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Abstract: The first total synthesis of the nucleoside antibiotic herbicidirlB) (vas achieved, where a novel
aldol-typeC-glycosidation reaction promoted by samarium diiodide ($nvhs used as a key step. Treatment
of methyl 3,40-(1,1,3,3-tetraisopropyl-1,3-disiloxanediyl)-1-phenylthio-2-yfes-glucuronate 13) with Smk,

in THF regioselectively gave the corresponding 1-enolate, which was readily trappedfivitixytosyladenine
5'-aldehyde derivativ& to afford the producii9ab as an anomeric mixture. Dehydration of tHehydroxyl

in 19ab with using Burgess'’s inner salt gave the en@@ which was subsequently hydrogenated to give
undeculofuranuronyl adenine derivati2& Deprotection oR1 gave a tricyclic sugar nucleosid23. However,

it was an epimer of herbicidin B at the-position. Construction of the desiretd@-configuration was achieved
by using a conformational restriction strategy based on repulsion between adjacent bulky protecting groups on
the pyranose ring. Thus, when methyl3tert-butyldimethylsilyl-4-O-tert-butyldiphenylsilyl-1-phenylthio-
2-ulosb-glucuronate 29¢), the conformation of which was restricted in an unust@glike conformation,
was used as a precursor for ulose 1-enolate in the-Bromoted aldol reaction witf, the desired Bo-aldol
product30cwas predominantly obtained. CompouB@c was dehydrated, followed by hydrogenation of the
alkenyl bond and then deprotection to form an internal ketal linkage between-taed37-positions, which
spontaneously gave herbicidin B.

Introduction

Nucleoside antibiotics are fascinating compounds that show
a variety of biological activitie$.They are not only used as
medicines, lead compounds for the development of drugs, and
biological tools but are also important as total synthetic targets.
Herbicidins (a—f), aureonucleomycir2),* and S122453),5
a series of adenine nucleoside antibiotics that have the same

backbone structure (Figure 1), have been isolated from strains — A R R
of StreptomycesHerbicidin A (1a) and B (Lb), as well as :gg:g;g:gggg; Me CH3CH=C(CH,0H)CO Me
aureonuclemycin2), efficiently inhibit the growth ofXan- Herbicidin C (1c) He n mg
thomonas oryzaewhich causes rice leaf blight, and are also Herbicidin E (1d) | Me  (CH,),CHCO Me
. . . Herbicidin F (1e) Me CH.CH=C(CH.)CO M
selectively toxic toward dicotyledon. These compounds have Herbicidin G (1f) H CHQCH:C£CH3;CO He
some interesting structural features: (1) adenine is glycosylated érg’gggligl)emycin @] Me CHZCO_ 3 Me
H H H

* To whom correspondence and reprint requests should be addressed._. o
Phone: +81-11-706-3228. Fax:+81-11-706-4980. E-mail: matuda@  rigure 1. Structures of herbicidins.
pharm.hokudai.ac.jp.

T This paper constitutes Part 190 of Nucleosides and Nucleotides. For it i
: ) e ) at the PB-position of an unusual sugar, undecose, which has a
part 189 in the series, see: Naka, T.; Nishizono, N.; Minakawa, N.; Matsuda, Bp gar, ’

A. Tetrahedron Lett1999 40, 6297—6300. tricyclic furano-pyrano-pyran structure; (2) there is an internal
(1) (a) Isono, K.J. Antibiot. 1988 41, 1711-1739. (b) Isono, K. hemiketal linkage between the G-&nd -7-positions which
Pharmacol. Ther1991, 52, 296-286. forms a trans junction for a pyrano-pyran ring; and (3) all of

(2) Knapp, SChem. Re. 1995 95, 1859-1876. ; ' . e
(3) (a) Arai, M.; Haneishi, T.; Kitahara, N.; Enokita, R.; Kawakubo, K.; the substituents at the C-7-8-, -9-, and -10-positions on the

Kondo, Y.J. Antibiot. 1976 29, 863-869. (b) Haneishi, T.; Terahara, A;; ~ second pyranose are fixed in axial positions due to the tricyclic
Kayamori, H.; Yabe, J.; Arai, MJ. Antibiot. 1976 29, 870-875. (c) structure of the undecose. Although considerable effort has been

Taguchi, Y.; Yoshikawa, H.; Terahara, A.; Torikata, A.; Terao, M. : T :
Antibiot. 1979 32, 857-861. (d) Takiguchi, Y.. Yoshikawa. H.: Terahara, devoted to the total synthesis of herbicidins because of their

A. J. Antibiot. 1979 32, 862-867. (e) Terahara, A.; Haneishi, T.; Arai, M. unique and complex structur@$,none of these attempts has

J. Antibiot. 1982 35, 1711-1714. yet been successful.
4) Dai, X.; Li, G.; Wu, Z.; Lu, D.; Wang, H.; Li, Z.; Zhou, L.; Chen, . . . .
X.;(C)hel’ll, W.Chlem. Ab;‘trlgggum 2306%1f_ ' . In this paper, we describe the synthesis of herbicididiB,(
(5) Tsuzuki, M.; Suzuki, GChem. Abstr1988 109 53206x. in which a novel samarium diiodide (SgMpromoted aldol-
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tives, as a precursor for generating ulose-1-endlate ef- O 2S8Sml, O R,R,CO 0
fectively used as a key step. This is the first total synthesis of (RO); 5 "SPh (RO)q (RO)q 0 VR,
a herbicidin congener. osm®* OH

Results and Discussion derivative is possible by Smpromoted reductive cleavage of

Retrosynthetic Analysis and Strategy.Our retrosynthetic & C—S bond at the anomeric positi8r(3) substrates such as
analysis and synthetic strategy for herbicidinI) are shown nucleoside 5aldehydes, which are unstable under basic and/or
in Scheme 1. Herbicidin B can be considered the equivalent of acidic conditions? can be used, since the reaction proceeds
a ring-opened Zketo compound4, and appropriate protection ~ under neutral conditions at78 °C, and (4) the reaction gives
of the hydroxyl groups and the introduction of a hydroxyl group the corresponding-C-glycosides as a major product in high
at the C-5 of 4 leads to aldol produds. This aldol product yields. Based on these findings, we expected that theidol
is then retrosynthetically disassembled by an aldol-type reactionProducts could be obtained by the Spypromoted condensation

to the phenylthioulosé as a precursor of enolate ang31- reaction betwee® and?7.

xylosyladenine 5aldehyde derivativg as an acceptor. Com- Preparation of the 1-Phenylthio-2-ulose Unit. We first
pounds 6 and 7 can be synthesized from-glucose and selectedl3 as a precursor for ulose 1-enolate, in which the 3,4-
adenosine, respectively. trans hydroxyls were protected by a 1,1,3,3-tetraisopropyldisi-

In this retrosynthetic analysis and synthetic strategy, the loxane (TIPDS) group. Scheme 3 shows its preparation.
following two steps are considered key steps: (a) formation of Protection of the 4- and 6-hydroxyls of phenyl 1-tifie-
the tricyclic structure with the desired stereochemistry, namely glucoside 8) by a TIPDS group, followed by acid-catalyzed
6'-a-(6',7-trang)-configuration, in the second pyranose ring in

which the substituents at tH@8'-, -9-, and -10-positions are (9) Gallagher et al. reported that the generation of the 1-enolate was
. . " ' ’ o successful when 3,6-anhydro-ulo&ewas used as a substrate. Compound
all in axial positions, and (b) a stereoselectglycosidation B was further glycosylated with adenine to give nucleoside derivadive

which gives the Ba-configuration by an aldol-type reaction  However, hydrolysis of the'8l1-ether linkage orD was unsuccessful;
between a ulose derivative and an adenine nucleoside 5 see ref 7c.
aldehyde. In the former step, we expected that spontaneous

5' 0.
OHCa "\ ...,
cyclization by the formation of a ketal linkage between the 3 0 & \Q ] o 5
and 7-positions would be achieved in a stereoselective manner %0 BnO ”"'o)( m :

e
4 - o
to give the desired herbicidin B when the protecting groups of 8 +BUOK, THF, -78 C )(
the hydroxyls are removed. In the latter step, we planned to  8°  © 60% B0 O B0 0
use a Smpromoted aldol-typ€-glycosidation reaction, which A B

we recently developed (Scheme82jhis reaction is very useful NHBz

because (1) phenylthio-2-ulose derivatives, the precursor for
generating enolates, are stable and easy to prepare, (2) regi-

<I5
. o - . o N N " o]
oselective enolization at the anomeric position of the ulose M M,..,o
) , - 975 )<
(6) (a) Beader, J. R.; Dewis, M. L.; Whiting, D. . Chem. Soc., Perkin “0Bz 8 ‘0
OTO HO OH
D c

Hy, 109

Trans. 11995 227-233. (b) Fairbanks, A. J.; Perrin, E.; Sinay,3¥nlett

1996 679-681. (c) Emery, F.; Vogel, Rl. Org. Chem1995 60, 5843~ o
5854. (d) Emery, F.; Vogel, Pletrahedron Lett1994 34, 4209-4212.

(7) (@) Binch, H. M.; Griffin, A. M.; Gallagher, TPure Appl. Chem (10) Gallagher et al. tried to prepare an aldol condensation product
1996 68, 589-592. (b) Newcombe, N. J.; Mahon, M. F.; Molloy, K. C.;  betweenA (footnote 9) and adenosiné-&ldehyde derivative which was
Alker, D.; Gallagher, T.J. Am. Chem. Sod993 115 6430-6431. (c) almost the same ag but this was unsuccessful due to the instability of
Binch, H. M.; Gallagher, TJ. Chem. Soc., Perkin Trans.1896 401— adenosine 'saldehyde under the basic conditions used. Therefore, reductive
402. coupling using ulosyl bromides as enolates was developed. However, ulosyl

(8) Ichikawa, S.; Shuto, S.; Matsuda, Aetrahedreon Lett1998 39, bromides are not very stable, and the substrates that can be synthesized are

4525-4528. Smj-promotedC-glycosidation reaction with mannosyl py- limited: Binch, H. M.; Griffin, A. M.; Schwidetzky, S.; Ramsay, M. V. J.;
ridylsulfones as substrates were also reported: Jarreton, O.; Skrydstrup,Gallagher, T.; Lichtenthaler, F. W.. Chem. Soc., Chem. Commad895
T.; Beau J.-M.Tetrahedron Lett1997 38, 1767-1770. 967—968.
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isomerizationt! gave 9 in 59% vyield in two steps. After
protection of the 2-hydroxyl 08 by a trichloroacetyl group, it
was successively treated by Moffatt oxidation conditions and
PDC in the presence of MeGHto give methyl ester derivative
11in 61% yield. Removal of the trichloroacetyl group at the
2-position of 11 with K,COs/MeOH, followed by Swern
oxidation of the resulting secondary alcohol, gave 1-phenylthio-
2-ulose derivativel3in excellent yield. The compount3 was
sufficiently stable to be purified by silica gel column chroma-
tography.

Preparation of the 14-p-Xylosyladenine 3-Aldehyde Unit.
1-5-p-Xylosyladenine 5aldehyde derivativé was prepared as
shown in Scheme 4. After the-primary hydroxyl of 2-O-
methyladenosinel4 (prepared by a known metht)l was
protected by a triphenylmethyl (Tr) group, thel8/droxyl was
inverted by a successive oxidatiereduction procedure with
CrOg/Ac,0/pyridine and NaBHACOH system¥* to give xy-
lonucleosidel6 in 78% vyield. Protection of the resulting-3
hydroxyl and 6-amino groups a6 with tert-butyldimethysilyl

(TBS) and benzoyl groups, respectively, by usual procedures

gavel7in 83% yield. Removal of the Tr group df7 under
acidic conditions, followed by oxidation with DesMartin
periodinane, gave, an acceptor of the aldol reaction. The
aldehyde7 was used for the next reaction without further
purification because of its instability.

Synthesis of 6-epiHerbicidin B Using a Sml,-Promoted
Aldol-Type C-Glycosidation Reaction as a Key StepWe
examined the Srpdpromoted aldol-typ€-glycosidation reaction
with 13 and7 (Scheme 5). When a solution &8 in THF was
added dropwise to a stirring solution of Si{R.0 equiv) in
THF at —78 °C, the corresponding samarium 1-enolate was
successfully generated, to which a solution7fL.0 equiv) in
THF was added to give the desired aldol products in 75% yield
as an anomeric mixturel@a/19b = 79/21). NOE experiments
of the mixture revealed their' &tereochemistries; correlation

(11) van Boeckel, C. A. A.; van Boom, J. Hetrahedron1985 41,
4545-4555.

(12) Garegg, P. J.; Olsson, L.; OscarsonJSOrg. Chem 1995 60,
2200-2204.

(13) Yano, J.; Kan, L. S.; Ts’o, P. O. Biochim. Biophys. Actd98Q
629 178-183.

(14) Robins, M. J.; Samano, V.; Johnson, M. D.Org. Chem199Q
55, 410-412.
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between H-6and H-9 for the a-anomerl9aand correlations
between H-6and H-8, and between H-6and H-10, for the
B-anomerl9b were observed (Figure 2.

Radical deoxygenation of the'-Bydroxyl group of the
anomeric mixturel9ab via the corresponding'8)-methyl
oxalaté® or 5-thiocarbonylimidazolidaté was tried but was

(15) The 5-configurations ofl9aand19b were suggested to béRand
5'S respectively, on the basis of the possible six-membered-ring chelation
transition state in the Smmediated aldol reaction. In fact, the B
configuration ofl9awas confirmed as shown below. During the treatment
of 19awith Smk in MeOH, an isomerization of the configuration at the
6'-position was observed.

(16) (a) Matsuda, A.; Takenuki, K.; Itoh, H.; Sasaki, T.; UedaChem.
Pharm. Bull.1987, 35, 3967-3970. (b) Matsuda, A.; Takenuki, K.; Sasaki,
T.; Ueda, TJ. Med. Chem1991, 34, 235-239. (c) Dolan, S. C.; MacMillan,
J.J. Chem. Soc., Chem. Commu885 1588-1589.
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aReagents: (a) MefCNSONETt;, toluene; (b) H, Pd/C, EtOAc;
(c) Sm, b, MeOH; (d) TBAF, THF.

unsuccessful® We next sought to dehydrate it by elimination
of the B-hydroxy of 19ab, followed by hydrogenation of the
resulting alkenyl bond. Thus]l9ab was converted to the
corresponding 50-mesylate and -triflate. However, treatment
of these 50O-sulfonates with a base led only to their decom-
position, and the desired elimination produ2® was not
obtained. On the other hand, as shown in Scheme 6, Waah
was treated with Me@NSQNEt; (Burgess’s inner saltj in

J. Am. Chem. Soc., Vol. 121, No. 44, 189873

14.1%

Figure 3. Structure determination of @pkherbicidin B 23) by NOE
experiments.

enone20in 49% vyield as a mixture of inseparable isomers due
to acig/trans geometry at the 'Sposition. The enon0 was
hydrogenated with Hin the presence of palladium-on-carbon
in EtOAc to give21 quantitatively, the anomeric configuration
of which was determined to be the undesirgdby NOE
experiments; correlations between Ha@d H-8, and between
H-6' and H-10, were observed However, we expected that
isomerization at the'éposition, which was adjacent to thé 7
carbonyl, into the desired-configuration might occur in the
following stages.

Therefore, removal of the protecting groups was examined
next. When21 was treated with NaOMe or &0O; in MeOH
to remove the benzoyl group at thé-position, it decomposed
and did not give any of the debenzoylate@ However,
exposure oR1to samarium and:lin MeOH?! successfully gave
the debenzoylated produ@2. When 22 was treated with
tetrabutylammonium fluoride (TBAF) in THF, all of the silyl
protecting groups were removed simultaneously to give a
tricyclic sugar product by spontaneously forming an internal
ketal linkage between the'-3and 7-positions, as expected.
However, the product was not herbicidin B, but ratheeg-
herbicidin B £3), an epimer of herbicidin B at thé-position.
The structure of23 was confirmed by!H NMR and NOE
experiments. As shown in Figure 3, the coupling constdats,
= Jg10 = 9.5 Hz, suggested it§Cg-structure, and NOE
correlations between H-&nd H-8, H-8 and H-10, and H-9
and H-8 at the adenine moiety suggesteg@nfiguration at
the 8-position. Although isomerization &3 into herbicidin B
was investigated by treating it under acidic and basic conditions,
such isomerization was not obsen/éd.

Conformation-Flip Strategy. Based on the above results,
we recognized that it would be essential to provide the-6
C-glycosidic structure before forming the B-ketal linkage to
construct the desired tricyclic structure of the sugar moiety of
herbicidin B. Therefore, stereoselective hydrogenation from the
o-face of the 56'-alkenyl bond in the enone system was
required. ThelH NMR spectrum of20 showed that the
substituents at'89, and 10 were in equatorial positions; both

(19) Burgess, E. M.; Penton, H. R.; Taylar, E. A.Org. Chem1973
38, 26-31.

(20)'H NMR analysis of the reaction mixture suggested that the
hydrogenation product was a mixture of anomers, andithaomer readily
isomerized during the workup to give tifeanomer as the sole product.

(21) Yanada, R.; Negoro, N.; Bessho, K.; Yanada, 3¢nlett 1995
1261-1263.

(22) Molecular modeling of both herbicidin BI) and its 6-epimer23

toluene, the desired elimination reaction proceeded to give thewas carried out using Macromodel (version 4.5) software. Preferred

(17) Pankiewicz, K.; Matsuda, A.; Watanabe, K.JAOrg. Chem1982
47, 485-488.

conformations were determined from the results of Monte Carlo conformer
searches starting from previously minimized structures of the two com-
pounds. Minimization employed the MM2* force field. Sets of conformers

(18) It has been reported that deoxygenation of the 5-hydroxyl group in close to minimum were found fdkb and 23, respectively. The minimum-
undecose derivatives was very difficult, possibly because of the instability energy conformation foR3 was consistent with that suggested from the
of the aldol products and significant steric hindrance around the hydroxyl: coupling constants and NOE relationships2¥ The minimum-energy

Cox, P. J.; Griffin, A. M.; Newcombe, N. J.; Lister, S.; Ramsay, M. V. J.;
Alker, D.; Gallgher, Y.J. Chem. Soc., Perkin Trans.1D94 1443-1447.

conformer of 6-epi-herbicidin B £3) was approximately 3.0 kcal/mol more
stable than that of herbicidin B.
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imidazole, DMF; (c) dimethyldioxirane, acetone; (d) PhSHzBFO,
' CH.Cly; (e) Dess-Martin periodinane, CkCl,.
o-face attack 20
R = bulky protecting group Recently, it was reported that introducing significantly bulky
protecting groups at vicinal hydroxyl groups on pyranoses
reduction NHBz caused a flip of their conformation from the ust@}-form into
N SN an unusual’C,-form, where the substituents were in axial
¢ J orientations due to steric repulsion between the bulky protecting
Me0,C o NN groups (Figure 532 We expected that enorz0, which has
QCF)( o 5 bulky protecting groups at both thé &nd 9-hydroxyls, would
T8S0 “"OMe adopt afCy-like conformation, as shown in Figure 6, due to
RO o] steric repulsion between the bulky protecting groups. If so,
21 hydrogenation oR0 would selectively occur from thg-face
desired product to give the desiredr-product21’, due to a significant steric
Figure 6 repulsion for the 9axial protecting group when the catalyst

Jg g andJy 10 were ca. 9-10 Hz. Accordingly 20 preferentially
adopts a half-chair conformation, as shown in Figure 4. Since
hydrogenation from thg-face of the alkenyl bond ¢20 would

be disfavored probably due to steric repulsion for thev@al
proton, a-face attack proceeded to give the undesired-6-
glycosidic produc®1l as the major product. It is also possible
that isomerization at the anomericosition into the undesired
f-configuration might occur if the hydrogenation product was
the desiredx-C-glycoside!H NMR analysis of 63-C-glycoside

21 suggested that it adopts®&s-like conformation in which

all of the substituents on the ulose moiety are in equatorial
positions. 63-C-Glycoside21 would be more thermodynami-
cally stable than the correspondiagC-glycoside, which has a
very bulky 8-substituent in an axial position, and therefore the
undesired isomerization might occur.

accesses the alkenyl bond from theface. In addition, the
desired o-glycoside 21' would be more thermodynamically
stable than the correspondifiegC-glycoside, since the substitu-
ent at the 6position of21' is in an equatorial position. Thus,
isomerization from g- to ana-configuration at the 'eposition
would occur if the hydrogenation does not proceed selectively
from the f-face. Based on these considerations, we designed
phenylthioulose29a—c (Scheme 7), which had bulky silyl
protecting groups at both the-&nd 9-positions, as alternative
substrates for the aldol reaction.

(23) (a) Walford, C.; Jackson, R. F. W.; Rees, N. H.; Clegg, W.; Heath,
S. L. Chem. Communl997 1855-1856. As for reactions: (b) Hosoya,
T.; Ohashi, Y.; Matsumoto, T.; Suzuki, Retrahedron Lett1996 37, 663—
666. (c) Roush, W. R.; Sebesta, S. P.; Bennett, CTéirahedron1997,

53, 8825-8836. (d) Roush, W. R.; Sebesta, D. P.; James, Refrahedron
1997, 53, 8837~8852.
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Preparation of Conformation-Flipped 1-Phenylthio-2-
ulose Units. The preparation of 1-phenylthio-2-ulos28a—c
is summarized in Scheme 7. Glyc#, derived fromp-glucu-
rono-3,6-lactone, was treated with NaOMe in MeOH to give
2524 The 3,4-diol of25was silylated by usual methods to afford
26aand26b, which have TBS or TIPS groups at both the 3-
and 4-hydroxyls, respectively. Glyc&6c was prepared by
successive treatment @6 with TBSCI and TBDPSCI in the
presence of imidazole in DMF. Epoxidation @&6a with
dimethyldioxirané® gave the gluco-type epoxi@&aselectively
in quantitative yielc?® Next, ring-opening of the epoxide was
examined. Wher27awas treated with PhSH and4&, only a
trace of the desired phenylthioglycosi@8a was obtained.
Treatment with 10 equiv of PhSH in the presence of a catalytic
amount of BR*OE%L gave28ain good yield as an anomeric
mixture. Oxidation oP8awith Dess-Martin periodinan& gave
an anomeric mixture of 1-phenylthio-2-ulos9§) in 80% vyield.
Similarly, other aldol substrat@9b and29cwere prepared from
26b and 26¢, respectively. The conformations of these phe-
nylthiouloses29a—c were investigated by thelHd NMR spectra.
The large coupling constantds(, = 5.8, J45 = 12.8 Hz) of
29ashowed that it adopted an undesif&d-like conformation,
similar to that of 3,40-TIPDS-phenylthioulos&3. This result
suggested that a TBS group would be not bulky enough to flip

the conformation. On the other hand, a preference for the desired (

1C, conformations in29b and 29¢, where the substituents at
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OMe

31a: Jg g=17Hz, Jg 19=3.7Hz
31b: Jg ¢=0Hz, Jg 4o=3.6 Hz
31¢c: Jg g=0Hz, Jg 1p=3.3Hz

Figure 7. Conformation of the pyranose ring on the enones.

the basis of their coupling constants between H-3 and H-4, and
between H-4 and H-53§ 4, J45 = 0—4.3 Hz).

Synthesis of Herbicidin B. The total synthesis of herbicidin
B was achieved as shown in Scheme 8. Spnbmoted aldol
reaction§ with phenylthioulose29a—c and aldehyde7 were
examined. WherR9a was treated with Smlat —78 °C, the
samarium enolate was not generated efficiefitgnd the yield
of the coupling product was low. However, the condensation
reaction proceeded effectively at40 °C, and the desired
coupling producB0awas obtained in 65% yield as a mixture
of two diastereoisomef.By similar condensation reactions,
the aldol product80b and 30c were obtained from29b and
29¢, respectively. Treatment 80a—c with Burgess’s inner salt
gave the corresponding enorgka—c in 66—79% yields as a
single isomer, respectively, while the alkene geometry was
unknown.

The conformations of enonexla—c were investigated by
their 'TH NMR spectra. Small coupling constants between the
protons on the pyranose rindy 9 = 0—2 Hz andJg 10 = 3—4
Hz, suggested that they had flipped conformations where the
8- and 9-O-silyl substituents were in axial positions (Figure
7). Reduction of the enones under a variety of conditions was
investigated next. Enor&lb, which has a pair of significantly
bulky TIPS groups at the'8and 9-hydroxyls, was resistant to
all of the reduction conditions examinédHowever, when
enone31la which has less bulky TBS groups instead of TIPS
groups, was treated with HGRH,4 as a hydrogen donor in the
presence of PdC in MeOH 3! the desired reduced prodi&2a
was obtained?33Compound32awas then successively treated
with SmbL/MeOH and TBAF/TFH to form an internal ketal
linkage between the'3and 7-positions, to spontaneously give
a tricyclic sugar compound, th#d NMR spectrum of which
was consistent with that of herbicidin BIf), while the yield
was low (5% from31a).

The yield was improved wheBlc which had a TBS group
and a TBDPS group at thé-8nd 9-hydroxyls, respectively,
was used as a substrate. Thus, treatmen@&lofwith HCO,-
NH4/Pd—C/MeOH323 Sml/MeOH, and TBAF/THF gave her-
bicidin B (1b) in 31% vyield after preparative silica gel TLC
purification. In this reaction, production of-épkherbicidin B
(23) was not observed at all. This completes the first synthesis
of herbicidin B. Its spectroscopic and analytical data are in full
agreement with those of the authentic sample.

28) Remaining starting materidPawas observed on TLC.
(29) The stereochemistries of the two diastereomers were not confirmed.
(30) For example, catalytic hydrogenations with-Re] PtO, Raney-Ni,

the 3- and 4-positions are in axial positions, was suggested onor Pd-black and hydride reductions with DIBAL/HMPA, Na@NiCl, or

(24) Nishimura, S.; Nomura, S.; Yamada, Khem. Commun1998
617—618.

(25) Adam, W.; Chan, Y. Y.; Cremer, D.; Gauss, J.; Scheutzow, D.;
Schindler, M.J. Org. Chem1987, 52, 2800-2803.

(26) Friesen, R.; Danishefsky, S.JJ.Am. Chem. So4989 111, 6656
6660.

(27) Dess, D. B.; Martin, J. Q. Am. Chem. Sod91, 113 72777279.

BuszSnH were tried.

(31) Bieg, T.; Szeja, WSynthesid985 76—77.

(32) The'H NMR spectrum of the crude reduction product suggested
that it was an anomeric mixtureu/s = 3/1).

(33) A byproduct, the structure of which has not been determined, was
also obtained in the hydrogenation 8a and it made the yield 082a
low. On the other hand, production of such a byproduct was not observed
in the hydrogenation 081c
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Conclusions 9H), 6.86 (d, 1H,J = 10.6 Hz), 5.80 (br s, 2H, exchanged with@®),
5.77 (d, 1HJ = 1.5 Hz), 4.27 (dd, 1H) = 5.6, 8.7 Hz), 4.21 (dd, 1H,
Using a novel aldol-typ€-glycosidation reaction promoted  J = 3.0, 10.5 Hz), 4.18 (d, 1H] = 1.5 Hz), 3.45 (s, 3H)}C NMR
by Smb as a key step and a strategy involving the axial (CDCl, 125 MHz)¢ 152.6, 144.0, 140.9, 128.9, 127.9, 127.2, 127.1,
orientation of vicinal substituents, we completed the first total 126.7, 91.9, 90.9, 87.3, 82.9, 73.9, 62.4, 58.3; MS (&}523 (M").
synthesis of the nucleoside antibiotic herbicidin B This Anal. Calcd for GoH2oNsO,: C, 68.82; H, 5.58; N, 13.38. Found: C,
aldol-typeC-glycosidation reaction promoted by Srtas very ~ 68.61; H, 5.74; N, 13.19.
effective for constructing the undecose nucleosi®eand 30 p NG‘?i“ZOY"g'I(fg'teTT‘bl(Ji)g)dLmthtWSi|y'];7-1-é)(-{n:§hyl-2i:>;302-trityl-l)
H My H H i . -D-Xyloturanosyl)adenine mixture o . g, 2. mmol),
o e Sy A 2 e o e o S 2 ). o (157, 1.5 o

o . DMF (30 mL) was stirred for 15 h at room temperature. After MeOH
conditions. The fact that the reactions promoted by Sml (5 mL) was added, the mixture was stirred for an additional 12 h and

proceeded under mild and neutral conditions made this resulteyaporated under reduced pressure. The residue was partitioned between
possible, and since phenylthiouloses as the enolate source argtoac (200 mL) and HO (100 mL), and the organic layer was washed
readily synthesized and stable, this approach can be applied towith brine (50 mL), dried (NgQy), and evaporated under reduced

a variety of compounds. Thus, the aldol-tyPeglycosidation pressure. A mixture of the residue and BzCl (0.72 mL, 6.2 mmol) in
reaction promoted by Smimay be a powerful tool for  pyridine (30 mL) was stirred fo3 h atroom temperature. After Ni
synthesizing other higher carbon sugar nucleosides. ReductionOH (28%, 10 mL) was added to the mixture, the resulting mixture
followed by the deprotection &0, in which the conformation was stirred for a further 20 min and evaporated under reduced pressure.

of the pyranose ring we&Cg, gave selectively'éepi-herbicidin The residue was partitioned between EtOAC (200 mL) a0 (100
B Whi[z:)(} is an anglogue ofgherbicidin B )én '[F;}e other hand mL), and the organic layer was washed with brine (50 mL), dried{Na
’ . ' SOy, and evaporated under reduced pressure. The residue was purified

similar Copversmn of enoneSl,' which adqpted é”f."B-type by column chromatography (Si383% EtOAc/hexane) to give7 (1.73
conformatlon on the pyranose ring, by the_lntrodu_ctlon of bulky g, 83% as a white foam): ofp —27.3 (c 1.10, CHCY); *H NMR
protecting groups gave herbicidin Bl). This work is the first (CDCls, 500 MHz) 6 9.23 (br s, 1H, exchanged with,D), 9.00 (s,
total synthesis of herbicidin congeners, and our methods shouldiH), 8.30 (s, 1H), 8.19 (d, 2H, = 7.5 Hz), 7.98 (d, 1HJ = 7.5 Hz),
be applicable to the synthesis of other herbicidin congeners and7.66-7.40 (m, 17H), 6.50 (s, 1H), 4.81 (dd, 18,= 3.3, 3.7 Hz),
their analogues. 4.36 (s, 1H), 4.09 (s, 1H), 3.81 (dd, 18B,= 3.7, 10.5 Hz), 3.80 (s,
3H), 3.43 (dd, 1HJ = 3.3, 10.3 Hz), 0.73 (s, 9H);-0.76 (s, 3H),
—0.89 (s, 3H);2*C NMR (CDCk, 125 MHz) 6 152.9, 144.0, 141.9,
132.9, 132.2, 129.1, 128.9, 128.8, 128.1, 128.0, 127.6, 127.4, 90.8,
9-(2-0-Methyl-5-O-trityl- -b-ribofuranosyl)adenine (15).A mix- 88.9, 87.4, 84.3, 63.5, 58.6, 25.6, 18:4.9, —5.3; MS (El)m/z 498
ture of 14 (12.9 g, 40 mmol) and TrCl (11.2 g, 44 mmol) in pyridine  (M* — Tr). Anal. Calcd for GsHaNsOsSi-0.5H,0: C, 68.77; H, 6.44;
(100 mL) was stirred for 12 h at 68C. After MeOH (10 mL) was N, 9.33. Found: C, 69.06; H, 6.43; N, 9.37.
added, the solution was evaporated under reduced pressure, and the N8-Benzoyl-9-(3O-tert-butyldimethylsily-2- O-methyl-f-p-xylo-

Experimental Section

residue was partitioned between CH@EO00 mL) and HO (200 mL). furanosyl)adenine (18).A mixture of 17 (7.31 g, 9.86 mmol) and 80%
The organic layer was washed with brine (200 mL), dried.8@), aqueous TFA (5 mL) in CHGI(100 mL) was stirred fol h atroom

and evaporated under reduced pressure. The residue was purified byemperature. The mixture was washed witfoH2 x 50 mL), saturated
column chromatography (Si6% MeOH/CHCY) to give 15(19.2 g, NaHCQ; (50 mL), and brine (30 mL), dried (N&Qs), and evaporated
92% as a white foam):of]p +0.29 (c 1.14, CHC}); *H NMR (CDCls, under reduced pressure. The residue was purified by column chroma-

500 MHz) ¢ 8.30 (s, 1H), 8.02 (s, 1H), 7.45.23 (m, 15H), 6.14 (d, tography (Si@, 75% EtOAc/hexane) to give3(3.99 g, 81% as a white
1H,J = 3.7 Hz), 5.59 (br s, 2H, exchanged with®), 4.50 (dd, 1H, foam): [o]p —42.3 (c 1.28, CHCY); *H NMR (CDCls, 500 MHz) §
J=5.5,11.1 Hz), 4.42 (dd, 1H = 3.8, 5.3 Hz), 4.20 (ddd, 1H = 9.09 (br s, 1H, exchanged with,D), 8.83 (s, 1H), 8.39 (s, 1H), 8.03
3.3,4.5, 11.1 Hz), 3.57 (s, 3H), 3.52 (dd, 1H+ 3.3, 10.7 Hz), 3.43 (d, 2H,J = 7.5 Hz), 7.61 (t, 1H) = 7.5 Hz), 7.53 (t, 2H) = 7.4 Hz),
(dd, 1H,J = 4.5, 10.7 Hz), 2.74 (d, 1H] = 6.3 Hz, exchanged with 6.20 (d, 1H,J = 1.9 Hz), 4.39-4.37 (m, 2H), 4.15 (d, 1HJ = 1.9
D,0); 13C NMR (CDCk, 125 MHz)6 155.8, 153.4, 149.8, 143.8, 139.2, Hz), 4.06 (dd, 1HJ = 4.6, 11.3 Hz), 3.99 (dd, 1H, = 3.2, 11.3 Hz),
128.9, 128.8, 128.8, 128.2, 127.5, 120.3, 87.4, 86.9, 84.0, 83.6, 77.5,3.55 (s, 3H), 2.75 (br s, 1H, exchanged with), 0.81 (s, 9H), 0.11
77.3,77.0, 70.0, 63.5, 59.0, 58.5; MS (Eijz 523 (M"). Anal. Calcd (s, 3H),—0.03 (s, 3H);*3C NMR (CDCk, 125 MHz)6 152.9, 149.7,
for CaoH20Ns04:1.2H:,0: C, 66.09; H, 5.80; N, 12.85. Found: C, 66.03; 142.0, 134.0, 132.9, 129.0, 128.1, 127.6, 90.5. 88.3, 61.6, 58.8, 25.8,
H, 5.56; N, 12.64. 18.2,—4.7,-5.0; MS (El)m/z499 (M*). Anal. Calcd for G4Hz3aNsOs-
9-(2-0-Methyl-5-O-trityl- -p-xylofuranosyl)adenine (16).To a Si: C,57.69; H, 6.66; N, 14.02. Found: C, 57.73; H, 6.56; N, 14.05.
mixture of CrQ (11.2 g, 112 mmol) and 4-A molecular sieves (28 g) N¢-Benzoyl-9-(3O-tert-butyldimethylsily-2- O-methyl-g-p-xylo-
in CH,Cl, (250 mL) was added pyridine (18.0 mL, 224 mmol) at 0 furanos-5-urosyl)adenine (7)Trifluoroacetic acid (1.09 mL, 4.5 mmol)
°C. The mixture was stirred for 30 min at°C, and then AgO (10.6 was added to a solution 48 (4.51 g, 9.05 mmol), DCC (5.63 g, 27.2
mL, 112 mmol) was added at the same temperature, and the wholemmol), and pyridine (0.91 mL, 9.1 mmol) in DMSO (50 mL) at room
was stirred for additional 15 min. To the resulting mixture was added temperature, and the mixture was stirred for 2 h. The mixture was
15(14.6 g, 27.9 mmol) in CkCl, (100 mL), and the mixture was stirred  filtered to remove dicyclohexylurea, and the filtrate was washed with
for 30 min at room temperature. The solution was diluted with EtOAc hexane (3x 50 mL) and partitioned with EtOAc (200 mL) anc,®
(1 L) and filtered through a Celite pad, and the filtrate was concentrated (200 mL). The organic layer was washed with brine (20 mL), dried
to about 500 mL under reduced pressure. The solution was washed(N&SQs), and evaporated under reduced pressure. The residue was
with HO (3 x 200 mL) and brine (200 mL), dried (M&Qy), and coevaporated with toluene ¢3 50 mL) under reduced pressure to give
evaporated under reduced pressure. A mixture of the residue and,;NaBH crude7 (4.77 g as a syrup, quantitative). This compound was used in
(6.87 g, 181 mmol) in AcOH (300 mL) was stirred for 12 h at@. the next reaction without further purification, because it was too unstable
The mixture was evaporated under reduced pressure, and the residu¢o be isolated:®H NMR (CDCls, 500 MHz)6 9.78 (s, 1H), 9.16 (br s,
was coevaporated with EtOH ¢330 mL). The residue was partitioned ~ 1H, exchanged with BD), 8.81 (s, 1H), 8.50 (s, 1H), 8.01 (d, 2Bi=
between CHGJ (500 mL) and HO (2 x 200 mL), and the organic 7.5 Hz), 7.59 (t, 1HJ = 7.5 Hz), 7.51 (t, 2HJ = 7.4 Hz), 6.39 (s,
layer was washed with saturated NaH£C@00 mL) and brine (200 1H), 4.79 (d, 1HJ = 3.7 Hz), 4.68 (d, 1HJ = 3.8 Hz), 4.13 (s, 1H),
mL), dried (NaSQ), and evaporated under reduced pressure. The 3.62 (s, 3H), 0.68 (s, 9H), 0.04 (s, 3H}0.15 (s, 3H).
residue was crystallized from EtOAc to giué (11.3 g, 78%): mp Methyl Glucuronate-p-glycal (25). A mixture of 24 (258 mg, 1.00
205-206°C; [a]p —38.8 (c 0.82, CHC}); *H NMR (CDClz, 500 MHz) mmol) in MeOH (10 mL) containing NaOMe (28% in MeOH, 4Q)
0 8.23 (s, 1H), 7.92 (s, 1H), 7.44 (d, 68= 7.4 Hz), 7.26-7.18 (m, was stirred fo 1 h atroom temperature. The mixture was neutralized
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with AcOH and evaporated under reduced pressure. The resulting syrupgive 27a(210 mg, quantitative): of]o —34.1° (c 1.00, CHC}); *H NMR

was partitioned between EtOAc (50 mL) and@H(50 mL), and the
organic layer was washed with,& (50 mL) and brine (20 mL). The
organic layer was dried (N80,) and evaporated under reduced

(CDCl, 500 MHz) 6 5.07 (d, 1H,J = 2.4 Hz), 4.18 (d, 1HJ = 4.5
Hz), 4.09 (dd, 1HJ = 2.7, 8.9 Hz), 3.97 (t, 1H] = 2.4 Hz), 3.74 (s,
3H), 2.92 (t, 1HJ = 2.4 Hz), 0.91 (s, 9H), 0.90 (s, 9H), 0.15 (s, 3H),

pressure. The residue was purified by silica gel column chromatography 0.14 (s, 3H), 0.11 (s, 3H), 0.07 (s, 3H¥C NMR (CDCk, 125 MHz)

(SIO;,, 4% MeOH/CHCY) to give 25 (150 mg, 86% as a white solid),
which was crystallized from MeOH/CHEI mp 148-151 °C; [o]o
—13.5 (c 1.00, MeOH);*H NMR (DMSO-ds, 500 MHz) 6 6.37 (d,
1H,J = 6.2 Hz), 5.43 (d, 1HJ = 5.0 Hz, exchanged with D), 4.98
(d, 1H,J = 4.0 Hz, exchanged with {®), 4.72 (t, 1H,J = 5.0, 6.2
Hz), 4.40 (d, 1HJ = 5.1 Hz), 3.82 (ddd, 1H) = 5.1, 4.6, 4.0 Hz),
3.74 (ddd, 1HJ = 5.0, 4.6, 5.0 Hz), 3.61 (s, 3H).

Methyl (3,4-Di-O-tert-butyldimethylsilyl- b-glucuronate)glycal (26a).
A mixture of 25(1.74 g, 10.0 mmol), TBSCI (4.51 g, 30.0 mmol), and
imidazole (4.08 g, 60.0 mmol) in DMF (50 mL) was stirred #h at
100°C. After being cooled to room temperature, MeOH (10 mL) was
added. The reaction mixture was partitioned between EtOAc (200 mL)
and HO (200 mL), and the organic layer was washed wit®H200
mL) and brine (50 mL), dried (N&QOy), and evaporated under reduced
pressure. The residue was purified by column chromatography,(SiO
10% EtOAc/hexane) to givE6a (3.97 g, 99% as a colorless syrup):
[a]p —27.2 (c 1.05, CHCY); *H NMR (CDCls, 500 MHz) 6 6.50 (d,
1H,J = 6.6 Hz), 4.81 (m, 1H), 4.53 (br s, 1H), 4.23 (dd, 1H= 2.0,
4.0 Hz), 3.77 (m, 1H), 3.71 (s, 3H), 0.90 (s, 9H),0.83 (s, 9H), 0.13 (s,
3H), 0.12 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H¥C NMR (CDCk,125
MHz) 6 169.7, 144.3, 101.6, 75.8, 64.5, 52.2, 25.9, 25.8,4,—4.7,
—4.8,—4.9; MS (FAB)m/z 402 (MH"). Anal. Calcd for GoHzgOsSiy:
C, 56.67; H, 9.51. Found: C, 56.55; H, 9.67.

Methyl (3,4-Di-O-triisopropylsilyl- p-glucuronate)glycal (26b).In
a manner similar to that described 284, reaction 0f25(2.00 g, 11.4
mmol) with TIPSCI (7.38 mL, 34.2 mmol) and imidazole (4.66 g, 68.4
mmol) in DMF (50 mL) and purification by column chromatography
(SiO,, 10% EtOAc/hexane) gaveb (5.24 g, 95% as a colorless
syrup): o —24.8 (¢ 1.12, CHCY); *H NMR (CDCls, 500 MHz) 6
6.52 (d, 1H,J = 6.4 Hz), 4.90 (m, 1H), 4.64 (br s, 1H), 4.47 (dd, 1H,
J= 2.0, 4.0 Hz), 3.95 (ddd, 1H] = 1.2, 2.0, 4.0 Hz), 3.70 (s, 3H),
1.87-1.04 (m, 42H);**C NMR (CDCk, 125 MHz) ¢ 168.8, 143.5,

0 170.8, 76.6, 74.5, 72.8, 69.6, 54.1, 52.5, 25:9,1, —4.6, —4.7,
—4.9; MS (FAB) vz 419 (MH"). Anal. Calcd for GgH3s06Siz: C,
54.51; H, 9.15. Found: C, 54.28; H, 9.02.

Methyl (3,4-Di-O-triisopropylsilyl-2,3-anhydro)- p-glucuronate
(27b). In a manner similar to that described f@7a, the reaction of
26b(1.94 g, 4.00 mmol) with an acetone solution of dimethyldioxirane
(ca. 0.05 M, 100 mL, 5.00 mmol) ga&¥b (2.03 g, quantitative as a
foam): 'H NMR (CDCls, 500 MHz)6 5.30 (s, 1H), 4.33 (s, 1H), 4.31
(br's, 2H), 3.72 (s, 3H), 3.09 (br s, 1H), 1:18.04 (m, 42H)*°C NMR
(CDCls, 125 MHz) ¢ 169.8, 132.5, 130.8, 129.0, 128.8, 125.3, 75.5,
73.1, 67.4, 53.2, 52.0, 18.8, 18.7, 18.6, 18.3, 17.9, 14.0, 12.8, 12.7,
12.4,12.3, 12.1; MS (FABjWz 503 (MH").

Methyl (3-O-tert-Butyldimethylsilyl-4- O-tert-butyldiphenylsilyl-
2,3-anhydro)b-glucuronate (27c). In a manner similar to that
described for27a the reaction o26¢ (2.10 g, 4.00 mmol) with an
acetone solution of dimethyldioxirane (ca. 0.05 M, 100 mL, 5.00 mmol)
gave27c¢(2.21 g, quantitative)*H NMR (CDCl;, 500 MHz)6 7.74—

7.36 (M, 10H), 5.12 (d, 1H] = 2.4 Hz), 4.18 (br s, 2H), 4.07 (dd, 1H,
J=1.9, 3.8 Hz), 3.57 (s, 3H), 3.01 (d, 1H= 1.4 Hz), 1.09 (s, 9H),
0.74 (s, 9H),—0.09 (s, 3H),—0.14 (s, 3H);**C NMR (CDCk, 125
MHz) 6 169.8, 132.5, 130.8, 129.0, 128.8, 125.3, 75.5, 73.1, 67.4, 53.2,
52.0, 18.8, 18.7, 18.6, 18.3, 17.9, 14.0, 12.8, 12.7, 12.4, 12.3, 12.1;
MS (FAB) m/z 543 (MH*). Anal. Calcd for GoHax06Sk: C, 64.17;

H, 7.80. Found: C, 64.68; H, 7.76.

Methyl 3,4-Di-O-tert-butyldimethylsilyl-1-phenylthio- p-glucur-
onate (28a)Boron trifluoride diethyl ether complex (4€., 0.4 mmol)
was added dropwise to a mixtureita(1.67 g, 4.00 mmol) and PhSH
(4.11 mL, 40.0 mmol) in CECl; (40 mL), and the mixture was stirred
for 30 min at—40 °C. The mixture was washed with saturated aqueous
NaHCG; (40 mL), HO (50 mL), and brine (50 mL), dried (N&Oy),
and evaporated under reduced pressure. The residue was purified by
column chromatography (S¥D75% benzene/hexane) to gi28a as

101.1, 755, 70.7, 64.2, 52.2, 18.3, 18.2, 18.2, 18.1, 18.1, 17.9, 12.8,an inseparable anomeric mixture (1.44 g, 80% as a colorless syrup,

12.7, 12.6, 12.6, 12.4, 12.3, 12.1; MS (FABJz 443 (MH" — i-Pr).
Anal. Calcd for GsHseOsSiz: C, 61.68; H, 10.35. Found: C, 61.31;
H, 10.11.

Methyl (3-O-tert-Butyldimethylsilyl-4- O-tert-butyldiphenylsilyl-
D-glucuronate)glycal (26¢).A mixture of 25 (107 mg, 0.61 mmol),
TBSCI (110 mg, 0.73 mmol), and imidazole (99.7 mg, 1.46 mmol) in
DMF (5 mL) was stirred fo2 h atroom temperature. After MeOH (2
mL) was added, the mixture was partitioned between EtOAc (50 mL)
and HO (50 mL), and the organic layer was washed witsOH20
mL) and brine (20 mL), dried (N&Qs), and evaporated under reduced
pressure. A mixture of the above residue, TBDPSCI (288 0.92
mmol), and imidazole (125 mg, 1.80 mmol) in DMF (5 mL) was stirred
for 4 h at 100°C. After MeOH (2 mL) was added, the reaction mixture
was partitioned between EtOAc (50 mL) and@H(50 mL), and the
separated organic layer was washed wif©®H20 mL) and brine (20
mL), dried (NaSQy), and evaporated under reduced pressure. The
residue was purified by column chromatography ($i0% EtOAc/
hexane) to give6c (298 mg, 93% as a colorless syrupp]f —8.15
(c 1.34, CHCHY); *H NMR (CDClz, 500 MHz) ¢ 7.72-7.38 (m, 10H),
6.51 (d, 1H,J = 6.3 Hz), 4.85 (m, 1H), 4.52 (br s, 1H), 4.32 (dd, 1H,
J=1.2,5.6 Hz), 3.77 (m, 1H), 3.56 (s, 3H), 1.05 (s, 9H), 0.72 (s, 9H),
—0.14 (s, 3H),—0.17 (s, 3H);¥*C NMR (CDCh, 125 MHz) 6 168.6,

the ratio ofoa/8 = 39/61): MS (FAB)m/z 528 (M*). Anal. Calcd for
CosH1406SSh: C, 56.78; H, 8.39. Found: C, 56.93; H, 8.09. For
pB-anomer: *H NMR (CDClz, 500 MHz) ¢ 7.57 (d, 2H,J = 7.5 Hz),
7.33-7.18 (t, 3H), 5.16 (d, 1HJ) = 5.8 Hz), 4.30 (t, 1HJ = 3.8 Hz),
4.27 (d, 1H,J = 3.1 Hz), 3.85 (t, 1HJ = 4.3 Hz), 3.67 (s, 3H), 3.22
(d, 1H,J = 7.7 Hz, exchanged with @), 0.89 (s, 9H), 0.88 (s, 9H),
0.18 (s, 3H), 0.17 (s, 3H), 0.15 (s, 3H), 0.11 (s, 3HE NMR (CDCE,
125 MHz)6 169.9, 135.5, 133.1, 129.4, 129.0, 87.1, 72.8, 71.8, 70.7,
64.4, 52.1, 26.2, 25.9, 18.6, 18.1,4.1, —4.2, —4.8, —4.9. For
o-anomer: *H NMR (CDCl;, 500 MHz) ¢ 7.71 (d, 2H,J = 7.7 Hz),
7.33-7.18 (t, 3H), 5.94 (s, 1H), 4.48 (s, 1H), 4.20 (t, 1H+ 1.4 Hz),
3.98 (t, 1H,J = 3.4 Hz), 3.95 (s, 1H), 3.73 (m, 2H), 3.72 (s, 3H), 0.94
(s, 9H), 0.85 (s, 9H), 0.18 (s, 3H), 0.17 (s, 3H), 0.07 (s, 3H), 0.06 (s,
3H); 1*C NMR (CDClk, 125 MHz)6 169.7, 143.7, 133.1, 127.3, 126.4,
81.7, 77.8, 75.6, 73.1, 72.2, 69.9, 26.0, 25.8, 18.2, 11473, —4.5,
—4.5,—-4.6.

Methyl 3,4-Di-O-triisopropylsilyl-1-phenylthio- p-glucuronate (28b).
In a manner similar to that described 283, reaction of27b (2.03 g,
4.00 mmol) with BB-OEt (49 uL, 0.4 mmol) and PhSH (4.11 mL,
40.0 mmol) in CHCI, (40 mL) and purification by column chroma-
tography (SiQ, 75% benzene/hexane) ga28b as an inseparable
anomeric mixture (1.53 g, 63% as a colorless syrup, the ratidf

143.8, 136.0, 135.9, 133.7, 133.5, 130.2, 128.1, 128.0, 101.2, 74.9,60/40): MS (FAB)m/z 613 (M"). Anal. Calcd for GiHs¢0sSSh: C,

71.0, 63.6, 52.0, 27.1, 25.9,4.5,—4.9; MS (FAB)n/z 469 (MH' —
t-Bu). Anal. Calcd for GoH420sSk: C, 66.12; H, 8.04. Found: C, 66.32;
H, 7.97.

Methyl (3,4-Di-O-tert-butyldimethylsilyl-2,3-anhydro)-p-glucur-
onate (27a).A solution of 26a (200 mg, 0.40 mmol) in CkCl, (4
mL) was added dropwise to an acetone solution of dimethyldioxirane
(ca. 0.05 M, 10 mL, 0.50 mmol), and the mixture was stirred for 2 h

60.74; H, 9.21. Found: C, 60.42; H, 9.53. Foanomer: 'H NMR
(CDCls, 500 MHz) 6 7.59 (d, 2H,J = 7.3 Hz), 7.32-7.19 (m, 3H),
5.35 (d, 1H,J = 5.8 Hz), 4.68 (d, 1HJ = 2.3 Hz), 4.54 (s, 1H), 4.12
(d, 1H,J = 6.5 Hz), 3.82 (m, 1H), 3.66 (s, 3H), 3.20 (d, 18= 8.8

Hz, exchanged with D), 1.12-1.04 (m, 42H);*3C NMR (CDCl,

125 MHz)6 171.1, 136.6, 132.4, 130.0, 127.4, 87.0, 74.6, 73.6, 72.3,
71.2,53.1,19.5,19.3, 19.2, 19.1, 13.6, 13.4. fF@anomer: *H NMR

at room temperature. After most of the acetone was removed under(CDCls, 500 MHz)6 7.70 (d, 2H,J = 7.0 Hz), 7.3%+7.22 (m, 3H),

reduced pressure, the residue was dissolved isgOCHdried (NaSQy),

5.99 (s, 1H), 4.58 (s, 1H), 4.43 (m, 1H), 4.20 (t, 1H= 3.3 Hz), 4.05

and filtered, and the filtrate was evaporated under reduced pressure tod, 1H,J = 10.1 Hz, exchanged with D), 3.82 (m, 1H), 3.69 (s,
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3H), 1.12-1.00 (m, 42H)23C NMR (CDCl, 125 MHz)6 170.7, 144.6,

Ichikawa et al.

50% benzene/hexane) gave an inseparable anomeric mixti@cof

136.9, 130.6, 130.0, 128.2, 102.2, 82.9, 76.6, 73.5, 71.8, 65.2, 19.3,(1.75 g, 99% as a colorless syrup, the ratiadff = 74/26): MS (FAB)

19.2, 19.1, 18.9, 13.7, 13.5.

Methyl 3-O-tert-Butyldimethylsilyl-4- O-tert-butyldiphenylsilyl-1-
phenylthio-p-glucuronate (28c).In a manner similar to that described
for 284 reaction of27c¢ (2.71 g, 4.00 mmol) with BEFOEL (49 uL,
0.4 mmol) and PhSH (4.11 mL, 40.0 mmol) in &, (40 mL) and
purification by column chromatography (SiOr5% benzene/hexane)

m/z 651 (MH"). Anal. Calcd for GsHeOsSSb-1/6benzene: C, 65.12;

H, 7.13. Found: C, 65.22; H, 7.26. Faranomer:*H NMR (CDCl,

500 MHz) 6 7.73-7.26 (m, 15H), 5.74 (s, 1H), 4.70 (d, 1= 4.0

Hz), 4.56 (s, 1H), 3.87 (d, 1H, = 4.0 Hz), 3.65 (s, 3H), 0.95 (s, 9H),
0.89 (s, 9H),—0.18 (s, 3H),—0.19 (s, 3H);**C NMR (CDCk, 125
MHz) ¢ 199.0, 168.6, 136.1, 135.9, 135.7, 132.2, 130.1, 129.0, 127.8,

gave28cas an inseparable anomeric mixture (1.96 g, 75% as a colorless127.7, 86.4, 77.9, 74.1, 73.3, 52.1, 26.8, 26.7.fFanomer:'H NMR

syrup, the ratio ob/ = 72/28): MS (FAB)m/z652 (M*). Anal. Calcd
for CssH4806SSb0.5benzene: C, 65.95; H, 7.42. Found: C, 65.98; H,
7.41. Fora-anomer: *H NMR (CDClz, 500 MHz) 6 7.89-7.46 (m,
15H), 5.67 (d, 1H,) = 5.0 Hz), 4.64 (d, 1HJ = 1.7 Hz), 4.55 (s, 1H),
4.17 (t, 1H,J = 3.0 Hz), 3.99 (m, 1H), 3.72 (d, 1H] = 7.8 Hz,
exchanged with BD), 3.64 (s, 3H), 1.23 (s, 9H), 0.94 (s, 9H), 0.40 (s,
3H), 0.00 (s, 3H)#C NMR (CDCk,125 MHz)¢ 169.7, 1362-126.3,
86.5, 73.1, 72.4, 71.4, 51.8, 27.2, 27.2, 25.9, 19.3, 19.2, 1&3),
—5.1. Forp-anomer: *H NMR (CDCls, 500 MHz) 6 7.89-7.46 (m,
15H), 6.10 (s, 1H), 4.57 (s, 1H), 4.37 (t, 18= 1.6 Hz), 4.24 (d, 1H,
J=11.9 Hz, exchanged with D), 4.20 (t, 1HJ = 3.4 Hz), 3.99 (m,
1H), 3.68 (s, 3H), 1.30 (s, 9H), 0.89 (s, 9H), 0.05 (s, 3HD.03 (s,
3H); 3C NMR (CDCk, 125 MHz) 6 169.4, 1362-126.3, 81.6, 76.1,
72.2,71.2, 70.0, 26.8, 25.8, 19.3, 18-35.0, —5.2.

Methyl 3,4-Di-O-tert-butyldimethylsilyl-1-phenylthio-2-ulos-p-
glucuronate (29a).A mixture of 28a(1.31 g, 2.48 mmol, the ratio of
o/fp = 39/61) and DessMartin periodinane (1.26 g, 2.98 mmol) in
CHCl, (25 mL) was stirred fo3 h atroom temperature. After a mixture
of saturated aqueous NaHg¢@nd saturated aqueous 48z0; (5:1)
was added, the mixture was vigorously stirred until the organic layer
turned clear. The separated organic layer was washed with (BO
mL) and brine (50 mL), dried (N&Q;), and evaporated under reduced
pressure. The residue was purified by column chromatography,(SiO
50% benzene/hexane) to gi28aas an inseparable anomeric mixture
(1.23 g, 94% as a colorless syrup, the ratioff = 39/61): MS (FAB)
m/z 527 (MH"). Anal. Calcd for GsH4,0¢SSk: C, 57.00; H, 8.04.
Found: C, 56.81; H, 7.80. F@ranomer:'H NMR (CDCls, 500 MHz)
07.50 (d, 2HJ = 7.0 Hz), 7.23-7.15 (m, 3H), 5.47 (s, 1H), 4.45 (dd,
1H,J = 3.3, 5.4 Hz), 4.33 (d, 1H] = 3.3 Hz), 3.96 (d, 1H]) = 5.4
Hz), 3.69 (s, 3H), 0.79 (s, 9H), 0.76 (s, 9H), 0.01 (s, 3H), 0.00 (s, 3H),
—0.01 (s, 3H),—0.08 (s, 3H);*3C NMR (CDCk, 125 MHz) 6 199.2,

(CDCls, 500 MHz) 6 7.73-7.26 (m, 15H), 6.41 (s, 1H), 4.66 (s, 1H),
4.58 (d, 1HJ = 4.0 Hz), 3.89 (d, 1HJ = 4.0 Hz), 3.62 (s, 3H), 0.93
(s, 9H), 0.91 (s, 9H);-0.14 (s, 3H),~0.21 (s, 3H)*C NMR (CDCE,
125 MHz) 6 193.4, 164.7, 135.8, 135.7, 135.6, 133.9, 132.2, 131.9,
129.8, 127.6, 127.5, 86.3, 76.2, 76.6, 76.1, 50.9, 26.7, 26.5.
N¢-Benzoyl-9-[methyl 6,10-Anhydro-3,8,9-triO-(tert-butyldime-
thylsilyl)-2- O-methyl-o-p-arabino-L-ido-7-undeculofuranuronyljad-
enine (30ae) and N8-Benzoyl-9-[methyl 6,10-Anhydro-3,8,9-triO-
(tert-butyldimethylsilyl)-2- O-methyl-f-p-arabino-b-gluco-7-unde-
culofuranuronate]adenine (30a8). A THF solution of Sm} (0.1 M,
7.0 mL, 0.70 mmol) was cooled te40 °C, and then29a (168 mg,
0.32 mmol) in THF (3 mL) was added dropwise to the mixture. After
the TLC analysis indicated the disappearanc23# oxygen gas was
passed through the mixture. Theh(160 mg, 0.32 mmol) in THF (3
mL) was added dropwise to the above mixture, and the whole was
stirred for 15 min at the same temperature. After the mixture was
allowed to warm to room temperature, saturated aqueousCNMas
added. The mixture was filtrated through a Celite pad, the filtrate was
partitioned between EtOAc (50 mL) and.® (50 mL), and the
separated organic layer was washed with saturated aqueous NaHCO
(50 mL) and brine (30 mL), dried (N&8Q), and evaporated under
reduced pressure. The residue was purified by flash column chroma-
tography (SiQ, 40% EtOAc/hexane) to giveéOa-o (22.8 mg, 16% as
a white foam) and30af (123 mg, 42% as a white foam). For
o-anomer: §]p —45.0° (c 1.10, CHCH); *H NMR (CDCl, 500 MHz)
0 9.02 (br s, 1H, exchanged with,D), 8.83 (s, 1H), 8.40 (s, 1H),
8.03 (d, 2HJ = 7.6 Hz), 7.61 (t, 1HJ) = 7.4 Hz), 7.53 (t, 2H) = 7.6
Hz), 6.23 (s, 1H), 4.56 (m, 2H), 4.52 (m, 3H), 3.99 (br s, 1H), 3.86 (d,
1H,J = 2.8 Hz), 3.80 (s, 3H), 3.71 (d, 1H,= 5.1 Hz), 3.61 (s, 3H),
0.89 (s, 9H), 0.85 (s, 9H), 0.74 (s, 9H), 0.13 (s, 3H), 0.11 (s, 3H), 0.10
(s, 3H), 0.07 (s, 3H), 0.02 (s, 3H);0.08 (s, 3H);**C NMR (CDCE,

169.1, 133.4, 132.2, 128.9, 128.1, 127.7, 86.9, 78.9, 76.3, 74.0, 52.5,125 MHz) 6 203.0, 170.1, 152.4, 150.7, 149.1, 141.9, 133.8, 132.6,

26.0, 25.8,-4.8, —4.9, —5.1. Fora-anomer: 'H NMR (CDCl;, 500
MHz) 6 7.45 (d, 2H,J = 7.0 Hz), 7.23-7.15 (m, 3H), 5.75 (s, 1H),
4.68 (d, 1HJ = 5.8 Hz), 4.17 (dd, 1H) = 5.8, 12.8 Hz), 4.17 (d, 1H,

J = 12.8 Hz), 3.70 (s, 3H), 0.84 (s, 9H), 0.80 (s, 9H), 0.03 (s, 3H),
—0.04 (s, 3H),—0.05 (s, 3H),~0.09 (s, 3H)*C NMR (CDCk, 125

MHz) 6 198.1, 169.1, 132.8, 132.1, 129.2, 128.3, 88.2, 78.1, 75.5, 75.4,

52.4, 25.8, 25.7+-3.8, —4.1, —4.5.

Methyl 3,4-Di-O-triisopropylsilyl-1-phenylthio-2-ulos-p-glucur-
onate (29b).In a manner similar to that described 84 the reaction
of 28b (1.39 g, 2.28 mmol, the ratio af/f = 60/40) with Dess
Martin periodinane (1.16 g, 2.74 mmol) in GEl; (25 mL) and
purification by column chromatography (SiC60% benzene/hexane)

132.5,128.7, 127.8,122.8, 90.6, 88.5, 82.1, 80.7, 77.9, 75.7, 75.1, 73.4,
69.9, 58.2,52.4, 25.7, 25.6, 25.5, 18.3, 18:@,7,—4.8,—4.9,-5.1;

MS (FAB) m/z917 (MH"); exact MS (FAB) calcd for GH7oNs011Sis
916.4379, found 916.4398. Anal. Calcd fars8esNs011Siz: C, 56.36;

H, 7.59; N, 7.64. Found: C, 55.90; H, 7.47; N, 7.69. Beanomer:
[a]p +5.08 (c 1.15, CHCY); *H NMR (CDCl;, 500 MHz) 6 9.00 (br

s, 1H, exchanged with @), 8.82 (s, 1H), 8.65 (s, 1H), 7.92 (d, 28,
=7.5Hz), 7.61 (t, 1HJ) = 7.2 Hz), 7.53 (t, 2HJ) = 7.3 Hz), 6.23 (s,
1H,J = 3.6 Hz), 4.97 (d, 1H)J = 7.1 Hz), 4.47 (d, 1H) = 7.1 Hz),
4.56 (dd, 2HJ = 3.2, 6.6 Hz), 4.37 (m, 2H), 4.26 (d, 1B= 4.5 Hz),
3.72 (s, 3H), 3.64 (d, 1H] = 4.4 Hz), 3.44 (s, 3H), 0.89 (s, 9H), 0.85
(s, 9H), 0.84 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H), 0.11 (s, 3H), 0.07 (s,

gave29bas an inseparable anomeric mixture (1.12 g, 81% as a colorless3H), 0.04 (s, 3H), 0.02 (s, 3H}*C NMR (CDCk, 125 MHz)¢ 205.6,

syrup, the ratio o3 = 60/40): MS (FAB)n/z611 (M"). Anal. Calcd
for Cs1Hs406SSh: C, 60.94; H, 8.91. Found: C, 60.83; H, 8.83. For
o-anomer: *H NMR (CDClz, 500 MHz)é 7.62 (d, 2H,J = 7.0 Hz),
7.31-7.22 (m, 3H), 5.65 (s, 1H), 4.92 (d, 1H,= 4.3 Hz), 4.6 (s,
1H), 4.15 (d, 1HJ = 4.3 Hz), 3.79 (s, 3H), 1.121.00 (m, 42H)3C
NMR (CDCl3,125 MHz) 6 199.2, 169.1, 133.4, 132.2, 129.2, 128.3,
127.7, 86.9, 78.9, 76.3, 74.0, 52.5, 25.9, 25.8.f~anomer:'H NMR
(CDCl;, 500 MHz) 6 7.64 (d, 2H,J = 7.0 Hz), 7.31+7.22 (m, 3H),
6.42 (s, 1H), 4.85 (d, 1H] = 4.1 Hz), 4.70 (s, 1H), 4.19 (d, 1H,=
4.1 Hz), 3.78 (s, 3H), 1.121.00 (m, 42H);*3C NMR (CDCk, 125

169.0, 152.2, 151.0, 149.1, 142.0, 133.5, 132.3, 128.5, 127.7, 122.7,
89.2, 86.7, 80.3, 77.3, 77.2, 77.0, 76.7, 76.5, 76.1, 75.8, 75.3, 74.2,
68.0, 58.4, 52.0, 25.6, 25.5, 25.4, 18.1, 17.8, 1#4.8,—4.8, 5.0,
—5.0,—5.1,—-5.2; MS (FAB)m/z 917 (MH"); exact MS (FAB) calcd
for Cs3H70NsO11Sis 916.4379, found 916.4352. Anal. Calcd for
Cu3HedNsO11Sis: C, 56.36; H, 7.59; N, 7.64. Found: C, 56.36; H, 7.50;
N, 7.61.

N6-Benzoyl-9-[methyl 6,10-Anhydro-30-(tert-butyldimethylsilyl)-
2-O-methyl-8,9-di-O-(triisopropylsilyl)- a-p-arabino-L-ido-7-undecu-
lofuranuronyl]adenine (30b-a) and N®-Benzoyl-9-[methyl 6,10-

MHz) 6 198.0, 169.0, 132.8, 132.1129.2, 128.3, 128.1, 88.2, 78.1, 75.5, Anhydro-3- O-(tert-butyldimethylsilyl)-2- O-methyl-8,9-di-O-(triiso-

75.4,52.4, 25.8, 25.7.

Methyl 3-O-tert-Butyldimethylsilyl-4- O-tert-butyldiphenylsilyl-1-
phenylthio-2-ulosD-glucuronate (29c).In a manner similar to that
described fo28a, the reaction 028c(1.78 g, 2.74 mmol, the ratio of
o/ = 72/28) with Dess-Martin periodinane (1.39 g, 3.29 mmol) in
CH.CI; (30 mL) and purification by column chromatography (8iO

propylsilyl)- #-p-arabino-p-gluco-7-undeculofuranuronate]adenine
(30b). In a manner similar to that described f80a, from 29b (196
mg, 0.32 mmol),30b-a (122 mg, 38% as a white foam) a@dbf
(103 mg, 33% as a white foam) were obtained after purification by
flash column chromatography (Si10% EtOAc/hexane). Far-ano-
mer: [a]p —32.7 (c 1.06, CHC}); 'H NMR (CDCl;, 500 MHz) 6
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9.08 (br s, 1H, exchanged with;D), 8.83 (s, 1H), 8.39 (s, 1H), 8.03
(d, 2H,J=7.5Hz), 7.61 (t, 1HJ = 7.4 Hz), 7.53 (t, 2HJ) = 7.8 Hz),
6.22 (s, 1H), 4.84 (d, 1H] = 4.3 Hz), 4.61 (s, 1H), 4.58 (br s, 3H),
4.54 (s, 1H), 4.03 (d, 1Hl = 4.3 z), 3.93 (br s, 1H), 3.79 (s, 3H), 3.61
(s, 3H), 3.57 (br s, 1H, exchanged with@®), 1.05-1.01 (m, 42H),
0.73 (s, 9H), 0.13 (s, 3H);0.96 (s, 3H)2C NMR (CDCk, 125 MHz)
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reduced pressure. The residue was purified by flash column chroma-
tography (SiQ, 40% EtOAc/hexane) to giv8la (28 mg, 66% as a
pale yellow foam): §]p —7.55 (c 1.02, CHC}); *H NMR (CDCls,

500 MHz) 6 9.04 (br s, 1H, exchanged with,D), 8.84 (s, 1H), 8.41

(s, 1H), 8.03 (d, 2HJ = 7.5 Hz), 7.61 (t, 1HJ = 7.5 Hz), 7.54 (t, 2H,
J=7.5Hz),6.32 (s, 1H), 6.08 (d, 1H,= 8.1 Hz), 5.36 (dd, 1HJ =

0 203.4,169.9, 164.5, 152.5, 149.0, 141.9, 133.8, 132.5, 128.7, 127.7,2.9, 8.1 Hz), 4.65 (d, 1H] = 1.7 Hz), 4.56 (dd, 1H) = 1.7, 3.8 Hz),
90.5, 88.6, 82.1, 80.3, 77.9, 77.2, 75.1, 74.1, 69.8, 58.2, 52.3, 25.5,4.28 (d, 1H,J = 2.8 Hz), 4.12 (d, 1HJ = 1.7 Hz), 3.99 (d, 1HJ =

17.9, 17.7, 12.15-5.1, —5.2; MS (FAB)m/z 1001 (MH"); exact MS
(FAB) calcd for GgHg2NsO43Sis 1000.5318, found 1000.5320. Anal.
Calcd for GgHsiNsO11Sis: C, 58.83; H, 8.16; N, 7.00. Found: C, 58.62;
H, 8.09; N, 6.75. Fofs-anomer: {]p 1 + 12.1° (c 0.94, CHC}); *H
NMR (CDCls, 500 MHz)6 9.01 (br s, 1H, exchanged with;D), 8.82
(s, 1H), 8.72 (s, 1H), 8.02 (d, 2H,= 7.1 Hz), 7.61 (t, 1H) = 7.4
Hz), 7.53 (t, 2H,J = 7.4 Hz), 6.24 (s, 1H) = 4.9 Hz), 5.16 (d, 1H,
J=7.9Hz),4.82(dd, 1H)= 1.7, 4.0 Hz), 4.62 (dd, 1H = 1.4, 6.8
Hz), 4.54 (d, 1HJ = 6.2 Hz), 4.39 (br s, 1H), 4.32 (m, 2H), 4.10 (d,
1H,J = 4.0 2), 3.70 (s, 3H), 3.37 (s, 3H), 3.29 (br s, 1H, exchanged
with D;0), 1.06-1.00 (m, 42H), 0.87 (s, 9H), 0.11 (s, 3H), 0.06 (s,
3H); 3C NMR (CDCk, 125 MHz)6 206.0, 168.9, 164.4, 152.5, 151.3,

3.9 Hz), 3.77 (s, 3H), 3.61 (s, 3H), 0.89 (s, 9H), 0.86 (s, 9H), 0.76 (s,
9H), 0.15 (s, 3H), 0.13 (s, 3H), 0.10 (s, 3H), 0.07 (s, 3H), 0.02 (s, 3H),
—0.09 (s, 3H);**C NMR (CDCk, 125 MHz) 6 189.2, 168.5, 152.5,
150.8, 149.2, 147.5, 141.9, 133.8, 132.6, 128.7, 127.8, 122.6, 111.3,
91.4, 88.1, 79.6, 76.5, 76.4, 72.8, 72.5, 58.4, 52.4, 25.6, 25.6, 25.5,
18.4, 18.0,-4.8,—4.9,-5.0,-5.0,—-5.1, —5.2; MS (FAB) m/z 899
(MH™); exact MS (FAB) calcd for GHessNsO10Siz 898.4273, found
898.4302. Anal. Calcd for £8Hs7Ns010Siz*H-0: C, 56.36; H, 7.59;
N, 7.64. Found: C, 56.16; H, 7.39; N, 7.68.

Né-Benzoyl-9-[methyl 6,10-Anhydro-30-(tert-butyldimethylsilyl)-
6-dehydro-5-deoxy-8,9-diO-(triisopropylsilyl)-2- O-methyl-a-p-ara-
bino-L-ido-7-undeculofuranuronylladenine (31b).In a manner similar

149.1, 142.3, 133.8, 132.5, 128.7, 127.7, 122.7, 88.8, 86.4, 78.9, 76.5,to that described foBla the reaction o80b (60 mg, 60umol) with
76.2, 75.6, 75.5, 72.1, 67.6, 58.7, 52.0, 25.6, 17.9, 17.8, 17.7, 17.6,Burgess’s inner salt (87 mg, 360mol) in toluene (5 mL) and

12.2,12.0-4.8,-5.0; MS (FAB)m/z 1001 (MH"); exact MS (FAB)
caled for GgHgoNsO1:Siz; 1000.5318, found 1000.5390. Anal. Calcd
for CagHgiNsO11Sis: C, 58.83; H, 8.16; N, 7.00. Found: C, 58.74; H,
8.02; N, 6.99.

N¢-Benzoyl-9-[methyl 6,10-Anhydro-3,80-(tert-butyldimethyl-
silyl)-2-O-methyl-9-O-(tert-butyldiphenylsilyl)- a-p-arabino-L-ido-7-
undeculofuranuronyl]ladenine (30ce)) and N&-Benzoyl-9-[methyl
6,10-Anhydro-3,8-O-(tert-butyldimethylsilyl)-2- O-methyl-9-O-(tert-
butyldiphenylsilyl)- #-p-arabino-p-gluco-7-undeculofuranuronate]ad-
enine (30cp). In a manner similar to that described f80a, from 29c
(300 mg, 0.46 mmol)30c-a (198 mg, 41% as a white foam) aBfc{
(135 mg, 29% as a white foam) were obtained after purification by
flash column chromatography (SiO10% EtOAc/hexane). Far-ano-
mer: [o]p —36.3 (c 1.15, CHC}); *H NMR (CDCls, 500 MHz) ¢
9.06 (br s, 1H, exchanged with,D), 8.84 (s, 1H), 8.43 (s, 1H), 8.03
(d, 2H,J = 7.3 Hz), 7.65-7.39 (m, 13H), 6.26 (s, 1H), 4.74 (d, 18I,
= 2.1 Hz), 4.57 (m, 5H), 3.98 (br s, 2H), 3.68 (d, 1H+= 4.2 z), 3.64
(s, 3H), 3.60 (s, 3H), 1.02 (s, 9H), 0.74 (s, 9H), 0.68 (s, 9H), 0.14 (s,
3H), —0.08 (s, 3H),- 0.17 (s, 3H);-0.23 (s, 3H);*3C NMR (CDCE,

125 MHz) ¢ 203.3, 170.2, 152.5, 150.7, 149.1, 141.9, 135.7, 133.8,

purification by flash silica gel column chromatography (§i@0%
EtOAc/hexane) gav8lb (41 mg, 70% as a pale yellow foam)o]p
—13.6> (c 1.02, CHC}); *H NMR (CDCl;, 500 MHz) 6 9.04 (br s,
1H, exchanged with BD), 8.84 (s, 1H), 8.40 (s, 1H), 8.03 (d, 28=

7.6 Hz), 7.61 (t, 1HJ = 7.5 Hz), 7.53 (t, 2H,] = 7.6 Hz), 6.31 (s,
1H), 6.04 (d, 1HJ = 8.2 Hz), 5.39 (dd, 1HJ = 2.9, 8.2 Hz), 4.83
(dd, 1H,J=1.7, 3.6 Hz), 4.75 (s, 1H), 4.26 (d, 18= 2.9 Hz), 4.13

(d, 1H,J = 3.9 Hz), 3.99 (s, 1H), 3.76 (s, 3H), 3.63 (s, 3H), 114
1.02 (m, 42H), 0.76 (s, 9H), 0.04 (s, 3H)0.10 (s, 3H);**C NMR
(CDCls, 125 MHz) 6 189.2, 168.5, 152.5, 150.8, 149.2, 147.5, 141.9,
133.8, 132.6, 128.7, 127.8, 122.6, 111.3, 91.4, 88.1, 79.6, 76.5, 76.4,
72.8,72.5, 58.4, 52.4, 25.6, 25.6, 25.5, 18.4, 18.4.,8, —4.9, 5.0,
—5.0,-5.1,-5.2; MS (FAB)m/z 983 (MH"); exact MS (FAB) calcd
for CaoHgoNsO10Sis 982.5212, found 982.5192. Anal. Calcd for
CuoH79N5010Sis0.5EtOAC: C, 59.67; H, 8.15; N, 6.82. Found: C,
59.26; H, 7.76; N, 7.16.

Né-Benzoyl-9-[methyl 6,10-Anhydro-3,8-diO-(tert-butyldimeth-
ylsilyl)-6-dehydro-5-deoxy-9O-(tert-butyldiphenylsilyl)-2- O-methyl-
o-D-arabino-L-ido-7-undeculofuranuronyl]adenine (31c).In a manner
similar to that described fd14a, the reaction o80c (60 mg, 66umol)

1325, 132.1, 132.0, 130.3, 130.1, 128.7, 127.9, 127.8, 127.7, 122.8,with Burgess’s inner salt (96 mg, 396nol) in toluene (5 mL) and
90.7, 88.5, 82.1, 80.8, 77.2, 75.0, 73.3, 73.1, 70.2, 58.2, 52.2, 26.8, purification by flash silica gel column chromatography (8i@0%

25.6, 25.4, 19.1, 18.1, 18.6;5.1, —5.2, —5.6; MS (FAB)m/z 1041
(MH™); exact MS (FAB) calcd for €H74NsO11Siz 1040.4692, found
1040.4700. Anal. Calcd for4gH7aNsO11Siz*EtOAc: C, 60.66; H, 7.23;
N, 6.21. Found: C, 60.35; H, 7.05; N, 6.25. [Beanomer: §p +11.4
(c 1.06, CHC}); *H NMR (CDCl;, 500 MHz) ¢ 9.03 (br s, 1H,
exchanged with BD), 8.82 (s, 1H), 8.72 (s, 1H), 8.02 (d, 281= 7.3
Hz), 7.60-7.38 (m, 13H), 6.25 (d, 1H] = 4.4 Hz), 5.06 (d, 1HJ) =
7.9 Hz), 4.69 (d, 1H]) = 6.5 Hz), 4.55 (m, 3H), 4.41 (d, 1H,= 6.7
Hz), 4.32 (br s, 2H), 3.84 (d, 1H, = 4.0 Hz), 3.57 (s, 3H), 3.39 (s,
3H), 1.06 (s, 9H), 0.88 (s, 9H), 0.69 (s, 9H), 0.15 (s, 3H), 0.07 (s, 3H),
— 0.16 (s, 3H),—0.17 (s, 3H)**C NMR (CDCk, 125 MHz) 5 206.1,

EtOAc/hexane) gav8l1c (28 mg, 79% as a pale yellow foam)o]p
—22.0¢° (c 0.68, CHC}); *H NMR (CDCl;, 500 MHz) 6 9.12 (br s,
1H, exchanged with ED), 8.84 (s, 1H), 8.43 (s, 1H), 8.03 (d, 28i=

7.5 Hz), 7.61 (t, 1H) = 7.5 Hz), 7.54 (t, 2H,) = 7.5 Hz), 7.49-7.40

(m, 10H), 6.33 (s, 1H), 6.11 (d, 1H,= 8.3 Hz), 5.42 (dd, 1HJ =

2.9, 8.3 Hz), 4.68 (d, 1H] = 1.4 Hz), 4.55 (dd, 1H) = 2.0, 3.6 Hz),
4.32 (d, 1HJ = 2.9 Hz), 4.01 (s, 1H), 3.83 (d, 1H,= 3.6 Hz), 3.65

(s, 3H), 3.64 (s, 3H), 1.06 (s, 9H), 0.78 (s, 9H), 0.69 (s, 9H), 0.09 (s,
3H), 0.07 (s, 3H),—0.14 (s, 3H),—0.15 (s, 3H);33C NMR (CDCk,

125 MHz) 6 181.3, 169.6, 169.3, 163.0, 139.7, 134.6, 132.0, 129.3,
128.1, 111.4, 102.4, 101.7, 100.1, 88.6, 87.2, 84.9, 76.4, 76.2, 75.9,

168.8, 152.5, 151.4, 149.2, 142.3, 135.6, 135.5, 133.8, 132.5, 132.2,71.9, 69.5, 68.4, 63.8, 36.0, 30.3, 27.9, 26.0, 21.4, 2640, —4.2,
130.2, 130.1, 128.7,127.9, 127.8, 127.7, 122.6, 89.0, 86.6, 79.3, 76.7,—4.5, —4.8; MS (FAB) m/z 1023 (MH'"); exact MS (FAB) calcd for
75.7, 75.5, 75.0, 67.8, 58.7, 51.9, 89.0, 86.6, 79.3, 77.3, 77.0, 76.7, CsgH72Ns010Si; 1022.4586, found 1022.4579. Anal. Calcd fogidr -
75.7, 75.5, 75.0, 72.5, 67.8, 58.7, 51.9, 26.8, 25.7, 25.4, 19.2, 18.0,NsO,0Sis: C, 62.26; H, 7.00; N, 6.85. Found: C, 62.54; H, 6.77; N,

17.9,—4.7,—4.8,-5.2,—5.3; MS (FAB)m/z 1041 (MH"); exact MS
(FAB) calcd for GsH7aNsO11Sis 1040.4692, found 1040.4680. Anal.
Calcd for GsH73Ns011Sis*EtOAC: C, 60.66; H, 7.23; N, 6.21. Found:
C, 60.47; H, 6.97; N, 6.50.

N¢-Benzoyl-9-[methyl 6,10-Anhydro-3,8,9-triO-(tert-butyldime-
thylsilyl)-6-dehydro-5-deoxy-2-O-methyl-a-p-arabino-L-ido-7-unde-
culofuranuronyl]adenine (31a). A mixture of 30a (60 mg, 66umol)
and Burgess’s inner salt (96 mg, 3@énol) in toluene (5 mL) was

heated under reflux for 1 h. After being cooled to room temperature,

6.32.

Herbicidin B (1b). A mixture of 31c¢ (50 mg, 55«mol), HCONH,4
(173 mg, 5.5 mmol), and Pd-on-carbon (20%, 15 mg) in MeOH (5
mL) was stirred for 24 h at room temperature. The mixture was filtrated
through a Celite pad, and the filtrate was evaporated under reduced
pressure. The residue was partitioned between EtOAc (5 mL) a@d H
(2 mL), and the separated organic layer was washed with (3 mL)
and brine (3 mL). The organic layer was dried §8&) and evaporated
under reduced pressure. A mixture of the residue in MeOH (5 mL)

the mixture was evaporated under reduced pressure. The residue ircontaining Sm (9.2 mg, 58mol) and b (15 mg, 59«mol) was stirred

EtOAc (30 mL) was washed with 4@ (3 x 20 mL) and brine (10
mL). The organic layer was dried (B&O;) and evaporated under

for 15 min at room temperature. The mixture was evaporated under
reduced pressure, and the residue was partitioned between EtOAc (5
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mL) and HO (2 mL). The organic layer was washed with@H(3 mL) Found: C, 47.89; H, 5.09; N, 14.78.

and brine (3 mL), dried (N&0O,), and evaporated under reduced .
pressure. A solution of the residue in THF (5 mL) containing TBAF Acknowledgment. We thank the Japan Society for Promo-

(1 M THF solution, 50uL, 50 xmol) was stirred for 30 min at 6C. tion of Sciences (S.I_.) for support of this research. Herbicidin
The mixture was evaporated under reduced pressure, and the residu® was generously given by Sankyo Co., Tokyo, Japan.

was purified by preparative TLC (17% MeOH/CHJo give herbicidin . . . . .
B (7.3 mg, 31%): o +55.% (c 0.61, MeOH), litt® [o]o +63 (c 1, Supporting Information Available: General experimental

MeOH); IH NMR (CD;0D, 500 MHz)é 8.59 (s, 1H), 8.11 (s, 1H),  Methods, experimental details for the synthesi8-613, 19ab,
6.08 (s, 1H), 4.58 (t, 1H) = 8.6 Hz), 4.35 (s, 1H), 4.33 (d, 1H,= and20-23, and completéH NMR spectral information fo22,

2.3 Hz), 4.27 (s, 1H), 4.25 (d, 1H,= 3.3 Hz), 3.90 (s, 1H), 3.62 (s, 23, 25, 27b, and synthetic and natural herbicidin B (PDF). This
3H), 3.37 (t, 1H,J = 9.5 Hz), 3.44 (s, 3H), 2.14 (br s, 1H), 2.12 (s, material is available free of charge via the Internet at
1H); %C NMR (CD;OD, 125 MHz)6 171.8, 154.0, 142.4, 94.6,92.2,  http://pubs.acs.org.

89.1,79.7,78.0, 74.4, 73.8, 71.3, 65.5, 58.4, 26.4; MS (FiR)y454

(MH™). Anal. Calcd for GgH23NsOo: C, 47.68; H, 5.11; N, 15.45. JA992608H



