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Abstract

An e�cient synthesis of 2H-azirines substituted with a phosphonate group is described. The key step is
an alkaloid-mediated Neber reaction of b-ketoxime tosylates. Reduction of 2H-azirines with sodium
borohydride in ethanol gives 2-phosphorylated cis-aziridines. # 2000 Published by Elsevier Science Ltd.
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The highly strained 2H-azirine ring system, the smallest of the nitrogen-unsaturated hetero-
cycles, represents a very important class of compounds, not only for their theoretical interest but
also because of their high reactivity towards nucleophilic and electrophilic reagents,1,2 as well as
in cycloaddition reactions.2b Optically active 2H-azirines, namely azirinomycin,3a (Ia, Scheme 1),
and both (R)-(^)-,3b (S)-(+)-disydazirine,3c (Ib, Scheme 1) and (S)-(+)-antazirine,3c (Ic, Scheme 1),
are naturally occurring antibiotics. Furthermore, it is known that phosphor substituents regulate
important biological functions.4 In particular, fosfomycin (IIIa, X�O, Scheme 1) is a broad
spectrum antibiotic5a and is used in vitro5b and clinically.5c For these reasons, functionalized
azirines (II, Scheme 1) and aziridines (IIIb, X�N, Scheme 1) containing a phosphonate group at
the 2-position are expected to play a similar role to that observed in their isosteric analogues I,
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Scheme 1. Biologically active three-membered heterocycles
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and may even be used as key intermediates in the enantioselective synthesis of a- and b-amino-
phosphorus derivatives. Aminophosphonates can be considered as surrogates for amino acids6a

and have been used as haptens for catalytic antibodies,6b as enzyme inhibitors,6c and as pharma-
ceuticals.6d

Many procedures for the synthesis of 2H-azirines have been reported,1 and enantiomerically
enriched 2H-azirines, containing a carboxylic ester on the ring system, have been previously pre-
pared either from chiral N-substituted aziridine 2-carboxylic esters,7aÿc or by using the Neber
reaction.7d,e However, 2H-azirines directly substituted with a phosphorus containing functional
group have received scarce attention. To the best of our knowledge, only the 2-phosphino-, 2-
phosphonio, and the thioxo-phosphoranyl-2-silyl-2H-azirines obtained by reaction of carbenes
and aromatic nitriles,8a,b and regioisomeric mixtures of 2H- and 3H-azirinyl-phosphonates with a
phenyl group at the 2-position, obtained by Swern oxidation of enantiopure substituted aziridines,
have been recently reported.8c Continuing with our interest in the synthesis of new phosphorus
substituted heterocycles,9 we are involved in the design of new 2H-azirines bearing a phosphonate
moiety. Here we report a simple asymmetric synthesis of 2H-azirinyl phosphonates from easily
available tosyloximes, given that the modi®ed Neber reaction10 using tosylketoximes derived
from phosphonates 2 seems to be an interesting method for the preparation of azirines.
The preparation of the required functionalized b-tosyloximes 2,{ can be easily accomplished by

simple reaction of b-oximes 1 derived from phosphonates11 with tosyl chloride in pyridine
(Scheme 2, Table 1, entries 1±3). Alkyl and phenyl substituted 2H-azirines 3x were prepared from
b-ketoximes 2 by treatment with triethylamine at room temperature for 8 h in benzene (Table 1,
entries 4±6). This process can also be extended to the asymmetric synthesis of 2H-azirine 3 when
stoichiometric amounts of chiral bases are used. Alkaloids such as quinidine (QN), hydro-
quinidine (HQ), sparteine (SP) or quinine (Q) were used and the best results were obtained with
quinidine in benzene (Scheme 3, Table 1, entries 7, 9 and 12). The enantiopurity of azirines
derived from phosphonate 3{ (ee 2±52%) was determined by 31P NMR measurements in CDCl3
using a chiral shift reagent (Yb(tfc)3).

Scheme 2. 2H-Azirines formation through modi®ed Neber reaction of tosyl ketoximes 2

{ All new compounds reported here gave satisfactory elemental analysis. Spectral data for 2a: �H (300 MHz, CDCl3):

7.79 (d, 3JHH=7.5 Hz, 4H), 7.27 (d, 3JHH=7.5 Hz, 4H), 3.98 (m, 8H), 2.97 (d, 2JPH=23.7 Hz, 2H), 2.73 (d, 2JPH=21.9
Hz, 2H), 2.38 (s, 6H), 2.05 (s, 3H), 2.06 (s, 3H), 1.12 (t, 3JHH=7.2 Hz, 6H), 1.22 (t, 3JHH=7.2 Hz, 6H) ppm; �P (120
MHz, CDCl3): 19.8 and 21.4 ppm; �C (75.4 MHz, CDCl3): 160.9 (d, 2JPC=8.1 Hz), 158.9 (d, 2JPC=8.1 Hz), 144.9 (s),
132.4±129.0 (m), 62.5 (s), 62.4 (s), 33.4 (d, 1JPC=135.8 Hz), 29.2 (d, 1JPC=133.9 Hz), 21.5 (s), 21.4 (s), 20.9 (s), 16.3 (s),

16.1 (s) ppm; m/z 364 ([M+1]+, 18).
x Spectral data for 3a : �H (300 MHz, CDCl3): 4.10 (m, 4H), 2.54 (s, 3H), 1.72 (d, 2JPH=39.3 Hz, 1H), 1.32 (m, 6H)
ppm; �P (120 MHz, CDCl3): 23.1 ppm; �C (75.4 MHz, CDCl3): 161.4 (d, 3JPC=3.5 Hz), 62.1 (s), 22.5 (d, 1JPC=214.5

Hz), 16.2 (s), 13.2 (d, 3JPC=2.0 Hz) ppm; m/z 192 ([M+1]+, 3).
{ Optical rotation of compounds 3a ���20D =^19 from quinidine, ���20D =^2 from (^)-sparteine, 3b ���20D =^27 from qui-
nidine, ���20D =^24 from hydroquinidine, ���20D =+8 from quinine, 3c ���20D =^104 from quinidine, determined using a

concentration c=0.75 in CH2Cl2.
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The absolute con®guration of alkyl substituted azirines 3a,b (R=Me, Et) was established by
correlation with optically active b-aminophosphonates 6,12k and in the case of azirine 3c the
absolute con®guration was established by correlation with the optical rotation of optically active
3-phenyl-2H-azirine,8c (���20D=^202, c=0.32, CHCl3). Reduction of azirines derived from phos-
phonates 3 with sodium borohydride in ethanol gave exclusively cis-aziridines 4 (Table 1, entries
13 and 14). The stereochemical assignment was based on the large ring proton coupling constant
observed for 4a (3JHH=6.8 Hz).8c,13 Furthermore, no loss of chirality was observed. Enantio-
merically enriched N-p-toluenesulfonyl-cis-aziridines 5 were prepared by treatment of aziridines
4 with p-toluenesulfonyl chloride in dichloromethane at room temperature in the presence of
triethylamine (Scheme 3). The products were isolated by ¯ash chromatography and the new
aziridines 5 were obtained in excellent yields (Table 1, entries 15 and 16). Hydrogenolysis of N-
substituted aziridines 5 was accomplished with HCO2NH4 and palladium on carbon in re¯uxing
ethanol for 2 h (Table 1, entries 17 and 18), to give b-aminophosphonates 6 in good yields and
retention of the con®guration, in a similar way to that previously reported for aziridines derived
from carboxylates.2a,14

In conclusion, we have devised a simple, mild, and convenient strategy for the synthesis, from
readily available starting materials, of enantiomerically enriched 2H-azirines 3, as well as cis-
aziridines 4 and 5 substituted with a phosphonate group. These heterocycles may be very useful
intermediates in organic synthesis1,2 and for the preparation of a large variety of molecules that

Table 1
Tosyloximes 2, 2H-azirines 3, aziridines 4, 5 and b-aminophosphonates 6 obtained

Scheme 3. Formation of aziridines 4, 5 and b-aminophosphonates 6

k Optical rotation of compounds 4a ���20D =+1, c=0.30 in CH2Cl2, 4b ���20D =+1, c=0.75 in CH2Cl2, 5a ���20D =+2,
c=0.45 in CH2Cl2, 5b ���20D =+2, c=1.00 in CH2Cl2, 6a ���20D =+6, c=0.24 in MeOH, 6b ���20D =+4, c=0.38 in MeOH.
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could be useful in the synthesis of biologically active compounds of interest to medicinal
chemistry.3ÿ6 Further studies on phosphonyl-2H-azirines 3 and -aziridines 4, 5 are now in pro-
gress in our laboratory.
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