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THE BIOS- IS OF RETRONECINE 
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INTRODUCTION 

AL-IDS containing the pyrrolizidine nucleus are found in the three plant families Legumi- 
nosae, Boragimuxae and Compositae. One of the most widely distributed of the natural 
bases, which are in most cases found as esters of Cr to C&iphatic acids, is retronecine (Jj. 

Preliminary studies have been made of the biosynthesis of the acid’ and base2 moieties of 
alkaloids of this group, but there is still but little known about the biosynthetic route by which 
they are elaborated in the plant. Robinson’s early suggestion3 that the pyrrolizidine ring 
o~~bythecondensationoftwoornithine~d~~dssupportinthe~~ofNowacki 
and B~errum,~ who demonstrated that omithine is incorporated into the retronecine derived 
from monocrotaline isolated from Crotahria spectabih. 

This paper reports the results that have been obtained from the partial degradation of 
retronecine derived from the alkaloids of Senecio dbughsii, afk feeding the plants with 
[l,4-1’Clqn&eske, [2-14c&omithine and [5-1’C#omithine. 

RESULTS AND DISCUSSION 

senecio cibugkzsii D.C. (Compositae) is a common peknnial of the western United States. 
It has been shownc6 to contain the four alkaloids senecionine, seneciphylline, retrorsine and 
ridelliine, all of which are cyclic esters of C&karboxylic acids with the base retronecine (I). 

1 C. Hum and F. L. WARRIB& J. Chwn. Sot. 34 (1962). 
zB.N0~~~~1LLndR.U.BYaRavM,~Sdsrcws5,157(1%2). 
3 R. Rm, 77~~ S#ructwal R&&u of Natural Products, p. 7i?, Chwldon pnss, Oxford (1955). 
4R.ADAlYEPandT.R. Gowwnwu, J. Am. C&m. Sot. 7l, 1956(1949). 
~F.L.WARllBN,M.KROKMAN, R.ADMQB,T.R. OavINDMauarandJ.H.~J.Am.C’ham.Soc.72. 

6 i?iid J. H. LOOKER, J. Am. Ckm. Sk 73,134 (1951). 
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Feeding of seffecio cibugZasii seedlings with l’tXbded putreshe or omithineresulted in 
the incorporation of radioactivity in the retronecine portion of the alkaloids. Very little 
activity appeared in the acids derived from the alkaloids by hydrolysis. Table 1 shows the 

Total Pcrccnw of total acavity of 
incorporation alkaloid found in 
illtoalkaids , 3 

0 Acid8 

[1,4-1%Eputrescine O-18 5-o 98 

E ::t r4 

~~~of~~~rationandtherelativtamountsofthetadioactivitythatwereincorporatod 
into the base and the &acids. It is apparent that the carbon skeleton of the precursors 
remained intact and that the putmscine and omithine were specifically incorporated into the 
pyrrolizidine moiety of the alkaloids. 

HTN-o +CHzO 

-1 

Treatment ofthe labeled retrolaooine, isoiated f&m the totnl alkaloids by saponi&ation, 
Withosanioaa~and~~~~~aonvertedtheprimsry~olGarbonatom 
to formaMehyde (Scheme l), which was isolated as the dimedone derivative. 

Ifretron&neisformedintheplantfiomtwo moleculesofafoW!arbon-atomprecurq 
then[1,4-“~wouMbcePlpsctedtoyield~~with25%ofitsradioactivity 
inthe&le-chaincarbonatom(Scheme2). Withomithinelabeledatthe2-or5-positionthere 
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are several possibilities, but the present results do not permit eonelusions to be drawn con- 
csrningalldetailsofthemannetinwhichornithineisu~. Ifomithineisconvertedtoa 
symmetrical intermediate, activity at the 2- or 5-position would become identical, and the 
same result would be obtained as with the use of [1,4-14cEputrescinc. However, the incor- 
poration of 25 % of the activity of oruithiue into the -CH@H group does not in itself prove 
that the omithine is incorporated into the alkaloid entirely by way of a symmehical inter- 
mediate, siuce it is possible to devise reasonable pathways in which the carbon atoms 5,6,7 
and 8 of the pyrrolizidine ring system could be derived from omithine h such a way as to 
impart radioactivity to 5 or 8, or to both of these positions. Further degradation of the 
pyrrolizidiIE ring system will have to be carried out to settle these questions. 

Theresaltsofthe~ts~y~a~2)~~thatineachcaseonbquarteroftbeactivity 
oftheretronecineresidediutheside-&hcarbonatom. Theseresultsshowthatthebio- 
synthesisofx&onc&efromoruithiueinS.&f4gkzMmustproccedthroughasymmetGcal 
in&mediate to form that part of the ring system that contains the &H&H group. The 
biosynthesis of uicothe Prom [a-*Q-ornithiue lihvise proceeds through a symmetrical 
intermediateto~~alkaloidinwhichthepyrrolidinering~~~~aquallyinboththe 
2- and 5-positiona7-@ 

Although these results show that two molecules of putresche or orinthine are used for the 
~of~inS.~~~,theydonotdisaoaew~intht~ofornithine 
both molecules pass through a symmetrical iutermedhte. 

EXPERIMENTAL 

l%adioactivitymcastuemcn tswerecarriedoutwiththeuseofaNuclear4hicagoScintil- 
lation SB Model No. 720. Dioxau was used as the solvent, and the solutions 

. 
ccmtamd 0.7% of 2$diphenyloxa!&ole (PPO) 045% of ~+J+3llyleuebis~5-pheuyl- 
oxazole) (POPOP), and 5 % of naphthalene. 

six~ofsanscio~~~,~growninsoilfora~twomonth$weretrrrnsplantedto 
water culture in 3004 beakers containing aerated Hoaghd’s solution.1o After one to 
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two weeks the nutrient sohition was replaced with fnsh HoaglamYs solution oontaining 
100 fl of the labeled compound (approximate activity, 20 &ug). Over 90% of the radio- 
activity of the solution was taken up by the plants within two days. After seven days the tops 
oftheplants wereharvestedandmaceratedinmethanol. Thefiheredsolutionwasevaporated 
to a small bulk, an equal volume of 2 N sulfiuic acid was added and the solution Wered. An 
excess of zinc dust was added and the mixture stirred for two hours, the zinc removed by 
filtration, and the solution made alkaline with ammonia and extra&d thoroughly with 
chloroform. The chloroform solution was extracted with 1 N sulfuric acid and the latter made 
basic and again extracted with chloroform. The dried chloroform solution was evaporated to 
dryness, leaving a crystalline residue of crude alkaloid. A weighed amount of the total 
alkaloids isolated from S. ubughii was added and the whole recrystalhxed from acetone. 

Hjt&olysis of the Alkaloid iUixture 

A sample of 340 mg of the mixed alkaloids was reIIuxed for 90 min with a solution of 
750 mg of barium hydroxide in JO ml of water. The resulting solution was made acidic with 
dilute sulfuric acid, f%ered through celite, and extracted continuously with ether (20 hr). The 
ether solution was dried and evaporated to yield a semi-solid mixture of the crude acids. The 
aqueous solution remaining after extraction of the acids was passed through a column of 
Dowex 2 (OH form), the effluent evaporated to dryness, and the residue sublimed at llO”/ 
2 mm. The sublimate was recrystalked from acetone to yield retroneciue, m.p. 119-120”, 
alone or mixed with authentic material. 

lkgrtuhtion of Retronecine 

To a solution of 60 mg of retronecine in 3 ml of water was added a solution of 10 mg of 
osmium tetroxide in O-2 ml of ether, and to this solution was added 1 SO mg of sodium meta- 
periodate. The mixture was stirred for 30 min, allowed to stand for a further 60 mm, and 
filtered. A saturated aqueous solution of dimedone (S.0 ml) was added and the formaldehyde 
derivative allowed to cry&a&e. The product was &red and dried; it had m.p. 188489” 
alone or mixed with authentic formaldehyde dimedone. The yield was 10 mg. 

/lb-t-This work was sqqmted by grants from the U.S. Public Health &mice (RG-6457) and 
The National &iencc Foundation (G-8821). Chae of us (W. B.) is gratefid for ass&am2 from the U.S. Edu- 
cational Foundation, cltnberra, Australia. 


