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Full details of the total synthesis of-§-caprazol are described. The key elements of our approach include
the early stage introduction of the aminoribose in a highlelective manner, using the steric hindrance

in the transition state and the construction of the diazepanone by a modified intramolecular reductive
amination. The 5C-glycyluridine derivative9, which was prepared stereoselectively via Sharpless
asymmetric aminohydroxylation, was ribosylated with @a&dkylidene ribofuranosyl donors. It was
revealed that increasing the size of the alkyl substituents of the acetal unit resulted in improving the
stereoselectivity of the anomeric position, and the desired ribo&tleg1"’-3) and 22b (1"-a) were
obtained in 80% yieldZ1kb/22b = 24.0/1) when the ribosyl fluoriddé6 possessing a more sterically
hindered 3-pentylidene group was used. The origin of the stereoselectivity of the ribosylation was also
discussed. Construction of the diazepanone system was optimized with the model al@iéhgaie the
desired diazepanor®8 was obtained in 88% yield via two-step reaction sequence including catalytic
hydrogenation followed by hydride reduction. Application of this method to the aldet/gleccessfully
afforded the diazepanone derivativ&sand46, functional group manipulation of which completed the
total synthesis of{)-caprazol.

Introduction culosisstrains (MIC= 3.13ug/mL), and exhibit no significant
) ) . toxicity in mice. With such excellent biological properties, CPZs
Caprazamycins (CPZs) (Figure 1) were isolated from a  5re expected to become promising leads for the development

culture broth of the Actinomycete straitreptomyces sp  of antituberculosis agents with a novel mode of action.
MK730-62F2 in 2003 and represent the newest members of & caprazol (Figure 25) is a deacylated CPZs whose stereo-

class of naturally occurring'8\-alkyl-5'-3-O-aminoribosyl- chemical structure (56S52"S3"S was recently revealed

glycyluridine antibiotics including liposidomycifgLPMs, 2), through X-ray crystal analysi&and confirmed by total syn-
muraymycing (MRYs, 3), and FR-900493(4), which have been . :
shown to exhibit excellent antimicrobial activity against Gram- _ (2) (8) Isono, K.; Uramoto, M.; Kusakabe, H.; Kimura, K.; 1zaki, K.;

. . . Nelson, C. C.; McCloskey, J. Al. Antibiot, 1985 38, 1617-1621. (b)
positive bacteria. In particular, the CPZs have shown excellentUbukata’ M.. Kimura, K.; Isono, K.; Nelson, C. C.. Gregson, J. M.;

antimycobacterial activity in vitro against drug-susceptible (MIC McCloskey, J. AJ. Org. Chem1992 57, 6392-6403. (c) Ubukata, M.;

= 3.13ug/mL) and multi-drug-resistatMycobacterium tuber-  1sono, K.J. Am Chem Soc, 1988 110 4416-4417. (d) Kimura, K.; Ikeda,
Y.; Kagami, S.; Yoshihama, M.; Suzuki, K.; Osada, H.; Isona] KAntibiot.

1998 51, 1099-1104. (e) Muroi, M.; Kimura, K.; Osada, H.; Inukai, M.;

* Address correspondence to this author. S.I.: phoh@l) 11-706-3228, Takatsuki, A.J. Antibiot. 1997, 50, 103—-104. (f) Kimura, K.; lkeda, Y.;
fax (+81) 11-706-4980. A.M.: phoneH81) 11-706-3763, fax81) 11-706- Kagami, S.; Yoshihama, M.; Ubukata, M.; Esumi, Y.; Osada, H.; Isono,
4980. K. J. Antibiot.1998 51, 647—654. (g) Kimura, K.; Kagami, S.; Ikeda, Y.;

(1) (a) lgarashi, M.; Nakagawa, N.; Doi, N.; Hattori, S.; Naganawa, H.; Takahashi, H.; Yoshihama, M.; Kusakabe, H.; Osada, H.; Isona].K.
Hamada, M.J. Antibiot.2003 56, 580-583. (b) Igarashi, M.; Takahashi, Antibiot. 1998 51, 640-646. (h) Kimura, K.; Miyata, N.; Kawanishi, G.;
Y.; Shitara, T.; Nakamura, H.; Naganawa, H.; Miyake, T.; Akamatsu, Y. Kamio, Y.; Izaki, K.; Isono, K.Agric. Biol. Chem 1989 53, 1811-1815.

J. Antibiot.2005 58, 327-337. (c) Takeuchi, T.; Igarashi, M.; Naganawa, (3) McDonald, L. A.; Barbieri, L. R.; Carter, G. T.; Lenoy, E.; Lotvin,
H.; Hamada, M. JP 2003012687, 2001. (d) Miyake, M.; lgarashi, M.; J.; Petersen, P. J.; Siegel, M. M.; Singh, G.; Williamson, R..Am. Chem.
Shidara, T.; Takahashi, Y. WO 2004067544 2004. Soc.2002 124, 10260-10261.

10.1021/jo701699h CCC: $37.00 © 2007 American Chemical Society
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FIGURE 1. Structures of nucleoside antibiotics possessing tHd-&lkyl-5'-O-aminoribosyl-glycyluridine.
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FIGURE 2. Synthetic strategy of caprazd)(

thesis® The CPZs and the LPMs consist of a uridine, an

5'-,6-, 2"-, and 3"-positions, have been addressed previously
by the construction of the characteristic diazepanone system.
One of the major difficulties posed by the previous synthetic
work is the introduction of the 5-aminoribose moiety after
constructing the uridyldiazepanone moiety. The tertiary amine
contained in the diazepanone structure inhibits the usual
ribosylation promoted by Lewis acid$,and the 5hydroxyl
group is presumed to be in a highly sterically hindered posifion.
In view of these observations, we selected to set up the 5
O-aminoribosyl-glycyluridine structuré prior to the construc-
tion of the diazepanone ring (Figure 2). From a medicinal

aminoribose, and a characteristic diazepanone, rendering thenthemical point of view, this strategy would also be suitable for

intriguing, challenging synthetic targetst® Most of the syn-

examining a general structur@ctivity relationship and for

thetic problems, based on the stereochemical assignment at theynthesizing novel analogues because the-6-aminoribosyl-

(4) (a) Ochi, K.; Ezaki, M.; Morita, I.; Komori, T.; Kohsaka, M. ER
0333177, 1989, A2. (b) Yoshida, Y.; Yamanaka, H.; Sakane, K. JP-H05
78385 1993.

(5) Hirano, S.;
44, 1854-1856.

(6) Spada, M. R.; Ubukata, M.;
1167.

(7) (&) Knapp, S.; Morriello, G. J.; Doss, G. Arg. Lett.2002 4, 603~

Ichikawa, S.; Matsuda, Angew. Chemint. Ed.2005

Isono, Keterocycled992 34, 1147-

606. (b) Knapp, S.; Morriello, G. J.; Nandan, S. R.; Emge, T. J.; Doss, G.

A.; Mosley, R. T.; Chen, LJ. Org. Chem2001, 66, 5822-5831. (c) Knapp,
S.; Nandan, S.; Resnick, Tetrahedron Lett1992 33, 5485-5486. (d)
Knapp, S.; Morriello, G. J.; Doss, G. Aetrahedron Lett2002 43, 5797
5800.

(8) Nakajima, N.;
59, 107-113.

(9) (@) Kim, K. S.; Ahn, Y. H.Tetrahedron Asymmetr1998 9, 3601
3605. (b) Kim, K. S.; Cho, I. H.; Ahn, Y. H.; Park, J. J. Chem. Soc.
Perkin Trans. 11995 1783-1785. (c) Kim, K. S.; Cheong, C. S.; Hahn, J.
S.; Park, J. IBull. Korean Chem. Sod 997, 18, 465-467.

(10) Sarabia, F.; Martin-Ortiz, L.; Lopez-Herrera, FQrg. Lett.2003
5, 3927-3930.

Isobe, T.; Irisa, S.; Ubukata, Meterocycles2003

glycyluridine structurés is predicted to be a pharmacophore of
this class of natural products. However, a key issue associated

(11) (a) Gravier-Pelletier, C.; Milla, M.; Merrer, Y. L.; DepezayElr.

J. Org. Chem.2001, 3089-3096. (b) Gravier-Pelletier, C.; Dumas, J.;
Merrer, Y. L.; Depezay, J. Cl. Carbohydr. Cheml992 11, 969-998. (c)
Merrer, Y. L.; Gravier-Pelletier, C.; Gerrouache, M.; Depezay, J. C.
Tetrahedron Lett1998 39, 385-388. (d) Gravier-Pelletier, C.; Ginisty,
M.; Merrer, Y. L. TetrahedronAsymmetr)2004 15, 189-193. (e) Ginisty,
M.; Gravier-Pelletier, C.; Merrer, Y. LTetrahedron Asymmetry2006 17,
142—-150.

(12) (a) Drouillat, B.; Poupardin, O.; Bourdreux, Y.; Greck, Tetra-
hedron Lett2003 44, 2781-2783. (b) Bourdreux, Y.; Drouillat, B.; Greck,
C. Lett. Org. Chem2006 3, 368—370.

(13) Moore, W. J.; Luzzio, F. ATetrahedron Lett1995 36, 6599
6602.

(14) Introduction of a uracil by the Vorbruggen method following
construction of ribosyl diazepanone was reported to have some drawbacks.
See ref. 7a.

(15) Ichikawa, S.; Shuto, S.; Matsuda, A.Am. Chem. Sod999 121,
102706-10280.
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with the construction of the'§3-O-aminoribosyl-glycyluridine

structure needs to be addressed. It was reported that the

elimination of the fatty acyloxy group of the diazepanone moiety
of the LPMs occurred under basic conditions because they
contain 3-heterosubstituted carboxyl moiet®sCaprazol 5)

as well as the CPZs would also be sensitive to similar basic
conditions. A general method exists for the construction of
B-glycosides, using a glycosyl donor protected with @-2cyl
group, via a neighboring group participati&h.However,
because a B-acyl group is usually deprotected under basic
conditions, this strategy would not be suitable for the synthesis
of 5. Compared to the neighboring group participation strategy,
little attention has been focused on alternative methods to
synthesizes-ribosidest’”*8 The anomeric effect has been used
in pyranose chemistry to construct glycosyl bonds but due to
the weak anomeric effect of furanoses, anomeric selectivities
would be difficult to control® Furthermore, furanosides are
inherently flexible and can adopt both twist and envelope
conformations, which can interconvert via pseudorotational
itineraries?®2121As a result, furanoses can glycosylate through
several different transition states, potentially compromising
anomeric selectivitie® Considering the inherent nature of
furanoses, we planned to lock the conformation of the ribo-
furanose by introducing a cyclic acetal protecting group at the
2,3-hydroxyl groups, that could be deprotected under acidic
conditions, thereby controlling thé-selectivity via the steric
hindrance of the protecting group installed on thé&ce of the
ribofuranose. Recently we have completed the total synthesis
of (+)-caprazol utilizing the above-mentioned concederein,

we provide full details off-selective ribosylation reaction
utilizing a steric hindrance installed on theface of a ribosyl
donor and the total synthesis of)-caprazol.

Control of the p-Selectivity in a Ribosylation Reaction
Utilizing a Steric Hindrance Installed on the a-Face of a
Ribosyl Donor. Our initial objective was to construct a
p-ribofuranoside utilizing the steric hindrance installed on the
o-face of a ribosyl donor to permit direct access to the predicted
pharmacophore of the CPBsThe 3-C-glycyluridine derivative

Hirano et al.

SCHEME 1. Preparation of 5-C-Glycyluridine 9
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conditions, PfitznerMoffatt conditions, PDC, DessMartin
periodinane), was IBX. Since thé-gosition of8 became more
acidic when theo,f-unsaturated ester functionality at the 5
position was introduced, the use of the usual BOM protection
conditions (i.e., BN or PLNEt, CH,Cl,, 0 °C) resulted in near
complete epimerization at thé-gosition. When a Sharpless
aminohydroxylatio?® of 8 was carried out in the absence of
chiral ligands, no diastereoselectivity was observed and com-
pounds9 and 10 (a ratio of 9/10 = 40/60) were obtained in

9, which is a ribosyl acceptor, was prepared as shown in Schemeyg,y yield. The aminohydroxylation with (DHQBAQN as a

1. Oxidation of 2,3-O-isopropylideneuridine )23 with IBX

(3 equiv, MeCN, 80 C)?*followed by a two-carbon elongation
with PrsP=CHCO,Me (1.2 equiv, CHCI,, —20°C) and a BOM
protection of theN-3-position of the uracil moiety by mild
biphasic conditions (1.5 equiv of BOMCI, 4 equiv of }&0;,

0.05 equiv of BuNI, CH.Cl,—H,0O, 66% overall) provided
compound8 (trans/cis= 37/1). The best reagent for the
oxidation of7, furnishing the best quality of the corresponding
aldehyde among other oxidation methods tested (i.e., Swern

(16) Jung, K.; Muller, M.; Schmidt, R. RChem. Re. 2000 100, 4423~
4442.

(17) (&) Uchiro, H.; Mukaiyama, TChem. Lett.1996 271-272. (b)
Mukaiyama, T.; Matsubara, K.; Hora, Mbynthesi€994 1368-1373. (c)
Uchiro, H.; Mukaiyama, TChem. Lett1996 79—80. (d) Mukaiyama, T.;
Shimpuku, T.; Takashima, T.; Kobayashi,Ghem. Lett1989 145-148.

(18) Scott, R. W.; Fox, D. E.; Williams, D. KTetrahedron Lett200Q
41, 8207-8210.

(19) Lowary, T. L.Curr. Opin. Chem. Biol2003 7, 749-756.

(20) Ellervik, U.; Magnusson, Gl. Am. Chem. S0d.994 116, 2340~
2347.

(21) Houseknecht, J. B.; Lowary, T. L.; Hadad, C. 84.Phys. Chem.
2003 107, 5763-5777.

(22) Zhu, X.; Kawatkar, S.; Rao, Y.; Boons, G.dl. Am. Chem. Soc
2006 128 11948-11957.

(23) Asakura, J.; Matsubara, Y.; Yoshihara, 8.Carbohydr. Chem.
1996 15, 231-239.

(24) More, J. D.; Finny, N. SOrg. Lett.2002 4, 3001-3003.
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chiral ligand®28 (15 mol % of KJOs(OH)4], 15 mol % of
(DHQD),AQN, 3 equiv of benzyl carbamate, 2.6 equiv of
NaOH, PrOH-H,0, 15 °C, 52%) afforded9 as the major
diastereomer, with the ratio &10 being 86/14. The regiose-
lectivity of the aminohydroxylation reaction was relatively high
compared with that reported in the literattfrand only trace
amounts of the correspondirfyamino-a-hydroxy derivatives
were observed. The stereochemistry of thepdsition of
compounds9 and 10 was determined to be th8 and R
configuration by using the modified Mosher metBddith the
amide derivatived 1 and12, respectively, which were prepared
by deprotection of the Cbz protecting group of eit®eor 10
followed by acylation of the liberated amine with 2-methoxy-
2-trifluoromethylphenylacetic acid. We also found that the

(25) Rudolph, J.; Sennhenn, P. C.; Vlaar, C. P.; Sharpless, KnBew.
Chem, Int. Ed. Engl.1996 35, 2810-2817.

(26) O'Brlen, P.; Oshorne, S. A.; Parkaer, D.Tetrahedron Lett1998
39, 4099-4102.

(27) Tao, B.; Schlingloft, G.; Sharpless, K. Betrahedron Lett1998
39. 2507-2510.

(28) Morgan, A. J.; Masse, C. E.; Panek, JOBg. Lett.1999 1, 1949
1952.

(29) Hoye, T. R.; Rennere, M. K. Org. Chem1996 61, 2056-2064.

(30) Kusumi, T.; Fukushima, T.; Ohtani, |.; Kakisawa, Fetrahedron
Lett. 1991, 32, 2939-2942.
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FIGURE 3. Structure of ribosyl donors used in this study.

aminohydroxylation oB was sensitive to the amount of chiral
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with excellents-selectivity 1/22b = 24.0/1) when activation
was conducted with BFOEL, at 0°C (entry 9). Crystallization
of the mixture gave pur2lb.

We further investigated the effect of theGsubstituent of
ribofuranosyl donor18—20*! and expanded thg-selective
O-ribosylation reaction with other nucleophiles. The ribosylation
was examined with ribosyl donors possessing a variety of
substituents at the 5-position, usiNgCbz+-threonine methyl
ester as a nucleophile, to understand the effect of these
substituents on the stereoselectivity of tkribosylation
reaction, and the results are summarized in Table 2. When the
5-azidoribosy! fluoridel6 was activated with BEOEL at
—30°C, the corresponding ribosid@8aand24awere obtained
in 95% yield with good stereoselectivity at the anomeric position
(23al24a=97/3, entry 1). When a ®-alkyl-substituted ribosyl
fluoride such as a methyl derivativil8 and a more sterically
hindered benzyl derivativé9 were used, the corresponding
ribosides were obtained in 99% and 94% vyield with good
stereoselectivity, respectively (entries 2 and 3). The observed

ligand and to the reaction temperature. Whep a reduced amountigh S-selectivity was not only the case for the azide group,
of (DHQD),AQN was used or when the reaction was conducted and was revealed to be independent from the©-&kkyl
at higher temperatures, the yields and diastereoselectivly of substituent. On the other hand, the stereoselectivity was slightly

were dramatically decreased.
We next examined the ribosylation of thets/droxyl group
of 9 with a variety of ribosyl donof listed in Figure 3, and

decreased to 91/9 when a®acetylribosyl donoR0 was used
(entry 4). Presumably, a neighboring group participation of the
acetyl group to the oxocarbenium intermediate at fhace

the results are summarized in Table 1. First, we screened theand the rate o2 displacement to the intermediate would be
leaving group of ribosyl donors protected with an isopropylidene increased although the stereoselectivity was still a practical level.

group at the 2- and 3-positions. During the course of synthetic

studies on nucleoside antibiotics by other gré&gsand by

ours>34it was revealed that the glycosylation or the introduction

of a substituent at the sterically encumberéthydroxyl group

of nucleoside derivatives proved quite difficult. Therefore, our
initial attempts focused on finding glycosyl donors known to

be highly reactive, for example, the sulfoxide and the
trichloroacetimidatel4. When 13 was activated with B in

CH,ClI, at —40 °C 3 the corresponding ribosidé@daand22a

were obtained in 80% yiel?f however, noB-selectivity was
observed (entry 1). The ribosylation wit4 by using TfOH as
an activator also resulted in rfbselectivity (entry 2§7 On the
other hand, when the ribosyl fluoride5 was activated with
BF5-OEL%83%at 0°C, the riboside®1laand22awere obtained

in 72% yield with moderate stereoselectivity at the anomeric

position RQlal22a= 2.8/1, entry 3). Lower temperature did not

affect the selectivity (entry 4). When other activators, including

AgOTf/ICpHfCI,,* AgOTf/SnCh,** or AgCIO,/SnCh, were
used, the stereoselectivity did not improve (entrie§p Further
exploration with the ribosyl fluoridel6 possessing a more
sterically hindered 3-pentylidene group afforded the de<ddd

(31) Preparation of donors can be found in the Supporting Information.

(32) Beader, J. R.; Dewis, M. L.; Whiting, D. A. Chem. SocPerkin
Trans. 11995 227-233.

(33) Knapp, S.; Nandan, S. R. Org. Chem1994 59, 281-283.

(34) Ichikawa, S.; Matsuda, ANucleoside Nucleotides Nucleic Acids
2005 24, 319-329.

(35) Kahne, D.; Walker, S.; Cheng, Y.; Engen, D.¥ Am. Chem. Soc.
1989 111, 6881-6882.

(36) The stereochemistry of thé-position was confirmed by NOESY
correlations between H“land H-4' for the -riboside and the typical small
coupling constanty; > = 0—1.6 Hz) for the 2,39-alkylidene protected
ribofuranoside observed in thel NMR spectrum.

(37) Schmidt, R. R.; Michel, JAngew. Chemint. Ed.198Q 19, 731—
732.

(38) Nicolaou, K. C.; Chucholoeski, A.; Dolle, R. E.; Randall, J.JL.
Chem. So¢.Chem. Commuril984 1155-1158.

(39) Kunz, H.; Waldmann, HJ. Chem. So¢c.Chem. Commun1985
638-640.

Next, O-ribosylations with other nucleophiles, using the
5-azidoribosyl fluoridel6 as a donor, were examined as shown
in Table 3. Reaction wittN-Cbz+.-serine methyl ester, which
has a primary alcohol, gav&5 in 58% with good selectivity
(Blo. = 95/5, entry 1). Ribosylation with the primary alcohol
of methyl 2,3,5-triO-benzyla-p-glucoside, however, resulted
in a reduced stereoselectivii§/¢ = 82/18, entry 2). When other
secondary alcohols such as choresterol and sterically more
hindered menthol were used as nucleophiles, the stereoselectivity
was moderatef{o. = 81/19-89/11, entries 3 and 4) compared
to the excellent selectivity with-Cbz+.-threonine methyl ester,
which has also a secondary alcohol. In conjunction with the
results observed in the reactions with the primary alcohols,
alcohols at a side chain of the amino acid derivatives, which
have an electron-withdrawing group and are unreactive, exhibit
the betteis-selectivity. These results suggested that the stereo-
selectivity largely depends on the reactivity of the alcohol, but
not the steric hindrance.

During ribosylation, an oxocarbenium intermediate is formed
by the activation of the fluoride. Oxocarbenium ions have a
double-bond character between the endocyclic oxygen and
anomeric carbon atoms. As a result, oxocarbenium ions of
p-ribofuranosides can adopt either of two possible low-energy
conformations, in which C-3 is either above or below the-€-2
C-1-0—C-4 plane, the’E conformer or the E conformer,
respectively*2 To obtain more insight into the factors responsible
for the high g-selectivity with the 2,3-pentylidene protected
ribosyl donors, we optimized these conformers for the two
different 5O-methylribofuranosyl oxocarbenium ions having
the isopropylidene (Figure 4a) and the 3-pentylidene protected

(40) Suzuki, K.; Maeta, H.; Matsumoto, T.; Tsuchihashi;T@&trahedron
Lett. 1988 29, 3571-3574.

(41) (a) Ito, Y.; Ogawa, TTetrahedron Lett1988 29, 3987-3990. (b)
Ogawa, T.; Takahashi, YCarbohydr. Res1985 138 5-9.

(42) Larsen, C. H.; Ridgway, B. H.; Shaw, J. T.; Smith, D. M.; Woerpel,
K. A. J. Am. Chem. So@005 127, 10879-10884.
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TABLE 1. Ribosylation Reactions of 5C-Glycyluridine 9
R R

é(or,, N3 é(o," N3

conditions R O-go( o] R ..Co( o]

g _MSMACHCE cpn O (/_/(rxusolvl+ CbzHN, O (/—/{NBOM
0

o N \_oN .
MeO,C W _\<o MeO,C _< ea- 1)
o O 0 b aaR=H
n X 2 X0 pPR=Me
¢: R =-CH,CH,
entry donor activator (equiv) tempC yield, % ratio 1/22
1 13 Tf,0 (2.0) —40 80 1211
2 14 TfOH (1.0) -15 79 1111
3 15 BFz-OEt (1.5) 0 72 2.8/1
4 15 BFs-OEb (1.2) -30 78 2.7/1
5 15 TMSOTf (1.0) 0 trace
6 15 AgOTf (1.5)/CpHfCI, (1.5) —40 quant. 1.2/1
7 15 AgOTf (1.5)/SnC} (1.5) 0 60 2.0/1
8 15 AgClO; (1.5)/SnC} (1.5) 0 40 2.6/1
9 16 BF3-OEt (1.5) 0 80 24.0/1
10 16 AgOTf (1.5)/CpHfCI; (1.5) —-40 guant. 8.1/1
11 17 BFz-OEt (1.5) 0 75 2.4/1
TABLE 2. Effect of a Substituent at the 5-Position on the TABLE 3. Nucleophilic Substitution Reaction of
Stereoselectivity 3-Pentylidene-Protected Ribosyl Fluoride
BF3OEt,
L_CcoMe N MS4A N
HO' k{ : T\ Or CH,CI * Oy
NHCbz \QW + nucleophile o WQM ! (eq. 3)
R— o, B;Isé?‘ilz R o k‘/COZMe \.><O/ \O><O/
\\/_7WF CHiCly v NHCbz b o KKCOZMe 1
. R g (eq. 2)
o_ 0 o. o 6. b NHCbz
N s E = g?w N \){/ entry  nucleophiles products yield (%) ratio (Bfy)
: R =0Me
:R=0B 23
& R=OAc coe N o fFO:Me
1 2 58 95/5
entry donor R yield, % ratioA3/24 Ho/\,‘:HCbZ \QWO NHCbz
1 16 N3 95 97/3 6,0 2
2 18 OMe 99 96/4 . o
3 19 OBn 94 96/4 AN SWO 6218
4 20 OAc 96 91/9 2 Bnggﬁ o) g # 9
BnO,
OMe \0><)/Bn0 o),

ribofuranosides (Figure 4b) by density functional theory (DFT)
guantum mechanical calculations at the BL3LYP/6-31G**
level #3 From these results, we calculated thedénformer to
be lower in energy than ti& conformer, where the 3-oxy group
was orientated in the pseudoaxial position, in both cés®45

89/11

6_o 7
Two potentially favorable modes of nucleophilic attack are N :
possible for the oxocarbenium ions, and these modes are , : " 76 8119
governed by both ground-state effects and transition-state effects, 3\(27%0\ 9
issues which have been extensively studied by Woerpel“t al. Ho" 5 b
For the oxocarbenium ion in thezEonformer, nucleophilic o

attack from then-face is favored by inside attack in the ground
state to give thet-riboside. However, nucleophilic attack from  diminished resulting in poor selectivity when the oxocarbenium
thea-face of29 or 30 would suffer significant steric interactions  ion 29 with the smaller methyl substituents of the isopropylidene
from one of the alkyl groups of the cyclic ketal moiety in its group is used. Increasing the size of the alkyl substituents such
transition state. Thus, the approach of the nucleophile is as ethyl groups in the 3-pentylidene group would result in severe
steric repulsion on the-face of30, leading to outside attack
(43) (a) Becke, A. DPhys. Re. 1998 38, 3098-3100. (b) Becke, A. with complete reversal of stereoselectivity. This mechanism was

9Dé i?%_?%ﬁggﬁ 37, 785-789. (c) Becke, A. DJ. Phys. Cheml993 further supported by the following experiments. Ribosylation
(44) (a) Chang, G.: Guida, W. C.: Still, W. G. Am. Chem. S0d989 of 9 W|t_h the cyclopentylidene protected ribofuranosyl donor

111, 4379-4386. (b) Saunders, M.; Houk, K. N.; Wu, Y. D; Still, w. c.; 17, which has the same number of carbon atoms as the

Lipton, M.; Chang, G.; Guida, W. C.. Am. Chem. S0d99Q 112, 1419~ 3-pentylidene group, gave the corresponding ribosides with

1427. (c) Halgren, T. AJ. Comput. Chenl999 20, 720-729. (d) Halgren, i — ;
T.'A.'J. Comput. Chem999 20, 730-748. reduced selectivityX1d22c= 2.4/1, entry 11 in Table 1). Thus,

(45) Chamberland, S.; Ziller, J. W.; Woerpel, K. A.Am. Chem. Soc the CyC|OPenty”dene group, held away from the course of t_he
2005 127, 5322-5323. approaching nucleophile, did not exert severe steric repulsion
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a
} . OMe MeQ._ s A
o s
ot s —_
,)\, Z — (o] =
11.2 kealimol Oﬂ "
29-E conformer 29-E; confarmer
b) OMe MeO
+ |
T,
r 0‘&04. . 4 o _
s iy p— /
1.1 kealimol i
30-E confarmer 30-E; conformer

FIGURE 4. Optimized geometries (B3LYP/6-31G**) of the;EEonformers of the oxacarbenium ions of (a) B3sopropylidene-59-methyl-
p-ribofuranose and (b) 2,8-3-pentylidene-59-methylb-ribofuranose

SCHEME 2. Preparation of N-Methyl-2-amino-4-pentene-1,3-diol Derivative 37
1) Mel, NaH, DMF

2) HCIEtOAC
NHBoc TBSCI, imidazole, DMF ~ NHBoc 3) TBSCI, imidazole NHMe
- __OTBDPS - __OTBDPS . __OTBDPS
e 91% A aseps 3% 24
HO TBSO TBSO
21 52 33
NHCbz
HO,C ~OH
34 65%
DEPBT, NaHCO;
THF
TBS? |\|/|e NHCbz O3, CHoCl TBS? I\Ille NHCbz
ore N OTBS SN OR
: o 2 steps, 60% : 0
TBDPSO™ TBDPSO™
37 TBSCI

3BR=H —im
36:R=TBS ~—— mnidazole

on thea-face thereby permitting inside attack, which results in on21b. Optimization of the reductive amination was examined
a poor selectivity, similar to that with the isopropylidene- by using the model compourgY, which was prepared as shown
protected ribofuranosides. This would suggest that the stericin Scheme 28 The secondary alcohol of the 2-amino-4-pentene-
effect in the transition state is largely responsible for the 1,3-diol derivative31,%° prepared fronp-serine in 7 steps, was
excellents-selectivity seen with the ribosyl donds6 in our protected with a TBS group to givé2 (1.2 equiv of TBSCI,
study. Because of the inherent nature of thec&nformation, 3.6 equiv of imidazole, DMF, 89%), which was successively
the terminal methyl substituent of the 3-pentylidene group on N-methylated (2.5 equiv of Mel, 2 equiv of NaH, DMF) and
the a-face is oriented toward the anomeric carbon atom and deprotected (HCI/ACOEt). During the deprotection step of the
not toward the C-4 carbon atom, an orientation that would also isopropylidene group, the TBS group was partially deprotected.
help to prevent the approach of the nucleophile fromotHface Therefore, the crude mixture was re-treated with TBSCI and
of 30. This could be a possible explanation for the large disparity
in the anomeric selectivity observed between the isopropylidene-  (46) Sonntag, L. S.; Schweizer, S.; Ochsenfeld, C.; Wennemer3, H.
and the 3-pentylidene-protected ribofuranosides. It should beAm(-‘l%hg?C-hs%Qoggnlg 1:2?%&(;1;035-0&997 119 1121711223
“Ote‘?' ,that a decreas? fiRselectivity was also O?Served under (48) InitiaI’atté'mpts’to construct the'diazepar;one via deprotectioh of the
conditions where a trifluoromethanesulfonate ion was present chz group in a model compound suchfaillowed by reductive amination
(AQOTTICpHfCly, 21/22b = 8.1/1, entry 10). Presumably a  of the aldehyde, both promoted by catalytic hydrogenation with Pd/C, were
B-O-trifluoromethanesulfony! riboside intermediftesas formed, unsuccessful because of difficulty in hydrogenating the corresponding cyclic

. . imine. Additional forcing conditions under medium pressure gave a 5,6-
followed by S\2 attack of the alcohol to give the undesired gihydrouridine derivati\,?B due to over-reduction P g

o-riboside22hb. o o
Total Synthesis of (+)-Caprazol. After selectively preparing CbzHN  OH (/_'/(NBOM BnO~_—NH OH (_/(NH
the key aminoribosid®1b, we directed our attention to the Me, . o N \( L o N
construction of the characteristic 7-membered diazepanone, the "M% ; ° TBDPSJ\ o/ ?
system on which most of the previous synthetic studies for the B0 7 S b Me 6.
LPMs have been focuséd!® An intramolecular reductive TBOPSG 5 < B N

amination strategy with an amino aldehyde derivative seemed- (49) (2) Gamer, P.: Park, J. M. Org. Chem1988 53, 2079-2984.

to be an efficient way of constructing the diazepanone system, () Gamer, P.; Park, J. M. Org. Chem.1987 52, 2361-2364. (c) Garner,
a strategy we decided to use to install the diazepanone moietypP.; Park, J. MOrg. Synth 1991, 70, 18—28.
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TABLE 4. Formation of a Diazepanone by Intramolecular /\
Reductive Amination H 1 OTBDPS

H H
TBSO ';fl'e NHCbgTBS TBSO NH OTBS ;_% "
oHC Y h } H CHs
. N /

! TBDPSO__

TBDPSO™ N H =
Me
37 38

conditions B ‘ (eq-4) e ;e’

conditions A

TBSO Me NH, FIGURE 5. Key NOESY peaks for diazepanodé.

> N ores TBSOL =N  OTBS
oHC Y TBDPSO.__. /g_\

80PSO” © NN the solvent in the catalytic hydrogenation of the Cbz group was

39 Mo also examined to minimize the silyl group deprotecfidithe
use of a bulkier alcohol as solvent also was expected to minimize

entry  conditions A conditions B (equiv) y';{')d' the formation of the hemiacetal. Hydrogenolysis of the Cbz
group of 37 catalyzed by Pd/C in EtOH followed by hydride
; :z ngg: mggﬂ NaBHCN (2.0, AcOH, EtOAC ”gge reduction with NaBHCN (2 equiv, AcCOH, AcOEt, 46% overall,
3 Hp Pd/C,EtOH  NaBHCN (2.0), AcOH, EtOAc 46 entry 3) improved the yield of the desired8. A better yield
4 Hz, Pd/C, EtOH  NaBH(OAQ)(3.0), AcCOH, EtOAc 60 was obtained with NaBH(OAg)3 equiv, AcOH, AcOEt, 60%
5  Hp Pd/C/PrOH  NaBH(OAc)(4.0), AcOH, EtOAc 88 overall, entry 4). However, cleavage of the silyl ether3®

was still observed in the Cbz-deprotection step when EtOH was

o . . . used as solvent. The use of the more hydrophdBi©H
imidazole in DMF to afford the secondary amine deriva®a improved the yield of38 up to 88% without extensive

(83% overall). The amin83 was coupled with a commercially desilylation.

availableN-Cbz+-threonine34 (1.5 equiv, 3 equiv of 3'(%i' Having established the optimized method for construction of
ethoxyphosphoryloxy)-l,2,3-l3enzotro|a2|n-HO;%one (DEPBTY, the diazepanone structure in our model system, the total
3 equiv of NaHCQ, THF, 0°C, 65%) to give the amid85 gy nihesis of caprazob) was then undertaken (Scheme 3). The
without any racemization. As will be mentioned in the synthesis 55iqe group ir21bwas reduced by Staudinger’s conditions (3
of 43, other coupling conditions such as EDCI and HOBt gave equiv of PPB, 5 equiv of HO, benzene THF, 50°C) to the
unsa_tisfactory results. Prot_ection of the seco_ndar_y alcohol of corresponding amine, which was sequentially protected with a
35with a TBS group (2 equiv of TBSCI, 4 equiv of imidazole, g group to gived1 (2 equiv of BogO, 2 equiv of NaHCQ
DMF) foII_owed py oxidative cleavage of the terminal olefin by g5y overall). Saponification of the methyl ester4 proved
ozonolysis provided the aldehy8& (Os, CHCl, =78°C, 60% {4 pe troublesome. Extensive efforts to obtain the d@ithave
overall), a precursor to the cyclization. In a manner similar 10 peen conducted for hydrolysis 41 under other conditions (i.e.,
previous studies, construction of the diazepanone via deprotec- ;o THF—MeOH—H,0: NaOH, CHCl,—H,0: lipase, aque-
tion of the Cbz group ir87 followed by reductive amination of o MeCN) and demetﬁylation’(PhSH 2093' DMF)’ and

the amino aldehyd89, both promoted by catalytic hydrogena- ey ited in decomposition @l to give a mixture of products
tion of the Cbz and imino groups with Pd/C, was examined in containing arN-Boc-5-amino-2,39-(3-pentylidene)-ribose and
MeOH as the solvent (Table 4, entry 1). However, only a frace g racil. It was suggested that the acidigoton was prone to
amount of the desired diazepandd@was obtained. Careful  rgjease the aminoribosyloxy group Byelimination. In addition,
analysis revealed several drawbacks in the reaction, the firsty,e 3_elimination would be thermodynamically favored because
one being that formation of a cyclic imid, observed on TLC gt hindrance would be reduced by releasing the sterically
and isolable, was disfavored at equilibrium with the linear amino ¢,cumbered aminoribose moiety installed at @feposition.
aldehydess, indicating the presence of a possible conforma- tperefore, the desired carboxylic adé was obtained in only
tional disadvantage in our system. The hemiacetal formation 5oy yield wherd1 was treated with Ba(OH)n aqueous THF.

of 39 with MeOH, also observed on TLC (hexane:AcOEt  coypling of42 with the secondary amir@8 with use of DEPBT
5:1), might explain why the equilibrium favored the linear amino (4 equiv, 1.5 equiv 083, 4 equiv of NaHC@, THF, 0°C, 65%)
aldehyde39.. The slow reaction rate of the imine reduction by  44v6 the amidd3 without any racemization at the-position.
hydrogenation presents another problem as does the removafjgagisfactory results were obtained when other coupling
of the TBS protecting group during the course of the reaction ¢sngitions (i.e., EDCI and HOBt, EDCI and HOAL) were used
process promoted by catalytic hydrogenation in Me®Miith for the preparation of43. Under these conditions, starting
these drawbacks in mind, we modified the conditions in our aerials remained unreacted in the reaction mixture, and only
system to construct the diazepanone. Namely, each of the above, yrace amount 0#3 was obtained. To convert the terminal
troublesome steps in the intramolecular reductive amination o|efin of 43 to an aldehyde, ozonolysis was first tried. However,
process might be overcome by using hydride reagents afteryigation of the double bond at the uracil moiety was favored.
deprotection of the Cbz group on the amino group. Hydride ajernatively, 43 was treated with Os£0.5 mol %, 2.5 equiv

reduction is much more reactive than hydrogenation of imines; ¢ N-methylmorpholineN-oxide, acetoneH,0), and the result-
moreover, dehydration 9 would also be accelerated by the  jq mixture of the diastereomeric diols was oxidatively cleaved
use of hydride reagents to givi. Decreasing the polarity of provide the aldehydd4 (2.7 equiv of NalQ, acetone-

phosphate buffer (pH 7), 60% overall) to afford the precursor
(50) Jiang, H.; Li, X.; Fan, Y.; Ye, C.; Romoff, T.; Goodman, Krg. for the cyclization. Then, the optimized reductive amination

Lett. 1999 1, 91-93. . . i
(51) Desilylation during Pd-catalyzed hydrogenation reactions was condition was applied té4 (H, Pd black/PrOH, followed by
reported. See: Sajiki, H.; Ikawa, T.; Hattori, K.; Hirota, &hem. Commun.

2003 654-655. (52) Dess, D. B.; Martin, J. Cl. Org. Chem1988 48, 4155-4156.
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SCHEME 3. Total Synthesis of {+)-Caprazol
(?o,, R r?o,, NHBoc (?O" NHBoc
1) Hy, Pd black
o---go( o] e} QO( O iPrOH o{_0 o]
cbzHN  © ¢ Neom 33.DEPBT,NaHCO;  CbzHN O /" ‘NBom 2) NaBH(OAc); 1pgq, NH 0 ¢ WH
: THF S AcOH, EtOAc 3
N Me, o M \(\ o N
R0,C e} % R=\ N R ¢} Y h —
" wsd 5 g TBOPSO 4 OH
6. 0 o0 5. €
> TBDPSG > a5 OO 2w
21b: R = N3, R'= Me PPhj, H,0, THF 43:R=CH,—)  0s0,, NMO, acetone-H,0 (CHO),
a1: R=NH3Boc, R = Me—J thena Bozozo 2 steps, 95% 44:R=0 then, NalOy, 2 steps, 60% . NaBH(OAC);
42: R =NHBoc, R' = H Ba(OH),, THF-H,0, 50% AcOH
EtOAc
65%
(?O" NHBoc r? NHBoc
1) Dess-Martin [O]
Ol'\'n‘go( O CcHC o
e
) /{_< 2) NaClO,, NaH,PO, TBSO NH
HE, THF-H,0 TBSO\(\N o N_<NH BUOH-H,0 o N—§ P
(+)-caprazol (5) o m %
50% z ME H\/ 2steps, 56% RO pmd O l-i
48 o><o X 34%
46: R = TBDPS 9
deR=Tl 1 NH,F, MeOH, 72%
SCHEME 4. Reaction Mechanism of Formation of 46
NHBoc NHBoc
H
H,, Pd black
IPrOH N NaBH(OAc), TBSO NH
44 O N
OHC N o 5
0 H\ TBDPSO M OH
TBSO o o_ 0
TBDPSO i >
o
NHBoc NaBH(OAc);
TBSO. NH J
46 o N 45
WINy R o NaBH(OAc);
TBDPSO pd OH
N

4 equiv of NaBH(OAc), AcOH, AcOEt), and the desired
diazepanonet5 was obtained in 24% yield along with its
N-methylated derivativé6, which was the desired product of
the next step of the synthesis, in 34% yield. The structure of
46 was confirmed by several NMR measurements including
HMBC and HMQC. In the diazepanone moiety, the substituents
at the 2’ and 3" positions are placed in the pseudoaxial
orientation as determined by NOESY experiments, where
correlations were observed between H48-1"', and H-4"
(Figure 5). It was presumed that the methyl sourcdGrwas
formaldehyde arising upon deprotection of the BOM protecting
group at theN-3 position. Thus, the formaldehyde generated in
situ reacted with the newly formed secondary amine of the
diazepanonet5 to form the correspondingxoeiminium ion,
which was further reduced with NaBH(OAcj)o afford 46
(Scheme 4). Compound6 could also be prepared froms
((CHO),, 4 equiv of NaBH(OAcy, AcOH, AcOEt, 65%). At

this stage, the remaining steps were functional group manipula-

tions and deprotections. Treatment@&with NH4F (20 equiv,
MeOH, 60%) resulted in selective deprotection of the TBDPS
protecting group at the primary hydroxyl to gi¥&, which was
transformed to the carboxylic ac#B by a two-step sequence
with Dess-Martin periodinan (3.4 equiv, CHCI,) and
NaClO, oxidatiorP® (3.5 equiv, 1 equiv of NapPOy-2H,0, 4.5

equiv of 2-methyl-2-butenéBuOH—H,0, 56% overall). Oxida-
tion of the tertiary amine in the diazepanone was a side reaction
that reduced the chemical yield of8. Finally, a global
deprotection of48 (40% aqueous HF, MeCN, 50%) provided
(+)-(5), [0]?>p +23.8 (€ 0.24, DMSO) [lit*® [o] ' +28 (€ 0.5,
DMSO)], the properties of which were identical in all respects
with those reported for the natural matefial.

Conclusion. In summary, we have described the total
synthesis of {)-caprazol. The key elements of the approach
include the early stage introduction of the aminoribose in a
highly -selective manner, using steric hindrance in the transi-
tion state and construction of the diazepanone by a modified
intramolecular reductive amination. For the ribosylation, it was
revealed that increasing the size of the alkyl substituents of the
acetal unit resulted in severe steric repulsion ondtHace of
the riboside and led to an unusual outside attack to provide
[-ribosides with a complete reversal of stereoselectivity. This
method can be considered as an alternative for the construction
of B-ribosides without neighboring group participation. Con-
struction of the diazepanone structure was optimized and the
reductive amination with a hydride reagent proved to be
effective.

(53) Andres, J. M.; Elena, N. D.; Pedrosa, Retrahedron200Q 56,
1523-1531.
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Experimental Section phenyl), 7.12 (d, 1H, H-6Js5s = 7.7 Hz), 5.74 (d, 1H, H-5Js56 =
_ _ 7.7 Hz), 5.58 (d, 1H, NHJwne = 8.6 Hz), 5.47 (d, 1H, N8
Methyl (E)-1-(3-Benzyloxymethyluracil-1-yl)-5,6-dideoxy-2,3-  0Bn,J = 9.9 Hz), 5.40 (d, 1H, NE,0Bn,J = 9.9 Hz), 5.35 (s,
O-isopropylidene3-p-ribo-5-ene-heptofuranuronate (8) A solu- 1H, H-1), 5.13 (m, 3H, H-3 CO,CH,Ph), 5.08 (dd, 1H, H-2J, 1
tion of 2,3-O-isopropylideneuridine (10.0 g, 41.0 mmol) and IBX  _ 1.6 Hz,Jp 5 = 6.7 HZ), 4.66 (M, 2H, NCbOCH,Ph), 4.58 ’(d
(28.6 g, 103 mmol) in MeCN (400 mL) was heated at°&for 1H. Ho4 ‘\]4' g 5 Hz) '4.42 m H ’H-S 4.15 (m 1’H.H-® ’

1 h. The reaction mixture was cooled in an ice bath, then the white .
precipitates were filtered off. The filtrate was concentrated in vacuo. 3.71 (s, 3H, COEly), 3.26 (br s, 1H, OH), 1.53 (s, 3H, acetonide),

The residue in ChCl, (400 mL) was cooled te-20 °C, to which 1.31 (s, 3H, acetonide}*C NMR (CDCk, 125 MHz) 6 171.2,

a solution of PlP=CHCO,Me (16.4 g, 49.2 mmol) in CKCl, (100 162.3, 157.0, 151.0, 142.2, 137.7, 136.2, 128.5, 128.3, 128.2, 128.0,
mL) was added dropwise. The reaction mixture was stirred at 127.8, 127.6, 114.3, 102.3, 97.8, 87.8, 84.0, 81.2, 72.4, 71.5, 70.4,
—20°C for 1 h. The mixture was diluted with AcOEt, then washed 67.2, 55.6, 52.7, 27.1, 25.1, 11.4; FABMS-HR (NBA) calcd for
with H,O and saturated aqueous NaCl. The organic phase was driedCs;H36N3011 626.2350, found 626.2368.

(Na;SQy), filtered, and concentrated in vacuo. The residue in-CH . . .

Cl, (300 mL) was treated with BOMCI (8.5 mL, 61.5 mmol), Bu Methyl 5-O-[5-Azido-5-deoxy-2,30-(3-pentylidene)-o-ri-

NI (756 mg, 2.05 mmol), and NEO; (17.4 g, 164 mmol) in kD bofuranosyl]-6-benzyloxycarbonylamino-1-(3-benzyloxymethy-
(200 mL). The resulting biphasic layers were vigorously stirred at luracil-1-yl)-6-deoxy-2,3-O-isopropylidene3-p-glycero--talo-

room temperature for 12 h. The organic phase was diluted with heptofuranuronate (21b) and Methyl 5-O-[5-Azido-5-deoxy-2,3-
AcOEt, then washed with ¥0 and saturated aqueous NaCl. The O-(3-pentylidene)ea-p-ribofuranosyl]-6-benzyloxycarbonylamino-
organic phase was dried (b&0y), filtered, and concentrated in  1-(3-benzyloxymethyluracil-1-yl)-6-deoxy-2,32-isopropylidene-

vacuo. The residue was purified by a silica gel column .20 B-p-glyceroL-talo-heptofuranuronate (22b).A mixture of9 (20.0
cm, 25-45% AcOEt-hexane) to afford8 (12.4 g, 66%) as a mg, 0.032 mmol)16 (11.8 mg, 0.048 mmol), and MS4A (100 mg)
colorless syrup: ]*% +52.0 € 1.66, CHC); *H NMR (CDCk, i, cH,Cl, (1 mL) was stirred at-30 °C for 15 min. BR-OEt (1.2

500 MHz) 6 7.32 (m, 5H, phenyl), 7.13 (d, 1H, H-G55 = 8.1
Hz), 7.02 (dd, 1H, H-5 Js ¢ = 15.6 Hz,J5 + = 5.6 Hz), 6.04 (dd,
1H, H-6, J¢ 5 = 15.6 Hz,Js » = 1.5 Hz), 5.76 (d, 1H, H-5)56 =

uL, 0.01 mmol) was added five time$ & h intervals. The reaction
mixture was stirred fo5 h intotal. Saturated aqueous NaHEG

8.1 Hz), 5.57 (d, 1H, H-1 Jv» = 1.3 Hz), 5.48 (d, 1H, N8 mL) was added and the mixture was extracted with AcOEt. The
OBn,J = 9.8 Hz), 5.43 (d, 1H, NE,0Bn,J = 9.8 Hz), 5.04 (dd,  Organic phase was washed with saturated aqueous NaCl, drigd (Na
1H, H-2, Jp.» = 1.3 Hz,J» 3 = 6.4 Hz), 4.87 (dd, 1H, H/3Js » SQOy), filtered, and concentrated in vacuo. The residue was purified

= 6.4 Hz,J3 » = 1.1 Hz), 4.70 (s, 2H, NCKDCH,Ph), 4.66 (ddd, by a silica gel column (6 15 cm, 33% AcOEthexane) to afford
1H, H-4, Jy 3 = 1.1 Hz,Jy 5 = 5.6 Hz,Jy ¢ = 1.5 Hz), 3.70 (s, 21b (20.9 mg, 77%) an@2b (0.8 mg, 3%) each as a white foam.
3H, CO(H3), 1.58 (s, 3H, acetonide), 1.36 (s, 3H, acetonidj; Data for21b: [a]?% +20.2 € 1.36, CHC}); 'H NMR (CDCls,

NMR (CDCls, 125 MHz)6 166.1, 162.4, 150.6, 143.7, 141.1,137.9, 500 MHz)$ 7.38-7.28 (m, 11H, phenyl, H-6), 5.79 (d, 1H, NH,
128.3, 127.7, 127.6, 122.3, 114.7, 102.4, 96.0, 86.9, 84.6, 84'0‘JNH ¢ = 9.7 Hz), 5.71 (d, 1H, H-5Js6 = 8.1 Hz), 5.61 (s, 1H,

723, 70.3, 51.7, 27.1, 25.3; FABMS-HR (NBA) calcd for i '1n 548 (. 1H. NG,0Bn, J = 9.7 Hz), 5.43 (d, 1H, Nl

CadHz7N20s 459.1767, found 459.1756. OBn,J = 9.7 Hz), 5.22 (d, 1H, C&CH,Ph,J = 12.1 Hz), 5.12 (s,
Methyl 6-Benzyloxyce_lrbonylan_]|no-l-(3-benzyloxymethylu- 1H, H-17), 5.05 (d, 1H, CGCH,Ph, J = 12.1 Hz), 4.81 (m, 2H
racil-1-yl)-6-deoxy-2,3O-isopropylidene5-p-glycercL-talo-hep- H-2', H-3), 4.70 (s, 2H, NCHOCH,Ph), 4.65 (d, 1H, H-6 J& a1

tofuranuronate (9) and .Methyl 6-Benzyloxygarbonylam|n0-1— = 9.7 Hz), 4.56 (M, 2H, H-2, H-3"), 4.46 (d, 1H, H-5 Jg 5 =
(3-benzyloxymethyluracil-1-yl)-6-deoxy-2,39-isopropylidene-a- ) .

L-glycerop-allo-heptofuranuronate (10).tert-Butyl hypochlorite 7.0 Hz), 4.22 (m, 2H, H-4 H-4"), 3.74 (s, 3H, COEl3), 3.38 (dd,
(1.13 mL, 10.0 mmol) was added to a solution of benzyl carbamate 1H, H-5'a,Js:agb = 12.7 HZ Jy'a4 = 5.6 H2), 3.32 (dd, 1H, H-D,

(1.49 g, 9.87 mmol) in aqueous NaOH (0.6 M, 14 mL) arrOH Jsp5ra = 12.7 HZ,J51p 4+ = 7.9 HZ), 1.59 (M, 2H, @,CH), 1.48
(16.5 mL) at 15°C, and the mixture was stirred for 15 min, then (m, 5H, (H,CHs, acetonide), 1.32 (s, 3H, acetonide), 0.83 (m, 6H,
allowed to reach room temperature. A solution of [DHQEDN CH,CH3 x 2);13C NMR (CDCk, 125 MHz)6 170.5, 162.4, 156.3,
(422 mg, 0.49 mmol) in PrOH (8.3 mL), a solution 8f(1.50 g, 150.9, 140.7, 137.9, 136.3, 128.5, 128.3, 128.2, 127.7, 117.3, 114.9,
3.28 mmol) in PrOH (8.3 mL), and a solution ob®sO(OH)4 113.4, 102.2, 94.6, 86.8, 86.0, 85.4, 83.9, 81.9, 80.8, 78.8, 72.4,
(180 mg, 0.498 mmol) were sequentially added to the mixture. The 70 4 67.2, 54.6, 53.2, 52.8, 29.3, 28.9, 27.1, 25.4, 8.4, 7.4: FABMS-
resulting mixture was stirred at room temperature for 2 h. After p (NBA) calcd for CiHs:NgO14 851.3463, found 851.3447. Data

addition of saturated aqueous 48s0; (100 mL), the reaction Y et
mixture was extracted with AcOEt. The combined organic phases gor7262é).(c[ia]12|_[; —Llléf; € {1;3§C;|ZC):§),7 gﬁy;(fﬁﬂzsogmﬂ;?)
. y , M-0Jgs = 1. y . . ) y ’

were washed with saturated aqueous NaCl, dried$83, filtered,
and concentrated in vacuo. The residue was purified by a silica gel 5.97 (s, 1H, H-1), 5.87 (d, 1H, NHJyue = 8.0 Hz), 5.73 (d, 1H,
column (6 x 15 cm, 40-45% AcOEt-hexane) to afford9 H-5,Js56 = 7.9 Hz), 5.48 (d, 1H, NE,0Bn,J = 9.7 Hz), 5.44 (d,
(1.08 g, 52%) as a white foam ardd (175 mg, 9%) as a white ~ 1H,NCH.OBn, J = 9.7 Hz), 5.17 (d, 1H, C&H,Ph,J = 12.3
foam. Data fo9; [0]?% +34.4 € 1.03, CHC}); *H NMR (CDCls, Hz), 5.14 (br s, 1H, H-1), 5.07 (d, 1H, CQCH,Ph,J = 12.3 Hz),
500 MHz) 6 7.33-7.24 (m, 10H, phenyl), 7.15 (d, 1H, H-855= 4.87 (dd, 1H, H-3 Jg» = 6.2 Hz,J3 4 = 3.7 Hz), 4.70 (s, 2H,
8.1 Hz), 5.72 (d, 1H, H-5Js6 = 8.1 Hz), 559 (br s, 1H, NH),  NCH,OCH.Ph), 4.63 (d, 1H, H-6 Jgn = 8.0 Hz), 4.59 (m, 2H,
5.46-5.41 (m, 3H, NG1,0Bn, H-1), 5.12 (d, 1H, CGCH,Ph, J H-2, H-2"), 4.53 (dd, 1H, H-3, J3.» = 6.8 Hz,J3 4 = 3.0 Hz),
=11.1 Hz), 5.06 (d, IH, CEH,Ph,J = 11.1 Hz), 4.95 (M, 2H, 444 (m, 1H, H-4, 4.32 (m, 1H, H-5, 4.22 (M, 1H, H-4), 3.73
H-2, H-3), 4.68 (m, 2H, NCHOCH,Ph), 4.53 (m, 1H, H-§,4.26 (5 3y COGHy), 3.46 (m, 1H, H-Ba), 3.35 (m, 1H, H-5b), 1.56
(m, 2H, H-4, H-5), 3.72 (s, 3H, CO@), 3.72 (br s, 1H, OH), (s, 3H, acetonide), 1.49 (s, 3H, acetonide), 1.33 (s, 3H, acetonide),

1.54 (s, 3H, acetonide), 1.34 (s, 3H, acetoni@&};NMR (CDCk, ]
125 MHz)4 170.7, 162.2, 141.6, 151.2, 141.6, 137.7, 136.1, 128.5, 1-32 (S, 3H, acetonidef’C NMR (CDC, 125 MHz) 6 170.7,

1283 1282 1281 1278 1276 114.8 1025 970 862 828 162.5, 156.0,150.9,139.9,137.9, 136.2, 128.5, 128.3, 128.2, 128.0,
81.4, 72.4. 71.5. 70.4. 67.5 56.5, 52.7, 27.2, 25.3. 12.0: FABMS- 127.7, 127.6, 115.5, 114.7, 103.2, 102.4, 91.6, 84.8, 83.6, 80.9,
LR m/z 626 (MH*): FABMS-HR (NBA) calcd for GiHagN:Ow 80.8, 80.6, 80.2, 78.0, 77.3, 72.3, 70.4, 67.2, 54.6, 52.8, 52.5, 29.7,
626.2356, found 626.2340. Data fa0: [0]?% +24.9 € 1.74, 27.2, 26.2, 25.4, 25.3; FABMS-HR (NBA) calcd fokls/NeO14
CHCL); 'H NMR (CDCl;, 500 MHz) ¢ 7.36-7.25 (m, 10H,  823.3150, found 823.3167.
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Methyl 5-O-[5-tert-Butoxycarbonylamino-5-deoxy-2,30-(3-
pentylidene){3-b-ribofuranosyl]-6-deoxy-6-benzyloxycarbony-
lamino-1-(3-benzyloxymethyluracil-1-yl)-2,30-isopropylidene-
[-D-glyceraL -talo-heptofuranuronate (41).A solution of21b (712
mg, 0.839 mmol) and RR (660 mg, 2.52 mmol) in benzere
THF (1:1, 8 mL) and HO (755uL, 41.1 mmol) was heated at
50°C for 12 h. The reaction mixture was allowed to warm to room
temperature, to which (Bog) (389uL, 1.68 mmol) and NaHC®
(141 mg, 1.68 mmol) were added. The resulting mixture was stirred
at room temperature fal h and partitioned between AcOEt and

JOC Article

129.6,128.5, 128.4, 128.4,128.3, 127.8, 127.7, 127.6, 117.5, 117.1,
116.7, 116.3, 115.2, 114.8, 112.0, 110.1, 102.6, 102.4, 92.7, 86.7,
86.2, 85.8, 84.8, 84.0, 83.5, 82.0, 81.8, 80.6, 79.2, 78.9, 78.3, 73.3,
73.0,72.2,70.5,70.3,67.1, 63.2, 60.8, 60.5, 50.9, 43.4, 43.2, 29.7,
29.5,29.3,29.0, 28.4, 27.2,27.2, 26.9, 26.7, 25.7, 25.6, 25.5, 25.3,
19.0, 18.8, 17.8, 17.8, 8.3, 7.5, 7.44.0, —4.2, —5.2, -5.3;
FABMS-HR (NBA) calcd for G3H10NsO17Si; 1376.6807, found
1376.6800.
N-[(1R,25)-2-tert-Butyldimethylsiloxy-1-tert-butyldiphenylsi-
loxymethyl-3-oxopropyl]-N-methyl-6-benzyloxycarbonylamino-

H,0. The organic phase was washed with saturated aqueous NaCl1-(3-benzyloxymethyluracil-1-yl)-5O-[5-tert-butoxycarbonylamino-

dried (NaSQ,), filtered, and concentrated in vacuo. The residue
was purified by a silica gel column (5 20 cm, 37-40% AcOEt-
hexane) to affordtl (736 mg, 95% in 2 steps) as a white foam:
[0]%3 +31.2 £ 0.63, CHC}); IH NMR (CDCls, 500 MHz)d 7.38—
7.27 (m, 10H, phenyl), 7.22 (d, 1H, H-845 = 8.0 Hz), 5.73 (d,
1H, H-5, Js6 = 8.0 Hz), 5.56 (d, 1H, NE,0OBn, J = 9.8 Hz),
5.18 (m, 1H, NH), 5.12 (d, 1H, C&H,Ph,J = 12.3 Hz), 5.06 (s,
1H, H-1"), 5.02 (d, 1H, C@CH,Ph,J = 12.3 Hz), 4.97 (d, 1H,
H-2', Jy 3 = 6.3 Hz), 4.84 (dd, 1H, H-3J3 > = 6.3 Hz,J3 4 =
4.4 Hz), 4.70 (s, 2H, NCKOCH,Ph), 4.67 (m, 1H, H-§, 4.52 (m,
2H, H-2', H-3"), 4.42 (d, 1H, H-5 J5 » = 8.2 Hz), 4.21 (m, 2H,
H-4', H-4"), 3.77 (s, 3H, COE), 3.20 (m, 1H, H-Ba), 3.07 (m,
1H, H-5'b), 1.571.44 (m, 4H, GI,CH; x 2), 1.48 (s, 3H,
acetonide), 1.41 (s, 9Hert-butyl), 1.33 (s, 3H, acetonide), 0.79
0.73 (m, 6H, CHCH3 x 2);13C NMR (CDCk, 125 MHz)6 171.1,

5-deoxy-2,30-(3-pentylidene){-bp-ribofuranosyl]-6-deoxy-2,3-
O-isopropylidene3-p-glyceroL-talo-heptofuranuronamide (44).

A solution of 43 (310 mg, 0.23 mmol) and NMO (121 mg, 0.56
mmol) in acetone-H,0 (4:1, 2.5 mL) was treated with Og@6.0
mg/mL t-BuOH solution, 500uL), and the resulting reaction
mixture was stirred at room temperature for 24 h. After addition
of saturated aqueous p&O; (10 mL), the mixture was extracted
with AcOEt. The organic phase was washed with saturated aqueous
NaCl, dried (NaSQy), filtered, and concentrated in vacuo. The
residue was purified by a short silica gel columnx{3® cm, 33%
AcOEt—hexane, then 2% MeOH, 50% AcO#&texane), and
fractions containing the diol were combined and concentrated in
vacuo. A solution of the diol in acetorg@hosphate buffer (4:1,
pH 7.5, 3 mL) was treated with Nalq123 mg, 0.61 mmol) at
room temperature for 12 h. After addition of saturated aqueous

162.4,156.1, 156.0, 150.8, 141.4, 137.8, 136.1, 128.4, 128.3, 128.2Na,S,0; (10 mL), the mixture was extracted with AcOEt. The
127.7,116.5,114.7,112.5,102.2, 96.1, 87.0, 86.2, 84.1, 82.0, 81.1,0rganic phase was washed with saturated aqueous NacCl, drigd (Na
79.8,79.3,72.3,70.3,67.2,54.9,53.0, 43.3, 29.3, 28.8, 28.3, 27.0,SQy), filtered, and concentrated in vacuo. The residue was purified

25.3, 8.3, 7.2; FABMS-HR (NBA) calcd for fgHeiN4016 925.4083,
found 925.4064.
N-[(1R,2S)-2-tert-Butyldimethylsiloxy-1-tert-butyldiphenylsi-
loxymethyl-3-butenyl]-N-methyl-6-benzyloxycarbonylamino-1-
(3-benzyloxymethyluracil-1-yl)-5-O-[5-tert-butoxycarbonylamino-
5-deoxy-2,30-(3-pentylidene){3-p-ribofuranosyl]-6-deoxy-2,3-
O-isopropylidene5-p-glycercL-talo-heptofuranuronamide (43).
A mixture of barium hydroxide octahydrates (260 mg, 0.824 mmol)
and41 (558 mg, 0.60 mmol) in THFH,O (4:1, 10 mL) was stirred
at room temperature for 10 h. The reaction mixture was poured
onto 1 M aqueous HCI and extracted with Ckldlhe organic phase
was dried (NgSQy), filtered, and concentrated in vacuo. The residue
was purified by a silica gel column (5% 13 cm, 33% MeOH
CHCI) to afford crude33 (319 mg, ca. 0.35 mmol, 50%) as a
colorless foam. A solution of the crud and33 (254 mg, 0.527
mmol) in THF (3.5 mL) was treated sequentially with NaH{£O
(118 mg, 1.40 mmol) and DEPBT (420 mg, 1.40 mmol) &
for 1 h, then the mixture was allowed to reach room temperature
and stirred for an additional 28 h. The reaction mixture was
partitioned between AcOEt and saturated aqueous NaHTIae
organic phase was washed wit M agueous HCI and saturated
aqueous NaCl, dried (N80Qy), filtered, and concentrated in vacuo.
The residue was purified by a flash silica gel column<(&0 cm,
17—33% AcOEt-hexane) to affordl3 (315 mg, 65%) as a white
foam: [0]%%, —9.78 (€ 0.45, CHCY}); 'H NMR (CDCl;, 500 MHz,
3:1 mixture of the rotamers) 7.69-7.56 (m, 5.2H, phenyl), 7.45
7.23 (m, 22.1H, phenyl, H-6), 6.22 (m, 0.3H), 5.98 (m, 1.0H), 5.92
5.80 (m, 3.0H), 5.485.44 (m, 2.0H, C@CH,Ph), 5.38 (d, 1.0H,
CO,CH,Ph,J = 9.6 Hz), 5.28 (m, 0.6H), 5.185.09 (m, 3.6H),
5.05-4.98 (m, 3.9H), 4.824.76 (m, 1.9H), 4.744.68 (m, 4.0H),
4.51 (m, 1.8H), 4.23 (m, 1.0H), 4.32.22 (m, 4.0H), 4.164.09
(m, 2.6H), 4.09-3.90 (m, 2.7H), 3.62 (t, 0.3H] = 10.2 Hz), 3.28
(m, 1.3H), 3.10 (m, 4.0H), 2.79 (s, 0.9H, include CON{LH..71—
1.42 (m, 20.8H,tert-butyl, acetonide, CkCH3), 1.30 (s, 3H,
acetonide), 1.29 (s, 3H, acetonide), 1.03 (s, 8it-butyl), 0.98
(s, 3H,tert-butyl), 0.82 (m, 7.8H, CKCHS3), 0.73 (s, 9Htert-butyl),
0.72 (s, 3H¢tert-butyl), —0.12 (m, 3.9H, SiCh), —0.15 (m, 3.9H,
SiCHg); 3C NMR (CDCk, 125 MHz)o 171.2, 170.5, 162.4, 162.3,

by a silica gel column (3« 10 cm, 3% acetoneCHCls) to afford
44 (189 mg, 60%) as a white foamoJ?’, —19.8 € 0.34, CHCY});
IH NMR (CDClz, 500 MHz, 4:1 mixture of rotamers) 9.70 (s,
0.3H, H-1"), 9.56 (s, 1.0H, H-T), 7.64-7.59 (m, 5.0H, phenyl),
7.42-7.20 (m, 21.3H), 6.07 (br s, 1.0H), 5.89 (br s, 0.3H, H-1
5.76 (m, 1.3H), 5.685.66 (m, 1.9H), 5.48 (d, 0.3H, N&;OBn, J
= 0.7 Hz), 5.44 (d, 0.3H, NB,OBn,J = 9.7 Hz), 5.37 (d, 1.0H,
NCH,0Bn, J = 9.6 Hz), 5.28 (d, 1.0H, NB,OBn,J = 9.6 Hz),
5.19 (m, 1.3H), 5.12 (m, 0.3H), 4.961.92 (m, 2.5H), 4.964.75
(m, 2.2H), 4.76-4.35 (m, 7.6H), 4.324.18 (m, 2.0H), 4.144.08
(m, 2.3H), 4.0£3.98 (m, 1.3H), 3.85 (m, 1.0H), 3.67 (m, 0.3H),
3.25-3.16 (m, 1.3H), 3.10 (m, 4.0H, CONGH 2.86 (s, 0.7H,
CONCH), 1.60-1.40 (m, 20H), 1.31 (m, 5.0H), 1.00 (s, 9tért-
butyl), 0.98 (s, 3.0H), 0.93 (s, 3.0H), 0.87 (s, 9.0Hrt-butyl),
0.85-0.78 (m, 8H), 0.10 (s, 0.7H, SiG} 0.07 (s, 0.7H, SiCH),
0.03 (s, 3.0H, SiCh), —0.05 (s, 3.0H, SiCh); *C NMR (CDCl,
125 MHz)6 199.9, 162.3, 156.2, 150.9, 140.7, 137.8, 136.2, 135.5,
135.4,132.7,132.5,129.8, 128.4, 128.2, 128.1, 127.9, 127.8, 127.6,
127.6, 116.7,114.6, 112.7, 102.4, 86.8, 85.9, 84.3, 82.0, 80.8, 79.7,
79.1,72.2,70.4,70.1, 67.2,60.0, 51.5, 43.2, 29.3, 28.8, 28.4, 27.2,
27.1, 26.6, 26.5, 25.8, 25.7, 25.3, 19.0, 18.0, 17.9, 8.4, 7.3, 7.2,
—4.2,—4.6,—5.3,—5.4; FABMS-HR (NBA) calcd for GH10NsO1s
Si; 1378.6602, found 1378.6580.

Diazepanone (45) and\N-Methyldiazepanone (46) A mixture
of 44 (78.3 mg, 0.054 mmol) and Pd black (150 mg)iiRrOH
(10 mL) was vigorously stirred underHatmosphere at room
temperature for 12 h. The catalyst was filtered off through a Celite
pad, and the filtrate was concentrated in vacuo. The residue in
AcOEt (4 mL) was treated with AcOH (4@L) and NaBH(OACc)
(45.4 mg, 0.22 mmol), and the reaction mixture was stirred at room
temperature for 12 h. The mixture was partitioned between AcOEt
and saturated aqueous NaHLOhe organic phase was washed
with saturated aqueous NacCl, dried ¢S&y), filtered, and con-
centrated in vacuo. The residue was purified by a neutral silica gel
column (1.5x 13 cm, 33-50% AcOEt-hexane) to affordd5
(eluted with 40% AcOEthexane, 20.0 mg, 34% in 2 steps) and
46 (eluted with 50% AcOEthexane, 14.4 mg, 24% in 2 steps)
each as a white solid. Data fdb; [a]?!p +19.8 € 0.34, CHC});

156.2, 156.2, 151.0, 150.9, 139.9, 139.7, 138.7, 138.1, 137.9, 136.2/H NMR (CDCl;, 500 MHz) 6 7.71 (br s, 1H, H-3), 7.677.38
135.7,135.5, 1354, 136.2, 133.1, 132.7, 132.6, 129.9, 129.8, 129.7(m, 10H, phenyl), 7.21 (d, 1H, H-8s5 = 8.3 Hz), 6.22 (m, 1H,
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NHBoc), 5.65 (d, 1H, H-5J56 = 8.3 Hz), 5.45 (s, 1H, H), 5.33
(s, 1H, H-1'), 4.84 (d, 1H, H-2 J, 3 = 6.1 Hz), 4.63 (d, 1H, H-2,
Joz = 5.9 Hz), 4.54 (dd, 1H, H'3Js> = 6.1 Hz,Js.4 = 6.1
Hz), 4.49 (d, 1H, H-5 Js.4 = 7.7 Hz), 4.44 (d, 1H, H'3 Jy» =
5.9 Hz), 4.25 (dd, 1H, H4 Jg g = 8.9 Hz, Jy g = 5.2 Hz),
4.23 (dd, 1H, H-4 Jy 3= 6.1,dy5 = 7.7 Hz), 3.95 (M, 1H, H-6),
3.80 (m, 2H, H-8'a, H-8'"b), 3.49 (m, 1H, H-7', H-5"a), 3.15 (s,
1H, H-3"), 3.09 (s, 3H, CONCH), 2.98 (dd, 1H, H-5'a, Jsass
=14.7 Jgrag = 3.2 Hz), 2.77 (d, 1H, H-Bb, Jgnpra = 14.7 Hz),
2.72 (m, 1H, H-8b), 1.59 (m, 2H, CHCHz), 1.45 (m, 2H, ChH-

CHa), 1.40 (s, 9Htert-butyl), 1.26 (s, 3H, acetonide), 1.23 (s, 3H,

acetonide), 1.05 (s, 9Hert-butyl), 0.86 (s, 9Htert-butyl), 0.81
(m, 6H, CHCH;z x 2), 0.09 (s, 3H, SiCh), 0.05 (s, 3H, SiCh);

Hirano et al.

saturated aqueous p&O; (2:1, 2 mL), and AcOEt (2 mL) were
added to the mixture, and the resulting biphasic layers were
vigorously stirred at room temperature for 10 min. The organic
phase was washed with saturated aqueous NaCl, driesb(Mja
filtered, and concentrated in vacuo. The residue was dissolved in
t-BuOH—H,0 (3:1, 0.5 mL) and treated sequentially with 2-methyl-
2-butene (3.7L, 35.1 mmol), NaHPO,-2H,0 (1.2 mg, 7.8 mmol),

and NaClQ (3.1 mg, 27.3 mmol). The resulting reaction mixture
was stirred at room temperature for 10 min. After addition of
phosphate buffer (pH 7.5, 2 mL), the mixture was extracted with
CHCls. The organic phase was washed with saturated aqueous NacCl,
dried (NaSQ,), filtered, and concentrated in vacuo. The residue
was purified by preparative TLC (17% MeGHCHCI,) to afford

13C NMR (CDCk, 125 MHz)6 173.3, 162.3, 156.1, 149.3, 142.4, 48 (3.9 mg, 56% in 2 steps) as a white solida]{p —27.5

135.5,135.4,132.8, 132.7,130.1, 130.1, 128.0, 128.0, 116.3, 114.80.39, CHC}); 'H NMR (CDsCN, 500 MHz)¢ 9.50-9.23 (br s,
110.5, 102.3, 93.8, 87.0, 86.6, 86.4, 84.2, 82.1, 80.1, 80.3, 78.4,1H, COH), 7.65 (d, 1H, H-6,Js5 = 6.5 Hz), 6.52 (br s, 1H,
68.5, 66.8, 62.6, 59.9, 50.7, 43.7, 40.3, 29.8, 29.0, 28.5, 27.3, 26.7,NHBoc), 5.80 (s, 1H, H-), 5.65 (d, 1H, H-5,)5 s = 6.5 Hz), 5.25

25.7,25.6,19.1,17.8, 8.3, 7.34.8,—4.9; FABMS-LRm/z 1108
(MH™) FABMS-HR (NBA) calcd for GeHggNsO14Si, 1108.5711,
found 1108.5700. Data fat6: [a]?)p —17.6 € 0.67, CHC}); H
NMR (CDCl;, 500 MHz) 6 9.06 (br s, 1H, H-3), 7.667.30 (m,
11H, phenyl, H-6), 6.67 (m, 1H, NBoc), 5.59 (m, 2H, H-5, H-},
5.26 (s, 1H, H-1), 4.68 (m, 2H, H-2 H-3), 4.56 (m, 2H, H-Z,
H-3"), 4.33 (d, 1H, H-5 J5 ¢ = 7.3 Hz), 4.24-4.14 (m, 2H, H-4
H-4"), 4.01 (m, 1H, H-8'"), 3.92 (dd, 1H, H-8'a, Jg»a g, = 10.4,
Jgra7e = 7.5 Hz), 3.86 (dd, 1H, H-8b, Jg', g7a = 10.4 Hz,Jgp, 7~
= 6.9 Hz), 3.52-3.48 (m, 2H, H-7', H-3""), 3.20 (m, 1H, H-5a),
3.12 (m, 1H, H-B8b), 3.07 (d, 1H, H-8'a, Jsva5, = 14.6 Hz),
2.98 (s, 3H, CONEl3), 2.87 (d, 1H, H-8'b, Js'p 572 = 14.6 Hz),
2.41 (s, 3H, NCH), 1.62 (m, 2H, @1,CHj), 1.52 (m, 2H, E,-
CHa), 1.48 (s, 3H, acetonide), 1.35 (s, Ydrt-butyl), 1.26 (s, 3H,
acetonide), 0.99 (s, 9Hert-butyl), 0.88 (s, 9Htert-butyl), 0.86-
0.79 (m, 6H, CHCH3 x 2), 0.07 (s, 3H, Si€3), 0.06 (s, 3H,
SiCHg); 13C NMR (CDCk, 125 MHz)6 170.3, 162.4, 156.4, 149.3,

(s, 1H, H-1'), 4.78 (m, 2H), 4.55 (m, 2H), 4.40 (m, 1H), 4.36 (m,
1H), 4.29 (m, 1H), 4.16 (m, 1H), 3.57 (m, 1H), 3:28.26 (m,
2H), 3.11 (m, 1H), 3.06 (s, 3H, CON®), 2.94 (m, 2H), 2.44 (s,
3H, NCH?,), 1.60 (m, 2H, CH2CH3), 1.52 (m, 5H, CH2CH3,
acetonide), 1.36 (s, 9Hert-butyl), 0.89 (s, 9Htert-butyl), 0.83
(m, 6H, CHCH3 x 2), 0.11 (s, 6H, SiBl3 x 2); 13C NMR (CDs-
OD, 100 MHz)6 173.6, 166.1, 158.4, 151.8, 144.0, 143.9, 117.5,
115.8, 112.7, 102.6, 92.2, 88.3, 87.9, 86.7, 85.3, 83.7, 81.9, 81.6,
80.4,71.4,71.2,64.2,61.2,44.3, 39.6, 38.9, 30.8, 30.5, 30.0, 29.0,
27.7, 27.6, 26.4, 25.8, 18.8, 8.8, 7:94.8, —4.9; FABMS-HR
(NBA) calcd for GHegNsO15Si 898.4481, found 898.4475.
Synthetic (+)-Caprazol (5). A solution of 48 (7.4 mg, 8.25
umol) in MeCN (1.0 mL) was treated with 40% aqueous HF (100
uL), and the resulting mixture was stirred at room temperature for
18 h. After the mixture was neutralized with saturated aqueous
NaHCG; and concentrated in vacuo, the residue was purified by
C18 reverse-phase HPLC (20 250 mm, 100% HO) to afford

139.9, 135.3,135.3, 132.8, 132.6, 130.2, 127.9, 116.8, 114.8, 112.1synthetic @)-caprazol b, 2.4 mg, 50%) as a white solid:a]?%
102.4,89.8, 87.4, 86.7, 85.9, 84.3, 82.7, 79.6, 78.9, 75.8, 69.3, 63.8,+-23.8 (¢ 0.24, DMSO);*H NMR (D,0, 500 MHz)6 7.77 (d, 1H,
63.2,59.7,43.2,39.0, 37.7, 29.7, 29.4, 28.0, 28.6, 27.3, 26.7, 25.7,H-6, Js s = 8.1 Hz), 5.81 (d, 1H, H-5Js 5 = 8.1 Hz), 5.59 (s, 1H,
25.6, 19.0, 17.8, 8.4, 7.5;4.9, —5.0; FABMS-HR (NBA) calcd H-1'), 5.16 (s, 1H, H-I), 4.43 (m, 1H, H-3"), 4.38 (d, 1H, H-5
for C57H88N5014Si2 1122.5866, found 1122.5820. J5"6W =95 HZ), 4.30 (d, 1H, H-2 32"3' =51 HZ), 4.24 (m, 1H,
Alcohol (47). A solution of46 (10.0 mg, 7.8 mmol) in MeOH H-3"), 4.21-4.18 (m, 2H, H-4, H-2""), 4.13-4.11 (m, 2H, H-4,
(1 mL) was treated with NEF (50 mg) at room temperature for  H-2"), 4.07 (dd, 1H, H-3 J3 » = 5.2 Hz,J3 » = 7.8 Hz), 3.84 (d,
48 h. The mixture was diluted with AcOEt, and the insoluble 1H, H-6", Js»5 = 9.5 Hz), 3.32 (dd, 1H, H'&, J5a5b = 14.0
materials were filtered off. The filtrate was concentrated in vacuo, Hz,Js,4 = 3.3 Hz), 3.19 (dd, 1H, H%, Js'p 51 = 14.0 Hz,J51p &
and the residue was purified by preparative TLC (33% AcOEt = 4.4 Hz), 3.12 (d, 1H, H-4&, Jyasn = 14.7 Hz), 3.06 (s, 3H,

hexane) to afford7 (5.7 mg, 72%) as a white solido]?', —17.6
(c 0.67, CHC}); 'H NMR (CD3CN, 500 MHz, 10:1 mixtures of
the conformers) 9.00 (br s, 1.0 H, NI-3), 7.56 (d, 1H, H-6Js 5
= 8.2 Hz), 6.82 (br s, 1H, NBoc), 5.81 (s, 1H, H-), 5.64 (d,
1H, H-5,Js¢ = 8.2 Hz), 5.27 (s, 1H, H‘1), 4.80 (m, 2H, H-2
H-3), 4.59 (m, 2H, H-2, H-3"), 4.34 (m, 1H, H-5), 4.26 (m, 2H,
H-4', H-4"), 4.00 (m, 1H, H-8), 3.69 (m, 3H, H-3', H-8"a,
H-8"b), 3.42 (m ,1H, H-7"), 3.18 (m, 3H, H-Ba, H-5'b, H-5"a),
3.04 (s, 3H, CONEl3), 3.02 (br s, 1H, OH), 2.83 (m, 1H, H!%),
2.41 (s, 3H, N®ls), 1.63 (m, 2H, ®,CHz), 1.52 (m, 5H, G-
CHs, acetonide), 1.39 (s, 9Hert-butyl), 1.31 (s, 3H, acetonide),
0.89 (s, 9H tert-butyl), 0.83 (m, 6H, CHCH; x 2), 0.09 (s, 6H,
SiCH3 x 2);13C NMR (CDsCN, 125 MHz)6 163.7, 157.2, 151.1,

142.0, 142.0, 117.1, 115.2, 113.0, 103.1, 90.9, 87.8, 87.5, 87.0,
84.9,83.2,80.8,79.2,77.8,70.9, 70.3, 63.8, 62.1, 60.5, 43.9, 38.3,

30.1, 29.6, 28.7, 27.5, 26.1, 25.6, 18.4, 14.3, 11.3, 8.7,-7471,
—4.9; FABMS-HR (NBA) calcd for GiH7oNs014Si 884.4689,
found 884.4678.

Carboxylic Acid (48). A solution of47 (6.5 mg, 7.8 mmol) in
CH,CI; (0.5 mL) was treated with Desdartin periodinane (11.4
mg, 26.5 mmol) at GC for 40 min. Saturated aqueous NaH£O
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CONCH), 3.00 (d, 1H, H-A'b, Jgmp 47a = 14.7 Hz), 2.42 (s, 3H,
NCH3); 13C NMR (D,0, 100 MHz)¢ 174.1, 172.7, 167.0, 151.8,
143.0, 111.2, 101.7, 91.9, 82.5, 79.0, 77.7, 75.5, 74.2, 70.6, 70.1,
69.4, 63.6, 59.2, 40.2, 39.4, 37.0; ESIMS-HR (NBA) calcd for
CazH3Ns015 574.1997, found 574.2012.

Acknowledgment. This work was supported by grants-in-
aid for scientific research from the Ministry of Education. We
thank Dr. Masayuki lgarashi (Bioresources Unit, Bioactive
Molecular Research Group, Microbial Chemistry Research
Center) for providing us with a sample of the natural caprazol
and the coordinate data of its X-ray crystal structure analysis.
We thank Ms. S. Oka (Center for Instrumental Analysis,
Hokkaido University) for measurement of the mass spectra.

Supporting Information Available: Experimental procedures,
IH NMR, and 13C NMR spectra for all new compounds. This
material is available free of charge via the Internet at http://pubs.
acs.org.

JO701699H



