’bstratesiS consistent with the fact that the aziridin@a used for this
>cope P . ; - reaction was determined to be 99.2% ee by HPLC with a Chiralcel
listed in Table 2. As can be seen, high enantioselectivities were OD columnt2
observed over a range of imine substrates derived from both ) ) .

The present method allows for the first generally applicable

electron-rich and electron-poor aryl aldehydes and with branched - LT TS .

and unbranched aliphatic aldehyd&3he reaction times shown method for the catalytic asymmetric aziridination reaction. Further

in Table 2 are not reflective of rate differences in the imine SIUd.'eS on the scope, mechanism and applications of this process
gare in progress.

substrates since the concentrations varied due to solubility an

since minimum reaction times were not determined. It was
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was slower than imin8a and did go to completion in methylene

chloride in 24 h, but the aziridine was not stable to purification  Supporting Information Available: Experimental procedures and
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reductive ring-opening to phenyl alanine ethyl ester. Transfer

hydrogenation with formic acid lead to selective reduction of the JA9905187

nitrogen-benzyl carbon bond of the aziridine and also to the - - - -

cleavage of the benzhydryl-protecting group on the nitrogen to Chgnl]? g’oig’ggg“l';ﬁjy Ernst, R. E.; Schoenberrn, J. E.; Holm, RLAm.

give the ethyl ester of phenyl alanine (Scheme 3). The rotation  (12) The enantiomeric excess of the aziridii@a can be improved from
97.0 to 99.2% with one crystallization from methylene chloride and pentane.

(10) Imines derived from pivaldehyde and 1-naphthylaldehyde would not (13) Armesto, D.; Ortiz, M. J.; Perez-Ossoria, R.,Chem. Soc., Perkin
undergo reaction under the conditions in Table 2. Trans. 11986 2021.




