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Tuberculosis (TB) is a disease, primarily of the respiratory
system, from which two million people die each year. With
resistant strains continuing to emerge, the development of
new anti-TB agents with new mechanisms of action is of
critical importance. The caprazamycins (CPZs; 1,
Scheme 1),[1] which were isolated from a culture broth of
the Actinomycete strain Streptomyces sp. MK730-62F2 in

2003, have shown excellent antimycobacterial activity in vitro
against drug-susceptible and multidrug-resistant Mycobacte-
rium tuberculosis strains and exhibit no significant toxicity in

mice. Caprazol (2, Scheme 2), the deacylated CPZ whose
stereochemical structure (5’S,6’S,2’’’S,3’’’S) was recently
revealed through X-ray crystal analysis,[2] consists of a uridine,
an aminoribose, and a characteristic diazepanone. Liposido-

mycins (LPSs), which are related nucleoside antibiotics, are
also known to exhibit antibacterial activity similar to that of
CPZs.[3] LPSs prevent the formation of one of the components
of bacterial cell walls, peptidoglycan, by inhibiting Mra Y, a
key enzyme for peptidoglycan biosynthesis.[4] It has been
suggested that CPZs might follow the same mode of action as
LPSs because of their complex structural and biological
similarities. Consequently, they have become intriguing,
challenging synthetic targets.[5] We report herein the first
synthesis of caprazol (2).

One of the major difficulties posed by the synthesis is the
introduction of the 5-aminoribose moiety found in 2 after
construction of the uridyldiazepanone moiety, because the
tertiary amines contained in the diazepanone structure inhibit
the usual ribosylation promoted by Lewis acid,[6] and the 5’-
hydroxy group is presumed to be in a highly sterically
hindered position.[7] Furthermore, compound 2, which con-
tains a b-heterosubstituted carboxyl moiety, would be sensi-
tive to basic conditions.[3c] Although a general method exists
for the construction of b-glycosides through neighboring-
group participation by using a glycosyl donor protected with a
2-O-acyl group, which is then usually deprotected under basic
conditions, we planned to introduce the aminoribose pro-
tected with an acid-labile protecting group at an early stage of
the synthesis. In so doing, we hoped to control the b-selective
introduction by steric hindrance of a group installed on the
a face of the ribofuranoside.[8]

Oxidation of 2’,3’-O-isopropylideneuridine (3) with IBX[9]

followed by a two-carbon elongation with Ph3P=CHCO2Me
and BOM protection of the NH group at position 3 of the
uracil moiety provided 4 (trans/cis = 37:1) over three steps
(Scheme 3). Sharpless aminohydroxylation[10] of 4 with
(DHQD)2AQN as a chiral ligand afforded 5[11] with a
5’S,6’S/5’R,6’R ratio of 86:14. In the absence of the chiral
ligand, the diastereoselectivity was reversed to give 5 in a
ratio of 40:60 with a decrease in yield.

When the ribosyl fluoride 6a[12] protected with an
isopropylidene group was activated with BF3·Et2O

[13] at
�30 8C, the corresponding ribosides were obtained in 79%
yield and the stereoselectivity at the anomeric position was
27:73 (a/b). The use of AgOTf and Cp2HfCl2

[14] (OTf = tri-

Scheme 1. Structures of the caprazamycins.

Scheme 2. Structure of caprazol (2) and the synthetic strategy.
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fluoromethanesulfonate, Cp = cyclopentyl) as Lewis acids at
�40 8C resulted in a loss of stereoselectivity. Further explora-
tion with the ribosyl fluoride 6 b,[12] which possesses a more
sterically hindered 3-pentylidene group, afforded the desired
7[15] with good b selectivity (a/b = 4:96) when activation was
conducted with BF3·Et2O at �30 8C. Notably, a decrease in
b selectivity was again observed in the presence of a
trifluoromethanesulfonate ion (that is, with AgOTf and

Cp2HfCl2, when a/b = 11:89). Presumably, the b-
O-trifluoromethanesulfonyl riboside intermedi-
ate[16] might be formed, and subsequent SN2
attack of the alcohol would give the undesired
a-riboside. Our simple and effective method can
be considered an alternative for the construction
of b-ribosides without neighboring-group partic-
ipation.

The azide group in 7 was reduced to the
corresponding amine, which was protected with a
Boc group to give 8. Basic hydrolysis of the methyl
ester in 8 was troublesome[17] and the desired
carboxylic acid 9 was obtained only when 8 was
treated with Ba(OH)2 in aqueous THF. Thus,
treatment with base should be avoided in the
synthesis to prevent b elimination followed by
decomposition. Coupling of 9 with the secondary
amine 10 by using DEPBT[18] gave the amide 11.
Compound 11 was treated with OsO4, and the
resulting mixture of the diastereomeric diols was
oxidatively cleaved to provide the aldehyde 12.

The next step involved the construction of
the characteristic seven-membered diazepanone
system, the system on which most of the synthetic
studies for LPSs have focused.[5] Initial attempts
to construct the diazepanone by deprotection of
the Cbz group in 12 and reductive amination of
the aldehyde, both promoted by catalytic hydro-
genation with Pd/C, were unsuccessful because of
the difficulty in hydrogenating the cyclic imine to
give 13. Additional forcing conditions under
medium pressure gave the 5,6-dihydrouridine
derivative owing to overreduction. After exten-
sive efforts to overcome this problem, reductive
amination was abandoned in favor of hydride
reduction with NaBH(OAc)3, and the desired
diazepanone 13 was obtained along with its N-
methylated compound 14.[19] Compound 13 was
methylated by using (CH2O)n and NaBH(OAc)3

to give 14. Treatment of 14 with NH4F in MeOH
resulted in selective cleavage of the TBDPS
protecting group at the primary hydroxy group
to form 15, which was then transformed into
carboxylic acid 16 by a two-step sequence with
Dess–Martin periodinane[20] and NaOCl[21] oxida-
tion. Finally, global deprotection of 16 with
aqueous HF provided (+)-2 ([a]25

D = ++ 23.8 (c =

0.24, dimethyl sulfoxide); literature value:[2]

[a]19
D = ++ 288 (c = 0.5, dimethyl sulfoxide)), the

properties of which were identical in all respects
with those reported for the natural material.[2]

In conclusion, the first total synthesis of (+)-2 in a highly
concise manner over 18 steps, with uridine as the starting
material, is reported. This work confirms the stereochemical
assignments for the LPS core structure that were suggested by
earlier synthetic studies.
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Scheme 3. Total synthesis of caprazol (2). Reagents and conditions: a) IBX, MeCN,
80 8C; b) Ph3P=CHCO2Me, CH2Cl2, �30 8C; c) BOMCl, Na2CO3, Bu4NI, CH2Cl2/H2O,
room temperature, 70% over 3 steps; d) CbzNH2, K2OsO2(OH)4, (DHQD)2AQN,
NaOH, tBuOCl, nPrOH/H2O, 5 8C!RT, 61%; e) 6, BF3·OEt2, MS4A, CH2Cl2, �30 8C,
80%; f) Ph3P, H2O, benzene/THF, 50 8C; g) (Boc)2O, 95 % over 2 steps; h) Ba(OH)2,
THF/H2O, room temperature, 50%; i) 10, DEPBT, NaHCO3, THF, 0 8C!RT, 81%;
j) OsO4, NMO, tBuOH, acetone/H2O, room temperature; k) NaIO4, acetone/H2O,
room temperature, 61% over 2 steps; l) H2, Pd/C, iPrOH, room temperature;
m) NaBH(OAc)3, AcOH, AcOEt, room temperature, 34% of 13 and 24% of 14 over
2 steps; n) (CH2O)n, NaBH(OAc)3, AcOH, AcOEt, room temperature, 65 %;
o) NH4F, MeOH, room temperature, 60%; p) Dess–Martin periodinane, CH2Cl2,
room temperature; q) NaClO, NaH2PO4, tBuOH/H2O, 56% over 2 steps); r) HF,
THF/H2O, 50%. Boc= tert-butoxycarbonyl, BOM= benzyloxymethyl,
Cbz= benzyloxycarbonyl, DEPBT= 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazin-
4(3H)-one, (DHQD)2AQN =1,4-bis(dihydroquinidinyl)anthraquinone, IBX= 1-hy-
droxy-1,2-benziodoxol-3-(1H)-one 1-oxide, MS4A =molecular sieves (4 �), NMO= 4-
methylmorpholine N-oxide, TBDPS= tert-butyldiphenylsilyl, TBS= tert-butyldimethyl-
silyl, THF = tetrahydrofuran.

Angewandte
Chemie

1855Angew. Chem. Int. Ed. 2005, 44, 1854 –1856 www.angewandte.org � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

http://www.angewandte.org


.Keywords: antibiotics · glycosylation · heterocycles ·
natural products · total synthesis

[1] a) M. Igarashi, N. Nakagawa, S. Doi, N. Hattori, H. Naganawa,
M. Hamada, J. Antibiot. 2003, 56, 580 – 583; b) T. Takeuchi, M.
Igarashi, H. Naganawa, JP P2003-12687A, 2003.

[2] T. Miyake, M. Igarashi, T. Shidara, Y. Takahashi, JP WO 2004-
067544A1, 2004.

[3] a) K. Isono, M. Uramoto, H. Kusakabe, K. Kimura, K. Izaki,
C. C. Nelson, J. A. McCloskey, J. Antibiot. 1985, 38, 1617 – 1621;
b) K. Kimura, Y. Ikeda, S. Kagami, M. Yoshihama, K. Suzuki, H.
Osada, K. Isono, J. Antibiot. 1998, 51, 1099 – 1104; c) M.
Ubukata, K. Kimura, K. Isono, C. C. Nelson, J. M. Gregson,
J. A. McCloskey, J. Org. Chem. 1992, 57, 6392 – 6403; d) K.
Kimura, Y. Ikeda, S. Kagami, M. Yoshihama, M. Ubukata, Y.
Esumi, H. Osada, K. Isono, J. Antibiot. 1998, 51, 647 – 654; e) K.
Kimura, S. Kagami, Y. Ikeda, H. Takahashi, M. Yoshihama, H.
Kusakabe, H. Osada, K. Isono, J. Antibiot. 1998, 51, 640 – 646.

[4] K. Kimura, T. D. H. Bugg, Nat. Prod. Rep. 2003, 20, 252 – 273.
[5] a) S. Knapp, G. J. Morriello, S. R. Nandan, T. J. Emge, G. A.

Doss, R. T. Mosley, L. Chen, J. Org. Chem. 2001, 66, 5822 – 5831;
b) M. R. Spada, M. Ubukata, K. Isono, Heterocycles 1992, 34,
1147 – 1167; c) N. Nakajima, T. Isobe, S. Irisa, M. Ubukata,
Heterocycles 2003, 59, 107 – 113; d) S. Knapp, G. J. Morriello,
G. A. Doss, Org. Lett. 2002, 4, 603 – 606; e) K. S. Kim, Y. H. Ahn,
Tetrahedron: Asymmetry 1998, 9, 3601 – 3605; f) C. Gravier-
Pelletier, M. Milla, Y. L. Merrer, J. Depezay, Eur. J. Org. Chem.
2001, 3089 – 3096; g) F. Sarbia, L. Martin-Ortiz, F. J. Lopez-
Herrera, Org. Lett. 2003, 5, 3927 – 3930.

[6] Introduction of uracil by the V�rbruggen method following the
construction of the ribosyl diazepanone was reported to have
some drawbacks.[5a]

[7] During the course of our synthetic studies on nucleoside
antibiotics, it was revealed that the introduction of a protecting
group or substituent on this type of alcohol was quite difficult: S.
Ichikawa, S. Shuto, M. Matsuda, J. Am. Chem. Soc. 1999, 121,
10270 – 10 280.

[8] A similar concept was reported in N-glycosidation to synthesize
nucleoside derivatives: T. Kusumi, T. Fukushima, I. Ohtani, H.
Kakisawa, Tetrahedron Lett. 1991, 32, 2939 – 2942.

[9] J. D. More, N. S. Finny, Org. Lett. 2002, 4, 3001 – 3003.
[10] a) B. Tao, G. Schlingloft, K. B. Sharpless, Tetrahedron Lett. 1998,

39, 2507 – 2510; b) A. J. Morgan, C. E. Masse, J. S. Panek, Org.
Lett. 1999, 1, 1949 – 1952.

[11] The stereochemistry of the 5’ position of 5 was determined to be
the R configuration by the modified Mosher method with the
amide derivatives, which were prepared by deprotection of the
Cbz protecting group of 5 and subsequent acylation of the
liberated amine with 2-methoxy-2-trifluoromethylphenylacetic
acid (see the Supporting Information); T. Kusumi, T. Fukushima,
I. Ohtani, H. Kakisawa, Tetrahedron Lett. 1991, 32, 2939 – 2942.

[12] Details for the preparation and characterization may be found in
the Supporting Information.

[13] K. C. Nicolaou, A. Chucholoeski, R. E. Dolle, J. L. Randall, J.
Chem. Soc. Chem. Commun. 1984, 1155 – 1158.

[14] K. Suzuki, H. Maeta, T. Matsumoto, G. Tsuchihashi, Tetrahedron
Lett. 1988, 29, 3571 – 3574.

[15] The stereochemistry of the 1’’ position was confirmed by the
NOESY correlations between 1’’-H and 4’’-H for the b-riboside
and by the typical coupling constant (J1,2 = 0 Hz) for a 2,3-O-
alkylidene-protected ribofuranoside that was observed in the
1H NMR spectrum.

[16] D. Crich, S. Sun, J. Am. Chem. Soc. 1997, 119, 11217 – 11223.
[17] Extensive efforts to obtain the acid 9 have been conducted with 8

by hydrolysis under other conditions (that is, LiOH in THF/

MeOH/H2O, NaOH in CH2Cl2/H2O, or lipase in aq. CH3CN) and
demethylation (PhSH, Cs2CO3, N,N-dimethylformamide).

[18] H. Li, X. Jiang, Y. Ye, C. Fan, T. Romoff, M. Goodman, Org.
Lett. 1999, 1, 91 – 94.

[19] It was presumed that the methyl source was the formaldehyde
generated upon cleavage of the BOM protecting group from the
3 position.

[20] D. B. Dess, J. C. Martin, J. Org. Chem. 1988, 53, 4155 – 4156.
[21] J. M. Andres, N. D. Elena, R. Pedrosa, Tetrahedron 2000, 56,

1523 – 1531.
[22] S. Hikishima, N. Minakawa, K. Kuramoto, Y. Fujisawa, M.

Ogawa, A. Matsuda, Angew. Chem. 2005, 117, 602 – 604; Angew.
Chem. Int. Ed. 2005, 44, 596 – 598.

Communications

1856 � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org Angew. Chem. Int. Ed. 2005, 44, 1854 –1856

http://www.angewandte.org

