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*(- and &lactams were efficiently prepared from the intramolecular ene reaction of azodlcarbonyl species. 

Azodicarboxylates are effective sources of electrophilic nitrogen. ’ We have demonstrated that the electronic nature 

of the ester groups affects their reactivities. ‘J Thus, replacement of the ethyl esters of dlethyl azodicarboxylate (DEAD) 

by 2,2,2+ichloroethyl esters (BTCEAD) accelerates both the bimolecular ene reaction with alkenes’ and the [4+2] 

cycloaddition reaction with glycals.’ 

Substituted “(- and &lactams are useful molecules as they were used as precursors in alkaloid syntheses! Such 

molecules were prepared by Keck’s group’ via an intramolecular ene reaction of acyl nitroso compounds. The degradation 

of acyl nitrosos and ene adducts under the conditions used to oxidize the precursor hydroxamic acids, however, requires 

the mapping of the acyl nitroso compound as a Diels-Alder adduct with 9,10-dimethylantne. ‘Ihe ene reaction then 

takes place after pyrolysis of the adduct. In a subsequent report, Vedejs and Meier showed one example of the synthesis 

of a *I- and 6- lactam via an intramolecular ene reaction of azodicarbonyl species.6 The oxidation of the diacylhydrazines 

m rhe azo intermediates was accomplished with a 20-30 mole excess of manganese dioxide. As for the acylnltroso 

method, the ene adducts were converted to their corresponding lactams in a two step reduction sequence. Considering the 

mild conditions available to oxidize diacylhydrazines to azodicarbonyl species,’ we envisioned that lactams could be 

formed at non-pyrolytic temperatures via an intramolecuhar variation of our ene reaction using stoichiometric amount of 

an oxidizing agent. In addition, the conditions developed in our laboratories for the conversion of 2,2,2- 

trichloroethyloxyhydrazides to free amines should allow the transformation of the ene adducts to the parent lactams in a 

single operation.* 

In order to facilitate the present study, an eflicient method for the preparation of the hydrazldes 4 to 8 was 

required. The peptidic bond formation was accomplishad in the last step of the synthesis using the monoprotected 

hydrazine as the amine source. Therefore, Ihe acids 1’ and 3’ were condensed with 2.2,2- 

lrichloroethyloxycarbcmylhydrnzine (20)‘* in CH,CN in the presence of 2-chloro-I-methylpyridlnium iodide as an activator 

to provide the hydrazides 4 and 6 (Scheme I). On the other hand, the hydrazlde 5 was prepared from the acyl chloride 

2.” Treatment of the hydrazldes 4 and 5 with [bis(trlfluoroacetoxy)iodo]benzene (1.1 equiv.) in CH,Cl, at 0°C allowed 

Ihe formation of the corresponding cyclic hydrazides 9 and 10, in good yield, presumably via the azo compounds.” 
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Scheme 1 

n = 1, R = H, X = OH (I) 
“=l.R=Me,X=Cl(2) 
n = 0, R = H, X = OH (3) 

HYDRAZIDE ENE ADDUCT LACTAM 

sd 75% NH 
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R = t-BuPh$i- c 
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a) P-CHLORO-l-METHYLPYRIDHIUM IODIDE 2.0 EOUIV., EtsN 2 EOUIV.. HINNHCOnCHoCCIs QO) 1.3 EOUIV., 

Cl-i@& O’C TO R.T.; b) 20 1.2 EOUIV.. Et@ EXCESS, CH$&, 0’ TO R.T.; c) SEE e) SCHEME 2 

d) [S~SCTRFLUOROACETOXY)IODO] BENZENE 1.1 EOUIV., CHpCl2, O*C 2.6 h; e) Pb(OA& 1.2 EOUIV., 

CHph, -20-C 30 MIN. TO O’C 30 MIN.; 1) Zn DUST 3 EOUIV. BY WEtQHT OVER 12 h. ACETIC 

ACtD-ACETONE (3/l), R.T. 
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For the hydrazide 6, better results were obtained when lead tetraacetate (1.2 equiv.) in CH,CI, at -20°C to 0°C was used 

as oxidizing agent which afford the ene adduct 11 in 81% yield. 

Scheme 2 

a) KzC03, MeOH, HzO, FLT; b) REMOVE MeOH FROM (a) THEN H&I WAS 

ADDED FOLLOWED BY AcOH (PH 5.5). CH2N2, Et20 (80%); c) +PhfiiCl, 

Et3N. DMAP, CH2Ch. 0°C TO FLT. (94%); d) LiOH, THF, H,o, 5O’C (04%); 

e) 20 2 EWIV, DMAP 2 EOUIV.. l-HYDROXYBENZOTRIAZOLE 2 EQUtV, 

1+3-DlMETHYLAMHOPROPYL)-3-ETHYLCARBODliMlDE~HCI 2 EQUIV, 

w, R.T. @D%) 

Hydrazide 5, which bears a methyl group adjacent to the carbonyl moiety, afforded a 3/l trans:cis mixture of the 

cyclic hydrdzide 10. Greater diastereoselectivity was anticipated from a substrate having a stereogenic center adjacent to 

the forming asymmetric center. Towards this end, the optically active hydrazide 8 was prepared from lactone 21” 

(Scheme 2). First, the lactone was converted to the hydroxy acid under basic conditions followed by an esteritication with 

diazomethane to provide the hydroxy ester 22. After silylation of the alcohol and hydrolysis of the ester, the hydrazide 

8 was formed by activation of the acid with l-(3-dimethylaminopropyl)-3-ethyl carbodiimide*HCI in the presence of I- 

hydroxybenzotriazole and 20. Treatment of 8 with Pb(OAc), in CH,CI, (-20°C to 0°C) smoothly provided the trans ene 

adduct 13 in high yield, as a single diastereoisomer.‘3 High induction was still observed with a methyl group contiguous 

to the oletin (7).14 In this case the ene adduct was isolated in 80% yield with a 90% diastereomeric excess. The trans 

selectivity observed in the last two cases suggests a chair-like arrangement of the chain in the transition state with the 

allylic substituent in an equatorial orientation as proposed by Tietze” for the ene reaction of 1,7dienes. 

The ene adducts (9-13) prepared in the present study were then converted to their corresponding lactams (14-18) 

in high yields with zinc dust in acetic acid-acetone at room temperature.’ 

In summary, y- and Uactams can be easily obtained from the intramolecular ene reaction of azcdicarbonyl 

spccics. In addition to the mild conditions used for the ene reaction, the high selectivity observed with substrate 7 and 

8 makes this method very attractive for the preparation of 5.6disubstituted 2-piperidone and 4,5_disubstituted 2- 

pyrrolidone. 
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