
Tetrahedron Letters No. 48, pp. 4337-4141, 1965. Pergnmon Press Ltd. 
Printed in Great Britain. 

OY ‘LYE BIGk,YV”YES~S Oi: TIIF, TESPRW kARi:UBII>l PRW [l ,4-14C]SU(XIrTIC ACID 

AND [2-14C] F~AJIOLVZTOTJE. 

Ada Abhondanzaa , goberto Radiellob and Albert0 Breccia 

Centro Naxionale di Chimica delle Radiazioni e dei Radioelementi 

de1 C lT R. . . . Sezione ITI. Univcrslt" iii E?ologna, Italia. 

(Received 25 June 1965; in revised form 13 October 1965) 

The fundamental isopene rule in the biogenesis of terpenes 

namely Ruzic?ra's theory (l), includes the condensation of acetate 

solecules to nevalonic acid, transformation of the latter to 

isonentergl pyro?hosnhate ancl condenwtion of these isoprenic 

units to ternencs. 

In the nreliminary rtudy on the pathways leading to the 

fori-ntj.on of marrubiin, Rvzicka's theory xns nwli.ed by admini- 

stration of l4 C labclled acetate and nevalolactdne to flowering 

plants _ of Karrubium vulqare L. Fl‘rtbcr it was considered of interest 

to investigate the Focrible participation of suicinic acid in the 

biosgnthcsin of the ternene in accordonce with the biogenesis of 

other natural substances !Z,?,Lc). 

The flovlerinC: Pkrruhivm vulnare k!as cut at the base of the _--- 

ctem at root level and T,CC rr of fresh tisrue was .pol!n in ?C nl 

radioactive solution and % ~1 dist!!~!ed w+ter afic:'e+ every 1C !~ows. 

.":fter a set period o? mctabolir:-, the rn,?rrlrhii? :':a~; extracted fror 

the drj:ed nl~ants ir accorAnyc.e ..rith nrcvS.ous ?lor!r (3). 

-- ---_ -- 
a ?A11 0'7 of tbi G.N.ii. :r+ai:r. 

b I-ti.tr:-o Chimico “(1.:~ia~nj rj nn” i%iverrit? di polocna. ITALJA 
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The del;radation of marrubiin to the corresponding ketolactone 

in order to determine the distribution of radioactivity be-izleen 

the naphthalenic and furanic moieties, was made accordinS to the 

published .;echnique (5). 

CH 

“3 

marrubiin ketoloctone 

The radiochemical measurements !rere made with a scintillation 

counter supnlied by S.ki.L.0. for liquid phase scintillators. 

Z,$Diphenyloxazole (PPO) as primary scintillator and l,G-bis- 

-L-(5-phenyloxazolyl)-benzene (POPOP) as secondary scintillator 

were used in toluene solution. 

The efficercy of the instrument was determined by measuring standard 

samples of [3H,14C] n-hexadec ane usinS identical experimental ror- 

ditions. The radioactivity data are renortcd to the ICC: efFicr_ncy. 

The error for the standard deviation is 3C.'. 'The radiochemical 

nuritz was confirmed by isotope dilution analysis, using stable 

marrubiin. 

Table 1 shows the specific activity in pC/mK and the specific 

incorporation, at different times, in samnles of marrubiin obtaiveil ’ 

from [I,4-14C] succinic acid. 

'Table III shows the value of the radioactivity, obtained from 

the deSra5ation of marrubiin. 

The effective incorporation of used precursors is evident from 

the data ard the rule of acetate condensation to aevalolnctone is 

confirmed according to Tchen's theory (4) (Table II). 

In this preliminary comunication the kinetics of incorporation 

of cl,/+-l'~C] succinic acid in marrubiin (Table I) is corT,elatefi 

l,:ith the kinetics of other precursors in a further rvalvatio, 

of the intcrmediatr steps in marrubiin biogenesis, 



NO.48 4339 

Degradation of the marrubiin labelled from[2-14C] mevalolactone 

and from [l,4l%]succinic acid, yields a ketolactone with a specific 

activity (d.p.m./mM) of 7076 and 687; respectively referred to the 

terpene. 

On the basis of a molecular structure regarding marrubiin as a 

diterpene, it must contain four isoprenic units. 

The radioactivity data on the incorporation of [1,4-14C]succinic 

acid and cd,3-3H] succinic acid (Table II), suggest that at least 

three carbon atoms of each succinic acid unit are involved in the 

marrubiin biogenesis. In fact, both labelled compounds are incorporated. 

Moreover, it is sugGested that the pathway of iticorporation of 

Ir ,4- 14C] succinic acid into marrubiin via isoprenic units could 

involve only one? - 14CeOH of the acid for each isoprenic unit. In such 

a May we could have four 14C in the marrubiiti and three 14C in the 

ketolactone, a 75::’ of the total incorporated radioactivity. 

In table III it is shown that the remaining activity in the keto- 

lactone is 68:: in good agreement with the above sugGested data. 

Also in the degradation product of marrubiin from [;i-l'C]mevalo- 

tactone, three I4 C carbon atoms should remain with 7575 of the total 

radioactivity in agreement with the found radioactivity as shobm in 

.Table III. 

Other experiments on the kinetics of incorporation of [2-14C] - 

mevalolactone, El- 14C]acetic acid, [2-14C] acetic acid, [l-14C]pyruvic 

acid, [l,L;--14C] succinic acid, [2,3-14C]succinic acid, [1,4-l'C]fumaric 

acid, [5-1"C] lcetoclutaric acid and [2,5-14CJ citric acid as fundamen- 

tal components of the "Krebs cycle" are in procress. 
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Table I 

-- 

Precursor Fietabolism Spec.act. Spec.act. Specific 
time marrubiin precursor incorpo- 

/WC/mM yC/mM ration.(w 

[1,4-14c3 succinic acid 12 hr 3,@0.10-3 -s 0,>8.10 o,51.10-4 

II II 24 hr 3,00.10-3 I" 0,%10-4 

I, I, 36 hr 7,50.10-3 It 1,30.10-4 

I, II 4S hr 10,90.10-3 )t l,@c.lo-4 

II 81 72 hr 17,10.10-3 1, 3,0@.10-4 

11 II 96 hr 27,10.10-3 ‘I 4,i~O.lO -t 

- - 

(x) The specific incorporation is defined as the ratio between the 

specific activity of the samples and the specific activity of 

the precursors. 

Table II 

Precursor Ketabolism Spec.act. Spec.act. Specific 
time marrubiin precursor incorpo- 

yC/miY pC/mY ration.(*: 

-- 

C&-%1 acetate 72 hr C,17 1,00.103 1,30.10-4 

Cl- 14CI acetate 72 hr 1,70.10-2 -- _- 

[X-14C] mevalolactone 4@ hr 3,eo.10-2 o,60.1@2 6,33.m- 

[2-14C 1 mevalolactone 72 hr 0,7o.lC-' 0,6C.102 1,17.1c-w 

[L ,?-31!] succinic acid 72 hr 0,=0 5,CC.l05 ,1,20.10*4' 

(x) The specific incoTornt;ion is defined as the ratio between the 

s-yecifi- sctivity of the samples and the specific activity of 

the ~“p"'.llrrors. 
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Table III 

Precursor Spec.act. Spec.act. Remaining 
marrubiin ketolactone radioactivity 
fiC/mM /UC/d1 found calculated 

_i'- 

[:,4-l'C3 succinic acid d,dO.lO -3 1,50.10-3 68 9 75 % 

[2- 14C] mevalolactone 3,8o.1o-2 2,65.10-' 70 % 75 % 
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