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Between 1976 and 1979, the isolation and characterization of 
a series of undecose (Cn) nucleoside antibiotics from Strepto-
myces saganonensis, named collectively as the herbicidins, was 
described.1-3 The glycosyl component of the herbicidins is based 
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on the unusual furo-pyrano-pyran skeleton, and while all members 
of this class incorporate an adenine unit, glycosyl substitution 
patterns do vary (as illustrated by herbicidin B (la) and herbicidin 
G (Ib)). Recently a closely related structure, aureonuclemycin 
(2), was reported, also from a Streptomyces culture.4 The 
herbicidins exhibit herbicidal and antialgal activity, and herbi­
cidins A and B (la), as well as aureonuclemycin (2), are efficient 
inhibitors oi Xanthomanas oryzae, a bacterium that causes leaf 
blight infection in rice crops. 1^4,5 

The herbicidins encompass a number of other interesting 
structural features. The C-ring substituents all occupy an axial 
orientation, and the B/C ring junction is held as an internal 
hemiacetal (at C-7) with a C-glycosyl linkage between C-5 and 
C-6. Assembling this class of natural products represents a 
significant challenge within carbohydrate chemistry, and we now 
describe in this report the first synthesis of the Cn-glycosyl core 
of the herbicidins.6 The strategy that has been employed relies 
on the use of a carbohydrate-based ketone as a preformed 
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heterocyclic unit displaying both the nucleophilic character (as 
an enolate) required for constructing the C-5/C-6 bond and the 
carbonyl functionality necessary to establish the hemiacetal at 
C-7. The relationship between these two features was central to 
our planning, but the successful implementation of this strategy 
relied on regiospecific generation of the requisite heterocyclic-
based enolate. Such processes are, however, subject to quite rigid 
stereoelectronic considerations,7 and enolization of both simple 
and more complex tetrahydropyran-3-ones takes place prefer­
entially away from the ring-constrained heteroatom.8,9 While 
solutions to this regiochemical problem have been examined,10 

our approach to the synthesis of the herbicidin glycoside (Scheme 
I) has focused on the use of a bicyclic constraint to enforce 
enolization in the sense required. 

The l,5:3,6-dianhydrohexulose derivative 3, available in two 
steps (60% overall yield)11 from l,5:3,6-dianhydro-D-mannitol,12 

fulfils these requirements, and while there are a number of options 
available in terms of the oxidation level within the bridge (which 
corresponds to C-11 of the herbicidins), ether 3 is both the most 
accessible and synthetically useful variant currently available. 
Base-induced condensation of 3 with the D-glucose-derived 
aldehyde 413 took place rapidly to give enone 5 in 60% yield as 
a single isomer (alkene geometry unknown). The stereochemistry 
at C-6 of the C-5/C-6 C-glycosyl bond was then set by face-
selective hydrogenation of the enone and concurrent O-deben-
zylation occurred to provide directly hemiacetal 6 in 60% yield.14 

The structure of this key intermediate, which incorporates the 
furo-pyranc—pyran core of the herbicidins, was confirmed by an 
X-ray crystallographic analysis. 

The diol function of 6 was then protected15 to provide the 
corresponding cyclic carbonate 7 prior to oxidation and cleavage 
of the ether bridge. This oxidation step proved to be problematic, 
and a series of otherwise well-established and selective methods16-20 

for discriminating between -CH2-O and >CH-0 failed to achieve 

(7) Hine, J.; Mahone, L. G.; Liotta, C. L. / . Am. Chem. Soc. 1967, 89, 
5911-5920. Hine, J.; Dalsin, P. D. J. Am. Chem. Soc. 1972,94,6998-7002. 
Lehn, J.-M.; Wipff, G. / . Am. Chem. Soc. 1976, 98, 7498-7505. 

(8) Hirsch, J. A.; Wang, X. L. Synth. Commun. 1982, 12, 333-337. 
Goldsmith, D. J.; Dickinson, C. M.; Lewis, A. J. Heterocycles 1987,25,291-
295. For the generation of enamines from tetrahydropyran-3-ones, see: Eiden, 
F.; Wanner, K. T. LiebigsAnn. Chem. 1984,1759-1777. Eiden, F.; Wanner, 
K. T. Arch. Pharm. 1985, 318, 207-209 and references therein. 

(9) For a Reformatsky-type process using a l-glycos-2-ulosyl bromide, 
see: Lichtenthaler, F. W.; Schwidetzky, S.; Nakamura, K. Tetrahedron Lett. 
1990,31,71-74. Enolization (LDA, -78 0C) of the glycos-2-ulose 1 (below) 
takes place toward C-3, leading to /!^elimination: Luszniak, M. C ; Haines, 
A. H.; Taylor, R. J. K. JWC Carbohydrate Group Spring Meeting 1992, 
Royal Holloway College. We thank the UEA group for keeping us informed 
of their work in this area. 

OBn 

i 

(10) Cox, P.; Lister, S.; Gallagher, T. / . Chem. Soc., Perkin Trans. 11990, 
3151-3157. 

(ll)Newcombe, N. J.; Griffin, A. M.; Alker, D.; Ranisay, M. V. J.; 
Gallagher, T. Heterocycles, in press. 

(12) Hockett,R.C;Sheffield,E.L.J.Am.Chem.Soc. 1946,68,937-939. 
(13) Anderson, R. C; Fraser-Reid, B. J. Org. Chem. 1985, SO, 4781-4786. 
(14) The origin of the selectivity observed in the reduction of enone 5 is 

less obvious, but small amounts (<10%) of the C-6 epimer of 6 have been 
isolated. The precise timing of enone reduction vs debenzylation is not clear 
but there are a series of alterative pathways feasible for the overall conversion 
of 5 to 6. 

(15) Kutney, J. P.; Ratcliffe, A. H. Synth. Commun. 1975, 5, 47-52. 
(16) For the oxidation of ethers using metal-based oxidants, as well as 

hydride acceptors, see: Godfrey, C. R. A. In Comprehensive Organic Synthesis; 
Trost, B. M., Fleming, L, Eds.; Pergamon Press: Oxford, 1991; Vol. 7, pp 
235-250. RuO4," HVCrO3,11 and BnNEt3MnO4" failed to react with 7 and 
reaction with Mn2O7

2'' (CCl4, Me2CO, -20 0C) resulted in hydroxylation at 
C-4 (stereochemistry unknown). 

0002-7863/93/1515-6430$04.00/0 © 1993 American Chemical Society 



Communications to the Editor J. Am. Chem. Soc, Vol. 115, No. 14, 1993 6431 

Scheme I 

Bu1OK1THF1-TB0C 
(60%) 

• MO 

H2JrJKPoVC 

EtOAc 
(60%) 

„„ w _ ' "O 1. MeONa, MeOH 

M f ^ i " l ^ ^ ^ f " 0 ^ ^ ^ ^ ^ SLAg2CO9Me2CO1H2O 
* (quantitative) ° — n — " ° * 

O 7 : X _ H "^vBr21MV1CCI4 

Br JS (65%) 8: X -

MeO9C 

^ t&rxfr" 
(quantitative) 

LKOH i • 9: Y -CHO 

MeOH ^ K C Y - C O 2 M e 
(50% from 8) 

reaction at C-11 of 7. However, free radical bromination21 was 
both efficient and regioselective, providing the a-bromoether 8 
in 65% yield. Methoxide-induced cleavage of the carbonate 
moiety followed by Ag(I)-mediated hydrolysis of the resulting 
a-bromoether gave aldehyde 9 which was used without further 
purification.22 Selective oxidation24 of the aldehyde function of 
9 gave methyl ester 10 in 50% overall yield from a-bromoether 
8, and the structure of this intermediate was also established by 
an X-ray crystallographic analysis. Acetonide hydrolysis, under 
acidic conditions, completed the synthesis of the herbicidin 
glycoside U, which was obtained as a 1:1.5 mixture of a and 0 
anomers at C-I. 

The structural assignments of acetonide 10 and the deprotected 
glycoside ll2 5 are also consistent with 1H NMR data reported 
for herbicidin B (la)1-2andaureonuclemycin (2) ,* but the structure 
of acetonide 10 illustrates several interesting features. The 
distortion of the C-ring, due to the presence of adjacent axial 
substituents, is evident26 and further details are available (see 
supplementary material). 

In summary, we have described a direct and efficient synthesis 
of the undecose skeleton of the herbicidins using a carbohydrate-
based ketone enolate as a preformed heterocyclic building block. 
Other structurally-related carbohydrate units are also now 
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available and the more general application of this methodology 
to the construction of a wider range of C-glycosides is underway. 
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