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These results support the hypothesis that CoBIm cleavage of 
DNA is a consequence of the photoreduction of Co(III). It is 
interesting to note that forming CoBIm by air oxidation after 
mixing Co2+ and BIm in the presence of DNA is not accompanied 
by significant strand scission. Nor does irradiation of Ru(bpy)3

2+ 

and [Co(NH3)6]3+ in the presence of DNA cause cleavage.21 

Evidently, strand scission requires prior formation of the 
[Co111BIm]-DNA complex. This complex is known to involve very 
close association of the cobalt center to the DNA12 and is thought 
to involve intercalation of the BIm bithiazole moiety between DNA 
base pairs.22 

These results show that Ru(bpy)3
2+ sensitizes the cobalt-

bleomycin-mediated cleavage of DNA in the presence of visible 
light, and the cleavage has the sequence specificity characteristic 
of bleomycin. Since CoBIm is known to accumulate preferentially 
in certain types of cancer cells in vivo,6 such sensitized cleavage 
of DNA might be used in the light-mediated treatment of cancer.23 

We are investigating covalent conjugation of CoBIm with a suitable 
photosensitizer. 
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Acivicin (AT-125) (1), isolated3 and characterized4 from 
Streptomyces sviceus by researchers at the Upjohn Co., has potent 
anticancer activity5 and has also found use as an important tool 
for studying xenobiotic metabolism involving glutathione.6 4-
Hydroxyacivicin (2) is a cometabolite with roughly one-fifth the 

N A > 
NH2 

1, R=H 

2, R=OH 
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cytotoxic activity of I.7 As an extension of our studies of sec
ondary metabolism at the /3-position of a-amino acids,8"10 we have 
investigated the biosynthesis of 1 and 2 and report here aspects 
of their derivation from ornithine (3). 

A seed culture was prepared by inoculating 50 mL of broth11 

with a loopful of soil culture12 and incubating the broths at 28 
0C and 270 rpm in a gyrotory incubator shaker for 69 h. The 
seed culture was used to inoculate five 200-mL production broths13 

(2.5% v/v) in 1-L baffled14 wide-mouth Erlenmeyer flasks, which 
were then incubated at 32 °C and 250 rpm. Acivicin first ap
peared in the fermentation broth15 at 48 h and the concentration 
peaked at 120 h, whereupon the fermentation broth was worked 
up. After centrifugation (880Og, 15 min) the supernatant was 
decanted, and the pellet was resuspended in water and recen-
trifuged. The combined supernatants were adjusted to pH 7.8 
and subjected to two ion-exchange chromatographies;16 1 and 2 
were then separated from each other by flash chromatography.17 

The relevant fractions were lyophilized, resulting in solids that 
were each recrystallized (methanol-water) to purity, yielding 6 
mg of 1 and 11.7 mg of 2. 

By recognition of the fact that a five-carbon amino acid should 
be the logical precursor, and considering the oxidation state of 
C-5 of the metabolites, DL-[l-14C]glutamic acid (4) and L-[U-
14C]glutamine (5) were each fed to separate production broths 
(one flask each) at 48, 72, and 96 h after inoculation, and each 
fermentation was continued for a total of 120 h. All six exper
iments were worked up in standard fashion after 25.3 mg of 1 
and 25.1 mg of 2 were added to each as carrier. In none of these 
experiments was either metabolite radioactive. However, when 
DL-[2-l4C]ornithine was fed at 48 h, workup yielded radioactive 
metabolites: the percent incorporation for 1 was 0.2 and for 2 
it was 2.0, after recrystallization to constant specific activity. 

In order to determine whether ornithine incorporation was 
specific and to simultaneously determine whether the a-amino 
groups were retained, 38.8 mg of DL-[5-13C,5-15N]ornithine 
(3a),18'19 mixed with 13.2 ^Ci of DL-[5- 1 4 C]-3 , was fed in equal 
portions to five 200-mL production broths at 48 h, and these were 
worked up as usual after 120 h. The 100.6-MHz 13C NMR 
spectrum20 of each metabolite in D2O, la21 and 2a,22 exhibited 
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a spin-coupled doublet (7CN = 2.7 Hz) for C-5 (152.6 and 154.7 
ppm, respectively) with the lower field satellite superimposed on 
the natural-abundance singlet (1.4-Hz upfield isotope shift). Thus, 
both isotopes were retained and ornithine was demonstrated to 
be the primary precursor to both metabolites. This represents 
surprising apparent lack of metabolic economy since C-5 must 
subsequently be reoxidized to the amide oxidation state. 

The subsequent metabolism of 3 has been probed with DL-
[2,3,3-2H3]ornithine (3b),23 this precursor having been prepared 
by exchange of 3 with D2O in the presence of pyridoxal.24 This 
feeding experiment afforded 3.6 mg of lb and 27 mg of 2b. The 

COOH 

3, R=CH2NH2 3a, R=13CH2
5NH2 

4, R=COOH 3b, R=CH2NH2^H=2H 

5, R=CONH2 

unrelated to the blasticidin biosynthesis. The further metabolism 
of 3, including the potential involvement of /3-hydroxyornithine 
6, is currently under study. Townsend and Ho30 recently reported 
strong evidence for ornithine as the direct primary precursor to 
the C5 unit of clavulanic acid; since C-3 of ornithine is eventually 
oxygenated in this pathway, 6 may also be involved in this 
somewhat more cryptic metabolism. 
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Ib1R=H, HA=H,HB=2H 

2b, R=OH, " 

61.4-MHz 2H NMR spectrum of 2b25 (27693 scans)26 showed 
resonances for residual HOD (S 4.93), for tert-butyl alcohol added 
as a chemical shift and deuterium quantitation reference (5 1.27), 
and for deuterium at C-3 (5 5.19).27 Absolutely no deuterium 
was detectable at C-2, even though the signal to noise ratio would 
have allowed detection of 2% retention relative to C-3. 

It is noteworthy that a complete loss of deuterium had also been 
obtained during incorporation of a variety of arginines labeled 
with deuterium at C-2 in the biosynthesis of streptothricin F,8,28 

for which we have postulated the involvement of /?-hydroxy-
arginine, and in both cases we believe that the loss of this hydrogen 
may be mechanism-based and related to the hydroxylation. These 
results are in contrast to our finding of only a 70-80% loss of 
deuterium from C-2 of labeled arginines that were fed to S. 
griseochromogenes and ultimately incorporated into blasticidin 
S10 via a 2,3-aminomutase reaction; in this case the partial loss 
was probably coincidentally due to an arginine racemase activity29 

(20) Sweep width, 25000 Hz; acquisition time, 1.3 s; 64 K data points; 
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Incorporation of transition metals into and onto metal oxide 
aggregates has received increasing attention owing to the analogies 
being developed between such molecular clusters and extended 
phase, bulk oxide surfaces.1"4 Organic molecules are known to 
undergo chemical reactions on oxide surfaces and so metal oxide 
clusters bearing purely organic substituents offer the prospect of 
obtaining further insight into this chemistry. Few examples exist 
of hydrocarbyl-substituted oxymetalates. These include 
CH2Mo4O15H

3", obtained from formaldehyde and Mo2O7
2", in 

which a CH2 unit bridges two Mo-O-Mo units,5 heteroatom-
substituted clusters of the types R2P2M5O21

4" (M = Mo, W),6'7 

R2As2Mo6O24
4",8 and (CH3O)4Mo8O24

4", which contains two 
bridging and two terminal methoxy groups.9"11 Pyrolysis of 
(R3O)3PW12O40 produces the trialkyl derivatives R3PW12O40 (R 
= CH3, C2H5) which, at higher temperatures, form H3PW12O40.

12 

As a further elaboration of our solid-state syntheses of derivatives 
of molecular metal oxide clusters,13 we report here a general route 
to neutral, aryl-substituted heteropolyanions of the type 
(aryl)8_„XM12O40 (X = P, Si; M = Mo, W; n is the formal 
oxidation state of heteroatom X). 

Metathetical reaction of aryl diazonium salts with Keggin ions 
provides (arylN2)8_„XM12O40 which, when pyrolyzed, forms 

(1) Knoth, W. H. J. Am. Chem. Soc. 1979, 101, 2211. 
(2) Besecker, C; Klemperer, W. G.; Day, V. W. J. Am. Chem. Soc. 1982, 

/04,6158. 
(3) Knoth, W. H. J. Am. Chem. Soc. 1979, 101, 759. 
(4) Finke, R. G.; Rapko, B.; Domaille, P. J. Organometallics 1986, 5, 175. 
(5) Day, V. W.; Frederick, M. F.; Klemperer, W. G.; Liu, R.-S. J. Am. 

Chem. Soc. 1979, 101, 491. 
(6) Stalick, J. K.; Quicksall, C. O. Inorg. Chem. 1976, 15, 1577. 
(7) Sethuraman, P.; Leparulo, M. A.; Pope, M. T.; Zonnevijle, F.; Brevard, 

C; Lemerle, J. J. Am. Chem. Soc. 1981, 103, 7665. 
(8) Kwak, W.; Rajkovic, L. M.; Stalick, J. K.; Pope, M. T.; Quicksall, C. 

O. Inorg. Chem. 1976, 15, 2778. 
(9) McCarron, E. M., Ill; Harlow, R. L. J. Am. Chem. Soc. 1983, 105, 

6179. 
(10) Molecular metal oxide chemistry has been thoroughly reviewed in: 

Pope, M. T. Heteropoly and Isopoly Oxometallates;; Springer-Verlag: New 
York, 1983. 

(11) Intramolecular rearrangements in PhAsMo7O25
4" and 

Ph2As2Mo6O24
4" have recently been delineated: Klemperer, W. G.; Schwartz, 

C; Wright, D. A. J. Am. Chem. Soc. 1985, 107, 6941. 
(12) Knoth, W. H.; Farlee, R. D. Inorg. Chem. 1984, 23, 4765. 
(13) Siedle, A. R.; Markell, C. G.; Lyon, P. A.; Hodgson, K. O.; Roe, L. 

R. Inorg. Chem., submitted for publication. 

0002-7863/86/1508-6430S01.50/0 © 1986 American Chemical Society 


