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ABsTRACT.-Microbiological transformation studies have been conducted with agro- 
clavine derivatives to obtain the corresponding derivatives of elyrnoclavine. This should be the 
first step of a directed biosynthesis leading to lysergic acid amides, with corresponding substitu- 
tions of the ergoline ring system. Clat'iceps fusifomis strain SD 58 was able to transform I-alkyl-, 
I-benzyl-. I-hydroxyrnethyl-, 2-halo-, 2,3-dihydro-, and 6-ethyl-6-nor-agroclavine to the cor- 
responding elymoclavine-derivatives in submerged cultures. It was shown that the substrate 
specificity of the agroclavine hydroxylase is high with respect to the 8,Y-double bond and to the 
tertiary state of N-6, whereas the specificity is low for variations in the pyrrole partial structure 
(N-1, C-2, C-3). 

Ergot alkaloids modified at the ergoline ring system for instance, methysergide and 
bromocriptine, are increasingly used in therapy. Compounds such as these are obtained 
by partial synthetic transformation of natural lysergic acid derivatives (1). The yields of 
these reactions are not very satisfactory because of the lability of the starting material. 
Agroclavine (1) and elymoclavine (2 ) ,  biogenetic precursors of lysergic acid amides (3) 
(Figure I), are more stable than 3 derivatives, so that they ought to endure, for in- 
stance, 1-alkylation or 2-halogenation with higher yields than do lysergic acid deriva- 
tives. This is true especially for 1, because 2 shows side reactions (e.g., 0-alkylation 
when alkylated at N-1) that are impossible for 1. If such substituted 1 could be trans- 
formed microbiologically to the corresponding 2 and afterwards to the corresponding 3 
in good yields, this would be ofpractical interest as an alternative way to prepare, for in- 
stance, methysergide or bromocriptine. 
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FIGURE 1. Formation of lysergic acid amides from agroclavine in Cluvicepr. 

The oxidation of 1 to 2 is catalyzed by agroclavine hydroxylase characterized for 
Claviceps purpurea ( 2 )  and Claviceps fusifomis strain SD 58 by Anderson and co-workers 
(3). W e  wish to report the realization of the first step of such a directed biosynthesis 
(substituted 1 to substituted 2 )  on a small scale by means of C .  fusiformis strain SD 58 
well known as a producer of 2 and other clavine alkaloids in submerged culture (4) .  The 
significance of this study is increased by the fact that such substituted clavines show 
considerable antibiotic and strong cytostatic activity, as we reported recently (5-7). A 
modified sucrose-asparagine medium according to Brack et al. (8) was employed. The 
preparation of the different substrates from 1 was already published by our team (9- 12), 
except five which were synthesized according to other authors (13- 15). The partial syn- 
thesis of the corresponding derivatives of 2 is communicated in the present paper. The 
alkaloid ( 2 )  was alkylated at the indole nitrogen by reaction with potassium and alkyl 
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iodide in NH, as already described earlier for 1-methyl-2 (lla) (9) .  The compound 
l lh,  1-benzyl-2, was prepared from 2 in a similar manner by means of benzyl 
bromide. The 2-halo-2 derivatives (12a and 12b) were synthesized by reaction of 2 
with N-bromo- and N-iodo-succinimide, respectively. Compound 14a (6-nor-2) 
could be prepared by means of the cyanogen bromide method; 6-ethyl-6-nor-2 (14b), 
by alkylation with ethyl bromide. The substrates (Figure 2) were added as a solution in 
aqueous tartaric acid to a final concentration of 100 p.g/ml in the culture medium. Sam- 
ples were withdrawn every 2 days and analyzed by tlc. An incubation period of 3 days 
before the addition of the ergolines was necessary for a sufficient growth of the fungus; 
later addition resulted in lower yields because of the concurrence between the added 
ergoline and the natural substrate 1 synthesized, in the meantime, in the submerged 
culture. 
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FIGURE 2. Agroclavine (1) derivatives accepted and not accepted as substrates of 
C h i r e p s  fusiformir agroclavine hydroxylase 

The 1-substituted alkyl- and benzyl-agroclavines were converted to the correspond- 
ing elymoclavines. Even traces of the substrates were not at all detectable after a certain 
period specific for the individual substances: the transformation rate was dependent on 
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FIGURE 3. Relation between the polarity of 1-substituted agroclavines expressed by the Rf-values 
(CHC1,-EtOH, 80:20) and the rare of transformation to the corresponding elymoclavines 

by Claviceps fusqormis, strain SD 58. 

6-Nor-l  (7a) cannot serve as a substrate, whereas the 6-ethyl homolog of 1 (7b) 
was converted to 6-ethyl-6-nor-2 (14b) without detectable substrate remaining in the 
medium. Finally, neither the 8,9-dihydro-1 derivatives (festuclavine (9a), 2-bromo- 
festuclavine (9b)),  the 5R, 8R- and 5R, %-A9 isomers of 1 (lysergine (loa), isolyser- 
gine ( l o b ) ) ,  nor the 8 a-hydroxy derivative of l o a ,  setoclavine (8), were oxidized at C- 
17. 
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These results show that the substrate specificity of the strain SD 58 agroclavine hy- 
droxylase is high as to the 8,9-double bond: no compound lacking this structural fea- 
ture (by hydrogenation or A9."-isomerization) was oxidized at C- 17. It can be assumed 
that the allylic double bond is necessary because it activates the hydrogen at C- 17. The 
basic N-6 must be tertiary (methyl, ethyl): 6-nor-agroclavine is not accepted. The sub- 
strate specificity of the enzyme is clearly lower for the pyrrole partial structure: varia- 
tions of the molecule at N-1, C-2, and C-3, respectively, led to the analogous elymo- 
clavines. Compound 4h was transformed quantitatively within 3 days, whereas 13 days 
were needed for the same amount of added 1 (Figure 3). This may be due to the better 
penetration of the substituted substances into the fungus cell as a consequence of more 
lipophilic attributes. Alternatively, it may be assumed that the affinity to the agro- 
clavine hydroxylas-e and/or the V,,-value is larger. Perhaps all these points are signifi- 
cant. In-vitro studies with the isolated enzyme could give conclusive information con- 
cerning this. Consequently, the first step for a directed biosynthesis of 1-, 2-, or 6-sub- 
stituted lysergic acids or their amides became realizable with the Clavzreps fuszformzs, 
strain SD 58, in saprophytic submerged culture. The yields were very acceptable (65- 
75%) for the N- 1-substituted and 6-ethyl-6-nor derivatives and satisfactory (30-3595) 
for the 2-halo- and 2,3-dihydro derivatives. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-Melting points were determined with a Tottoli appa- 

ratus and are uncorrected. I r  spectra were recorded on a Beckman IR 33 with KBr disks. TIC was performed 
on 0.25-mm-thick layers of silica gel GFzsi (Merck) on glass plates. Five mg of the pure compounds or of 
the crude bases was dissolved in 20 ml CH,Cl,-MeOH (70:30); 10 pI of this solution were applied to the 
tlc by means of a precision piston pipette. TIC systems used included: solvent A, CHC1,-EtOH (80:20); 
solvent B, CHCI,-(Et),NH (90: 10); solvent C, CHC1,-(Me),CO-EtOH (60:40:40); solvent D, CHC1,- 
MeOH (70:30); solvent E, CHC13-(Me),CO-(Me),NCHO-NH40H (92:23:20:0.5). Visualization of de- 
veloped tlc plates (fluorescence quenching: ergol-8-enes; fluorescence: ergol-9-enes) was accomplished by 
spraying with van Urk's reagent (0.2 g 4-dimethylaminobenzaldehyde dissolved in 100 ml35% HCI with 
an addition of 3 drops of aqueous FeCI, solution (10%)). 

SYNTHESIS OF THE SUBSTRATES (DERIVATIVES OF l).-The synthesis of compounds 4a (9), 4b-41, 
5b, 7a, 7b ( lo) ,  compound 6 (1 l),  and compound 9a ( 12) is already described elsewhere. Compounds 5a 
and 9b were prepared according to Yamatdanl (13), 8 according to Hofmann etal. (14), 1Oa and 10b ac- 
cording to Schreier (15). 

SYNTHESIS OF 1-ALKYL-ELYMOCLAVINES ( I lb- l lh) . -Potassium (0.46 g =  11.74 mmol) was dis- 
solved at - 50" in 700 ml dried NH,. The blue solution was stirred until it became colorless. After addi- 
tion of 2.14 g (8.4 mmol) 2 (dried in vacuo), it was stirred again at -45" for about 30 min until almost all 
alkaloid was dissolved. Finally, 11.74 mmol of the alkyl iodide (for l l h :  benzyl bromide) dissolved in 3 
ml absolute Et,O was added, stirring further for 30 min. After evaporation of the NH,, the residue was 
dissolved in aqueous NaHC03 solution and extracted with CH,CI,. The concentrated CH,CI, solution 
containing the crude base was chromatographed by means of a column with 40 g silica gel (Woelm, Ak- 
tivitatsstufe 1). Elution was started with CH,CI, and continued with mixtures ofCH,CI, and low but ris- 
ing amounts (0.5%, 155, 2% etc.) of MeOH. Those fractions containing the converted substrate were 
pooled and evaporated to dryness. The residue was dissolved in a suitable solvent for recrystallization (see 
individual substances). Unsubstituted 2 (20-3555) was recycled. 

SYNTHESIZED i-ETHYL-ELYMOCLAVINE ( l l b ) . - C o m p o u n d  l l b  gave the following data: mp  
159-161" (dec.) [isopropyl ether]; ir 3400, 3060, 2830, 2800, 1610, 1460 cm-'; Calcd for CI8H2,N2O: 
C, 76.6; H ,  7.85; N ,  9.9. Found: C, 76.3; H ,  7.83; N ,  9 .9 .  Rf-value (solvent A) 0.15, color with van 
Urk's reagent: dark violet. 

SYNTHESIZED I-PROPYL-ELYMOCLAVINE ( l l c ) . A o m p o u n d  l l c :  mp 124- 126 (dec.) [petroleum 
ether); ir 3400, 3070, 2870, 2830, 1620, 1460cm-'; Calcd forCl,H,4N,0: C, 77.0; H ,  8. 18; N ,  9.5. 
Found: C, 76.7; H ,  8.38; N ,  9.4. Rf(A) 0.17, van Urk's reagent: dark violet. 

SYNTHESIZED 1-ALLYL-ELYMOCLAvINE ( l ld) . - -Compound I l d :  mp  169- 17 1' (dec.) [petroleum 
ether]; ir 3400, 3060, 2830, 2800, 1610, 1460 cm-'; Calcd forC,,H,,N,O: C, 77.5; H ,  7.53; N ,  9 .5 .  
Found: C, 77.2; H ,  7.47; N ,  9.5. Rf(A) 0.17, van Urk's reagent: dark violet. 
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SYNTHESIZED i-sunr-(lle)- , ~ . I s o B u T Y L - ( ~ ~ ~ ~ -  , AND I-OCTYL-ELYMOCLAVINE (llg).-- 
Compounds l l e - l l g  were synthesized for tlc comparison with the corresponding metabolites of authen- 
tic 4e4g from the cultures. Further characterizations of these bases were not carried out. 

SYNTHESIZED. i - B E s z n - E L Y M o c L A v I s E  (llh).--Compound Ilh-picrate: mp  86-89' (dec.) 
[H,O]; ir 3440, 3060, 2920, 2880, 2680, 1650, 1630, 1585, 1555, 1470, 1450, 1380, 1335, 1280 
cm-'; Calcd for C,3H,,N,0.C6H3N30,: C, 60.7; H ,  4.74; N, 12.2. Found: C, 60.4;  H ,  4.78; N ,  
11.8. Rf (A) free base 0.24,  van Urk's reagent: dark violet. 

SYNTHESIS OF 2-HALO-ELYMOCLAVINES (12a, 12b).-The solution of 1.0 g 2 in 40 ml absolute 
dioxane was mixed with the solution of 0 .9  g N-bromosuccinimide (or 1.2 g N-iodosuccinimide) in 40 ml 
absolute dioxane and heated at 65" on the H,O bath for 30 min. Afterwards, the solvent was distilled off in 
vacuo and the residue was dissolved in 0 .1  N H,SO,. After addition of ",OH, it was extracted with 
Et,O several times. The Et,O extracts were pooled and evaporated to dryness. The residue was dissolved in 
a minimum amount of CH,CI, and purified with a silica gel column as described above. Unsubstituted 2 
was recycled. 

SYNTHESIZED 2-BROMO-ELYMOCLAVINE (12a).--Compound 12a (yield: 53%): mp  207-209' 
(dec.) [C6H6]; ir 3400, 3060, 2830, 1610, 1440 cm-'; Calcd for Cl6HI,N20Br:  C, 57.7; H ,  5.14; N ,  
8.4; Br, 24.0. Found: C, 57.5; H ,  5.29; N ,  8.5; Br, 24.0. Rf (A) 0.22,  Rf (B) 0.23, van Urk's reagent: 
yellow. 

SYNTHESIZED 2-IODO-ELYMOCLAVINE (12b).--Compound 12b (yield: 54%): mp not determina- 
ble (sublimatioddec.) [C&]; ir 3400, 3060, 2830, 2800, 1610, 1440 cm-'; Calcd. for CI6Hl7N,OI: 
C, 5 0 . 5 ; H , 4 . 5 1 ; N , 7 . 3 ; 1 ,  33.4. Found:C, 50.2;H,4.43;N,7.0;1,33.3.  Rf(A)0.23,  Rf(B)0.24,  
van Urk's reagent: blue (I is split). 

SYNTHESIS OF 6-ETHYL-6-NOR-ELYMOCLAVINE ( 1 4 b ) . 4 - N o r - 2  (14a) (3.6 mmol) dissolved in 8 
ml N,N-dimethylformamide was stirred together with 0.8 g K,CO, and 0.4 1 g (3.8 mmol) ethyl bromide 
at 25" for 5 h. Afterwards, the mixture was filtered. The filtrate was diluted with H 2 0  and extracted with 
CH,CI,. The CH,Cl, extract was evaporated under reduced pressure to dryness. The residue was dissolved 
with minimal amounts of CHCI, and chromatographed on silicagel (Woelm), eluted with CHCI, and ris- 
ing additions of MeOH up to 80:20. Those fractions containing only 14b were pooled and evaporated 
under reduced pressure to dryness. Recrystallization with isopropyl ether. mp 183- 185" (dec); ir 3430, 
2800, 1610, 1460 cm-'; Calcd for C,,H,,N,O: C, 76.1; H ,  7.51; N,  10.4. Found: C,  76.0; H ,  7.44; 
N ,  10.2. Rf (A) 0.14, Rf (B) 0.30, van Urk's reagent: blue. 

SYNTHESIS OF FURTHER ELYMOCLAVINE DERIVATIVES.-The synthesis of compounds 1la (9), 13 
(16), 16a (12), and 17a (17) is already described elsewhere. Compound 14a was prepared according to 
Fehr (18); 17b according to Schreier (15). Compound 15 had been isolated from submerged cultures of 
Clavireps strain 47a. 

FERMENTATION PROCEDURE.~~aviceps fus i fmis ,  strain SD 58, was maintained on a sucrose-pep- 
tone-agar medium. The strain is deposited at the Institute fur Biochemie der Pflanzen, Akademie der Wis- 
senschaften der DDR, Halle (Salle). Surface mycelia of 22-day-old agar slant cultures were suspended with 
sterile distilled H,O (10 ml/tube). Wide-necked Erlenmeyer flasks (300 ml) containing 100 ml of the fol- 
lowing media were inoculated with 5 ml ofthe mycelium suspension: sucrose 100.0 g ,  asparagine 10.0 g,  
yeast extract 0 .1  g ,  Ca(N03)2 1.0 g ,  MgSO, x 7 H,O 0.25 g,  K H 2 P 0 4  0.25 g ,  KCI 0.12 g. FeSO? x 7 
H,O 0 .83  mg, ZnS0, x 7 H,O 0.34 mg, distilled water to 1000.0 ml. Incubations were conducted on 
rotary shakers operating at 24" and 120 rpm (excentricity 30 mm). The substrates were added to the three- 
day-old cultures as a solution in 0.5% aqueous tartaric acid to a final concentration of 100 Fgiml of culture 
medium. The solutions were sterilized in an autoclave at 120Ofor 20 min. Labile substances (4,s) were in- 
jected into the medium by means of a sterile filter. Samples were withdrawn every 2 days and analysed by 
tlc. In the case of the faster reactions (4g, 4 h ) ,  samples were withdrawn every day. Controls consisted of 
cultures grown without substrate and of incubations containing medium and substrate without fungus. 
For preparative purposes, 0.2-1.0 g of alkaloid base as hydrogen tartrate were dissolved in 100-500 ml 
0.5% aqueous tartaric acid and distributed equally to 20- 100 Erlenmeyer flasks containing SD 58 cultures 
as described above. The cultures were harvested after different periods depending on the chemical structure 
of the added substrate: 1-benzyl- , 1-octyl-: 3 days after addition of the substrate; 1-butyl-, 1-isobutyl-: 5 
days; 1-allyl-, 1-propyl-: 6 days; 1-ethyl-: 7 days; 1-methyl-: 8 days; 1-hydroxymethyl-: 23 days; 2- 
bromo-, 2-iodo-, 2,3-dihydro-: 25 days after addition. 

ISOLATION OFTHE ELYMOCLAVINE DERIVATIVES.-The culture filtrates including the washings of 
the mycelia with 3% aqueous tartaric acid were alkalized by NaHCO, to pH 8 and extracted repeatedly 
with CH,CI,. The concentrated extract was dissolved again in a minimum amount of CH2C1, applied to 
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silica gel columns, and eluted as described above. The yields were 30-75% depending on the chemical 
structure and the added amount of the substrate. 

IDENTIFICATION O F  THE ELYMOCLAVINE DERIVATIVES FORMED IN SUBMERGED CULTURES O F  

CLAVICEPS FuSIPORMIS.~ompounds l la ,  l lb ,  l l c ,  l ld ,  l l i ,  12a, and 12b were isolated from the 
culture filtrate as described above and recrystallized like the corresponding synthesized compounds. All 
these compounds were identical by mmp, tlc (solvent A, 12a and 12b also solvent B), and ir spectra with 
the synrhesized compounds described above. In addition, compounds l l b  and l l d  isolated from the cul- 
ture filtrate were subjected to elementary analysis. 

Compounds llh, 13, and 14b isolated as crude bases from the culture filtrate were also compared 
with authentic synthesized and pure substances. In these cases, cochromatography (tlc) in five solvents (A- 
E) resulted in identical spots and van Urk reaction. 

Compounds l le,  l l f ,  and l l g  were isolated as crude bases from the culture filtrate and compared 
with the corresponding synthesized crude bases by the same cochromatography procedure in five solvents 
(A-E) resulting in tlc identity (Rf and color ofvan Urk reaction). In all cases, the synthesized and the iso- 
lated compound formed only one spot after development. 
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