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Summary. ..~__..._~~.. The hitherto unknown intramolecular cycloaddition 

dienophiles, as outlined in Scheme I below, is described. 

reaction of as0 

The 4, + 2, cycloaddition reaction of azo dienophiles is well established.' 

Dominating these processes are the azodicarbonyl dienophiles of which dialkyl 

azodicarboxylates* or 4-substituted-1,2,4,-triazoline-3,5-diones3 are exemplary. 

The intermolecular reactions of these compounds have been of tremendous 

importance for the preparation of azoalkanes via the oxidative hydrolysis of the 

Diels-Alder adducts, and considerable effort has focused on developing new ezo 

dienophiles such as 1,3,4-thiadiazole-2,5-dione4 which can facilitate this 

transformation. 

In contrast to the intermolecular reactions with 1,3-dienes, an 

intramolecular process is not known for azo dienophiles despite the extensive 

application of this concept to the Diels-Alder reaction. The demonstrated 

efficiency of the cycloaddition of azo dienophiles with 1,3-dienes for 

constructing carbon-nitrogen bonds suggested this situation wes likely to 

change. We now wish to report 

reaction of dihydropyrazolones 

1 

n= 0,l 

the intramolecular oxidative-cycloaddition 

according to Scheme I. 

Scheme I 
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Table I. Intramolecular Oxidative-Cycloaddition of 1,2-Dihydro-3H-pyrazol-3-ones 1. 

n entry substrate 1, adduct 9 reaction isolated 
time(min) yield,% 

_--~_--- _________--~._-..-.-..--..._..-..~--__~-.~.~----._-.~ ~ .._----....._----.-........~.~..~.. . ..-.-. 
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The addition of 1.2 equivalents of Pb(OAc)e 5 to a suspension of the 1,2- 

dihydro-3H-pyrazol-3-one __,,,, 6 la (2 1x101) in 10 nL of dichloromethane at 230 led to 

immediate consumption of la and afforded the intramolecular adduct 3a7 in 72% __...... _.. 

yield after silica gel chromatography (1:4 methanol-ethyl acetate). In addition 

to the intramolecular adduct, we also isolated a small amount (17%) of 1,3- 

decadien-9-yne which presumably arises from fragmentation of the intermediate 

azo dienophile (2.a) with loss of dinitrogen and carbon monoxide.* We briefly 

examined a number of other oxidants g (mercuric oxide and manganese dioxide) and 

solvents (acetonitrile, THF, ether, benzene), but all were less satisfactory 

than Pb(OAc)r in dichloromethane. 

Extension of the intramolecular oxidative-cycloaddition using Pb(OAc)r to 

the dihydropyrazolones listed in Table I afforded moderate yields of adducts 3b- _ 
3f’. Both chromatographic and spectral data (‘H-and i3C-NMR) showed that a 

single stereoisomer was produced for adducts 3c . _. . t 3d and 3-f, whereas an 

approximately 1:l mixture of diastereoners was obtained for 3-e. due to the 

asymmetric center in the diene side-chain of le. _ An unequivocal assignment of 

the cis-stereochemistry as shown for these adducts could not be made directly 

from either the lH- or ‘SC-NMR spectra. Consequently, these assignments were 

established from the series of transformations shown in Scheme II. 

Scheme I I 
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(a) Pb[OAc), , CH,CI, ; (b) Hz, Pd/C, MeOH; (c) 1. 0 5, -78’, Ctf2Ci2 ; 2. NaBH, , MeOH. 
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The oxidative-cycloaddition of dihydropyrazolone 410 (5 nol) to the 

labile 2,4-hexadien-1,6-diolrr (1.3 eq.) using Pb(OAc)4 (1.2 eq) in 20 mL of 

dichloromethane at 230 afforded the adduct 5. in 66% isolated yield, and to the 

exclusion of any diastereomeric adduct as determined by analytical thin-layer 

chromatography and rH- and 13C-NMR spectra. Hydrogenation (1 atm) of diol 5 
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over 10% Pd on carbon in methanol gave a new diol 8 (path a) in essentially 

quantitative yield. We anticipated that diol 8 could also be obtained from an 

alternate route, (path b), via the oxidative cleavage and subsequent reduction 

of the previously known adduct 710. Thus, osonolysis of adduct .7_ (5 mmol) in 50 

IL of dichloromethane at -780, followed by the addition of methanol (10 mL), and 

direct reduction of the crude mixture with NaBHa (5 mmol) afforded diol 6, which 

was identical in all respects to the diol obtained from path a. 

These results suggest that the oxidative-cycloaddition reaction proceeds 

with exclusive syn-addition, and most likely e&o-attack, of the transient aso 

dienophile to 1,3-dienes. Hence, we assigned the cis-stereochemistry to the 

adducts 3c-3f. 

The intramolecular oxidative-cycloaddition of 1,2-dihydro-3H-pyrazol-3-ones 

described herein conceptionally offers a novel route for the preparation of 2,6- 

disubstituted-N-acylaminopiperidines (3a-3e,) or the analogously substituted _..... . . . . 
pyrrolidines (3.f). Additionally, the overall bis(amination) of the diene 

termini proceeds with exclusive syn-addition and offers a stereocontrolled route 

to these heterocyclic compounds. These facts coupled with the simplicity of the 

method should contribute to further development and future applications of 

intramolecular azo cycloaddition reactions to the synthesis of nitrogen 

heterocycles.12 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

References and Notes 

For a review of azo dienophiles and their synthetic uses see: Adam, W.; 
DeLucchi, 0. Angew. Chem.; Int. Ed. Eng. 1980, 19, 762 and references 
therein. 

(a) Little, R. D.; Carroll, G. L. J. Org. Chem. 1979, 44, 4720. (b) Gillis, _"_:__"..._"... .-.-..-.. _. .._. 
B. T. "1,4-Cycloaddition Reactions in Heterocyclic Systems"; Hamer, J., Ed.; 
Academic Press: New York, 1967. 

(a) Paquette, L. A.; Trova, M. P. Tetrahedron Lett. 1986, 1895. (b) Cookson, . ..~~~.. ~...._....... . 
A. C.; 

~..‘; . . . . . . ..~. 
Gilani, S. S. H.; Stevens, I. D. R.; l,b_l,d,. 1962, 615. 

(a) Corey, B. J.; Snider, B. B. J. Org. Chem. 1973, 3.8, 3632. (b) Moje', S. 
W.; Peak, P. ibid. 1974, 39, 2951. . . . 

Gillis, B. T.; Hagarty, J. D. J. Org. Chem. 1967, 32, 330. . _ . . ._ . - _......_._ . ._.-. 

For general approaches to dihydropyrazolones see: Blnagdi, M. H.; Elgemeie, 
G. B.; Abd-Elaal, F. A. Heterocycles 1985, 23, 314. _.~ 

All new compounds gave satisfactory IR, 'H-NMR, high-resolution mass 
spectroscopic and/or combustion analysis. 

Kocienski, P. J.; Ansell, J. M.; Norcross, 8. B. J. Org. Chem. 1976, 4.1, _.-. .--.- . .._. - .._. 
3651. 

For various approaches to the aso-group see: Smith, P. A. S. "Derivatives of 
Hydrasine and Other Hydronitrogens Having N-N Bonds"; Benjamin-Cummings: 
Mass., 1983. 

Gillis, B. T.; Weinkam, R. J. J. Or_g. Chem. 1967, 32, 3321. ..-. __._._ _..._.~.__.... 

Karrer, P.; Ringli, W. Helv. Chim. Acata. 1947, 30, 1771. ___._._._ ___........_...._ _.~ . .._._.~._ -.... 

We gratefully acknowledge support of this work by the American Cancer 
Society. 

(Received in USA 26 December 1986) 


