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CYCLOPROPANONE EQUIVALENTS FORMATION OF I-PYRROLIZIDINONE BY 

A DICYCLOPROPYL IMINE REARRANGEMENT 
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Swnmary A dzcycZopropyZ ketzmzne may be formed by the addztzon of cycZopropyZZzthzwn to l-cyano- 
1-pzperzdznocyclopropane Rearrangement of the ketzmzne takes place under aczd catalyszs to form 
I-pyrrolzzzdznone 

In an earlier communication' we have shown that 1-hydroxy-1-plpendlnocyclopropane (la) 

or the corresponding tnmethylsilyl ether (fi), both readily available from B-chloroproplonyl 

chloride, may serve as convenient reagents for formlng cyclopropane derivatives In this report 

we describe the use of these cyclopropanone equivalents for the attachment of two cyclopropyl 

residues to an imine function Ring expansions of this species through successive cyclopropyl 

imine rearrangements 2-3 permit a direct synthesis of the pyrrollzldlne system 
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Treatment of 1 with KCN In the presence of aqueous acetic acid gave the nltnle (z), mOSt 

probably by addition of cyanide to the lmlnlum salt (2) 4 The yield of addltlon product (2) was 

somewhat better with the carblnol amine (la) (73%) than with the sllyloxy derlvatlve (lb) (62%) - - 

The nitrile was then allowed to react with cyclopropylllthlum In ether at -78'C followed by warm- 

ing to O" for lh, after which Na2S04~10H20 was added The reaction mixture contalnlng the dl- 

cycloprsoyl ketlmlne was filtered, the ether removed, and the resulting 011 ldentlfled as 4 

by spectroscopic evidence IR (neat) 3190, 1618 cm-', 90 MHz 'H NMR (CDC13)S 2 40 (br t, 4H), 

1 48 (br m, 7H), 1 04-D 60 (m, 9H), high resolution mass spectrum, Calcd for C12H20N2 192 163 

Found 192 161. 

The lmine (4) was taken up directly into xylene and heated for 4h, whereupon it underwent 

transformation exclusively to the pyrrollne (a) (78%). The conversion of $to 5 involves a cyclo- 

propyl imine rearrangement to the enamlne (2) followed by lsomenzatlon to the cyclic imine tau- 

tomer (9 While the rearrangement appeared to take place wlthout addition of acid catalyst, 

the Kugelrohr-distilled ketimine (_4) was completely unreactive when the xylene solution was heat- 

ed to reflux in a reaction vessel which had previously been carefully washed with base The<, 
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results and the work reported below confirm Stevens' earlier conclusions regarding the requlre- 

ment for acid catalysis In the thermal rearrangement of cyclopropyl ketlmlnes 

0 N 

D-b 
N 

10 - 

Proof of structure of 5 and unambiguous exclusion of the isomenc possibilities (5), (2) 

and (u), was provided by IR, and NMR spectroscopy.5 In particular, the 500 MHz 'H spectrum 

displays complex but discrete groups of resonances for methylene protons at positions band c 

centered at 6 2 40 and 3.80, and a quintuplet at 1.82 corresponding to the protons at a Irra- 

diation of the 1 82 signal (a) yields singlets at 2.40 and 3 80, irradiation of the 2.40 signal 

(b) yields triplets at 3 80 and 1.83, while irradiation of the 3 80 resonance (c) yields triplets 

at 1 82 and 2.40 All of the above evidence clearly establishes 5 as the structure of the rear- 

rangement product 
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Prolonged heating of the pyrroline (5) in xylene did not lead to further ring expansion, 

but when it was converted to the hydrobromlde salt with anhydrous HBr and then heated, neat, at 

140° for 10 min. under nitrogen, a second cyclopropyl imine rearrangement took place (Scheme I) 

The product was the pyrrolizldlnone (fi)6 (51%) We assume that the intermediate (I) underwent 

hydrolysis to S during dilute acid workup. It was possible to convert the nitrile (3) directly 

to the pyrrolizidinone (8) as follows After addition of 3 to cyclopropyllithium, and workup 

with Na2S04 lOH20, the resulting imine was treated in situ with anhydrous HBr, the solvent -- 

removed, and the salt heated under N2 at 150' for 5 mln Hydrolysis of the reaction mixture 

yielded 8 (30% from 2) 

The direct conversion of the lmlne (4) to the pyrrollzldlnone (S) as well as the rearrange- 

ment of the Pyrroline (6) to &may involve ring-opening of the cyclopropane ring by HBr, forming 

the lntermedlate (11) as shown - 2 While the lndivldual steps in the formatlon of & have precedent 

in the work of Stevens2 and Plnnlck,' the his-ring expansion process 1s novel - 

A noteworthy feature of the formation of !j from 4 1s the exclusive particlpatlon of the 

&SS substituted cyclopropane ring in the formation of the pyrrollne. This result 1s unexpected 

in the light of earlier findings of other investigators 
7,8,9,10,11 on substltuent effects in the 

themal conversion of vinylcyclopropanes to cyclopentenes While it seems reasonable that 

cleavage of the more substituted ring in $would be favored by the enhanced stabilization of a 

carbonlum ion lntermedlate, sterlc effects may play a dominant role In a process analogous to 

the cyclopropane ring opening in the conversion of 6+g, pictured above 
12 

In our further work on the rearrangement of dlcyclopropyl ketlmlnes we plan to 1WeStlgate 

substituent effects in promoting ring-opening at each stage of the double ring-expansion process 

We will also study the use of this sequence as a route to pyrrollzldlnes of Interest in natural 

product synthesis 
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