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Abstract-The structures of the enantiomeric norsecurinines (2 

and 3) have been confirmed by a total synthesis of ( + ) - 2 ,  

starting with L-proiine. 

The Securineaa alkaloids consist of a total of seventeen compounds isolated from 

severa i species of the Secur ineqa and Phy I I anthus genera of Euphorbiaceae. 

These plants have a notably hiqh concentration of alkaloids; in a number of cases 

the major alkaloid component comorises 0.25% of the dry plant weight.Z 

Securinine ( I )  i s  the most abundant member of the group. the first to be identi- 

and the only Securineaa alkaloid to have been prepared by total svnthe- 

s i ~ . ~ . ~  Most of the S e c u ~ i n e a  alkaloids are either securinine stereoisomers or 

have the securinine skeleton. Four, however. have the rinq-A nor structure. The 

mast well characterized of this group are the enantiomeric norsecurinines, 26 and 

3.' In this Communication, we report a total synthesis of (21 -2 .  which corrobor- 

ates the assigned structure. 

OUT retrosynthetic plan is out1 ined in ea 1. The key maneuver was to be con- 

struction of three of the four rings by a series of reactions involving tandem 

Michael and aldoi cyciization. followed by iactoni2ation. 



The actual synthesis begins with the monoketai of 1.4-cyclohexanedione ( 4 ) .  which 

is subjected to Baever-Villiser oxidation (CF3C03H. N ~ z H P O ~ .  CH~CIZ) to obtain 

lactone 5 (es 2). This substance is converted to hydroxy ester 6 (NaOMe. MeOH), 

which is oxidized by Dyridinium dichromate8 in methylene chloride to secure alde- 

hyde 7. 

4 5 6 7 

The Led-butoxycarbonyl derivative of methyl Prolinate ( 8 )  reacts with dimethyl 

lithiomethylphos~honate to give keto phos~honate 9 (eq 3). When this material is 

condensed with aldehyde 7 using potassium -t-butoxide as base. enone 10 is 

obtained in 96% yield and in essentially racemic form. If the Wadsworth-Emons 

react ion is carried out under the conditions recently introduced by Masamune. 

Roush, and ~oworkers,~ enone 10 is obtained in enantiomerically enriched (931. ee) 

form. albeit in only 841. yield. 

8 9 10 

Treatment of enone (+)-I0 with HCI in acetic acid gives Pyrrolizidone (+)-I1 
0 

(Picrate salt. mp 166-7 C) in excel lent yield. Diketo ester 1 1  reacts with 

lithium imidazol idr and N-trimethvlsilyl imidazole to Provide tricyclic ketone 

(+)-I2 in 57% overall yield from enone 10 (eq 4). Reduction of the carbonyl 

group by catechol borane occurs exclusively from the more hindered side, presum- 

ably due to prior coordination of the nitroqen with boron, providing equatorial 
0 

alcohol (+)-I3 (rhombi" prisms, mP 125-6 C) in 67% yield. The stereostructure 

of 13 was ful ly elucidated by single crystal x-ray analysis. l o  Treatment of 

alcohol 13 with methanesulfonyl chloride and triethylamine affords mesylate ( ? I -  
0 

14 (mp 125-9 C). 
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A S  shown in eq 5. rearranged sulfide (+)-I5 is obtained when mesylate 14 is 

heated with thiophenoxide in UHF; the mechanism of the formation of 15 in this 

reaction has been discussed elsewhere. Oxidation of 15 with E-chloroperoxy- 

benzoic acid gives suifoxide (+)-I6 (1:i mixture of diastereomers because of the 

new stereocenter) which is pyrolyzed by heating i n  toluene. The product. 

obtained in 91% yield. is a 45:55 ratio of tricyclic amines (+_)-I7 and (t)-18. 

Control experiments showed that this ratio is kinetic in nature (e.g.. the iden- 

tical 45:55 ratio is obtained after 17. conversion, and throughout the reaction; 

added 17 is not converted into 18 during the course of the reaction). This evi- 

dence. P I  us that from other control experiments, suqqests that the sulfoxide 

pyrolysis is not fully concerted, but rather that initial ionization of the 

carbon-sulfur bond leads to an ion pair in which the cation is the azetidlnium 

ion invoked in our earlier publication on the skeletal rearrangements of 14 and 

related compounds.li 

SPh - Me3Si0 SPh - 
14 - 

180%) Me02C (94%) Me0& (91%) 

E~ter I7 is deprotonated with potassium bis(trimethyisilyi)amide and the resuit- 

ing enolate seienylated with diphenvl diselenide to obtain (+)-I9 as a 6:1 mix- 

ture of diastereoisomers. Lactonizat Ion is accompl ished by heat ing 19 with 

p-toiuenesulfonic acid in benzene solution; lactone 20 and its diastereomer (6:l 

ratio) are produced in good yield. Oxidation of the mixture of lactones with 

m-chloroperoxybenzoic acid in methanol at -78 OC gives (+)-norsecurinine in 407. 

yield. The i~ NMR spectrum of the synthetic material was identical to the pub- 

1 ished spectrum of (2~)-norsec~rinine.~ The synthesis requires 14 steps from the 

1,4-cyciohexanedione monoketal and Proceeds in 2.0% overall yield. 

Optical ly active 10. r o ] ~  -23.20 (c = 0.15. CHCi31. has been similarly trans- 

formed into 1 1 .  [olg +3.10 (c = 0.0065. CHCi3). 12. [olg +2.00 (c = 0.45. CHCI3). 

and 13, [ a ] ~  +9.80 (c = 0. 13, CHC131. The latter compound was shown by I H  NMR 



and l9f NMR spectroscopic anaiysls of the derived ester with (+I-2-methoxy-2- 

trif1~0romethyI-2-phenyiacetic acid ester to be of 87% enantiomeric excess.12 We 

have not yet carried this enaotiornericaliy enriched material through the rest of 

the synthesis, but is should nrovide (2s)-norsecurinine. 
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