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Abstract-Dlmerizatlob of tabersomne by a crude enzyme preparation from Catharanthus roseus led to the novel 3- 
hydroxyvoafrmes A and B which were reduced enzymatlcally or chemically to the voafrmes A and B, recently isolated 
in trace amounts from cell cultures of Voacanga africana 

INTRODUCTION 

Plant cell suspension cultures have been established as an 
excellent source for the isolation of enzymes involved m 
the biosynthesis of secondary metabolites Cultures of 
different genera of the mdole alkaloid bearing plant 
family Apocynaceae have also been proved m our labora- 
tory to synthesize a wide range of monoterpenold mdole 
bases indicating a large synthetic capability of cultivated 
cells. A broad phytochemical screening of such cell sys- 
tems has led to the identification of ca 90 alkaloids of 
various structural types. More than 10% of these com- 
pounds were novel indole alkaloids which were not 
previously found in differentiated plants. Only three of 
the alkaloids, voafrine A, voafrine B [l] and vobtusine 
[2], belong to the group of dimerlc or blsmdole alkaloids 
The isolation of these metabolites represented the first 
example of cultivated plant cells capable of producing 
complex dimeric alkaloids, although the yields were 
rather low (under optimized conditions 30mg for the 
voafrmes per 1 medium) We also investigated the enzy- 
matic formation of the voafrmes by the enzyme-catalysed 
dimerization of the appropriate monomeric alkaloid ta- 
bersonine. Here we report that crude enzymes of Cnthar- 
anthus roseus can oxidize tabersonine to the novel dimers 
3-hydroxy-voafrine A and B and we describe an enzy- 
matic and chemical procedure for their reduction to the 
voafrmes, thus allowing for the first time the formation of 
the latter compounds m substantial amount 

RESULTS AND DISCUSSION 

The detection of the novel ditabersomnes voafrme A 
and voafrine B m cell suspension cultures of Voacanga 
africana [l] immediately raised the questlon of their 
blosynthesa. There was no evidence of an artlficlal forma- 
tion from the monomeric tabersonine under the cell 
growth conditions and, furthermore, the observation that 
different Voacanga strains synthesized different ratios of 
both alkaloids suggested an enzyme catalysed process for 
voafrme synthesis. We therefore searched for tabersonme 
metabohzmg enzymes from plants and plant cell cultures 

by incubating the alkaloid (1 mg tabersomne hydrochlo- 
ride) with crude enzyme preparations (1 5 mg protein) 
followed by TLC-analysis and alkaloid detection with 
cerlc ammonium sulphate (CAS) Under these condltlons 
protein from leaves of mature plants of C. roseus showed 
excellent conversion rates of ca 50% of the starting 
material. When tabersomne was incubated with the en- 
zyme mixture in the presence of acetone (2.5%), TLC 
revealed the formation of several novel products with 
strong characterlstlc blue CAS-reaction In order to get a 
first impression of the structure of these products, the 
major compounds were analysed by UV and mass spec- 
troscopy (EI-mode). The less polar product (system b, R, 
= 0.4) displayed m the UV spectrum the three maxima of 
the j-anilmo acrylate chromophore (223, 300, 329 nm) 
but showed a low intensity CM] + at m/z 392, 1 e. 56 mu 
higher than m tabersonme The spectrum was dominated 
by peaks at m/z 228, 168 and 167 as in tabersomne, 
indicating no substitution m rmg A, B, C [3], and 
contained a selective intensive ion at m/z 335 (31%) 
correspondmg to the loss of a fragment of 57 mu. Reduc- 
tion with NaBH, afforded a pair of closely running more 
polar compounds with the same mass spectrum dis- 
playing a [M]’ at m/z 394 and a fragmentation pattern 
very similar to that of the non-reduced compound 

As a working hypothesis, a ring-D acetonyl-taberso- 
nine was proposed and this could be verified by lH NMR 
analysis after scaling up the incubations 50-fold and 
rigorous chromatographlc purification of the compound 
In the spectrum, recorded m acetone-d,, a sharp smglet at 
62.22 was easily attributed to the methyl group of the 
acetone appendage and, in addition, the resonance of the 
two dlastereotopic protons of the methylene group were 
observed at 62.85 and 2.66, with a gemmal couplmg of 
15.8 Hz and vicmal couplings of 6.0 and 6 2 Hz, respect- 
Ively, to a signal at 63 99. The last signal was further 
coupled to the two olefinic protons H-14 (J =4 5 Hz) 
and H-15 (J= 1.3 Hz) and must therefore be due to 
one of the protons of position 3. Other signals of easy 
attribution were the AB system at 62.18 and 2.58 (J 
= 15.8 Hz) featuring the methylene group at C-17, m 

which the downfield slgnal IS addltlonally coupled m a 
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perlplanar W-arrangement to the signal at 83 09 due to 
H-21 The multlphctty of the H-3 srgnal as well as the 
presence of H-14 and H-15 suggested a lmkage of the 
acetone moiety at posltton 3 The value of couphng to H- 
14 clearly proved, m compartson wtth the data for 
tabersonme [4], that the stereochemlstry was /? for H-3 

The new compound IS thus 3a-acetonyl-tabersomne (5) 
formed by addmon of acetone to an enzymattcally prod- 
uced reacttve tabersonine derlvatlve iz plausrble mechan- 
istic reason for thts addmon mvolves the nucleophthc 
attack of the enohc form of acetone on a 3,4-dehydrota- 
bersonme rmmium ton under stereoselectrve control from 
the less hmdered convex face of the molecule 

The second alkalord isolated (system b, R, 0 1) gave the 
same UV spectrum as for the above mentioned com- 
pound The hrghest peak found m the EI- mass spectrum 
was at nr/z 726 Constdermg also the occurrence of the 
fragment m/z 335 (tabersonyl umt). a dtmerlc tabersonme 
mcorporatmg an acetone morety could be suggested 
Followmg the structure determmatron of 3a-acetonyl- 
tabersomne, reductmn gave a rather polar compound 
(CM] + m/‘z 728) The comparable fragmentanon of both 
non-reduced and reduced alkaloids to voafrme A and B 
[ 1] indicated the structure of an acetonyl-voafrme, whtch 
agam was confirmed by analysrs of ‘HNMR spectra m 
acetone-d, performed with the atd of a ZD-COSY exper- 
tment In addrtron to two NH, eight aromatrc protons, 
two carbomethoxy and two ethyl groups, the stgnals of 
H-15, H-14’ and H-3’ were found at 66 07,5 88 and 4 03 
The H-3’ had a couplmg constant of 4 8 Hz to H- 14’ and a 
small couplmg to H-15’ These values were tdenttcal to 
those found m voafrme B, thus mdtcatmg that the new 
compound had the same 3’(S) conhguratton The locatron 

of the acetonyl moiety at C-3 and tts r-orrentatton (HP-3 
configuratton) was easrly deduced by compartson with 
the data fat 3a-acetonyl-tabersonme (5) The HP-3 IS a hr 
dd at 64 70 with 10 9 and 3 9 Hz couplmgs to the dta- 
stereotoplc methylene protons of the acetone group A 
small addttional couphng to H-21 ‘it 63 15. according to 
the I+‘-rule. IS responsible for the broadenmg of H-3 
signal, but no apprectable couphng could be detected to 
H-15 at 05 66 This nnphes a quasr coplanar orrentatron 
nt H-3 wnh respect to the double bond and hence an X- 
orlentatron of the acetonyl group 

As control experlmcnts uuh denatured protein dtd not 
show any metabolrsm of tabcrsonme, the syntheses of the 
alkaloids descrtbed herem must be enqmat~cally cata- 
lysed From these results we also conclude, m analogy to 
the formatmn ot acetonyl-tabersonme. that a correspon- 
ding reacttve but drmcrtc rntcrmedtate should be mcolved 
In the productlon of this acetonyi-voafrlne B Possibly 
thus Intermediate could also play an mlportant role m the 
formation of voafrlne B 

We therefore decoded to dnalyse the enzymatrcally 
formed alkaloid nurture m more detail and obtained 
three further /&nrlmo acryhc dlkalolds by preparattve 
TLC usmg solvent svstem (a), alkaloid A, R,= 0 3X. 
alkaloid B. H, = 0 3, aikalad C. R, = 0 1 The mass 
spectra of alkalad\ A and B exhIbIted a strongly related 
pattern of fragment 101~. .md also displayed marked 
stmllarmes to the spectra of the voafrmes The htgher 
mass ions were measured at ITI 2 670 668 which would 
correspond to those of voafrme dnd dehydrovoafrme 
However. the spectra could only be obtamed under harsh 
condtttons (hcatmg at > 300 I ,md the appcarancc was 
somewhat errattc, betng strongly dependent upon exper- 
tmental condtttons Yo mformatton could be gamed from 
Cl and DC1 spectra, 111 contract to the voafrmes, whereas 
the FAB technque furmshed structurally valuable sug- 
gestmns For example. when a sample of voafrme B was 
dtssolved In the matrtx of chotce. glycerol. utth the aid of 
httle methanol. a complex spectrum was obtdmed in 
which peaks due to the glycerol clusters predommated 
Low abundance peak, of the compound could be detec- 
ted at tn~ 671 and 669. formally correspondmg to a 
protonated voafrme and a protonatcd dehydrovoafrme 
or dehydrovoahme tmtnmm ton Many weak peaks were 
also found above 671 mu and some of these were at n~iz 
701:/699 and 761 759. tndtcatmg addttton of the matrix 
components methanol and glycerol to the cattomc species 
at rn,!z 669 accompanyrng dehydrogenatton In order to 
obtam better results, the matrtr was changed to a 1 1 
mixture of glycerol and thtoglycernl Under these condtt- 
tons. a clean spectrum appeared whtch stall contained 
peaks at I~I ; 671!‘669. however at higher mass an unu- 
sually abundant cluster at 1)~ I 777 775 due to the addt- 
tton of thtoglyccroi appeared Very aeak fragment tons 
were observed ,tt 111, L -14.3 (335 + 10X), 335 28 and 
215214 The addmon of HBI-‘, to the m‘itrtx. caused 
rapid drsappearance of high-mass peaks and only ml; 669 
was found as base peah Although desorptton of some 
species from the matrtx as a consequence of sputtermg IS 
not a completely understood phenomenon, the posstbthty 
that chemtcal reacttons take place m the energized con- 
densed phase IS well documented A plaustble explanatron 
of the above complex hchavtour could be found constder- 
mg that a dehydrovoafrme tmmmm ton IS present m the 
matrix or formed upon atomic bombardment and there- 
after deaorbed This elcctm,ph~k species can suffer a well- 
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known solvent medtated reductton to afford voafrine 
(desorbed as [M+H]+ ton at m/z 671) or undergoes a 
nucleophthc attack by glycerol or, more probably, by 
thtoglycerol to form romc adducts. It wtll be shown later 
that alkalotd B has the baste skeleton of voafrme B The 
FAB mass spectral behavtour can thus be deptcted in the 
followmg scheme m whtch the nature of the putative 
precursor ton of mJz 669 remams undefined. The FAB 
data suggested that the products were the assumed 
dtmerrc reactive intermediates 

In order to get suffictent material for detailed NMR 
analyses the enzyme mcubatton procedure was opttm- 
tzed From 0 8 1 mcubatton mtxtures contammg 1 g 
tabersomne hydrochloride dissolved m methanol Instead 
of acetone and 1.2 g Catharanthus enzyme, 0 26 g of 
alkaloids A and B (ratio 1 1) were isolated after shaking 
for 20 hr under oxygen. The yteld of alkaloid C was 8 mg 
The ‘H NMR spectrum of alkaloid B dtsplayed m sharp 

contrast to that of A a relatively good separation of 
signals and marked simdarrtles to the known spectrum of 
voafrme B Surprrsmgly, the aromattc region of this 
product displayed in the NMR spectrum more than the 
eight signals which we expected for a voafrine-like dimer 
Moreover, two signals were found for H-3’, 4 N-H groups 
(9.8-9.6 ppm) were observed and many of the other 
signals occurred also as pairs. In agreement with the 
‘HNMR, the 13C spectrum showed the same situation, 
for example several pairs of signals in the aromatic regton, 
more than two ethyl functions, etc. Since the FAB spectra 
ruled out higher M, than for a dtmertc alkaloid, the NMR 
results suggested a mixture of two compounds for alka- 
lotd B, which also became evident by 2D COSY spectra. 
However, all our attempts to separate this mixture chro- 
matographtcally failed. The ratto of both compounds was 
not always constant and was obvtously dependent on the 
purtficatton procedure used and on the water content of 



the sample Indeed the ‘H and 13C NMR spectra changed 
dramatically after addltlon of D,O and a ‘clean’ pattern 
of signals appeared which was consistent wrth the struc- 
ture of one duneric alkaloid. Analysis of the proton 
spectrum of alkaloid B was carried out with the ald of a 
2D-COSY experiment Addmonally, the assignments 
were corroborated by extensive decoupling experiments 
That alkaloid B was a 3-substituted voafrme B, was soon 
apparent by the finding of an ABX system due to H-3’, H- 
14’ and H-15’ at (i4 10, 5 74 and S 91 respectively, wrth a 
vlcmal coupling between the first and second signals of 
4 6 Hr, ensuring the p-orlentatlon of H-3’ The other half 
of the molecule contamed H-15 as a singlet at b 5 46 and 
only one of the ammomethylene protons at C-3 could be 
found as a broad singlet at 65 22. The broadening was 
caused by a long-range couplmg to H-21 at 63 29 m a M/- 
shaped arrangement In the position of the mlssmg H-3. 
an oxygen should be present because the proton and 
carbon ((376 7) shifts of H-3 are those expected for a 
carbmolamme moiety. more precisely. that the oxygen 
function lb an hydroxy IS clearly proved by the spectrum 
In DMSO-J,. m which the 0‘5 24 sIgnal IS a doublet (J 
=5 7 Hz), coupled to a doublet at ($5 34, which dlsap- 
peared on deuteratlon The assignment of the signals to 
one of the two possible 3-hydroxy-voafrme B stereo- 
Isomers faclhtated the mterpretatlon of the spectrum m 
DMSO-cl, The resonances of another ABX system for H- 
.?‘, H- 14’ and H-l 5’ were found at almost the same values 
(0404. 5 76 and 5 97, respectively) and with tdentlcal 
couplmgs H-l 5 was at 65.53 and one H-3 was found at 
b494, both as slightly broadened smglets The carbon 
shift of C-3 of this stereolsomer was at 685 5, almost 
9 ppm downfield with respect to the previous compound 
These data fit well with the structure of the other 3- 
hydroxyvoafrme stereolsomer and a comparison allows 
one to conclude that m DMSO-d,/D,O the 3r-hydroxy 
compound exists as the unique stereolsomer (proton at C- 
3 downfield because m a quasi-equatorial orientation, C- 
3 upfield because OH 1s quasi-axial), whereas m DMSO It 
IS accompanied by the 3p-hydroxy stereoisomer (proton 
at C-3 upfield because m axial orlentatlon, (1-3 downfield 
because OH IS quasi equatorial) The different patterns of 
HZ-3 and I-1,-3 signals m DMSO-d, require some com- 
ments Exammatlon of the molecular models indicates 
that the two halves of 3r-hydroxyboafrme B have almost 
the same conformatlon and relative dlsposltlon as voaf- 
rme B On the other hand, m the case of 3/1-hydroxy- 
voafrme B there IS the posslblhty of the formation of a 
hydrogen bridge between the OH group and N-4’ 
through a quasi six-membered rmg This bridge modifies 
the relatlvc orlentatlon of the two tabersonme units 
resulting m dIRerent shifts of correspondmg protons and, 
more rnterestmgly, causes the dlhedrat angle H,-3--0-H 
to assume a lixed value. near to 90 As J, _C_O__H shows 
the same dependence from the dihedral angle as 
J,, c ( FI, this could be the reason why HZ-3 has no 
couphng to OH Alkaloid B displayed slmllar NMR 
hehaviour m acetone-d, and acetone-&/D,0 In the first 
solvent. the 3r- and 3p-hydroxy-voafrmes gave a complex 
spectrum m *hlch H-3 resonated at fi5 43 and 5 08 and 
M- 15 at ci 5 60 and 5 65, respectively The addition of D,O 
caused the appearance of blgnals of the 3a-hydroxy 
stereolsomer only When trtfluoroacetlc acid was added 
to the 3u- and 3&hydroxy-voafrme B mixture m acetone- 
d,, a dram,ltlc change occurred m the spectrum All 
Tfgnals showed a downfield shift which was very pro- 

nounced for the protons close to N-4 The usual ABX 
system for H-3’, H-14’ and H-15’ was located at b5.01, 
6 12 and 6 42, whereas for the rmg D protons. a broad 
quartet with J 7~ I Hz appeared at (59 47 and a broad 
singlet at 07 51 A doublet at 4 9 (J = I Hz) was attributed 
to H-21 coupled to HZ-17 at 2 81 but not to HP-17 at 2 31 
Surprlsmgly the amlnomethylene proton5 at C-5 res- 
onated at unusually low field. one proton at (34 68 as a 
broad &id (.I, = Jz = 13 0, ,I, = 5 8). the other at 4 79 as a 
broad dd (J, = 13 0, -I, = 6 9) Careful mspectlon of the 
COSY spectrum and signal shape after decouplmg estab- 
lished that the small quartet at 947 was due to H-3, 
because It coupled with both H-5 and H-21 but not with 
H-l 5 In agreement with the behavlour of carbmolamme 
upon treatment with non-nucleophJ]c acids. our data can 
be accounted for by the formatton of a conlugated 
stablhzed 3.4-dehydrovoafrme B lmmlum ion 

Ail the above NMR data leave no doubt that alkaloid 
B IS 3-hydroxyvoafrme B This compound exists m 
solution m neutral dry solvents m the tuo possible 
dlastereomerlc forms 3r-hydroxyvoafrme B and 38- 
hydroxyvoafrme B Theye species should have different 
energies and must be m fast equlhbrlum through the 
mtermedlac) of a reactlbe and not detectable lmnnum 
form In fact, In the presence of excess of water or by 
heating, the equlhbrlum 1s rapidly shifted against the 3x- 
hydroxy species which must be the more thermodynaml- 
tally stable The lmmmm form IS of course the umque 
product In the presence of ,zclds 

The 3-hydroxyvoafrmes A and B are reduced by boro- 
hydride m high yields leading to voafrrne A and B Both 
alkaloids, which were previously only available m ex- 
tremely small quantities from cultured Voaccmp afrrmm 
celly, can now be edslly synthcslLed All these dlmerlc 
alkaloids are therefore available m gram quantities and 
are now bemg checked for their pharmacological proper- 
ties The leductlon of hydroxyvoafrlnes can also be 
achieved enz,ymatlcally m the presence of NADPH and 
Catharanthu.s enzyme and might he therefore mdlcatlve 
for the blosynthesls of voafrme A and B 

The spectrum of compound C ADS even more complex. 
It turned out. that there was one more tabersonme moiety 
linked to hydroxyvoafrrne B The structure elucldatlon of 
this novel alkaloid ~111 be dlscubsed elsewhere 

From the enzymatic point of view, we could demon- 
strate that the formation of the hydroxyvoafrines 1s 
completely dependent on ox)pen In fact, m the presence 
ofoxygcn the highest cnn\erslon rate of taberhonme (6) to 
3 and 4 was observed (784b) In contrast. under a 
mtrogen atmosphere tahersonme was not metabohzed 
As only 8 or 3O”io of the starting material was converted 
m presence of O,jKC‘N OI O,.‘NaN,. respectively, both 
CN~ dnd I\i, act as 1nhlbttor.s of the dlmerlzatlon 
process Carbon monoxrde pretreatment also produced 
complete mhlbltmn Analysis of the mcubatlon mixtures 
contammg KCN rehealed one product besldes tdberso- 
nine, which was ldcntliied as 3,-cyanotahersonlne The 
mass spectrum showed a [Ml’ ,it ~1,: 361 and the 
‘H NMR spectra the presence of a smgle H-3 at (54 82 
coupled to H-14 ‘it 5 86 and to H-15 dt (i5 95 with 
couplmg constants of 4 8 and 1 5 H7. respectively These 
data agree with those reported carher for 3r-cyanotaber- 
sonme [5] Because oxldatlve condltlons are required for 
the 111 I itro metaboh/atlon of tabersonme and adds- 
tlonally the cydno OI acetony derlvatlves are easily 
formed, an Innmum ipecie$ of taher\oninc seems to be 
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very likely as an intermediate Cyamde trapping has been 
several times used for indirect evidence of tmmmm com- 
pounds C&8]. 

Extensive mvestigattons performed by Rosazza’s group 
on the metabolism of vmdolme, which is structurally 
most closely related to tabersonme, gave comparable 
results Vmdohne was transformed mto the enamme 
dimer and a monomeric precursor to the dimer by the 
biochemical systems of the bacterium Stroptomyces gru- 
eus [9], by copper oxtdases including human ceruloplas- 
mm and by plant and fungal laccases [lo] or by horse- 
radish peroxidase [ 111. It was postulated that an appro- 
priate immmm derivative 1s mvolved m these trans- 
formations. Evidence for the existence of this mter- 
mediate [9] was obtained when 16-O-acetylvmdolme was 
selected as a substrate, because the protected 16-hydroxyl 
group could not undergo internal etherification and the 
resulted rmmium intermediate could be accumulated [6]. 

The dimertc hydroxy-voafrmes may have been formed 
through a similar mechanism of dimertzation because 
they exhibit the same couplmg posmons as found for the 
vmdohne dimer The different structural outcome of the 
dimerizatton of vmdolme and tabersonme depends on the 
intramolecular ether formatton by the 16-hydroxy m 
vmdolme. 

Further mvestigations implied that the dtmerizatton of 
the enzymatically produced tmmmm tabersonme does 
not necessarily depend on protein catalysis Photochemi- 
cal experiments with tabersonme demonstrated the for- 
mation of the intermediate immmm species by cyanide 
trapping [S] When omittmg potassium cyanide m the 
reaction mixture only dttabersonmes other than the 
voafrme-typical C-3’, C-14 linkage could be detected as 
major components In contrast, the generation of imm- 
mm tabersonme by oxidation of tabersonme with mer- 
curic acetate or by elimmatmg the cyanide group of 3-c(- 
cyanotabersomne with silver carbonate yielded the hy- 
droxy-voafrmes or their 3-cyano-derivatives, respect- 
ively 

In concluston, the above results strongly suggest, that 
the first step of 3-hydroxyvoafrme production by a crude 
enzyme preparation of C. roscus is the enzyme catalysed 
formation of tmmmm-tabersonme No mdicatton could 
be gamed on the mechanism of the subsequent dtmeriz- 
ation process Due to the structure of 3-hydroxyvoafrmes, 
other enzyme reactions might be involved m the above 
process At least for the Catharanthus system, the hydrox- 
ylated voafrmes arc the precursors of the correspondmg 
voafrmes (1) and (2). A more facile access to these rare 
compounds m large amount can now be reached by a 
combmatton of enzyme oxidation of tabersonme follow- 
ed by m situ reduction with sodium borohydrtde 

EXPERIMENTAL 

General Plant cell suspension cultures were cultivated m 1 1 
Erlenmeyer flasks on a gyratory shaker at 100 rpm and 25” 

Catharanthus roseuv G Don plants were grown under standard 

greenhouse condltlons For TLC Polygram SII G/UV,,, plates 

(0 25 mm, Macherey & Nagel) or 0 5 mm sihca gel 60 F,,, plates 

(Merck) were used Alkaloids were vlsuahzed with cerlc ammo- 

mum sulphate/H,PO, (CAS) All described alkaloids gave a 

strong blue colour with CAS EIMS were recorded at 70eV, 

FAB-MS were measured usmg Xe with a beam energy and 

intensity of 8 keV and 25 PA, respectively ‘HNMR analyses 
were carried out at 360 MHz 13C NMR data were obtained at 
90 56 MHz Two dlmenslonal COSY ‘H NMR analyses were 

carried out m DMSO-d, (contammg 5% D,O) Chemical shifts 

(6) are in ppm. coupling constants(J) m Hz Protein concns were 
determined by the method of ref [12] 

Chromatographzc systems The followmg solvent systems were 

used for TLC analysis and alkaloid purlficatlon, (a) Et,O-n- 

hexane-MeOH-Et,NH, 45 45 2 2, (b) Et,O-n-hexane, 1 1, (c) 

Et,O-n-hexane-MeOH, 25 25 1 

Enzyme isolation In a typical procedure, 850 g of mature 

Catharanthus roseus leaves were frozen with hqmd N, and 

ground m a mill (Type IKA M 20) The resultant powder was 

stirred m 1 1 K Pi buffer (50 ml, pH 7) with 12 mM P-mercap- 
toethanol for 1 hr The obtained slurry was filtered through 

cheesecloth and the filtrate centrifuged at 20000 x y for 30 mm 

To the supernatant (NH,)$O, was added over 30mm to a 

final concn of 70% After centrifugation as above, the pptd 

protein was dissolved m 80 ml K-PI buffer (0 1 M, pH 7 5) and 
low M, contammations were removed by Sephadex G-25 filtra- 

tion On average 150ml crude enzyme soln (protein content, 
5 mg/ml) were obtained and used for the synthesis of the dImerIc 
alkaloids 

Preparation of 3-hydroxyvoafrmes A and B Usually 1 g 

(2.69 mmol) tabersomne HCl was dissolved m 20 ml MeOH 

This soln was added under shaking to 800 ml of a dll enzyme 

soln (0 1 M K-PI, pH 7 5) contammg ca 1 2 g of the above 

isolated protem The mlxt was shaken at 25” (100 rpm) under 0, 

for 20 hr Alkaloids were then extracted x 4 by addmg successive 
500 ml portions of CH,CI, After continued shaking for 10 hr the 

orgamc phases were combined and evapd yleldmg the crude 

alkaloid mlxt This mlxt was chromatographed on 0 5 mm slhca 

gel plates m solvent system (a) Major alkaloid contammg bands 

were scraped off and eluted with MeOH After centrlfugatlon the 

orgamc solvent was evapd and the residue dried yleldmg 131 mg 

(0.191 mmol) 3-hydroxyvoafrme A (14%) and 133 mg 
(0 194 mmol) 3-hydroxyvoafrme B (15%). 

Preparatmn of voafrme A and voafrrne B This was carried out 

by reducing the appropriate 3-hydroxyvoafrmes mdlvldually, or 

as a mlxt , m MeOH with excess NaBH, for 20 mm. The reactlon 

mixt was directly subjected to TLC (0 5 mm layer) m solvent 

system (a) Voafrmes A (R, 0 45) and B (R, 0 42) were usually 

obtained m yields between 80 and 90% The synthesis of 

voafrmes also can be carried out in a ‘one-pot’ reactlon, 200 mg 

(0 54 mmol) tabersonme HCI were transformed with 0 24 g 

Catharanthus protem m 200 ml PI buffer (0 1 M, pH 7) at 25” 

under 0, for 12 hr The mcubation mlxt was acidified (pH 4) 

with HOAc and reduced with 0 5 g NaBH, After neutralization 

with K,HPO, the voafrmes were extracted wrth CH,CI, (2 

x 200 ml) and chromatographlcally purified yielding voafrme A 

42 mg (23%) and voafrme B 44 mg (24%) The spectroscopic 

data (MS, ‘H NMR), chromatographlc propertles and optical 
rotation values were ldentlcal with those described for voafrmes 

Isolated from V afrtcana cell suspension cultures [2] 

Reduction of 3-hydroxy-voafrmes IS furthermore performed 

by Catharanthus enzyme solns. To 20 ml K-PI buffer (0 1 M. pH 
7, 50mg protem), a NADPH regeneratmg system was added 

(30 mg glucose-6-phosphate (5 mM), 10 mg NADP+ (0 5 mM), 

2 5 U glucose-6-phosphate-dehydrogenase). 3-Hydroxyvoafrme 
A (15 mg) was mcubated for 12 hr at 25’ From the resultmg 

mlxt , 1 2 mg voafrme A (8%) were isolated and ldentdied by 

‘HNMR. A control mcubatlon without NADP+ did not con- 

vert 3-hydroxyvoafrme A 
HPLC-Assay for enzymat~ comerston of tabersomne (mhtblt- 

ion studies) K-PI buffer (0 5 ml 0 1 M, pH 7) contammg 2 mg 
prepurlfied Catharanthus protein were premcubated with and 
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without inhibitor for 10min. at 30” Then tabersonine HCl 

(1 mM) was added and after 5 min the incubation was stopped 
by extn with EtOAc (0 5 ml). Aliquots of the organic solvent were 
evapd The residue was dissolved in MeOH and subjected to 

HPLC-analysis under the following conditions column Select B 

RP 18 (Merck), solvent system MeCN-Me0H-O 1% H,PO,, 

17 10 73,gradientto19 .5~261nl5m1n,1n5m1n to8 1,lata 

flow rate of 1 ml,‘min Tabersonine R, 12 mm, voafrines and 

hydroxyvoafrines R, 24 min (not sepd), detection at 328 nm 

Conversion rates (%) of tabersonine were in presence of 
0,78%, 0, + 40 mM NaN, 30% 0, + 10 mM KCN 8% CO 
before 0, treatment 0% and N, 0% 

In vitro$)rmatron ofdertoatwes of tabersomne and uoafrme 3c(- 

Cyanorabersonme Tabersonine HCI (100 mg, 0 27 mmol) rn 3 ml 
MeOH were incubated at 30’ with 0 3 g Catharanthus protein in 

100 ml K PI buffer (0 1 mM, pH 7) in the presence of 16 3 mg 

(0 25 mmol) KCN for 12 hr under 0, Extn of the mixt with 
EtOAc and TLC analysis revealed one major component (R, 
0 44, system b), which was chromatographically purified (26 mg, 

yield 29%) 

3a-Acetonyl tabersonine and 3r-acetonylvoafrine B Taber- 

sonine HCI (130 mg 0 35 mmol) was converted under the condit- 

ions as described for the cyanocompound but KCN was omitted 

and replaced by 2 5 ml Me,CO in the incubation mixt Sepn and 

purification was performed on 0 5 mm plates, 3a-acetonyltaber- 

sonme, yield 4 mg (R, 0 4, system b), 3r-acetonylvoafrme B) yield 
1 mg (R,=O 13. system b) 

Physical data of alkaloids 

3-Hydroxyuoujwe A Slightly yellow, amorphous [a];” 

- 2 1’ + 5‘ (MeOH, c 0 4) UV i,,, 328 (4 48), 300 (4 35), 226 
(4 35) EIMS (rel int ) m/z 669 [M-OH] +, (15), 668 (18). 442 (9), 

347 (31), 335 (191, 228 (58), 213 (15), I94 (42). 182 (21), 168 (lOO), 

167 (83), 154 (19) After reduction with NaBH, in MeOH the 

resulting compound shotied Identical spectroscopic behaviour 

to a reference sample of voafrme A [l] 

3-Hydro.uyr,oafrlne B Slightly yellow, amorphous [a]? 

-68~ + 5’ (MeOH, 6‘ 045) UV I,,, 328 (4 15), 300 (4 0), 226 

(3 97) EIMS (rel mt ) m/z 669 [M-OH] +, (6), 668 (7), 439 (5), 

410(2),347(21),335(17),229(42),228(41),213(57), 168(100),167 

(79). 154 (41) ‘H NMR [DMSO-d, contarmng 5% (v/v) D,O] 

7 29, 7 22 (H-9.,9). 7 lO(H-IO’, lo), 591 (d, J = 102, H-15’). 574 

(dd, J, = 102, J,=46. H-14’), 546 (s, H-15), 522(s, H,-3),4 10 

(d, J = 4 6. H-3’), 3 67.3 62 (2 x F, 2 x COOMe), 3 29 (hr s, H-21), 
3 l-2 9 (m, 2H-5, ZH-5’). 2 91 (hr 7, H-21’), 2 57 (dd. J, = 14 7, J, 

= 10, H,-17’), 225 (dd. J, = 147, ,Jz = 10. H--17), 2 14 (d, J 
=l47,H,~-l7).207(d,J=147,Hlr-l7’),194-15(m,2H-6.2H- 

6’),1007(m,2H-19,2H-19’),065(r.J=75,3H-l8’),053(t,J 

= 7 5,3H-18) ‘H NMR (DMSO-d,) 5 53,548(2 x 5, H-15), 5 40 

(d, J = 5 7. OH,-3), 5 24 (d. J = 5 7. H,?-3) 4 94 (Y, Hz-i) 

‘H NMR (acetone-d,. containing 5% (v,v) D,O) 7 4-7 3 (2 x 

d, J=74, H-9.9’). 7 15-708 (2x dd, J, =J,==74, H-11. 11’), 

705-70(2x d,J-74,H-1?.12’).69 68(2x dd.J=74 H- 

lO,lO’), 5 95(dd, J, = IO 2, .I, = I 3, H-15’). 5 77 (dd. ,I, = 10 2, Jz 

= 4 7, H-14’). 5 60(hr 7. H-15), 542(hr 5, H,,-3),4 23 (d,J = 4 7, H- 

3’), 3 7--3 6(2 x ,A, 2 x CO, Me). 3 47(d,J = 1 4, H-21). 3 4-3 O(m, 
H-5,5’), 3 1 (d, J = 1 4, H-21’), 2 66 (dd, J, = 15 1. J, = 17. Hz- 

17’),239(dd,J,=148,J,=l 7,H,-17).230(d,J=l48,H,-17), 
2 15 (d. J- 15 I, H,-17’), 2&l 7 (m, H-6,6’), 1 l-08 (m, H- 

19.19’). 0 746 (2 x 1. J = 7 4, H-18,18’) ‘HNMR (acetone-d,) 

5 65, 5 60 (2 x 7. H-15). 5 43 (hr 5, H,-3), 5 08 (s, H;3), 4 3-4 1 (2 
x d, J = 4 7. H-3’) ‘H NMR (acetone-d, + CF,CO,H) 9 7-9 6 

(2 x F, 2 x NH), 9 47 (hr 4, J = 1, H-3). 7 6-6 9 (H-9-12, 9’-12’) 

751 (hr~. H-15). 734 (\, H-15). 642(&i, J, = 102, J,==20 H- 

15’), 6 12 (dd, J, = 10 2, J, = 3 7, H-14’), 5 01 (br dd, J, = 3 7, J, 

= 20,H-3’),4.90(brs,H-21),4 79(brdd,Ji = 13 0,J2 = 69, H-5), 

468(brddd,J,=J,=130,Jj=58.H-5).374(d,.~=14,H-2l’), 
37(2x s,2x CO,Me),37-36(m,2H-5’),281(dd,J,=159,J, 

= 12. H,-17), 2 78 (dd, J, = 16 1, J, = t4. H,-17’). 2 50 (brddd, 
J,=J,=130,J,=69,H-6),240(hrdd,J1=130.J,=58,H- 

6, overlapped with H,-6’), 2 3 I (d J = 15 9. H,-17), 2 28 (d, J 
=161, H,-17’), 215 (ddd, J, = 120. J,=64, J,=433, H,-6’), 

12-lO(m.H-19,19’),08_07(2x r,J=73,H-18.18’). 

3x-Cyanotabersonrne UV i mai 328 (4 1 S), 295 (4 12) 247 (4 52) 

nm [r];” = ---354“ (MeOH, ~06) EIMS (ret int) m,‘z 361 

[M] +, (32). 360 (22), 334 (7). 302 (5) ‘29 (52). 228 (32). 214 (37), 

201 (42). 168 (75), 167 (68). 160 (100). 159 (47). 144 (73) ‘H NMR 

(DMSO-d,) 97 (7, NH), 72.-69 (H-9,10,11,12). 595 (dd, J, 

=97,JZ=15.H-15),586(dd.J,=9?,J,=48,H-14),482(dd, 

J, = 4 8, J, = 1 5, H-3), 3 7 (5. CO,Me), 3 06 (m. H,-5) 2 85 cd, J 
= 14, H-21). 279 (m. H,-5), 249 (dd, J, = 149. J, = t4. Hz-17). 

2 25 (d, J = 14 9, H,- 17), 1 9 1 (m. H,$-6), 1 68 (m, H,-6). 0 92 (m, H,- 
19), 078 (m, H,-19), 059 (r, J--7 3 H-18) 

3r-Acetonyltaherraninr UV d,,, 329,300,223 nm EIMS (rel 

int )mjz 392([M]‘, 2), 361(l). 349(l), 335(31),279(23),228(42), 

196(g), 168 (63), 167 (lOO), 166 (211 1H NMR (acetone-d,) 94(s, 

NH), 7 24 (d, J = 7 5. H-9). 7 13 (dd, J, = J, = 7 5, H-l 1). 7 03 (d, 
J = 7 5, H-12). 6 86 (dd, .I, = J, = 7 5. H-10), 5 88 (dd, J, = 10 2, 

J, =4 5. H-14). 5 76 (dd, J, = 10 2, J, = 1 3. H-15). 3 99 (m. J, 
= 6 0. J, = 6 2, J, = 4 5, J, = I 3. I{,-3), 3 70 (s, CO,Me), 3 1 (m, 

H-5), 3 09 (br s, H-21.2 98 (m, H-5). 2 85 (m, CH,CO), 2 66 (dd, J, 
=158,J,=62,CH&‘Ol,258(dd.J,=154,J~=l6,H,-17), 

222($, Ac).2 18(d,J = 154, H,-l7), ZO(m, H,-6). 189(m. H,-6), 

1 05-O 85 (m. 2H-19), 0.67 (I. J = 7 5, H-18) 

3a-Acetonylcoafirne B UV r. mdx 328. 300, 222 nm EIMS (rel 

int ) m/z 726 ([Ml *. 3), 670 (3). 669 (3). 440 (9). 336 (10). 355 (28), 

229 (25), 228 (72). 213 (13), 196 (25), 169 (31). I68 (100). 167 (33), 

154 (16), 121 (9) m/z ‘H NMR (acetone-d,) 9 5-9 4 (2 x s, 2 x 

NH), 7 39 (2 x d, J = 7 4. H-9.9’). 7 13 (2 x dd. J, = J, = 7 4. H- 

11,11’),705~70(2x d,J==74.H-12,12’),696-685(2x dd,J, 
=J,=74,H-10,lO’) 607(dd.J,=104.J1,=11,H-15’),588 
(dd, J,= 104, J,=48, H-14), 566 (hrs, H-15). 4.70 (dd, J, 

= 10 9, .I, = 3 9, H-3). 4 03 (hr d. J = 4 8, H-3’), 3 7. 3 65 (2 x 7, 2 
x CO,Me), 3 I5 (hr d. J = 1 2, H-21). 3 09 (brd, J = 12. H-21’), 

2 9-2 8 (m. CH,CO). 2 35 (5, Ac). 1 l-0 8 (m, H-19.19’), 0 76,069 

(2x t, J-74, H-18,18’) 
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