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Formation of Aziridinones (a-Lactams) from Hydroxamic Derivatives 
Christine M. Bladon and Gordon W. Kirby" 
Department of Chemistry, University of Glasgow, Glasgow G I 2  800, U.K. 

Various NO-disubstituted derivatives of chloroaceto- and phenylaceto-hydroxamic acid are shown to cyclise with 
base to give aziridinones with cleavage of the N-0 bond, a process exemplified by an efficient synthesis of 
I -t-butyl-3-phenylaziridin-2-one. 

Thebaine (1  ; R -- Me) readily forms cycloadducts [as (2)] with 
transient nitrosocarbonyl compounds generated ir2 situ by 

oxidation of hydroxamic acids.I We now report reactions, 
believed to involve aziridinone (cc-lactam) intermediates, which 
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occur when certain adducts of the type ( 2 )  are treated with 
a I k ox i d es . 

Treatment of hi-t-butox~~~arboiiylnortl~ebaitic ( I  ; R -- 

Bii'OCO) with 2-cliloroacetoliydro~~~tnic acid' and tetra- 
etliylaiiiriioniiiii~ periodate, in the usual way,' gave the cyclo- 
adductsf ( 2 :  R'  CI) (90"<), 1ii.p. 178-1 79 C.  
This, with sodium ethoxide (4 mol. equi\ .) i n  ethanol at rooni 
teinperature, gacc, unexpectedly, the diethyl acetal ( 5 ;  R1 
BdOCO, R' ktO, R.) Et) (200/,), m.p. 205-206 C. 
Similarly, the cycloadduct (2; R'  Me, RL ~ Ph)," n1.p. 
148- 149 C ,  with sodium niethoxidc ( I  mol. eyuiv.) in 
methanol, gake the methyl cther ( 5 ;  KL - f < J  ~ Me, RL Ph) 
(37 "<), m.p. 179-1 80 c'. The structure and stercochemistry 
of this product were e\tabli\hed unambiguouslj by an alterna- 
t icc syn t hesi5 from I 4/3-ami nocodei none' and (S)-x-niet hoxy- 
p h e t i  y I ace t i c acid 'I its i n g A', N -  d icy c I o h ex y lca r bo d i - i m id c i t i  
dicliloromethane. Conversion of the cycloadduct (2; R'  ~ Me, 
R' Ph) into the (5')-ether ( 5 ;  R' R.' ~ Me, R2  = Ph) milst 
occur with high ctereochcmical control since the product was 
accompanied by only small amounts (<' 10%) of the diastcrco- 
isomer having the (R)-configuration in the aniide side-chain. 
Fur-thermore, control experiments showed that slow cpimcri5a- 
tion of the (5')-isonier ( 5 ;  R' R '  Me, R' ~ Ph), to give 

HutOCO, R2  

7 All new compounds (indicated by citation of ni.p.1 have been 
fu l ly  characterised spectroscopically and by elemental analysis. 

approximately equal amounts of ( S ) -  and (R)-formc, took 
place with extended reaction times. 

The transformation of the acetalr (2) into the ketones ( 5 )  
under basic conditions, with concomitant attachment of a 
nucleophile at a remote site, appeared to imply the forrnat ion 
of aziridinones (4) as intermediates. Thus, formation of a 
carbanion (3), assisted by the 2-substituent (R'  C1 or Ph), 
might be followed by intramolecular cleavagc of the weak 
N-0 bond to aftbrd the aziridinone (4). Generation of the 
keto-group may be concerted, a s  shown, or take place by 
collapse of a hemi-acetal intermediate. The ariridinonc ring 
would then be opened, at least in part, by attack by alkoxidc 
at the cc-carbon. We reasoned, therefore, that aziridinonec 
should be formed with similar or greater facility from hydrox- 
amic derivatives having electron-withdrawing groups attached 
to oxygen. Accordingly, the hydroxamic acid (6; K' = Me, 
R2 Ph), m.p. 167-169 "C,  prepared by hydrolysi\ of ( 2 ;  
R1 = Me, R' = Ph), was treated with toluene-p-sulplioiiyl 
chloride in dry pyridine at room temperature. The pyridine 
was evaporated off and the gummy residue was dissolved i n  
methanol containing sodium methoxidc (4 mol. equiv.). A 
golden-yellow product (7: R1 = Me, R' = 1%) (30%), m.p. 
285 "C (decomp.), slowly crystallised from the mixtiire which 
was kept at room temperature overnight. The prcscnce of an 
anhydro-base moiety (8) in (7)  accounted both for the latter's 
colour [&,,,, 435 nm (E 7150)], which was discharged by 
trifluoroacetic acid and regenerated by cubseqctent addition of 
alkali, and the abnormally lowG carbonyl stretching frcqiiency 
(1485 cm ' ) and carbonyl chemical shift (6 178.3 p.p.m.). The 
remainder of the structure was deduced from spectroscopic 
and mechanisticconsiderations. We bclievc that the hydroxamic 
acid (6) is first converted, as predicted, into the aziridinone (4). 
Attack by the solvent pyridine on the aziridinonc %-carbon 
then gives an intermediate pyridinium salt. Removal of the 
%-proton of the latter with base gcncrates a pyridiniuin ylide 
which adds, as a 1,3-dipole, to the 7,8-double bond. Finally, 
dehydrogenation takes place to give thc fully conjugated 
a n h y d r o - base . 

The simple hydroxaniic acid (9)t wa\ chosen as a niodcl t o  
clarify the role of aziridinones i n  the forcgoing rcactions. The 
react ion of ( 9) w i t h t ol iiene-17-5 u 1 p ho t i  y I c h I o r i de a n d t r ie t h y I - 
amine, in dichloromethane at room temperature, was nionit- 
ored by i.r. spectroscopy. A band at 1x50 cm ', attributed to 
the aziridjnone (lo),  slowly appeared but began to diminish in  
intensity before all of (9) had been consumed. The chloro- 
compound ( 1  1 )  was isolated from the reaction mixture. How- 
ever, when (9) was treated with trifluoronictlian~rul phonic 
anhydride and triethylamine i n  dichloromethane at 70 c', 
the labilc aziridinone ( was formed almort quantitativcly 
and was isolated (97 x) in crystalline form without difticulty. 

Aziridinones* arc most commonly prepared by I ,?-elitnina- 
tion of hydrogen halide\, with strong base\, from 2-halogeno- 
amides [as ( 1  l)]. Occasionally, elirnination of hydrogen 

f The hydroxaniic acid (9),  n1.p. 139 130 <', WJ\ prcp.ircd from 
iV- I - b LI t y 1 h 4 d r o k  y I a m I lie I  ti c ti 1 o ro or i n  by 5 iiccc > \  I vc t I c;i I ni e n t 
w i t h  chlorotrimethb I\ilane and t i  icthylaminc and thcn phcnq I -  
acctyl chloride and triethylaniine; (/. 1'. F. Alewood, S .  A .  
Huc\ain, T. C. Jenkinc, M .  .I. I'crhini, A .  14. S h a r n i a ,  N .  1'. Y .  
Slew, and 1'. Ward, J .  Cheni. Soc., Pevhin Tucinr. I, 1978, 1066, 
who cite m.p. X5 86 C. 
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chloride from N-chloroamides has been employed.’ To our 
knowledge, the formation of aziridinones from hydroxamic 
acid derivatives has not been described previously. 
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