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Abstract

Hydantocidin, a naturally occurring strong herbicide, was synthesized in an overall yield of 35.2%, with the
accompanying 1’-epi-hydantocidin in overall 9.6% yield from 2,3-O-isopropylidene-D-ribono-1,4-lactone. C-2-thioxo-
hydantocidin and its spiro-epimer were also synthesized in an overall yield of 14.4% and 8.5%, respectively. © 2001

Elsevier Science Ltd. All rights reserved.
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Together with the explosive increase in the
world population, deficiency of provisions, en-
vironmental destruction and pollution, and
global warming have become serious prob-
lems. Means for grain production to maintain
this large population have come under in-
creased development. One aspect is the use of
herbicides. Glyphosate has become one of the
most popular herbicides in the world. How-
ever, glyphosate-resistant weeds have been re-
ported recently. In addition, proteins
produced by grain plants recombinated by a
glyphosate-resistant gene are a cause for con-
cern because of the awareness of the existence
of pathogenic proteins.

Hydantocidin produced from Streptomyces
hygroscopicus,' the first naturally occurring
spiroribofuranose having strong herbicidal ac-
tivity toward annual, biennial and perennial
weeds by action as an adenylosuccinate syn-
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thetase inhibitor,” without showing toxicity to
microorganisms and animals, and without re-
maining for a long period in the soil, may be
used in the near future as a potential herbicide
against glyphosate-resistant weeds. However,
the high cost of hydantocidin production,
whether by fermentation or by total synthe-
sis,> has made its use as a herbicide impracti-
cable. Therefore, economical production of
hydantocidin is being sought. At this time, the
author has accomplished a fairly good overall
yield for hydantocidin, that is, hydantocidin
(9) was synthesized in overall 35.2% yield,
accompanied by 1’-epi-hydantocidin (9') in
overall 9.6% yield from 2,3-O-isopropylidene-
D-ribono-1,4-lactone (1). The synthetic route
(Scheme 1) is reported herein.

The starting material 2,3-O-isopropylidene-
D-ribono-1,4-lactone (1), was converted to its
5-O-benzyl ether 2 or 5-O-(p-methoxybenzyl)
ether (10) in 95% or 77% yield, respectively,
by treatment with benzyl bromide or p-
methoxybenzyl chloride using NaH as a base.
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Scheme 1. Reagents and conditions: Bn = benzyl; PMB = p-methoxybenzyl; (a) NaH, BnBr or PMB-Cl, DMF, 0 °C ~ rt, 95% or
77%, respectively; (b) CBrCl;, (Me,N);P, CH,Cl,, —78 ~ +24°C, 16 h, 86% or 95%, respectively. ; (c) m-CPBA, MeOH,
CH,Cl,, 24 °C, 16 h, 4 (54%) and 4’ (14%), or 12 (54%) and 12" (13%); (d) KNCS, DMF 80 °C, 16 h, a 4:1 mixture of 5 and 5
(83%) from 4, a 5:2 mixture of 5 and 5’ (72%) from 4’; a 5:1 mixture of 13 and 13’ (73%) from 12, and a 3:1 mixture of 13 and
13' (72%) from 12’; (¢) NH;, MeOH, rt 2 h, quant; (f) 30% H,0,, NaHCO;, MeCN-H,O0, rt, 15 min, quant; (g) H,, Pd/C, EtOAc,
rt, 15 min, quant; (h) CF;COOH-H,0, 0°C, 30 min, 9 and 9', quant: CF;COOH-H,O (1:3), —5°C, 16 h, 16 (61%) and 16’
(16%) from 15, and 16’ (94%) from 15’; (i) PhSH, SnCl,, CH,Cl,, — 78 °C, 30 min 15 (81%) and recovery of 14 (6%); 15’ (76%)

and recovery of 14’ (13%).

Treatment of 2 with CCLBr using (Me,N),P
(HMPT) as a base gave dichloroolefin 3,*
which was further converted to methyl o-
chlorourosonates 4 and 4" in 68% yield as a

4:1 diastereomeric mixture by treatment with
m-chloroperoxybenzoic acid according to
Chapleur’s procedure.” Compound 10 was
also converted to 12 and 12’ in 67% yield as a
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4:1 diastereomeric mixture via compound 11
by the same procedure. Treatment of 4’ at
80 °C for 1 h in DMF gave a 3:1 mixture of 4
and 4'. Therefore, compound 4 is more ther-
modynamically stable than 4'. Thus, at high
temperature, compound 4’ gradually changed
to 4 until equilibration was reached (Scheme
1).

After separation of 4 and 4" or 12 and 12’
chromatographically, treatment of 4 with
potassium thiocyanate at 80 °C for 16 h in
DMF gave a 4:1 inseparable mixture of 5 and
5 in 83% yield. The same treatment of com-
pounds 4', 12, and 12’ gave a 5:2 inseparable
mixture of 5 and 5’ in 72% yield from 4', a 5:1
inseparable mixture of 13 and 13" in 73% yield
from 12, and a 3:1 inseparable mixture of 13
and 13" in 72% vyield from 12, respectively.

Treatment of the 4:1 mixture of 5§ and &
with NH; in MeOH afforded a 4:1 mixture of
spiro-thiohydantoins 6 and 6’ in quantitative
yield according to the ratio of the starting 5
and 5. The same procedure for both com-
pounds 13 and 13" gave spiro compounds 14
and 14', respectively, in quantitative yield.

After chromatographic separation of 6 and
6', treatment of each compound with 30%
H,O0, and NaHCO,; in 3:2 MeCN-H,O
yielded 7 and 7', respectively, in quantitative
yield.® This procedure was also applicable for
the oxidation of thiourea 17, thiohydantoin 19
and cyclic thiocarbamate 217 to give a water

Table 1

Oxidation of thiourea (17), thiohydantoin (19), and cyclic
thiocarbamate (21) with 30% H,O, in 3:2 1 M aq NaHCO; at
24°C

pn  TBDPSO
H
Ph
(\N/\/N X =( b >=X
N o
H
17: X =S 19:X=S =S
18: X=0 20: X=0 X=0
Entry Substrate  Time (min)  Product Yield (%)
1 17 42 18 57
19 30 20 100
3 21 20 22 96

2 Prolonged reaction time causes production of the mor-
pholine N-oxide of 18.

soluble urea 18, hydantoin 20, and cyclic car-
bonate 22, respectively (Table 1). Deprotec-
tion of the benzyl ether of 7 and 7" by means
of hydrogenolysis using Pd/C as a catalyst
quantitatively gave 8 and 8, respectively. Fi-
nally, the O-isopropylidene protecting groups
of 8 and 8 were quantitatively cleaved by
treatment with 3:1 CF;COOH-H,O at 0°C
for 30 min according to a previously reported
procedure’ to give 9 and 9’ (1'-epi-hydanto-
cidin having still strong herbicidal activity ac-
cording to Ref. 8), respectively. Thus,
hydantocidin (9) was synthesized in overall
35.2% yield accompanying 1’-epi-hydantocidin
(9') in overall 9.6% yield from 2,3-O-isopropyl-
idene-D-ribono-1,4-lactone (1).

On the other hand, treatment of solutions
of 14 and 14’ in CH,CI, with PhSH and SnCl,,
at — 78 °C under nitrogen gave 15 and 15’ in
81% and 76% yields, respectively, along with
the recovery of 14 (6%) and 14’ (13%).” Fi-
nally, the protecting O-isopropylidene group
of 15 was cleaved by treatment with 3:1
CF,COOH-H,0 at 0 °C for 30 min according
to a previously reported procedure® to give a
mixture of 16 (61%) and 16" (16%). However,
the same treatment of 15" gave 16’ in 94%
yield. It is reported that both compound 16
and 16" are comparable with hydantocidin 9 in
herbicidal activity toward many different
types of weeds.” As a result, C-2-thioxo-hy-
dantocidin (16) and its spiro epimer 16" were
synthesized in overall yields of 14.4% and
8.5%, respectively.

Thus, hydantocidin (9), 1’-epi-hydantocidin
(9), C-2-thioxo-hydantocidin (16), and 1'-epi-
C-2-thioxo-hydantocidin (16") were synthe-
sized from D-ribono-1,4-lactone via
corresponding isothiocyanates 5, 5, 13, and
1377,

Acknowledgements

I thank Dr. Shigeru Mio for helpful advice
and discussions.

T All new compounds were characterized by IR, 'H NMR,
MS and elemental analysis.



150

M. Shiozaki / Carbohydrate Research 335 (2001) 147—-150

References

1.

2.

Isolation of hydantocidin: Nakajima, M.; Itoi, K.; Taka-
matsu, Y.; Kinoshita, T.; Okazaki, T.; Kawakubo, K.;
Shindo, M.; Honma, T.; Tohjigamori, M.; Haneishi, T. J.
Antibiot. 1991, 44, 293.

(a) Heim, D. R.; Gerwick, B. C.; Murdoch, M. G.; Green,
S. B. Pest. Biochem. Physiol. 1995, 53, 138-145;

(b) Siehl, D. L.; Subramanian, M. V.; Walter, E. W.; Lee,
S-F.; Anderson, R. J.; Toschi, A. G. Plant Physiol. 1996,
110, 753-758;

(c) Cseke, C.; Gerwick, B. C.; Crouse, G. D.; Murdoch,
M. G.; Green, S. B.; Heim, D. R. Pest. Biochem. Physiol.
1996, 55, 210-217;

(d) Fonne-Pfister, R.; Chemla, P.; Ward, E.; Girardet, M.;
Kreuz, K. E.; Honzatko, R. B.; Fromm, H. J.; Schir,
H-P.; Griitter, M. G.; Cowan-Jacob, S. W. Proc. Natl.
Acad. Sci. USA 1996, 93, 9431-9436.

(a) Mio, S.; Ichinose, R.; Goto, K.; Sugai, S.; Sato, S.
Tetrahedron 1991, 47, 2111-2120;

(b) Mio, S.; Ichinose, R.; Shiraishi, M.; Sugai, S.;
Haruyama, H.; Sato, S. Tetrahedron 1991, 47, 2121-
2132;

(c) Mio, S.; Kumagawa, Y.; Sugai, S. Tetrahedron 1991,
47, 2133-2144;

(d) Fairbanks, A. J.; Ford, P. S.; Watkin, D. J.; Fleet, G.
W. J. Tetrahedron Lett. 1993, 34, 3327-3330;

(e) Burton, J. W.; Son, J. C.; Fairbanks, A. J.; Choi, S. S.;

Taylor, H.; Watkin, D. J.; Winchester, B. G.; Fleet, G. W.
J. Tetrahedron Lett. 1993, 34, 6119-6122;

(f) Chemla, P. Tetrahedron Lett. 1993, 34, 7391-7394;
(g) Harrington, P. M.; Jung, M. E. Tetrahedron Lett. 1994,
35, 5145-5148;

(h) Fairbanks, A.; Fleet, G. W. J. Tetrahedron 1995, 51,
3881-3894;

(1) Nakajima, N.; Matsumoto, M.; Katoh, T.; Terashima,
S. Tetrahedron 1996, 52, 1177-1194.

. (a) Wheeler, T. N. J. Org. Chem. 1984, 49, 706—-709;

(b) Speziale, A. J.; Marco, G. J.; Ratts, K. W. J. Am.
Chem. Soc. 1960, 82, 1260;

(¢) Ravinowitz, R.; Marcus, R. J. Am. Chem. Soc. 1962,
84, 1312-1313;

(d) Chapleur, Y. J. Chem. Soc. Chem. Commun. 1984,
449-450;

(e) Bandzouzi, A.; Chapleur, Y. J. Chem. Soc. Perkin
Trans. 1 1987, 661—-664;

(f) Lakhrissi, M.; Chapleur, Y. J. Org. Chem. 1994, 59,
5752-5757.

. Lakhrissi, M.; Chapleur, Y. Tetrahedron Lett. 1998, 39,

4659-4662.

. Yao, H.; Richardson, D. E. J. Am. Chem. Soc. 2000, 122,

3220-3221.

. Wakabayashi, T.; Saito, H.; Shiozaki, M. Tetrahedron:

Asymmetry 2000, 11, 2083-2091.

. Compound 9’ has fairly strong herbicidal activity. Mio, S.;

Sano, H. Ann. Rep. Sankyo Res. Lab. 1997, 49, 91-119.

. Yu, W.; Su, M.; Gao, X.; Yang, Z.; Jin, Z. Tetrahedron

Lett. 2000, 41, 4015-4017.



