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.\BsTRacT.-~Iicrobia1 transformation stitdies &-ere conducted m-ith 9-methoq-el- 
lipticine ( I ) .  Several microorganisms including B o f r ~ t i s  aOii ( S R R L  2602), Czrnrring- 
hanic!l(i ech i i i i i l ,~ t /~  ( S R R L  1386); C.  echiniiZa/ii (KRRL 36553, and Penicilliitni breyi- 
conipnciitni (;ITCC 10-118) achieved 0-demeThylation of (1) in good yield. P .  brermi- 
con~puc/ i i t t i  was used t o  prepare Fl-h!.dros!-ellipticine (4) from 1 for isolation and com- 
plete identification. High-performance liquid chromatography was used t o  verify 
the dent i t -  of the niajor metabolite (4) in other cultures. 

9-Methosyellipticine (1) i q  an antitumor pyridocarbazole alkaloid n-hich was 
isolated from ilspidospernza i a r g a s i i  (1). Bleekeria ; z f ieus is  ( 2 )  and many species 
of Oclrrosia 13-5). Thi. allialoid often coexists n itli the parent alkaloid ellipticine 
(2)  (2. 3,  5). and both compounds di-play qignificant antitumor activity against 
several experimental neoplasms (6. T) . The chemical s\-nthesis of B-methosyel- 
lipticine has been achieved (S-10). 

1 R =  HI R = O C H 3  
h 9 
2 R 8 = % = H  

c. 3 F $ = O H , R 9 = H  

I 4 R g = H I R 9 = O H  
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FIG 1 The structures of vari- 
ous ellipticine deriva- 
tives. 

We are emplo) ing microorganism. as uqeful tools in studying the metabolism 
of a varietj of antitumor compound. (11). In  a previous report (12), n e  described 
the hydroxylation of ellipticine by A-Ispergillus alliaceus to  8- and 9-hydroxy- 
ellipticine. (3 and 4). The latter compound is also a major mammalian metabolite 
of ellipticine (13-1G). This report is the first to describe microbial transformation 
ptudies with 9-methosyellipticine (1). 

EXPERIl IESTA4Li  

'Melting points were determined in open-ended capillary tribes in a Thomas-Hoover capil- 
lary melting point apparatus and were corrected. I r  spectra were obtained on a Perkin Elmer 
2Gi spectrophotometer m-ith K B r  discs. U v  spectra were recorded in a Beckman Rat io  Re- 
cording spectrophotometer. T m r  spectra xvere recorded with a Varian T-60 spectrometer 
with tetramethylsilane as  internal standard and chemical shifts reported in 6 (ppm) units. 
The mass spectra were obtained with a Finnigan model 3200 spectrometer. 
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9-R~ETHoxYELLIPTIcIsE (1).-9-Rlethoxyellipticine (XsC s o .  69187) % a s  obtained from 
the Sa t iona l  Cancer Institute and was fully characterized as follows: mp 260" (decomp.), uv, 
Xmax 1MeOH) 211 nm (log c 4.23). 245 14.31). 2i6 (4.55). 291 (4.62). 337 13.71). 354 13.45) and 

~ i pBondapak C18 column with 
, MeOH:O.l~a (NH4)#203 
I 

403 (3 4 4 ) j  ir,  vmax (KBr)?l5O ern-', 1600, 1470, 1380, 1295, 1250, 1220, 1140, 1020 and 810. nmr, 
6 (DMYO-ds) 2 67 (s, 3H, CI1-CH3), 3 13 (s, 3H, C,-CH,), 3 82 ( s ,  3H, Cg-OCHJ, 7.03 (dd, J =  
2,8Hz, Cs-H), 7 33 (d, J = 8 H z ,  C i - H ) ,  7.66 (d, J = 2 H z ,  Cl rH) ,  7 67 (d, J=GHz, C,-H), 8 20 
(d, /=GHz, C,-H), 9.28 (s, C1-H) and 10.i2 (s, N H ) ;  ms, M+, n i / e  276 (83%), 261 (100), 233 
(24), 218 114). 204 19). 190 19). 138 138). 116 128). 102 (25). 96 (11). 88 115) and 76 112). These 

pBondapak/Phenyl with 
C H ~ C X : O . l ~ o  (NH4)COa 

data  correspond well k i t h  published ppoperties'for the  alkaloid (1, 4, 5 ) .  ' 
CHRoMAToGRAPHY.-Thin-layer chromatography was performed on 0.25 mm-thick layers 

of silica gel GF2:d (Merck) prepared on glass plates q-ith a Quickfit Industries spreader. Plates  
were air dried and then oven activated a t  120" for 30 min prior t o  use. Solvent systems used 
in developing t lc plates --ere: A, chloroform-ethanol-acetic acid (70:30:2); B,  e thyl  acetate- 
ethanol-diethylamine (95:5:1); and C, chloroform-methanol (4 : l ) .  Compounds --ere detected 
on developed chromatograms by fluorescence quenching under 254 or 365 nm uv irradiation 
and were later visualized by spraying with Dragendorff reagent. Column chromatography 
was performed using silica gel (Baker 3405) which was activated in an oven a t  120" for 60 min 
prior t o  use. Columns were slurry-packed in the developing solvent, and fractions were col- 
lected with a Fractomette 200 instrument or manually. 

High performance liquid chromatography (hplc) RTas performed using a Waters Associates 
ALCIGPC 202 instrument equipped with an M6000 solvent delivery system, a U6K universal 
injector, and a 254 nm differential uv detector. Ellipticines were well separated on reversed 
phase pBondapak-Phenyl orpBondapak-Cls analtyical columns (Waters) (3.9 mm x 30 cm). The  
hplc properties of 1 and 4 are recorded in table 1.  

TABLE 1. Hplc properties of 9-hydroxyellipticine and 9-methoxyellipticine 

I Retention Volume (m1)3 

(3:2) ~ (2:3) 1 (55:45) 
I 

9-Hydroxyellipticine . 1 
9-Methoxyellipticine , I 

11.2 
27.0 

j 16.8 6 .4  
40.0 10.2 

3Analyses were performed a t  1000 p.s.i. with flow rate 1.0 ml/min or 1600 
p.s.i. with flow rate 1.4 ml/min. 

Hplc analyses of cultures containing 9-methoxyellipticine a t  a concentration of 400 pg/ml 
of culture medium were performed as follows. After an incubation period of 6 days, cultures 
were adjusted to  p H  8.5 with ammonium hydroxide and extracted with an equal volume (25 ml)  
of ethyl acetate-n-butenol (9:l) .  Extracts  were clarified by centrifugation a t  10,000 x g (Sor- 
vall RC5 centrifuge), and 10 p1 volumes of the extracts were injected for analysis. Recoveries 
of 9-methoxyellipticine and 9-hydroxyellipticine from aqueous media averaged 90% by this 
procedure. 

FERMEKTATIOK PRoCEDVRE.-?vlethOdS used in the cultivation of microorganisms have been 
described elsewhere (17). I n  general, a two-stage incubation procedure using a soybean meal- 
glucose medium was employed. Incubations were conducted on rotary shakers (Model G-25 
Yew Brunswick Scientific Co.) operating a t  250 rpm and 27". The  substrate, g-methoxyel- 
lipticine (l), was added to  24-hour-old stage I1 cultures as a solution in dimethylformamide to  
a final concentration of 400 pg/ml of culture medium. Screening experiments with 211 cultures 
were conducted in 125 ml steel-capped Delong culture flasks holding 25 ml of medium. Con- 
trols consisted of cultures grown without 9-methoxyellipticine (1) and of flasks containing 
buffers a t  p H  3.0 (O. lR1  citrate-phosphate), pH 6.8 (.066;\1 phosphate) and pH 8.5 (0.231 Tris)  
without microorganisms. Samples (4 ml) were taken from controls and from substrate-con- 
taining cultures a t  various time intervals from 1-7 days. They x-ere adjusted to  p H  8 with 
ammonium hj-droxide solution and then extracted with 1 ml of e thyl  acetate-n-butanol (9:l) .  
Thi r ty  p1 of the extracts %-ere spotted on t lc plates. 

COXVERSION OF ~-XETHOXTELLIPTICISE (1) TO ~-HYDROXYELLIPTICISE (4) WITH Penicillium 
brew-canzpactzim. 9-Methoxyellipticine (1) (400 mg) was dissolved in 4 ml of dimethylforma- 
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mide and evenly distributed among 10 one-liter steel-capped Delong culture flasks, each holding 
200 ml of 24-hour Stage I1 cultures of P. brc;'i-conipoctiini. Cultures were harvested b>+ filtra- 
tion af ter  6 days of incubation, and cells and culture filtrates m-ere treated separately. 

Cells were macerated in ethyl acetate-ti-butanol (9:l)  (500 ml x 21 ,  filtered, and then ex- 
tracted with methanol (500 nil x 2 ) .  The methanol extract 12.624 g)  was purified with R silica 
gel column (100 g,  3 x 33 cni) which was eluted first with chloroform-methanol 119:l) 11 l i ter)  
at  a flon- ra te  of 5 ml niin t o  give 0.103 g of 1. Further  elution of the coliimn m-ith 9: l  mixtures 
of tlie same solvent (0.3 l i ter)  gave 0.07 g of impure 1. 

The culture filtrate n-as adjusted to  pH 8.5 with 1 0 5  ammonium hydroxide and exhaustively 
extracted m-ith ethyl acetate-ti-butanol i9:l I (6 l i ters) ;  the extract was dried over anhydrolls 
sodium sulfate and concentrated at  10' in a rotar!- evaporator. 

E thyl  acetate-+butanol extracts from cells and filtrates were similar in composition and 
were combined. This extract 10.951 g '  was purified h)- a silica gel coliinin 1100 g,  3 x 33 cnil 
eluted n-ith chloroform-methanol mixtures of increasing polarity a t  a flo\\- ra te  of 5 nil min 
while fractions of 50 nil n-ere collected. 9-llethoxyellipticine 11 1 (0,171 g )  was recovered fol- 
lo\T-ing elution n-ith cliloroforni-methanol (19:l)  (1 l i ter  I : nearly pure 9-hydros?-ellipticine 141 
(0.15T g )  m-as oljtained after fiirrher elution with ( 9 : l j  mixtiires of the same eluant i2 litera,. 
-4.11 of tLe 9-niethox?-ellipriciIie recovered from both coliinins n-as combined and crystalized 
f rom hot methanol as yellow needles (0.2 g ) .  

-111 fractions containing the metabolite ( 4 )  n-ere combined and finall>- purified n-ith an 
alumina column (E0 g, 1.5 x 35 em) eluted with chloroform-methanol ( 4 : l )  at a flow rate of 4 
ml niin. The piire metabolite m-as obtained from fractions 
2-5 as a yellom- solid which crystallized as fine >-ellox needles from hot chloroform-methanol 
il:1) mixtures (0.15 g ) .  It displayed the following properties: t lc,  R f  values of 0.32, 0.48 and 
0.32 in m!vent systems A, B and C respectively: nip 280" (deconip.): uv! Xmas  N e O H  1, 245 
nm (log E 4.41), 270 14.601, 292 f4.641, 338 t3.84), 353 (3.45) and 405 13.44): Xmas inO.l S n i e t h -  
anolic KOH. 249 (4.41~1. 2TT i4.55'1. 292 11.59i. 353 f3.52). 368 13.40'1 and 415 13.361: i r .  m a x  

Fractions of 50 nil were collected. 

U I ) ,  204 (101 191 ( lo) ,  igo ~ I O J ,  ~ T G  i 8 1 ,  164 f9 j ,  151 (Ilj, 131.(,fh), 122 ilOj, 1 I i  (201: 1 
109 ilS),  102')i33), 96 [24), 88 123), TG (16) and 63 (14). The niicrohial metabolite n-as coni- 
parable in all respects to  s p t h e t i c  0-h?-drox!-ellipticine 112). Comparisons included melting 
point, mixture melting point (no depression), ir ,  nnir, uv, me and eo-chromatography on tlc 
and hplc. 

RESCLTS ,ISD DISCUSSIOS 
Screening scale experiments revealed several cultures 17-ith the ability to ac- 

cumulate 9-rnethoxyellipticine metabolites. By tlc observation. nearly half of tlie 
substrate n-as converted to a conimon major metabolite n ith Bofry t i s  a l l i i  ( S R R L  
2502), Cziut2iiighamelZa ecliizzilata ( S R R L  13%) and P.  brei i-compacturn (-\TCC 
1041s). h preparative .tale incubation ubing P. breii-contpactiim with 0.4 g of 1 
resulted in the production of 0.13 g of the metabolite: 200 mg of unreacted sub- 
strate 11-a; recovered. 

Spectral properties of the metabolite indicated that it n-as 9-hydroxyellipticine 
(4). The methoxyl proton' of 1 ( 3 . S  ppm) nere absent in the nnir spectrum of 
the merabolite. n-hile a singlet (S .Z  ppm) could be assigned to a phenolic proton. 
All other proton signal; for 1 and the metabolite n-ere comparable. The molecular 
ion (m e 2G2) of the metabolite also suggest. lois of the methyl ether, and the 
phenolic hydroxyl 71 as confirmed b>- the bathochronic shift of itq us- ipectrum 
observed in basic medium. Comparison of ir, UT. mass qpectral, nip and chromato- 
graphic propertie. of the iqolated metabolite n ith authentic 9-hj-droxj-ellipticine 
confirmed its identity as 4. 

Hplc n-aq used to verify the identity of 9-hydroxyellipticine as a microbial 
metabolite of 1 in other culture.. Thi. approach u-as used in order to remove the 
poqsibilitj- that other metabolites n ith similar tlc mobilities might be obtained 
(12). Several types of columns and iolvent ->stems T\ ere initially examined for 
their abilities to separate 9-methoxyellipticine (1) and 9-hydroxg-ellipticine (4) as 
~ e J 1  as other ellipticine derivatives. Reversed-phase systems of pBondapak-ClB 
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(16) and pBondapak-phenyl columns (Waters) used with eluants of methanol- 
0.1% ammonium carbonate (3:2) and acetonitrite-o.l% ammonium carbonate 
(2  :3), respectively, achieved excellent separations of test compounds. When ex- 
tracts of several cultures were subjected to hplc analysis, the following yields of 
9-hydroxpellipticine were obtained: Basidiololus carnarum UI-BV (10%) ; Botrytis 
allii NRRL 2502 (367,) ; Cunninghamella echinulata NRRL 1386 (397,) ; C. 
echinulata NRRL 3655 (25%) ; C. elegans KRRL 1393 (8%) and Penicillium breci- 
compacturn ATCC 10418 (347,). It is noteworthy that these cultures n-ere 
all harvested at  the same time (6 days following substrate addition) and that 
fermentations were not optimized to improve yields. 

0-Demethylation is a common microbial metabolic transformation of 9- 
methoxyellipticine, and yields of metabolites are high. Many other examples of 
microbial 0-demethylation may be cited to  show that this fermentation-type re- 
action occurs in good yield and that it may be used to  accomplish selective 0- 
demethylation even with substrates not amenable to chemical demethylation 
methods. These include regioselective 0-demethylations of griseofulvin (18), 
l0,ll-dimethoxyaporphine (19), papaverine (20) and glaucine (21) ; and demethyla- 
tion of vanillic acid ( 2 2 ) ,  7-methoxyisoflavone ( 2 3 ) ,  aspidospermin (24) and vin- 
doline (25). This is the first report on the microbial metabolism of 9-methoxyel- 
lipticine. The major microbial (12) and mammalian (13-16) metabolite of el- 
elipticine is 9-hpdroxyellipticine, and it will be interesting to learn whether 0- 
demethylation of 1 will also be a major mammalian transformation reaction. This 
will be important because 9-hydroxyellipticine has the highest degree of antineo- 
plastic activity among the known ellipticines (26, 27). 
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