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THE KETENE THIOACETAL GROUP AS A CATIONIC CYCLIZATION TERMINATOR. 

A SYNTHESIS OF THE PYRROLIZIDINE RING SYSTEM. 
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Summary: A cationic cyclization to the pyrrolizidine ring system is repor- 
ted in which a ketene thioacetal group serves as an efficient terminator for 
S-membered ring formation. (t)-Supinidine is prepared using this methodology. 

The pyrrolizidines are a group of alkaloids which exhibit an incredible 

range of biological activity, including antitumor, hypotensive, local anesthe- 

tic, anti-spasmotic, anti-inflammatory, carcinogenic, and (especially) hepa- 

totoxic action. 1,2 Syntheses of the deceptively simple aza-[3.3.0]octane ring 

system common to these alkaloids have focused mainly on the fully saturated 

derivatives 2, 
3 

while the unsaturated ones such as 2 have received relatively 

little attention4 in spite of their more profound physiological activity. 
1 

We 

report in this communication a new cyclization-isomerization sequence which 

efficiently produces the skeleton 2, illustrated by a straightforward synthesis 

of supinidine ($). 

IA, $=H, R*=CH OH (TRICHELANTHAMIDINE) Zn, R'-F&-H (%,PINIDINE) 

8, I$-CH20H, 5 R -Ii (kORETRONEcANOL) B, R~-H, R2-OH (RETRONECINE) 

c, &Oll, R*-Ii (HELIOTRIDINE) 

We chose to investigate a cationic cyclization which would close the B-ring 

onto a preformed A ring. The selection of an electrophilic partner for this 

ring closure was based on the extensive work on acyliminium ion cyclizations by 

Speckamp, 
5 

whose group has utilized such a reaction in conjunction with elec- 

tronically-biased acetylenic terminators to prepare saturated pyrrolizidines 

such as $a. 
6 

We have developed a new cationic cyclization terminator, the 

ketene thioacetal group, 
7 

which not only results in very efficient S-membered 

ring formation, 8 but also produces upon cyclization another ketene thioacetal 

moiety capable of controlling the placement of an endocyclic double bond in the 

final product. 

The cyclization precursor (3) required for the synthesis of 2," was prepared 

in three steps by treatment of y-butyrolactone with bis-(dimethylaluminum)-1,3- 
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propanedithio late' 
10 

(CH2C12, -78OC * 20°, then ref 

ling of the resulting ketene thioacetal alcohol 

lux 20 hr), Mitsunobu coup- 

zll with succinimide (Ph3P, 

Et02CN=NC02Et, THF, 2o"c, 15 hr), and NaBH4 reduction of the imide group 

(excess NaBH4, MeOH -5'C, 45 min) to give Al2 in an overall yield of 49%. St is 

noteworthy that reduction of the imide to the hydroxy lactam 3 proceeds cleanly 

(89% isolated yield) without added acid13 if methanol is used as solvent rather 

than ethanol. 

0 c 0 a HO .Y “3 
3 

b --+ 

-“’ - 
0 

7 2a 

A. ME~ALSCH~CII~SAL~'~~~. CII$L~, -78OC -a 70oc ,llEN REFLUX 20 HR, 932 CRUDr. 

B. SUCCINIMIDE, f'tl3t', DIETHYL AZODICARBOXYLATE, 20°C, 15 IW, 61% AFTER FLASH CHRoMArwRAPtlY. 

c. EXCESS NARH,,, MEOH, -5'C, 1 HR, 87% AFTER FLASH CIIROMA1OGrtAPHY. 

D. CH~S$CL, PYRIDINE, ET3N, -?d'c * 20°C, 86% AFTER rLAsll CIIROMATOGRAPHY. 

E. 4 EQUIV LDA, '4 EflUlV HMPT, -78'C b ZO'C, THEN MEON, 89X AFTER FLASH CHROMAToGRArIIY. 

F. BF3dOEr2, ,,GO, THF/H20 85/15, 2U", 3 IIR, 25x! CRUDE YIELD. 

G, LIALH~, THF REFLUX, 2 HR, 602. 

The key step of the synthesis, cyclization of !l_ to 2, required generating 

the acyliminium ion (2) under non-acidic conditions because of the presence of 

the acid-labile 
14 

ketene thioacetal group. The usual conditions for acyliminium 

ion formation (HCOOH or HCl/EtOH)' were presumed to be unsatisfactory in this 

regard, but we reasoned that the conversion of 5 to its mesylate 
15 

should allow 

acyliminium ion formation under conditions to which the ketene thioacetal would 

be stable. Indeed, treating 2 with 1.1 equiv each of mesylchloride, triethyl- 

amine, and pyridine at -3O'C in dichloromethane followed by warming to 20°C 

leads directly to the pyrrolizidine 5 in 86% yield. The proposed structure of 5 

was supported by spectral data, 
16 

particularly the 
13 

C.MR and 
1 
HMR spectra, 

17 
and 

by subsequent transformation to the known alkaloid 22. 

Having efficiently cyclized to the pyrrolizidine skeleton, the next step 

undertaken was a controlled migration of the double bond to the proper endocyc- 

lit position. To accomplish this transformation, we exploited the propensity of 

lithiated ketenethioacetals to protonate o to sulfur; 
18 

hence, formation of the 

dianion 
19 

of 6_ (3LDA, HMPT, THF, -78'C + -20°C, 30min) followed by methanol 

quench at -78'C gives 2 
20 . 

In 89% yield. Conversion of 2 into supinidine (2) 
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was accomplished by dithiane hydrolysis 21 (BFj 0Et2, THF-H20, HgO, 20°C, 1 hr, 

85% crude yield) followed by reduction of both the resulting aldehyde and the 

lactam carbonyls (LAH, THF, 20' + reflux, 2 hr, 60%). The product was identical 

with authentic supinidine in all respects. 
22 

The synthesis of (+)-supinidine described in this communication clearly 

illustrates the value of the ketenethioacetal group both as an internal nucleo- 

phile in cationic cyclization and as a control element for the regioselective 

placement of an endocyclic double bond. The methodology appears promising as an 

entry into the more highly oxygenated pyrrolizidines such as 2 and 2. These 

and other studies are in progress. 
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