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p-TolS(O), R= Ph, R = Me). A remarkable synthesis of
optically active azirine esterd is the Swern oxidation of
aziridine ester® (e.g. trans2, X = H, R=n-CzH7, R = Me)

which in essence is a base-indusgehelimination reaction of

N-dimethylsulfonium intermediates(X = Me,S*). The three
aforementioned methods start with aziridine esters of high
enantiopurity, the preparation of which is rather lengthylhe
Neber reactio;4 i.e. the formation of aminoketones by
treatment of sulfonic esters of ketoximes with alkoxide, proceeds

6525 ED Nijmegen, The Netherlands via an azirine intermediate'> and by proper modification this
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The highly strained and reactiveHzazirines have been

reaction can be used for the synthesis of azifitfdsut is lacking
generality mainly due to the subsequent reaction of the
azirine21” Only one example of the synthesis of optically active

extensively studied for various synthetic purposes, such as ringazirineSz/ia this route is known in the literature. Piskunost

expansion reaction< cycloaddition reaction?and preparation

of functionalized aminésand substituted aziridinéds® The
applicability of these small-ring heterocycles is strongly deter-
mined by the nature of the substitueffs.2H-Azirine 2-car-

al.16d reported a chiral auxiliary mediated asymmetric Neber
reaction with a de of 92%.

For the target compoundsketoximep-toluenesulfonates of
3-oxocarboxylic esteré are the principal starting materials. The

boxylic acids and esters are of particular interest as they form methylene protons in these substrates are doubly activated, thus

an entfe to e.g.nonprotein amino acids. Moreover, azirino-
mycir® (1, R = Me, R = H), disydazirin€7 (1, R = transn-
CiH/CH=CH, R = Me), and antazirine(1, R = trans-
Br,C=CH(CH,)sCH=CH, R = Me) are naturally occurring
antibiotics; the first mentioned was isolated fr@treptomyces

allowing the use of a mild base during the Neber reaction to
azirinesl.

A series of5-keto esters3 was readily converted into the
ketoxime tosylated in a simple two-step procedure in fair yields
(Scheme 1). The intermediate ketoximes must be tosylated

aureus and the latter two were isolated from the marine sponge immediately after their preparation, as otherwise the competing
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This communication focuses on the asymmetric synthesis
azirine esterd. Previous synthesis of azirine esters are base
on the photolysis or thermolysis of azido alkeno&imson a
transformation of an isoxazole rifg These routes to azirines

are not suited for the preparation of single enantiomers of the

target compounds. Recently, elimination reactions of ap-
propriately N-substituted aziridine 2-carboxylic este2swvere
successfully used for the preparation of azirine estakhigh
enantiopurity yiz. dehydrochlorination fronlN-chloroaziridine¥’
(e.g. trans2, X = Cl, R = Ph, R = Me) and the elimination

of sulfenic acid fromN-sulfinylaziridined?! (e.g. cis2, X =
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formation of isoxazolones takes plae.The oxime tosylates

4 are obtained as a mixture sfnandanti isomers that are in
equilibrium at ambient temperature. Treatment of tosyldtes
with triethylamine in dichloromethane at room temperature for
6 h gave a smooth conversion to the desired azirinesgood
yields after purification by distillatiol?-2°(Scheme 1). Spectral
data of compounddb® and 1d810 are in accordance with

of literature data.
d We then investigated a series of chiral tertiary bases for the

reaction of4b to achieve an asymmetric synthesis. In all cases
studied the azirine was obtained (Table 1); however, asymmetric
conversion was only observed for the three pairs of cinchona
alkaloids?! With sparteine, brucine, and strychnine virtually
no optically active heterocycle was formed. The best results
were obtained with dihydroquinidine, and therefore the reaction
conditions were optimized using this base. The solvent of
choice turned out to be toluene (Table 1), the optimum
concentration 2 mg/mL, and the best reaction temperatt@ 0
Quinidine gave essentially the same results under these condi-
tions and was used in subsequent reactions. It should be noted
that in a hydroxylic solvent such as ethanol no asymmetric
conversion was observed. The results for the substé4stes
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(19) The purity of the compounds #595% (H-NMR and GLC analyses).

(20) The ketoxime tosylate from ethyl 2-methyl-3-oxobutanoate did not
react with EtN, but needed the stronger baseiOK for its conversion in
the corresponding azirine.

(21) The enantiopurity of the azirine estersvas determined byH-
NMR measurements in CHgulising Yb(tfc) as chiral shift reagent by the
shift difference of the gprotons and (except fdakd) the C-protons.
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Table 1. Influence of Base and Solvent in the Enantioselective z i
Synthesis ofLb via the Neber Reaction (at Ambient Temperature) KHCO,4 + KOTs K,CO;4 (s
base solvent yiekdl(%) ee (%)
sparteine CELCl, 53 0 Scheme 3
brucine 38 5¢) N NaBH n COOR
strychnine 37 44) COOR' aBA4 R, /\. '
cinchonine 52 32+) RNy HAH
cinchonidine 43 24) 1 2
qu!n!ng 34 24 €)
gm;:jdrlcr:c?uinine ?:171 ‘;52(8 In the above enantioselective azirine synthesis a stoichiometric
dihydroquinidine 47 474) amount of alkaloid base was used. This drawback could be
dihydroquinidine ethanol 75 0 overcome by regenerating the alkaloid base in situ (Scheme 2).
acetonitrile 47 8+¢) This regeneration process should not interfere with the abstrac-
ether 48 45<¢) tion of the methylene protons, as this would lead to a decrease
hexane 59 474) or even a complete loss of enantioselectivity. Excellent results
tCISZ N 7774 6730(_) were obtained when HR0 equiv of potassium carbonate were
added to the reaction mixture at room temperature using only
oluene 0 dded to th t ture at t t |
2 Not optimized. 10 mol % of quinidine?® It was necessary to perform this
) N ] ) reaction at ambient temperature as this reaction hardly proceeded
-Sr?bilehiz.m Stilintgﬁls g; Afzglne ngzoﬁygctﬁtelﬂéwﬁgi? n at 0°C. However, as in the case of the stoichiometric process,
oichiometric Amount of base er Dptimal t-ondiions this resulted in a somewhat lower ee7?0%).
R R base yieldd (%) yield1 (%) ee* (%) Reduction of the azirine estetswith NaBHs* leads exclu-
a Me Me quinidine 79 40 81 (R) sively to the formation ofcis-aziridine carboxylic esterg>*
b Me Et quinidine 72 43 82 (R) (Scheme 3), which are difficult to obtain by other methods.
quinine 38 55 (S) When the reduction is performed with optically active azirine
¢ Me tBu quinidine 92 29 44 (R) 1b, no trace of thérans-aziridiné#® could be observed by NMR;
d nPr Et  quinidine 60 72 80 (R) therefore, thecis/trans ratio must be over 95:5. Furthermore
e Bz Et quinidine 54 85 80 (R) no loss of chirality is observelf. Thus, the Neber reaction
quinine 58 57 (S)

provides an alternative route to optically active aziridine
carboxylic ester2 (X = H), which are important for the

are collected in Table 2. It is of importance to note that the Synthesis of various anomalous amino acids. )
pseudoenantiomers of the alkaloid bases gave opposite antipodes In conclusion, we accomplished a convenient novel catalytic
of the productsl. The absolute configuration of the azirines asymmetric synthesis of azirine carboxylic esters by the Neber
was established by correlation with the optical rotation of reaction of ketoxime tosylates derived from 3-oxocarboxylic
compoundlal? (a2% = —77.2, CHCk, ¢ = 0.5), indicating esters.

that the use of quinidine as the base leads predominantly to the
(R)-enantiomer.

To explain this asymmetric Neber reaction, it is suggested
that the alkaloid bases form a tightly bound complex with the  Supporting Information Available: Experimental procedures and
ketoxime tosylate. Since the presence of an alcohol function analytical data for compounds 2b, and4 (7 pages). See any current
in the alkaloid base seems to be a prerequisite, it is suggestednasthead page for ordering and Internet access instructions.
that hydrogen bonding of the base and the substrate through;,g614140
this hydroxyl group is a governing factor in the enantiodiffer-
entiation during the abstraction of the methylene protons. This  (23) General procedure for the catalytic asymmetric synthesis of azirine
proposal is supported by the observation that in a hydroxylic P2 2 FoeR PLICIOCTE SRl (0, 1), 8 Y (OLEne G0
solvent no asymmetric induction takes place and that additives g 25 equiv) and a large excess 0fGOx(s) (10 equiv) in dry toluene (90
such as LiCl and especially 28 lower the optical yield mL) at room temperature. After 24 h the mixture was filtered, and dilute

i i i iri aqueous HCI (50 mL, 0.05 M) was added. The resulting mixture was
considerably. Furthermore, calculations at the semiempirical extracted three times with diethyl ether (50 mL). The combined organic

leveP? have shown that a hydrogen bond between the dihyd- |ayers were washed with brine, dried over MgS@nd concentrateid vacuo
roquinidine OH and one of the=80 moieties of the ketoxime  to give the azirine estet. The crude product was purified by bulb-to-bulb

late | [ mplex in which the aromati rts distillation.
tosylate leads 1o a stable comple ch the aromatic parts (24) (a) Sziemies, G.; Mannhardt, K.; Junius, ®hem. Ber1977, 110,

of the two molecules are placed in a favorable edge-on position. 1792-1803. (b) Gelas-Mialhe, Y.; Touraud, E.; Vessiere(Rn. J. Chem.
1982 60, 2830-2851.

(22) Mopac 93 @ Fuijitsu. Calculations performed with the AM1 (25) The enantiopurity of the aziridine esfy was determined by GLC
Hamiltonian. analysis of the camphanoyl derivative.
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