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A&w%-Mding expcrimcnlr with specifically Isbelled precursors showed rhat in ergot alkaloids hisynthesis. 
Ihe tsqrenylation of tryptopharr occurs without tntcrmcdiarc h)drox)lafion. 

Many biosynthct~c pathways’ were proposed and in- 
vestigated in the last decades to explain the insertion 
mechanism of the isoprenic unit in the 4 position of the 
tryptophan nucleus in the biogenesis of the ergot alka” 
ioids. H ithcrto no definite result was obtained about this 
subject. 

The possible activation by hydronylation of the bcn- 
zcnc ring in the 5 position of the indole system was 
suggcstcd by various authors,’ but the cxpcrrmcnts of 
Baxter’ and Plieningcr’ did not agree with this hypoe 
thesis: Baxlcr could not obtain incorporation of S- 
hydroxytryptophan into ergot alkaloids. whereas Plicnin- 
ger observed the incorporation of 5- and 6.deuterotryp. 
tophan into rlavincs, but did not examine the dcutcrium 
djstrtbution in the moutd metabotitcc. 

Since these results were not conclusive we undertook 
3 general study to verify the hypothesis of the hydroxy- 

intermedjate in order to examine possible shifts in the 
hcnzcnc nucleus during the biogcnctic prcnylation in the 
4 m&ion of the tryptophan. We investigate the fate of 
ail the henzcne aromatic hydrogens of the tryptophan 
unit during ergot alkaloid biosynthesis. Data were collec- 
ted by measuring tritium retentions in lysergic acid 
hiosynthesizcd from tryptophan samples carrying ‘H 
labels in 5 and 7 or 4 and 6 positions respectively. 
C’laric-ens paspoli incorpontcd doubly labcllcd (5.7-‘H,; 
3’“C’jtryptophan a and (J,&‘Hz; 3”‘C) tryptophan b into 
lysergic acid with 102% and 52% tritium retentions res- 
pectively. Labelled positions in the ergot a&doids were 
detected by the reaction series described in the S&me. 

The lyscrgie acid f obtained by basic hydrolysis of the 
crude ~y~er~~dcs, was purified by ehromato~aphy‘ 
hydrogenated to dihydrotyscrgic acid 2 and methylated 
to give the product 3 which was brominatcd to the 

OC’H, OCH, 



2.13dibromomcthyldihydrolisergatc 4.f This compound 
retained 95% of tritium in the case of tryptophan a 
incorporation. In contrast. all the tritium labelling was 

lost when the precursor was the tryptophan b. A portion 
of the product 3 was ozonized to the product 5 which 
was treated with bromine to give the dibromoderivative 

6. The product 6 showed 3% tritium retention with 
tryptophan a as precursor and 47% retention with tryp- 
tophan b (see Table I). ‘Ihercfore, no change occurred at 

the position 5. 6 and 7 of tryptophan during the biosyn- 
thetic pathway, while the hydrogen at position 4 was lost. 

WC can now definitely exclude the intermediancy of 
hydroxylated tryptophan derivatives and in the meantime 

any hydride shift of the kind observed in the biogenetic 

hydroxylation of tryptophan.’ 

Table I. ‘H molar activities 

Precursor: tryptophan Tryptophan 

Product a b 
-- 

Lyserkc acid I 102 52 
Hydrolyserw acid 2 98 4a 
Methylderivative 3 97 4a 
Bromodcnvarive 4 95 I 
Bromoderivative 6 3 47 

Experiments to determine whether N-isopentenyl- 

(3’“Qtryptophan is incorporated into lysergic acid, in 
accordance with the catalytic’ or thermal’ rearrangement 

of the N-isopentenylindole system. were negative. 

RadioactiviIy assays were taken with a Beckman IS. Iquul 

scintillation counter; ‘H-bcxadecane and “C-he~adeca~~e were 
added as internal standards. NMR data were obmumd on a 
Varian A.60 and were given in ppm downtkld from TM. tin 
spectra were determined on a Hhachi RMU 6D spectrometer at 
70cV. Mps are uncorrected. 

5.7.‘H,-Tryp~ophan and 4.6.‘HI-rryptophan were synthcur~d 
from 2,4,6’H,-antlme and 3,5.‘Hranilinc respectively through 
Fischer cycliralion by known procedure.* 3’.“C-‘l’ryprophan was 
commercially available tRadiochcmical Cemrc. Amcrsham 
U.K.). 

Feeding upcnmrnrs and isolafion of rhc mnobdira 
TrypIophan samples ICO mg. 0 I mc. ‘H/Y. 0 wcrc dissobcd 

-.._ - 

+Tritium retentions refer IO lab&d IrypIophans a and b and 
were determined from variations of ‘H/“C ratio. All the reac. 

Iions dcrcribed had been proved on unlabelkd lysergic acid m 
dcureriaied wlvcnIr and no appreciable hydrogen cxchangc was 
derccled m the bcnrrne unu 

in medium B inoculared with a Claticepr paspali strain in 4 
shaken flasks (IoOml each).’ AfIer I4 days the culture mcdnun 

uas filtered and ex~ractcd with CHCI,MeOH (4: I); cxtracIed 
labelled alkaloids wcrc saponified WII~ 409G aq NaOH al ll0’ (8 h) 
under nitrogen. The crude lysergic acrid recovered I4OOmg) by 
ion exchange cdumn (H’. IR 120). was purified by TLC (silica 
gel plate) III solvent sysIcm (ethytacetarc. m NH,. isopropand: 
45. 20. 35 v/v) IO iacrcase the radiochemical puriry up to 9SR. 
.nK Iacorporaltin values of Iryptophan wcrc about 5%. 

&belling pattern 01 rhe nuIabo/iIr~ 

3tXlmmg of labclled lyscrgk acid I were dissolved in NH, 
t10ml. 2Eit) and catalyrically hydrogenated IO dihydrolyscrgc 

acid 2 (2Y. 30 atm. 0 2 g of PID,), checking ~bc reaction by UV 
spectra. After IO h Ihe soluImns was lihcred to remove rhc 

catalyst and the product 2 was crysmlhxcd from cold waler and 
dissolved in dry MeOH (IO ml) and sulphuric acid (0.5 g) IO give 
in I h the mclhyldihydrolixrgatc 3 t23Omg. m.p. Ig.(’ from 

ether). IoOmg of 3 were dtssolvcd in AcOH (2.0ml) and CHCl, 
(2.0 ml) containing dry sodium acctaIe (200 mg). and IrcaIed with 

pyriduuum perbromide (250 mg) under vigorous stirring lo”. 1 h). 
The reaclion mixture was poured into ice-water and polassium 

carbonate, then cvapordtcd to dryness. The bromoderivative 4 

was cxtracmd wilh CHCL. purified by TLC (50:. e~hylaceta~e). 
and crystallized from acetone (5Omg. m.p. 2Sg’). The NMR 
spccuum (CD,COID. 6OMHr Me.5 sIamlard). showed m the 
aromatic region d 7.07 and 7.38 (IH each, AX. J..: 0.5 Hr) mass 

spccua. m/e: 442. AaoIher pontin of UK melhyldihydrolisergaIe 
3 (IO0 mg) was dihned 2: I with inactive material and ozonucd in 
MeOH (30 ml) IO give producr 5 which was directly brommarcd 

in AcOH (2.5 mol cquIv. of bromine, !‘. I h. under vigorous 
stirring). The reaction mixture was then Poured inIo ice-water 
and ammonia and exrractcd with CHCl,. The bromoderivalive 4 

was puriticd by TLC (SiO,. ethylacclate) and crysrallizcd from 

McOH I70 mg. m.p. 192-1947; NMR Dada lCD,CD:D. 60 MHr. 
Me.Si standard) were: d 7.81 Is. IH) only. Mass spectra. m/r: 
446. 
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