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HERBICIDAL NUCLEOSIDES FROM MICROBIAL SOURCES

Barbara G. Isaac, Stephen W. Ayer^ Leo J. Letendre*
and Richard J. Stonard

Monsanto Agricultural Company,A Unit of Monsanto Company,
700 Chesterfield Village Parkway, St. Louis, MO63198, U.SA.

(Received for publication March 28, 1991)

The structures offive naturally-occurring herbicidal nucleosides have been determined by spectral
analysis. Three (5'-deoxyguanosine, coaristeromycin and 5'-deoxytoyocamycin) are novel natural
products while the remaining two (coformycin and adenine 9-/?-D-arabinofuranoside) are known

natural products which have not previously been reported to be herbicidal.
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Description

Metabolites of microorganisms have the potential to provide agricultural researchers with novel
structures which can serve as models in synthetic programs aimed at providing commercial herbicides.
Several reports of naturally-occuring nucleosides having interesting herbicidal properties have appeared1*.
In the course of screening microbial fermentation broths for herbicidal activity, we have encountered a
numberof phytotoxic nucleosides. This reportm presents the isolation and structure elucidation of three
bioactive compoundswhich were previously unknownfrom natural sources and two knownnatural
substances not previously reported to have herbicidal activity.

The cell-free nitrate from a 500-ml fermentation of Thermoactinomycete sp. A6019was found to
contain a water soluble herbicidal metabolite. Following concentration to dryness and trituration with
methanol, the methanol-soluble bioactive material was purified by C18 RP-flash chromatography (FC)
and C18 RP-HPLC(water - methanol gradient) to provide ca. 1 mg of bioactive material. Analysis of the UV,
*H NMRand thermospray HPLC-MSdata suggested that the active component was a guanosine nucleoside
containing a reduced pentose moiety. Comparison of the HPLCRt and 1H NMRspectral data with that
obtained with synthetically derived material5) confirmed the presence of the novel natural product 5'-
deoxyguanosine (I). 5'-Deoxyguanosine was found to be very active against Lemna minor at lOO ^g/ml.
Coaristeromycin (II), also known synthetically6), but not from natural sources, was found to be

produced as a phytotoxic metabolite of Streptomyces sp. A6308. An 850mlsample of the cell-free
fermentation filtrate was purified by sequential fractionation on Amberlite XAD-2, C18 RP-FC and C18
RP-HPLC (water-methanol gradient) to yield 10mg ofII. Analysis of the UV, *H NMRand 13C NMR
data suggested that II was structurally related to aristeromycin7) (III) which was also isolated from
this fermentation. Thermospray HPLC-MSanalysis provided a molecular ion at m/z 267 ((M+H)+)
indicating a MWone mass unit less than aristeromycin. On the basis of the coproduction of II and III

1 Present address: National Research Council, Institute for Marine Biosciences, Halifax, Nova Scotia, Canada
B3H3Z1.

n Among these are formycin A1*, herbicidins A, B, E, F, and G2), and gougerotin3).
m Compounds I, II, V, and VI were presented at a Society of Chemical Industry Pesticides Group Symposium

entitled "Natural Products as a Source for NewAgricultural Chemicals"40.
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and their spectroscopic similarity, II was assigned the structure shown. Confirmation of this assignment
was provided by spectroscopic (XH and 13C NMR)comparison with authentic material obtained by the
deamination of aristeromycin6). Coaristeromycin was herbicidally active against yellow nutsedge,

johnsongrass, barnyard grass and Indian mustard at an application rate of 6 kg/ha.
A third nucleoside not previously isolated from natural sources but known synthetically8) has been

characterized as 5'-deoxytoyocamycin (IV). Compound IV (5.2 mg) was isolated from 20 ml of the filtered
fermentation broth of Streptomyces sp. A14345 by extraction with ethyl acetate followed by C18 RP-FC.
The identification of IV was based upon analysis of its UV, 13C NMRand HRFABmass spectra as well
as comparison of its XHNMRspectrum with that reported by Wanget al.8\ 5'-Deoxytoyocamycin
caused bleaching of L. minor at 10/xg/ml.
In addition to compoundsI, II and IV, two nucleosides knownto occur naturally but for which

herbicidal activities have yet to be reported, have also been isolated. Crude coformycin9) (V) was obtained
from the fermentation broth of an unclassified actinomycete A990 by successive Amberlite XAD-2and
C18 RP-FC. Methanol trituration of the combined active fractions followed by fractionation of the

methanol insoluble fraction on Sephadex LH-20 (1 : 1 methanol -water) provided 2.7mg of pure V. The
XH, 13C NMRand MSdata for compound V were identical to those reported previously9). Coformycin
was found to be active against seedling johnsongrass, barnyard grass, morning glory, crabgrass and

Indian mustard at an application rate of 6 kg/ha.
Adenine 9-/?-D-arabinofuranoside (Ara-A, VI) was isolated from 32 ml of the cell-free fermentation

broth of Actinoplane sp. A9222 by concentration and fractionation by C18 RP-FC. The active fractions
were combined and further purified by C18 RP-HPLC to give 1.4mg of Ara-A10). Compound VI and
commercially available Ara-A were indistinguishable by HPLC-MS, *H NMRand UV analysis. Ara-A
was found to inhibit the germination of Arabidopsis thaliana at 25 ^g/ml.
In conclusion, three new naturally occurring herbicidal nucleosides and two knownnucleosides not
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previously reported to be herbicidal have been isolated from five different actinomycetes. The isolation of
these five compoundsprovides further evidence that microorganismsrepresent an important source of
interesting herbicidally active compounds.

Experimental

Analytical Procedures

HPLCpurifications were performed on either a Vydac Semi-prep 201HS1010 (25 cm x 10mm) or a
Waters /iBondapak (25cm x 9.4mm) C18 column. XHand 13C NMRspectra were obtained on either a
Varian XL-300 or VXR-300 spectrometer. UV data was obtained on a Hewlett-Packard 8450A.

Thermospray mass spectral analysis was performed on a Finnigan MATModel 4535 with a Vestec
thermospray interface and FABanalysis was obtained on a VG-ZABinstrument.

Fermentation and Physical Data
5'-Deoxyguanosine (I): A6019 was isolated from a soil sample taken from Northwood, Rhode Island,

U.S.A. A6019 was fermented for 3 days at 55°C while shaking at 250rpm in seed medium which consisted
of glucose 0.25 g, malt extract 0.25 g, KNO3 0.125 g, baker's yeast 0.125 g, CaCO3 0.075 g, K2HPO4 0.025 g
and MgSO4-7H2O0.025 g in 50ml of water. The seed culture was then added to a medium composed of
glucose 0.25g, Maltrin M-100 5g, baker's yeast 1.25g, K2HPO4 0.125g, MgSO4-7H2O 0.125g and NaCl
0.5g in 500ml of water, adjusted to pH 7.5 prior to sterilization, and fermented for 7 days at 55°C in a
2-liter baffled Erlenmeyer flask shaken at 250 rpm. Following the isolation sequence described above, ca.
1 mg of 5'-deoxyguanosine was obtained. UV Xá"nm 251, 273; *H NMR(300MHz, DMSO-</6) 8 7.86
(1H, s), 6.50 (2H, brs), 5.63 (1H, d, /=5Hz), 4.44 (1H, brd), 3.88 (2H, m), 1.26 (3H, d, /=6Hz); positive
ion thermospray HPLC-MS m/z 268 (M+H)+.

For comparison with the natural product, 5'-deoxyguanosine was prepared synthetically according
to the method ofMcGee and Martin5): lH NMR (300MHz, DMSO-J6) 8 10.59 (1H, br s), 7.85 (1H, s),
6.44 (2H, brs), 5.63 (1H, d, 7=5Hz), 5.36 (1H, d,.7=6Hz), 5.05 (1H, d, /=5Hz), 4.44 (1H, q, /=5Hz),
3.87 (2H, m), 1.26 (3H, d, /=6Hz).

Coaristeromycin (II): A6308 was isolated from a soil sample obtained in Northwood, Rhode Island,
U.S.A. A seed culture of A6308 was grown for 3 days at 30°C while shaking at 250rpm in a medium
which contained Tryptone 0.25 g and yeast extract 0.15g in 50ml of water. The seed culture was then
added to, and fermented for 5 days in, medium containing dextrin 10g, glucose 1 g, soybean flour 5g,
yeast extract 1.5g, CaCO3 1.5g and Amberlite XAD-7 20g in 1 liter of water adjusted to pH 6.5
prior to sterilization. The culture was fermented in two 500ml portions in 2-liter Erlenmeyer flasks at
30°C with shaking at 250rpm. Following purification as outlined above lOmg of coaristeromycin was
obtained. UV Xá" nm 250; XH NMR (300MHz, D2O) 8 8.27 (1H, s), 8.19 (1H, s), 4.89 (1H, dt, /=11
and 9Hz), 4.51 (1H, dd, J=6 and 9Hz), 4.12 (1H, dd, 7=3 and 6Hz), 3.78 (1H, dd, J=11.and"7Hz),
3.73 (1H, dd, /=11 and 7Hz), 2.54 (1H, dt, /=13 and 8Hz), 2.32 (1H, m), 1.86 (1H, ddd, /=9, ll and
13Hz); 13C NMR (75MHz, D2O) 6 160.1, 146.9, 142.0, 125.2, 76.6, 73.3, 64.5, 61.0, 46.2, 30.3.
Aristeromycin was converted to coaristeromycin by the method of Mahumoto et al.6). *H NMR

(300MHz, D2O) 3 8.27 (1H, s), 8.20 (1H, s), 4.89 (1H, dt, /=11 and 9Hz), 4.52 (1H, dd, J=6 and 9Hz),
4.12 (1H, dd, J=3 and 6Hz), 3.78 (1H, ddd, /=2,6 and llHz), 3.73 (1H, ddd, /=2, 6 and llHz), 2.54
(1H, dt, /=13 and 8Hz), 2.32 (1H, m), 1.86 (1H, ddd, /=9, ll and 13Hz); 13CNMR (75MHz, D2O)
5 160.1, 146.9, 142.0, 125.2, 76.8, 73.2, 64.5, 61.0, 46.2, 30.3.

5'-Deoxytoyocamycin: A14235 was isolated from a soil sample taken from Kepong, Malaysia. A14345
was grown in a 250-ml Erlenmeyer flask at 30°C with shaking at 250 rpm in media containing casein 0.5 g,
glucose 0.25 g, malt extract 1.25 g, tomato paste 1.0g, MgSO4 à"7H2O 0.05 g, K2HPO4 0.05 g, CaCO3 0.25 g,
MgHPO4à"3H2O 0.25 g, iron EDTA 0.009 g, and 5 mg each ofFeSO4à" 7H2O, MnCl2 à"4H2O, ZnSO4à" 7H2O,
CoSO4 à" 5H2O, and CuSO4à"6H2Oin 50ml of water. Isolation of the active component as detailed in the
discussion section provided 5.2mg of 5'-deoxytoyocamycin. UV Aá"l°H nm 207, 231, 274 (sh), 279, 289
(sh); *H NMR (300MHz, pyridine-d5) 8 8.63 (1H, s), 8.32 (1H, s), 7.81 (2H, brs), 6.83 (1H, d, 7=3.9Hz),
4.98 (1H, t, /=4.8Hz), 4.57 (1H, dq, J=6 and 6.3Hz), 4.44 (1H, t,.7=5.4Hz), 1.59 (1H, d, 7=6.6Hz);
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13C NMR (75MHz, CD3OD) (5 158.6, 154.6, 151.5, 132.7, 116.0, 90.6, 85.5, 81.5, 76.3, 75.9, 19.1; positive
ion FABHR-MS m/z 276.1120 (Calcd for C12H14N5O3: 276.1098 (M+H)+).

Coformycin: A990 was isolated from a soil sample taken from Winterville, Georgia, U.S.A. A seed
culture of A990 was prepared by fermentation in a medium containing Tryptone 0.25 g and yeast extract
0.15 g in 50ml of water which was maintained at 30°C for 3 days while shaking at 250rpm. Actinomycete
A990 was fermented at 30°C for 5 days with shaking at 250rpm after the addition of the seed culture to
a medium which contained dextrin 10g, glucose 1 g, soybean flour 5g, yeast extract 1.5g and CaCO3 1.5 g
in 1-liter of water which was adjusted to pH 6.5 prior to sterilization. The fermentation was conducted in
two 2-liter Erlenmeyer flasks which contained 500ml of broth each. Following the purification scheme
outlined above, 2.7mg ofcoformycin was obtained. *H NMR(300MHz, D2O) S 7.49 (1H, s), 6.99 (1H,
s), 5.65 (1H, d, /=6.6Hz), 4.96 (1H, d, /=3.9Hz), 4.46 (1H, t, /=5.4Hz), 4.13 (1H, m), 4.02 (1H, m),
3.60 (2H, m), 3.32 (1H, dd, /=13.5 and 3.9Hz), 3.18 (1H, d, /=13.5Hz); 13C NMR (75MHz, D2O) S
152.7, 138.1, 134.9, 131.4, 89.9, 87.9, 76.0, 73.3, 69.5, 64.2, 49.2; positive ion thermospray HPLC-MSm/z
285 (M+H)+.

Ara-A: A9222 was isolated from a soil sample taken in the Ulmstead State Park, North Carolina,
U.S.A. The fermentation of A9222 was conducted in media which contained glucose 0.025 g, dextrin
0.125g, cotton-seed oil 0.25ml, yeast extract 0.025g, Pro flo 0.125g, soybean flour 0.25g and
MgHPO4à" 3H2O 0.025 g in 50 ml of water. The fermentation was maintained at 30°C in a 250 ml Erlenmeyer
flask for 5 days while shaking at 250rpm. UV 1á" nm 258; XH NMR(300MHz, D2O) S 8.25 (1H, s),
8.13 (1H, s), 6.31 (1H, d, /=5.7Hz), 4.46 (1H, t, /=5.4Hz), 4.26 (1H, t, 7=6.3Hz), 3.96 (1H, m), 3.85
(1H, dd, /= r2.9 and 3Hz), 3.77 (1H, dd, /= 12.9 and 5.1 Hz); negative ion thermospray HPLC-MS m/z
266 (M-H)"; positive ion thermospray HPLC-MS m/z 268 (M+H)+.
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