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OH
palmitoylcaprazol

MIC (ug/mL)
S. aureus MS16526 (MRSA) 6.25
E. faecalis NCTC 12201 (VRE) 12.5

Synthesis of palmitoyl capraz@l which possesses a simple fatty acyl side chain at thg@&sition of

the diazepanone moiety, was carried out and their antibacterial activity was evaluated. The key elements
of our approach include the improved synthesis of the Ke§-6-aminoribosyl-glycyluridine derivative,
installation of the palmitoyl side chain to the cyclization precursor, and the construction of the diazepanone
by an intramolecular reductive amination. The second generation synthesty-orazol was also
established. Palmitoyl capraz@l exhibited antibacterial activity againdflycobacterium smegmatis
ATCC607 (MIC = 6.25ug/mL) with potency similar to that of the caprazamycins (CPZs). Palmitoyl
caprazol7 and N®-desmethyl palmitoyl capraz@8 also exhibited antibacterial activity against drug-
resistant bacteria including methyciline-resistatatphylococcus aureIRSA) and vancomycin-resistant
EnterococcugVRE) strains (MIC= 3.13-12.5ug/mL).

Introduction class of naturally occurring'aN-alkyl-5'-8-O-aminoribosyl-
glycyluridine antibiotics including liposidomycihgLPMs, 2)
and FR-900493(3), which have been shown to exhibit excellent
antimicrobial activity against Gram-positive bacteria. In par-

Tuberculosis (TB) is a disease primarily of the respiratory
system from which two million people die each yéawith
resistant strains continuing to emerghe need for better anti-
TB agents possessing new mechanisms of action remains (4) (a) Igarashi, M.; Nakagawa, N.; Doi, N.; Hattori, S.; Naganawa, H.;

critical 3 Caprazamycins (CPZs) (Figurel),were isolated from vafg?‘dta, 'V'-%- AgtiEiOt-2003H56N580—583- (E) '?vtl'%faihi' ¥-?;Ekah?5hi'Y
: .; Shitara, T.; Nakamura, H.; Naganawa, H.; Miyake, T.; Akamatsu, Y.
a culture broth of the Actinomycete straBtreptomyces sp J. Antibiot.2005 58, 327-337. (c) Takeuchi, T.; Igarashi, M.; Naganawa,

MK730-62F2 in 2003 and represent the newest members of a H.; Hamada, M. JP 2003012687, 2001. (d) Miyake, M.; Igarashi, M.;
Shidara, T.; Takahashi, Y. WO 2004067544, 2004.

* Address correspondence to this author. A.M.: phon81) 11-706-3228; (5) (a) Isono, K.; Uramoto, M.; Kusakabe, H.; Kimura, K.; I1zaki, K.;
fax (+81) 11-706-4980. S.I.: phonet-g1) 11-706-3763; fax+81) 11-706- Nelson, C. C.; McCloskey, J. Al. Antibiot. 1985 38, 1617-1621. (b)
4980. Ubukata, M.; Kimura, K.; Isono, K.; Nelson, C. C.; Gregson, J. M.;

(1) Barry, C.; Cole, S.; Fourie, B.; Geiter, L.; Gosey, L.; Grosset, J.; McCloskey, J. AJ. Org. Chem1992 57, 6392-6403. (c) Ubukata, M.;
Kanyok, T.; Laughon, B.; Mitchison, D.; Numnn, P.; O'Brienn, R.; Isono, K.J. Am Chem Soc 1988 110, 4416-4417. (d) Kimura, K.; Ikeda,

Robinson, TScientific Blueprint for Tuberculosis Drug belopment2001; Y.; Kagami, S.; Yoshihama, M.; Suzuki, K.; Osada, H.; Isona] KAntibiot.
see: http://www.tballiance.org/. 1998 51, 1099-1104. (e) Muroi, M.; Kimura, K.; Osada, H.; Inukai, M.;
(2) (@) Russell, D. G.Nature 2001, 2, 1-9. (b) Espinal, M. A. Takatsuki, A.J. Antibiot. 1997, 50, 103—-104. (f) Kimura, K.; Ikeda, Y.;
Tuberculosi2003 83, 44-51. (c) Perri, G. D.; BonoreS. J. Antimicrob. Kagami, S.; Yoshihama, M.; Ubukata, M.; Esumi, Y.; Osada, H.; Isono,
Chemther2004 54, 593-602. K. J. Antibiot.1998 51, 647—654. (g) Kimura, K.; Kagami, S.; Ikeda, Y.;
(3) (@) Nayyar, A.; Jain, RCurr. Med. Chem2005 12, 1873-1886. Takahashi, H.; Yoshihama, M.; Kusakabe, H.; Osada, H.; Isona].K.
(b) Duncan, K.; Barry, C. E., lliCurr. Opin. Microbiol. 2004 7, 460— Antibiot. 1998 51, 640-646. (h) Kimura, K.; Miyata, N.; Kawanishi, G.;
465. Kamio, Y.; lzaki, K.; Isono, K.Agric. Biol. Chem 1989 53, 1811-1815.
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FIGURE 1. Structures of nucleoside antibiotics possessing tHé-6
alkyl-5'-O-aminoribosyl-glycyluridine.

ticular, the CPZs have shown excellent anti-mycobacterial
activity in vitro against drug-susceptible (MI€ 3.13ug/mL)

and multi-drug-resistanMycobacterium tuberculosistrains
(MIC = 3.13ug/mL), and exhibit no significant toxicity in mice.

Hirano et al.

TB agents as well as general antibacterial agéfitskeep pace
with the serious public health problem due to multiantibiotic
resistant bacterial pathogens arising from the extensive use of
antibiotics® new antibiotics to treat multidrug-resistavityco-
bacterium tuberculosjsmethyciline-resistanStaphylococcus
aureus(MRSA), vancomycin-resistafinterococcugVRE) and
vancomycin-resistanStaphylococcus aureU®¥RSA) are ur-
gently needed. Therefore, the CPZs including the LPMs, a target
of which is MraY, are promising leads for novel antibacterial
agents, too. We designed a palmitoyl caprazdqFigure 3),
which possesses a simple fatty acyl side chain at'th@@sition

of the diazepanone moiety, as an initial study for the strueture
activity relationship of the 'eN-alkyl-5'-8-O-aminoribosyl-
glycyluridine class of antibiotics. Here we described the
synthesis of simplified CPZ analogues and their antibacterial
activity. The key elements of our approach include the improved
synthesis of the key'§3-O-aminoribosyl-glycyluridine deriva-
tive, installation of the palmitoyl side chain to the cyclization
precursor, and construction of the diazepanone by an intramo-
lecular reductive amination. The second generation synthesis
of (+)-caprazol was also established.

Results and Discussion

Synthesis of PalmitoylcaprazolWe have recently completed
the total synthesis of+)-caprazol 4), which is a deacylated
CPZs? To understand the impact on the fatty acyl side chain,
we embarked on the synthesis of palmitolyl caprazah which
the fatty acyl side chain of the CPZs has been replaced with a
simple palmitoyl residue. Initially, we attempted to derive the
palmitoly caprazol fronb, which is a key intermediate of the
synthesis o#l, as shown in Scheme 1. Namely, protecting group
manipulation of5° followed by acylation with palmitic acid and
deprotection of the tempora&ért-butyldiphenylsilyl (TBDPS)
group gave6. Oxidation of the primary alcohol o6 was

With such excellent biological properties, CPZs are expected conducted with several conditions such as Dédartin perio-

to become promising leads for the development of anti-
tuberculosis agents with a novel mode of action. A biological
target of the 6N-alkyl-5'-5-O-aminoribosyl-glycyluridine class

of antibiotics is believed to be the phospho-MurNAc-pentapep-
tide translocase (MraY, translocase I, Figure 2), and it is known
that this class of antibiotics strongly inhibits Mra¥e.(coli
translocase, 16 = 0.05ug/mL for LPMs)>" Because of their
complex structural and biological similarities, it has been

dinane and Nal@ However, the desired carboxylic acid was
not obtained at all because the intermediate aldehyde derivative
was susceptible t@-elimination of the palmitoyloxy group.

An alternative to this approach, employing the more acces-
sible amino acid derivativé4 derived from9 (Scheme 2) to
minimize transformations at a later stage of the synthesis, was
developed as shown in Figure 3. In addition to this modification,
the synthesis was conducted without the benzyloxymethyl

suggested that the CPZs may possess the same mode of actioBOM) protection at theN-3-position of the uracil moiety
as the LPMs. Peptide glycan biosynthesis consists of threebecause the presence of the BOM group complicated the

stages, including the formation of uridine diphosphéte
acetylmuraminylpentapeptide (UDP-MurNAc-pentapeptide) in

construction of the diazepanone moiety, as described in the total
synthesis of capraz8land removal of the BOM group was

cytoplasm, the membrane-anchored synthesis of lipid | and lipid Sometimes problemati€.Preparation of the amino acid deriva-

I, a precursor to the peptide glycan, and polymerization of the
resulting lipid Il by transpeptidation and transglycosidation. The

tive 14is outlined in Scheme 2. Deprotection of the Boc group
of 92 (80% aqueous TFA) followed by protection of the resulting

second and the third stages are involved in a lipid cycle, and amino group (2 equiv of 2,2,2-trichloroethoxycarbonyl chloride

the MraY catalyzes the first step of the lipid-linked cycle of

the reactions, where UDP-MurNAc-pentapeptide is attacked by
the undecaprenol monophosphate in the bacterial cell membran

providing lipid | (Figure 2). Lipid | anchored to the cell
membrane is further glycosylated Mracetylglucosamine to
afford lipid Il. Since MraY is an essential enzyme among
bacteria, it is potentially a target for the development of anti-

(6) (@) Ochi, K.; Ezaki, M.; Morita, I.; Komori, T.; Kohsaka, M. ER
0333177, 1989, A2. (b) Yoshida, Y.; Yamanaka, H.; Sakane, K. JP HO5-
78385, 1993.
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(7) (a) Dini, C.Curr. Top. Med. Chen®005 5, 1221-1236. (b) Kimura,
K.; Bugg, T. D. H.Nat. Prod. Rep2003 20, 252-273. (c) Ichikawa, S.;

&@atsuda, A Expert Opin. Ther. Pat2007, 17, 487—498.

(8) (a) Sapico, F. L.; Montgomerie, J. Z.; Canawati, H.Am. J. Med.
1981, 281, 101-109. (b) Hayden, M. K.; Koenig, G. Antimicrob. Agents
Chemother1994 38, 1225-1229. (c) Wootton, M.; Howe, R. A.; Walsh,
T. R.; Bannett, P. M.; MacGowan, A. B. Antimicrob. Chemothe2002
50, 760-761. (d) Hiramatsu, Klinfect. Dis 2001, 1, 147-155.

(9) (a) Hirano, S.; Ichikawa, S.; Matsuda, Angew. Chem.Int. Ed.
2005 44, 1854-1856. (b) Hirano, S.; Ichikawa, S.; Matsuda, A.Org.
Chem, published Nov 21, http://dx.doi.org/10.1021/jo701699h.

(10) Hirano, S.; Ichikawa, S.; Matsuda, Aetrahedror2007, 63, 2798~
2804.
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palmitoyl caprazol (7)

(TrocCl), CHCI,, 90% overall) gavelO, protecting group
manipulation of which was further carried out to affdrdl (30
equiv of NH,F, MeOH; 1.5 equiv of 4/4dimethoxytrityl
chloride (DMTTrCI), pyridine; 3 equiv of TBDPSCI, 6 equiv of
imidazole, DMF, 68% overall). Compourid was successively
N-methylated (2.5 equiv of Mel, 2 equiv of NaH, DMF) and
deprotected (aqueous AcOH, 74% overall) to afford the second-
ary amine derivativé2. The primary alcohol o12was oxidized
(0.5 equiv of 2,2,6,6-tetramethylpiperidifeoxide (TEMPO),
2.4 equiv of Phl(OAcg), aqueous MeCN), and the resulting
carboxylic acid was protected asBu ester to affordl3 (10
equiv oft BUOC(NH)CCE4, 0.3 equiv of BR-OEt, CH,Cl,, 89%
overall). Finally, the Troc group df3was removed by Zn (10
equiv, 30 equiv of NHCI, MeOH, 91%) to givel4.

With the secondary aming4 in hand, the synthesis of the
palmitoyl caprazol7 was undertaken as shown in Scheme 3.
Oxidation of15!* with 2-iodoxybenzoic acid (IBX¥ (3 equiv,
MeCN, 80 °C) followed by a two-carbon elongation with
PhsP=CHCO,Me (1.2 equiv, CHCIl,, —20 °C, 91% overall)
provided 16 (trans/cis= 37/1). The aminohydroxylatid#16

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

(12) More, J. D.; Finny, N. SOrg. Lett.2002 4, 3001-3003.

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

(14) O'Brlen, P.; Oshorne, S. A.; Parkaer, D.Tetrahedron Lett1998
39, 4099-4102.
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of 16 resulted in superb improvement of the yield, regioselec-
tivity, and stereoselectivity compared to our original synthesis
to afford 17 (15 mol % of KJOs(OH)s), 15 mol % of
hydroquinidine (anthraquinone-1,4-diyl) diether (DHQBDN),

3 equiv of benzyl carbamate, 2.6 equiv of NaOPfOH—H,0,
15°C, 96% yield, 98% de)3-Selective ribosylation 07 with

the 3-pentylidene-protected ribosyl dorkd® gave the desired
19 with excellents-selectivity (1.2 equiv of BRFOEf, CHy-

Cly, —30°C, 81%, /o = 24.0/1). Thus, it was revealed that
protection of theN-3-position of the uracil moiety was un-
necessary in the ribosylation step. Further crystallization of the
mixture gave the pur&9 (/o = >99/1). The azide group in
19 was reduced to the corresponding amine (3 equiv of;PPh
5 equiv of HO, benzene THF, 50°C), which was protected
with a Boc group to give20 (2 equiv of BogO, 2 equiv of
NaHCG;, 90% overall). The yield of the hydrolysis of the
methyl este20 giving 21 (1 equiv of Ba(OH), aqueous THF,
73%) was also improved, as was the case with the Sharpless
aminohydroxylation. Coupling d¥1 with the secondary amine
14 using 3-(diethoxyphosphoryloxy)-1,2,3-benzotriazinH)3
one (DEPBTY’ (4 equiv, 1.5 equiv ofL4, 4 equiv of NaHCQ,
THF, 0°C, 66%) gave the amid22, the TBDPS deprotection
of which afforded23 (5 equiv of TBAF, AcOH, THF, 78%).
Acylation of the resulting secondary alcohol28 with palmitic
acid (3 equiv, 3 equiv of 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (EDCI), 0.3 equiv of DMAP, GH
Cly) and conversion of the terminal olefin 84 to the aldehyde
with the two-step sequence provided the precugofor the
cyclization (0.5 mol % of Os@ 2.5 equiv of NMO, acetone
H,0; 2.7 equiv of NalQ, acetone-phosphate buffer (pH 7),

(15) Tao, B.; Schlingloft, G.; Sharpless, K. Betrahedron Lett1998
39. 25072510.

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

(17) Jiang, H.; Li, X.; Fan, Y.; Ye, C.; Romoff, T.; Goodman, Krg.
Lett. 1999 1, 91-93.

(18) Brandish, P. E.; Burnham, M. K.; Lonsdale, J. T.; Southgate, R. S.;
Ibukai, M.; Bugg, T. D. H.J. Biol. Chem 1996 271, 7609-7614.
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SCHEME 1. Initial Attempts to Prepare 3'"-O-palmitoyl Caprazol Derivative

1)TBAF AcOH, THF
TBDPSCI imidazole

NHBoc
palmltlc acid
EDCI, DMAP
CH,Cl,
TBSO NH NH4F MeOH
TBSO._ 0 N‘Q
Me’ OH;‘ L
o_ O
5

NHBoc

@@%g‘

s X

oxidation %

NH

M

SCHEME 2. Preparation of N-Methyl-2-amino-3-hydroxyl-4-pentonoate

1) NH4F, MeOH

1) aq. TFA 2) DMTrCl, pyridine
2) TrocCl, NaHCO34 3) TBDPSCI, imidazole
l;lHBoc CH,Cly-H,0 I%IHTroc DMF l;lHTroc
Z 2 steps, 90% Z 3 steps, 68%
HO  OTBDPS HO OTBDPS TBDPSO  ODMTr
9 10 1
1) Mel, NaH
DMF
2) ag. AcOH
1) TEMPO, Phl(OAc), 2 steps, 74%
ag. MeCN
HMsR 2) 'BUOC(NH)CCl3 NMeTroc
_ CoyfBu BF;-OEt, _ OH
TBDPSO 2 steps, 89% TBDPSO
13:R= T 12
mRobC Zn, NH,CI, MeOH, 91%

83% overall). Then, the intramolecular reductive amination was synthetic strategy enabled us to prepdran 10.5% over 16

applied to25, and the desired diazepanc2@was obtained in
excellent yield (H, Pd black,PrOH, then 4 equiv of NaBH-
(OAC)s, AcOH, AcOEt, 96% overall). Spectrometric analysis
by NMR unambiguously confirmed the structure2® There-

steps starting from uridine. Several analogues of the CPZs,
where the fatty acyl side was modified, had already been
semisynthesized from+H)-caprazol, which was obtained by

hydrolysis of the naturally occurring CPZs. Therefore, our

fore, no epimerization had occurred despite the two-step second generation synthesis df){caprazol would provide a

diazepanone construction at tigpalmitoyloxy formyl moiety,
which should be sensitive to epimerization. Methylatior26f
gave27 (5 equiv of (CHO),, 4 equiv of NaBH(OACc), AcOH,
AcOEt, 77%). Finally, a global deprotection 27 (80% aqueous
TFA, quant.) provided the palmitoyl caprazal The diaz-
epanone derivative26 was also deprotected to givhiS-
desmethyl palmitoyl capraz@8 (80% aqueous TFA, quant.).
This modified synthetic strategy enabled us to prepaie
10.2% over 16 steps, starting from uridine, in a highly concise
manner.

Second Generation Synthesis of+)-Caprazol. Improve-
ment of the number of steps and total chemical yield of the
preparation of {)-caprazol were also accomplished with this

full chemical process toward the preparation of the CPZs
analogues.

Evaluation of the Antibacterial Activity. Antibacterial
activity of the synthetic compounds was evaluated against a
range of bacterial strains includidycobacterium spand the
minimum inhibitory concentrations (MICgg/mL) are sum-
marized in Table 1. Palmitoyl capraz@) which possesses a
simple fatty acyl side chain, exhibited antibacterial activity
againstMycobacterium smegmatsTCC607 (MIC= 6.25ug/

mL) with a potency similar to that of the CPZs. Consistent with
these observations and with previous studfesimplification

of the fatty acyl side chain in the CPZs to the palmitoyl group,
lacking substituents and stereocenters, was tolerated for anti-

modified synthesis as shown in Scheme 4. Thus, protection of bacterial activity. Removal of the methyl group at thé-

the allylic alcohol of the amide derivati&8 with a triethylsilyl
(TES) group (TESCI, imidazole, DMF) and conversion of the
terminal olefin of29to an aldehyde with the two-step sequence
provided30 (0.5 mol % of OsQ, 2.5 equiv of NMO, acetone
H.0; 2.7 equiv of NalQ@, acetone-phosphate buffer (pH 7),
69% overall) to afford a precursor for the cyclization reaction.
The intramolecular reductive amination 80 gave the diaz-
epanone1 (H,, Pd blackiPrOH, then 4 equiv of NaBH(OAg)
AcOH, AcOEt, 78% overall). AfterN-methylation at the
diazepanone moiety (5 equiv of (GB),, 4 equiv of NaBH-
(OAC)s, AcOH, AcOEt, 91%), a global deprotection 3 (80%
aqueous TFA, quant.) provided)-(7). This second generation

572 J. Org. Chem.Vol. 73, No. 2, 2008

position had a relatively high impact on aiMiycobacterium
activity, and28resulted in a modest 4-fold reduction in potency.
Clinically useds-lactams and vancomycin inhibit peptidoglycan
biosynthesis; their mode of action is inhibition of the polym-
erization of the lipid 1l at the bacterial surface. The CPZs may
have a similar mode of action as the LPMs, which also inhibit
peptidoglycan biosynthesis, but they would inhibit MraY in a
different manner from those of thlactams and vancomycin.
Since the reaction catalyzed by MraY is located upstream of
the lipid Il polymerization and is the essential step for the growth
of most bacteria, it is expected that MraY inhibitors would
exhibit antibacterial activity against drug-resistant strains. As
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SCHEME 3. Synthesis of Palmitoyl Caprazol 7 and Its DedN-methyl Analogue 28

O
/ 1) IBX, MeCN, reflux
NH  2) Ph3P=CHCO,Me MeO,C

Ho\/i\/N« CH,Cl
o)

s 2 steps, 91%
0.0
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=\ o N \, _ProH-H0
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6 O (98% de)
16 <
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coziN 0 ¢ NH 22 o N
2 o n —~ ChzHN' o}
(]
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13 H
d){) 7 X
19:R=Ng R'=Me  —— PPhy, H,0, THF

20: R = NHBoc, R Me

then, Boc,0, 2 steps, 90%

21:R=NHBoc, R'=H <— Ba(OH),, THF-H,0, 73%

14, DEPBT, CH,Cl, | 66%

0, NHBoc

o NHBoc

acetone-H,0

o--go( O 0s04 NMO g(
coiN. O ¢ NH  then, NalO. SN O ¢

M \ N
_ e\Nm —§o 3 steps, 83% oHe e, m —§
‘>—/ O H )—/ 0 H\—/
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22: R = TBDPS
23:R=H

DMAP, CH,Cl,

HO, NH,

oW\ TFA, aq. THF Me’ OH
quant. o_ O

quant.

expectedy and28 exhibited antibacterial activity against drug-
resistant bacteria including MRSA and VRE strains (MHC
3.13-12.5ug/mL). Different from the case witMycobacterium
smegmatis the desmethyl analogu28 exhibited a similar
potency to7 in antibacterial activity against MRSA and VRE

TABLE 1. Antibacterial Activity of CPZ Analogues

MIC (ug/mL)
strain 4 7 28

M. smegmati®ATCC607 >100 6.25 25

S. aureus=DA 209P >100 1.56 1.56
S. aureugviS9610 (MDR) >100 3.13 3.13
S. aureusviRSA No. 5 (MRSA) >100 6.25 6.25
S. aureusviRSA No. 17 (MRSA) >100 6.25 6.25
S. aureudViS16526 (MRSA) >100 6.25 6.25
S. aureusTY04282 (MRSA) >100 6.25 125
E. faecalisNCTC 12201 (VRE) >100 12.5 125

TBAF, THF, 78%
24: R = COCy5Hgs palmitic acid, EDCI

25
1) H,, Pd black

ProH 2 steps, 96%
2) NaBH(OAc)3

AcOH, EtOAc

NHBoc

Meees %gfw

BuO, C‘

>

TFA,aq. THF  26:R=H o (CHO),, NaBH(OAc);3

27: R=Me AcOH, EtOAc, 77%

strains. Mycobacteria have an extra cell wall structure that is
extraordinarily thick and tight, located outside the peptidoglycan
layer. This cell wall structure contains the characteristic long
chain fatty acid, mycolic acié® The difference in antibacterial
activity betweery and28 observed irMycobacterium spmight

be correlated to the subtle difference in lipophilicity introduced
by the methyl group at the diazepanone moiety. Of significance
is the antibacterial activity against drug-resistant bacteria
including MRSA and VRE strains. Therefore, the CPZs includ-
ing the LPMs and the MRYs, a target of which is MraY, are
promising leads for the novel antibacterial agents against drug-
resistant bacteria. More precise optimization (simplification) of
the lipophilic side chain is, however, necessary to improve the

(19) (a) Crick, D. C.; Mahapatra, S.; Brennan, PGl/cobiology2001,
11, 107R-118R. (b) Hong, X.; Hopfinger, A. Biomacromolecula004
5, 1052-1065.
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SCHEME 4. The Second Generation Synthesis of phenyl), 7.477.37 (m, 6H, phenyl), 5.91 (m, 1H, H-4), 5.67 (d,
(+)-Caprazol (4) 1H, TrocNH,Jyn2 = 8.0 Hz), 5.43 (d, 1H, H-58)54 4= 17.1 Hz),
5.28 (d, 1H, H-5bJsp 4= 10.3 Hz), 4.71 (m, 2H, CKCCly), 4.36
O.. NHBoc o. NHBoc (m, 1H, H-3), 3.96 (dd, 1H, H-1a)151o= 10.8 Hz,J1a» = 3.4
O 0 O 0s0,, NMO O o) O HZ), 3.79 (dd, 1H, H'lelb,la: 10.8 HZ,Jlb,ZZ 3.4 HZ), 3.76
' (/—-/(NH acetone-H,0 o ¥ (/—%NH (m, 1H, H-2), 1.07 (s, 9Hert-butyl): 13C NMR (CDCh, 125 MHz)
Vo . - tgesr:és:%% Mo MN_& o 154.4, 137.1, 136.5, 135.5, 135.4, 135.4, 132.3, 132.2, 130.3,
= N ) o OHG N ) 0 130.2, 130.1, 128.0, 128.0, 127.9, 127.9, 116.7, 95.5, 74.6, 74.1,
. OH\Y L oo 63.7,55.2, 26.8, 26.8, 19.1; FABMS-HR (NBA) calcd fos,83;-
f N 2 f N P 3 3 ’ ’ )
RO CoBu o o TG R o0 CINO,Si 530.1088, found 530.1097.

gg E:¥ES — BEASFCI' imidazole (2R,39)-3-O-tert-Butyldiphenylsilyl-1- O-(4,4 -dimethoxytrityl)-

1) Ha, Pd black 2-(2,2,2-trichloroethoxycarbonylamino)-4-pentene-1,3-diol (11).

PrOH 2 steps, 78%

Compoundl0 (1.24 g, 2.35 mmol) in MeOH (25 mL) was treated

2 2‘2‘3,:',‘2?5336 with NH4F (2.5 g) at 45C for 2 h. The reaction mixture was diluted
with AcOEt and the insoluble materials were filtered off though a
o. NHBoc Celite pad. The filtrate was concentrated in vacuo. The residue in
ol b 0 pyridine (20 mL) was treated with DMTrCI (1.19 g, 3.53 mmol) at
TESO N,R s (/_‘/{NH room temperature fo_r 24 h. The re_z_;lction mixture was concentrated
TFA, aq. THF ‘( Do N— in vacuq and the residue was partitioned between AcOEt az@.H
(*)-caprazol (4) Tt BuOCTW A o The organic phase was washed with saturated aqueous NaCl, dried
me OH— (Na;SQ,), and concentrated in vactibhe residue in DMF (20 mL)
°><° was treated with imidazole (1.4 g, 21 mmol) and TBDPSCI (1.8
31:R=H  —— (CHO), NaBH(OAc), mL, 7.1 mmol) at room temperature for 24 h. The reaction mixture
32:R=Me AcOH, EtOAc, 91% was partitioned between AcOEt and® and the organic phase

was washed with kD (twice) and saturated aqueous NaCl, dried

permeability in bacterial cel® It is also extremely important ~ (Na&SQy), and concentrated in vacuo. The residue was purified by
to simplify the hydrophilic core structures to reduce the size of @ neutral silica gel column (1@ 15 cm, 15% AcOEthexane) to
the molecules and to stabilize the chemically labile structure. 9ive 11(1.33 g, 68% in 3 steps) as a colorless glasg'h, +4.7
Although this aspect of the research will likely be the most (€0-9, CHCh) *H NMR (CDCl, 500 MH2)d 7.63-7.58 (m, 4H,
difficult to accomplish, a full chemical synthetic approach with pherm), ;'32_75'1170“3’ iﬁH’Hpgz?yl)'f'Z gmH4H,5pgzenzl),liiGZ
novel agents, based on nucleoside antibiotic research and rationa]q_ln_]éb J' -=)’10'3 éz’ , H-5&J554 = 17.0 Hz), > (d, 1H,

; ; . , . , Jsba 3 Hz), 4.77 (d, 1H, TrocNHJ\n2 = 8.2 Hz),
drug design, should result in the discovery of novel antibacterial 4 73 (d, 1H, CHCCl, J = 13.5 Hz), 4.61 (d, 1H, ChCCls, J =

drugs. .  13.5Hz), 4.48 (m, 1H, H-3), 4.01 (m, 1H, H-2), 3.77 (s, 6H, OMe
Conclusion. In summary, we have described the synthesis « 2), 3.20 (m, 1H, H-1a), 3.08 (m, 1H, H-1b), 0.99 (s, Gkt
of caprazamycin analogues and their structaetivity relation- butyl); 13C NMR (CDCk, 125 MHz)6 158.6, 158.4, 154.5, 154.3,

ship. The key elements of our approach include the improved 147.3, 144.7, 139.4, 136.6, 136.1, 136.0, 135.9, 135.9, 135.8, 135.8,
synthesis of the key'§-O-aminoribosyl-glycyluridine deriva- 135.7,133.4,132.8, 130.2, 130.0, 129.9, 129.9, 129.8, 129.7, 129.1,
tive, installation of the palmitoyl side chain to the cyclization 128.0,127.9,127.8,127.8,127.7,127.7,127.6, 127.5,127.5, 127 .1,
intramolecular reductive amination. Palmitoyl caprazaolhich 74.1,62.1,56.7, 5.9, |5%2f 55.2, 27'?’ 21.0,26.9,19.3, %9'3'd19'2‘
possesses a simple fatty acyl side chain, exhibited antibacterialZABMS-HR (NBA) calcd for GsHasClaNOeSI 832.2395, foun
L . . _ 832.2390.
activity againstMycobacterium smegmatiSTCC607 (MIC = ) ) i
6.25 ug/mL) with a potency similar to that of the CPZs. (2R,39)-3-O-tert-Butyldiphenylsilyl-2-(N-methyl-2,2,2-trichlo-

e - . . ; roethoxycarbonylamino)-4-pentene-1,3-diol (12)A solution of
Analogues’ and28 also exhibited antibacterial activity against 11 (185 mg, 0.22 mmol) in DMF (3 mL) was treated with Mel

drug-resistant bacteria including MRSA and VRE strains (MIC (222,L, 0.44 mmol) and NaH (14 mg, 60% purity, 0.33 mmol) at

= 3.13-12.5 ug/mL). This strategy would be suitable for  gecfor g h, The reaction mixture was partitioned between ACOEt
examining a general structuractivity relationship and for  ang H0, and the organic phase was washed wisBKtwice) and

synthesizing novel analogues because th&-6-aminoribosyl- saturated aqueous NaCl, dried ¢88), and concentrated in vacuo.
glycyluridine structure is predicted to be a pharmacophore of The residue was dissolved in GEl, (3 mL) and treated with 90%
this class of natural products. aqueous AcOH (10 mL) at room temperature for 1 h. The reaction

mixture was carefully concentrated in vacuo (being kept under

10°C). The residue was purified by a flash silica gel column(3

20 cm, 33% AcOEthexane) to give2 (87.9 mg, 74% in 2 steps)
(2R,39)-1-O-tert-Butyldiphenylsilyl-2-(2,2,2-trichloroethoxy- as a colorless glassH NMR (CDCl;, 500 MHz, 10:1 mixture of

carbonylamino)-4-pentene-1,3-diol (10)Compoundd (100 mg, the rotamers, assignment for the major isome#).69-7.63 (m,

0.22 mmol) was treated with 80% aqueous TFA (5 mL) at room 4H, phenyl), 7.44-7.36 (m, 6H, phenyl), 5.75 (ddd, 1H, H-&, 5,

temperature for 2 h. The mixture was concentrated in vacuo. The = 17.2 Hz,J;5, = 10.1 Hz,J45, = 8.3 Hz), 4.86 (d, 1H, H-5b,

residue in CHCI,—H,0 (1:1, 10 mL) was treated with TrocCl (91  Jsp 4= 10.1 Hz), 4.76 (m, 1H, CKCCL), 4.74 (d, 1H, H-5aJs, 55

mg, 0.44 mmol) at room temperature for 12 h. The organic phase = 17.2 Hz), 4.62 (m, 1H, CKCCl), 4.34 (dd, 1H, H-3);,= 8.3

was washed with saturated aqueous NacCl, dried%9g), filtered, Hz, J;, = 8.2 Hz), 4.11 (m, 1H, H-2), 4.01 (m, 1H, H-1a), 3.81

and concentrated in vacuo. The residue was purified by a flash (m, 1H, H-1b), 2.83 (s, 3H, NMe), 1.06 (s, 9kgrt-butyl); 13C

silica gel column (3x 10 cm, 20% AcOEthexane) to afford.0 NMR (CDCl, 125 MHz)6 155.5, 154.6, 137.5, 137.4, 136.1, 136.1,

(105 mg, 90% in 2 steps) as a colorless syrup]*p —13.6 € 135.9, 135.9, 133.5, 133.4, 133.2, 133.1, 129.9, 129.9, 129.8, 129.7,

2.20, CHC}); 'H NMR (CDCls, 500 MHz) ¢ 7.65-7.61 (m, 4H, 127.7,127.4,118.2,117.9, 95.7, 95.4, 75.3, 75.2, 75.1, 74.6, 63.6,

60.9, 31.9, 27.0, 19.3; FABMS-HR (NBA) calcd for,4E33Cls-

(20) Green, D. WExpert Opin. Ther. Target2002 6, 1—19. NO,Si 544.1245, found 544.1238.

Experimental Section
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Synthesis of Caprazamycin Analogues

tert-Butyl (2S,3S)-3-O-tert-Butyldiphenylsilyloxy-2-(N-methyl-
2,2,2-trichloroethoxycarbonylamino)-4-pentenate (13)A solution
of 12 (46.5 mg, 0.086 mmol) in 60% aqueous MeCN (1 mL) was
treated with PhlI(OAg)(69 mg, 0.21 mmol) and TEMPO (7.0 mg,

JOC Article

Methyl 6-Benzyloxycarbonylamino-6-deoxy-2,39-isopropy-
lidene-1-(uracil-1-yl)-3-p-glyceroL -talo-heptofuranuronate (17).
tert-Butyl hypochlorite (2.9 mL, 25.4 mmol) was added to a solution
of benzyl carbamate (2.6 g, 17.3 mmol) in aqueous NaOH (0.6 M,

0.045 mmol) at room temperature for 24 h. The reaction mixture 28.5 mL) andh-PrOH (57 mL) at ®C, and the mixture was stirred

was concentrated in vacpand the residue was purified by a silica
gel column (1x 3 cm, 25% MeOH/CHCI) to give the crude acid
as a colorless oil. The crude acid in &, (1 mL) was treated
with t-BuC(NH)CCE (186 mg, 0.86 mmol) and BFOE®, (3.2uL,
0.026 mmol) at OC for 1 h. The mixture was partitioned between
AcOEt and saturated aqueous NaHC®he organic phase was
washed with saturated aqueous NacCl, dried,8@), filtered, and

for 10 min, then allowed to reach room temperature. [DHQIN

(738 mg, 0.86 mmol)16 (1.94 g, 5.74 mmol), and ¥O0sQ,(OH),

(317 mg, 0.86 mmol) were sequentially added to the mixture. The
resulting whole mixture was stirred at room temperature for 2 h.
After addition of saturated aqueous 48503, the reaction mixture
was extracted with AcOEt. The combined organic phases were
washed with saturated aqueous NacCl, dried,@@), filtered, and

concentrated in vacuo. The residue was purified by a silica gel concentrated in vacuo. The residue was purified by a silica gel

column (3x 10 cm, 16% AcOEthexane) to affordl3 (47 mg,
89% in 2 steps) as a colorless foadtd NMR (CDCls, 500 MHz,
1:1.5 mixture of the rotamers)7.71-7.67 (m, 4H, phenyl), 7.43
7.34 (m, 6H, phenyl), 5.75 (m, 1H, H-4), 4.8@.60 (m, 6H, H-2,
H-3, H-5a, H-5b, CHCCIl3), 2.91 (s, 1.8H, NMe), 2.86 (s, 1.2H,
NMe), 1.46 (s, 3.6Htert-butyl), 1.44 (s, 5.4Htert-butyl), 1.03 (s,
3.6H,tert-butyl), 1.02 (s, 5.4Htert-butyl); 3C NMR (CDCk, 125

column (15x 20 cm, 46-45% AcOEt-hexane) to afford7 (2.78
g, 96%,>98% de) as a white foam:a]?%, +20.7 € 1.04, CHCY});
IH NMR (CDCls, 500 MHz) 6 8.45 (br s, 1H, NH-3), 7.357.31
(m, 5H, phenyl), 7.18 (d, 1H, H-6ls5 = 7.8 Hz), 5.70 (dd, 1H,
H-5, J5‘6 =7.8 HZ,J5‘OH =19 HZ), 5.62 (d, 1H, NH-§ JNH,G’ =
8.2 Hz), 5.45 (s, 1H, H-), 5.13 (d, 1H, benzylJ = 11.9 Hz),
5.08 (d, 1H, benzyl) = 11.9 Hz), 5.01 (dd, 1H, H'2J, 5 = 6.5

MHz) 6 169.8, 169.8, 154.8, 154.9, 136.1, 135.8, 118.2, 117.9, HZ,J23 = 3.1 Hz), 4.94 (dd, 1H, H3J32 = 6.5 Hz,J3 4 = 3.3
95.5,95.2,83.3,83.2, 75.2, 71.6, 71.4, 65.1, 64.4, 34.2, 28.0, 28.0;H2), 4.54 (M, 1H, H-§, 4.27 (m, 2H, H-4 H-5), 3.76 (m, 4H,

FABMS-HR (NBA) calcd for GgH3gClsNOsSi 614.1663, found
614.1664.

tert-Butyl (2S,39)-3-O-tert-Butyldiphenylsilyloxy-2-methylamino-
4-pentenate (14).A mixture of 13 (184 mg, 0.3 mmol), NECI
(477 mg, 9 mmol), and Zn powder (230 mg, 85% purity, 3 mmol)

in MeOH (5 mL) was stirred at room temperature for 12 h. Insoluble
materials were filtered off through a Celite pad, and the filtrate
was concentrated in vacuo. The residue was purified by a neutral

silica gel column (3x 5 cm, 50% AcOEthexane) to gived.4 (120
mg, 91%) as a colorless syrupa]f?p +3.9 € 1.03, CHC}); H
NMR (CDCls, 500 MHz) ¢ 7.72 (dd, 2H, phenyl) = 1.5, 7.9
Hz), 7.67 (dd, 2H, phenyl) = 1.5, 7.9 Hz), 7.437.34 (m, 6H,
phenyl), 5.81 (ddd, 1H, H'4]4,Sa: 17.2 HZ,J4'5b: 10.3 HZ,J4’3
=6.9 HZ), 5.00 (dd, 1H, H-5b35b,4= 10.3 HZ,J5b15a: 1.0 HZ),
4.96 (dd, 1H, H-5aJ5,4= 10.3 HZ,Jsa50= 1.0 Hz), 4.45 (m, 1H,
H-3), 3.06 (d, 1H, H-2), 3= 3.6 Hz), 2.34 (s, 3H, NMe), 1.63 (br
s, 1H, NH), 1.40 (s, 9Htert-butyl), 1.07 (s, 9Htert-butyl); 13C
NMR (CDCl, 125 MHz)6 170.9, 136.6, 136.0, 135.9, 133.7, 133.5,

129.7, 129.6, 127.6, 127.4,127.3, 126.9, 126.5, 126.1, 116.8, 81.1

76.3, 69.3, 35.1, 28.2, 28.1, 27.0, 19.4; FABMS-HR (NBA) calcd
for CaeH3gNO3Si 440.2621, found 440.2629.

Methyl (E)-5,6-Dideoxy-2,30-isopropylidene-1-(uracil-1-yl)-
p-D-ribo-5-eneheptofranuronate (16)A solution of15(4.0 g, 14.2

OMe, OH), 1.54 (s, 3H, acetonide), 1.26 (s, 3H, acetonitfe);
NMR (CDCl;, 125 MHz) 6 170.9, 163.1, 156.23, 150.4, 143.2,
136.2,128.5,128.2,114.8,102.8, 96.2, 86.1, 82.7, 81.4, 71.4, 67.1,
56.6, 52.8, 27.2, 25.3; FABMS-HR (NBA) calcd for4E,5N3010
506.1774, found 506.1778.

Methyl 5-O-[5-Azido-5-deoxy-2,30-(3-pentylidene)ff-p-ri-
bofuranosyl]-6-benzyloxycarbonylamino-6-deoxy-2,3-isopro-
pylidene-1-(uracil-1-yl){#-p-glycerat -talo-heptofuranuronate (19).

A mixture of 17 (50.5 mg, 0.1 mmol)18 (37 mg, 0.15 mmol), and
MS4A (150 mg) in CHCI, (1 mL) was stirred at-30 °C for 15
min. BR;-OEf, (20 L, 0.15 mmol) was added five times at each
hour, and the reaction mixture was stirred for a total of 12 h.
Saturated aqueous NaH@@vas added, and the mixture was
extracted with AcOEt. The organic phase was washed with saturated
aqueous NaCl, dried (N80Qy), filtered, and concentrated in vacuo.
The residue was purified by a silica gel column (%515 cm,
33—50% AcOEt-hexane) to affordl9 (52 mg, 71%,>97% de)

as a white foam: d]%% +6.3 (¢ 0.73, CHC}); 'H NMR (CDCls,
500 MHz) 6 9.40 (br s, 1H, NH-3), 7.467.30 (m, 6H, phenyl,

'H-6), 5.86 (d, 1H, NH- Jue = 9.8 Hz), 5.70 (d, 1H, H-5J56

= 8.1 Hz), 5.67 (s, 1H, H'}, 5.22 (d, 1H, benzyl) = 12.3 Hz),
5.15 (s, 1H, H-1), 5.05 (d, 1H, benzyl) = 12.3 Hz), 4.81 (m,
2H, H-2, H-3), 4.67 (d, 1H, H-6 Jg nn = 9.8 Hz), 4.58 (m, 2H,
H-2, H-3), 4.47 (d, 1H, H-5 Js.4 = 7.3 Hz), 4.24 (dd, 1H, H*4

mmol) and IBX (9.9 g, 35.5 mmol) in MeCN (140 mL) was heated J,.5, = 5.8 Hz,Js 51 = 6.3 Hz), 3.77 (s, 3H, OMe), 3.39 (dd,
at 80°C for 1 h. The reaction mixture was cooled in an ice bath, 1H, H-5'a, Jsa5, = 12.8 Hz,J5:a4' = 4.8 Hz), 3.36 (dd, 1H, H'%,
and the resulting white precipitates were filtered off through a Celite 35 5., = 12.8 Hz,J5p 4 = 6.3 Hz), 1.62 (m, 2H, E,CHs), 1.53
pad. The filtrate was concentrated in vacuo. The residue igrCH (m, 2H, CH,CHs), 1.50 (s, 3H, acetonide), 1.30 (s, 3H, acetonide),

Cl, (140 mL) was cooled to—-20 °C, to which a solution of
PhP=CHCO,Me (5.7 g, 17.0 mmol) in CECl, (20 mL) was added
dropwise. The reaction mixture was stirred-20 °C for 1 h. The
mixture was diluted with AcOEt, then washed with,® and
saturated aqueous NaCl. The organic phase was driesB(ya

0.84 (M, 6H, 2x CH,CHa); 13C NMR (CDCh, 125 MHz)d 170.5,
163.2, 156.2, 150.0, 142.1, 136.2, 128.4, 128.2,128.1, 117.3, 114.9,
111.2, 102.5, 93.4, 86.2, 86.0, 85.3, 83.7, 81.8, 80.5, 78.5, 67.2,
54.4,53.1,52.8, 29.3, 28.9, 27.0, 25.3, 8.3, 7.3; FABMS-HR (NBA)
calcd for GaH43NgO13 731.2888, found 731.2892.

filtered, and concentrated in vacuo. The residue was purified by a  Methyl 6-Benzyloxycarbonylamino-50-[5-tert-butoxycarbo-

silica gel column (10« 20 cm, 25-45% AcOEt-hexane) to afford
16 (4.3 g, 91% in 2 steps) as a colorless syrup}?}, +45.4 €
0.7, CHCE); *H NMR (CDClz, 500 MHz) ¢ 8.60 (br s, 1H, NH-
3), 7.19 (d, 1H, H-6Js5 = 8.0 Hz), 7.01 (dd, 1H, H'5J5 ¢ =
15.8 Hz,J5 4+ = 5.9 Hz), 6.04 (dd, 1H, H‘6Js 5 = 15.8 Hz,Jg 4

= 1.7 Hz), 5.75 (dd, 1H, H-6)s s = 8.0 Hz,Js 0n = 2.2 Hz), 5.62
(d, 1H, H-1, Jy » = 1.6 Hz), 5.08 (dd, 1H, H*2Jy + = 1.6 Hz,
Jr3 = 6.4 Hz), 4.84 (dd, 1H, H3J3 > = J3 4 = 6.4 Hz), 4.66
(m, 1H, H-4), 3.75 (s, 3H, OMe), 1.59 (s, 3H, acetonide), 1.36 (s,
3H, acetonide)}3C NMR (CDCk, 125 MHz)6 166.1, 162.6, 145.6,

nylamino-5-deoxy-2,30-(3-pentylidene)#-p-ribofuranosyl]-6-
deoxy-2,30-isopropylidene-1-(uracil-1-yl)-b-glyceroL-talo-
heptofuranuronate (20). A mixture of 19 (793 mg, 1.09 mmol),

PhP (854 mg, 3.26 mmol), and® (900xL) in THF—benzene

(2:1, 10 mL) was stirred at 4%C for 12 h. After the reaction mixture
was cooled to room temperature, (Bi2)(918 L, 3.96 mmol)

was added, and the resulting mixture was stirred for an additional
5 h. The reaction mixture was partitioned between AcOEt ay@,H

and the organic phase was washed with saturated aqueous NacCl,
dried (NaSQy), and concentrated in vacuo. The residue was purified

143.6, 142.5, 122.3, 114.9, 102.9, 95.2, 86.8, 84.5, 84.0, 51.8, 27.1,by a silica gel column (3.6 15 cm, 50% AcOEthexane) to give

25.3; FABMS-HR (NBA) calcd for gsH19N,07 339.1192, found
339.1199.

20(782 mg, 90% in 2 steps) as a white foanu]$p +25.2 € 0.7,
CHCL); 'H NMR (CDCl;, 500 MHz) 6 8.73 (br s, 1H, NH-
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3), 7.36-7.31 (m, 5H, phenyl), 7.27 (d, 1H, H-85 = 8.0 Hz),
5.70 (d, 1H, H-5J56 = 8.0 Hz), 5.55 (s, 1H, H-), 5.51 (d, 1H,
NH-6', Iyne = 8.5 Hz), 5.39 (br s, 1H, NH5, 5.19 (d, 1H, benzyl,
J=12.2 Hz), 5.14 (s, 1H, H‘1, 5.07 (d, 1H, benzyl) = 12.2
Hz), 5.00 (d, 1H, H-2 J» 3 = 4.7 Hz), 4.84 (m, 1H, H-3, 4.67
(d, 1H, H-8, Js v = 8.5 Hz), 4.54 (m, 2H, H-2, H-3"), 4.43 (d,
1H, H-5, Js 4 = 7.5 Hz), 4.23 (m, 2H, H-4 H-4"), 3.79 (s, 3H,
OMe), 3.25 (m, 1H, H-3a), 3.03 (m, 1H, H-8b), 1.72 (s, 3H,
acetonide), 1.57 (m, 2H, KCHs), 1.55 (m, 2H, Gi,CHj3), 1.48
(s, 9H, tert-butyl), 1.32 (s, 3H, acetonide), 0.80 (m, 6H,2
CH,CHz); 3C NMR (CDChk, 125 MHz) 6 171.1, 162.8, 156.2,

Hirano et al.

112.3, 103.4, 103.0, 98.9, 92.9, 87.5, 87.5, 86.6, 86.0, 85.4, 84.3,
83.9, 83.0, 82.1, 81.9, 80.5, 80.3, 79.56, 79.1, 78.7, 74.5, 67.1, 61.7,
53.8,51.0, 43.2, 39.6, 36.2, 32.9, 29.7, 29.5, 28.8, 28.4, 28.4, 28.0,
27.9,27.9,27.1, 27.0, 27.0, 26.7, 25.3, 25.1, 22.7, 19.2, 14.1, 8.4,
7.8, 7.3; FABMS-HR (NBA) calcd for g3HgeNsO,7Si 1212.5788,
found 1212.5790.
N-[(1S,29)-1-tert-Butoxycarbonyl-2-hydroxy-3-butenyl]-N-
methyl-6-benzyloxycarbonylamino-50-[5-tert-butoxycarbony-
lamino-5-deoxy-2,30-(3-pentylidene)#-b-ribofuranosyl]-6-deoxy-
2,3-O-isopropylidene-1-(uracil-1-yl)-f#-p-glycero-L-talo-
heptofuranuronamide (23). A solution of22 (435 mg, 0.34 mmol)

156.0, 150.0, 142.9, 136.1, 128.5, 128.2, 116.6, 114.8, 112.0, 102.7n THF (2 mL) was treated with AcOH (98L) and TBAF solution
95.4,87.1,86.2,84.0,82.1,81.2,79.6, 79.0, 67.3, 54.8, 53.0, 43.3,(1 M solution in THF, 1.7 mL) at room temperature for 1 week.
29.4, 28.8, 28.4, 27.0, 25.3, 8.3, 7.3; FABMS-HR (NBA) calcd The mixture was partitioned between AcOEt and saturated aqueous

for CagHsaN4O15 805.3527, found 805.3517.
6-Benzyloxycarbonylamino-50-[5-tert-butoxycarbonylamino-
5-deoxy-2,30-(3-pentylidene)#-p-ribofuranosyl]-6-deoxy-2,3-
O-isopropylidene-1-(uracil-1-yl)f-p-glyceroL-talo-heptofura-
nuronoic acid (21).A solution 0f20 (32 mg, 0.04 mmol) in THF
H,O (4:1, 1 mL) was treated with Ba(OKH8H,O (13 mg, 0.04

NaHCG;, and the organic phase was washed with saturated aqueous
NaCl, dried (NaSOy), and concentrated in vacuo. The residue was
purified by a neutral flash silica gel column (3:0 10 cm, 60%
AcOEt—hexane) to give23 (279 mg, 78%) as a colorless foam:

IH NMR (CDClz, 500 MHz, 8:1 mixture of the rotamers)9.32

(br s, 1H, NH-3), 7.45 (d, 1H, H-6Js s = 8.0 Hz), 5.89-5.74 (m,

mmol) at—30 °C for 12 h. The solution was partitioned between 5H, H-1, H-5, H-11, NHBoc, NHCbz), 5.38 (d, 1H, H-1&, J12411
AcOEt and 0.3 N aqueous HCI, and the organic phase was washed= 17.2 Hz), 5.18 (d, 1H, H-1B, J1p1r = 12.6 Hz), 5.17 (d, 1H,

with saturated aqueous NaCl, dried ¢S&y), and concentrated in
vacua The residue was purified by a silica gel column (k5%
cm, 17% MeOH-CHCI;) to give 21 (23 mg, 73%) as a white
foam: [0]?p +21.6 € 1.00, CHC}); *H NMR (CDCls, 500 MHz)
0 7.64 (br d, 1H, H-6Js 5 = 8.0 Hz), 7.38-7.27 (m, 5H, phenyl),
5.74 (br s, 1H, H-1, 5.65 (br d, 1H, H-5J)5 6 = 8.0 Hz), 5.22 (s,
1H, H-1"), 5.16 (d, 1H, benzyl = 12.5 Hz), 5.11 (m, 1H, H-2,
5.02 (d, 1H, benzyl] = 12.5 Hz), 4.98 (m, 1H, H-3, 4.90 (m,
1H, H-2"), 4.65 (m, 1H, H-6), 4.56 (d, 1H, H-3, J3- »» = 5.8 Hz),
4.50 (m, 1H, H-5), 4.18-4.11 (m, 2H, H-4, H-4"), 3.13 (m, 2H,
H-5"a, H-8'b), 1.60 (m, 4H, 2x CH,CHj), 1.49 (s, 3H, acetonide),
1.48 (s, 9Htert-butyl), 1.31 (s, 3H, acetonide), 0.79 (m, 6Hx2
CH,CHg); C NMR (CDChk, 125 MHz) 6 177.5, 166.2, 158.5,

benzyl,J = 13.0 Hz), 4.99 (s, 1H, H-D), 5.04 (d, 1H, benzyl) =

13.0 Hz), 4.89 (m, 1H, H‘?, 4.86 (m, 1H, H-3, 4.81 (m, 2H,
H-2", H-3"), 4.63 (m, 1H, H-10, 4.56 (m, 1H, H-6, 4.51 (m,

2H, H-5, H-9), 4.22 (m, 1H, H-4), 4.11 (m, 1H, H-4), 3.78 (d,

1H, OH,Jon10= 3.4 Hz), 3.26 (M, 1H, H-Ba), 3.15 (s, 3H, NMe),
3.03 (m, 1H, H-Bb), 1.59 (m, 2H, E,CH3), 1.52 (s, 3H,
acetonide), 1.50 (m, 2H, KG,CHg), 1.45 (s, 9H tert-butyl), 1.43

(s, 9H, tert-butyl), 1.39 (s, 3H, acetonide), 0.82 (m, 6H, 2
CH,CHy); 3C NMR (CDCk, 125 MHz) 6 170.6, 169.5, 163.1,
156.2, 156.1, 150.1, 141.8, 136.1, 128.5, 128.4, 128.3, 118.0, 116.8,
114.9, 112.3, 103.0, 93.0, 86.5, 85.9, 85.6, 83.9, 83.2, 81.9, 80.5,
79.4,79.2,71.4,67.1, 64.0,50.8, 43.1, 35.6, 29.5, 28.7, 28.4, 27.8,
27.7,27.7, 25.3, 8.4, 7.2; FABMS-HR (NBA) calcd fosHsgNsO17

152.0, 138.3, 130.3, 129.7, 129.2, 128.7, 117.4, 115.6, 88.4, 87.9,974.4610, found 974.4602.
83.8, 83.4,80.5,57.4,44.5, 30.5, 29.0, 28.6, 28.2, 27.8, 27.3, 25.8, N-[(1S,29)-1-tert-Butoxycarbonyl-3-oxo-2-palmitoyloxypropyl]-

8.6, 7.9, 7.6; FABMS-HR (NBA) calcd for $H4gN4O15 789.3194,
found 789.3194.
N-[(1S,29)-2-tert-Butyldiphenylsiloxy-1-tert-butoxycarbonyl-
3-butenyl]-N-methyl-6-benzyloxycarbonylamino-50-[5-tert-bu-
toxycarbonylamino-5-deoxy-2,30-(3-pentylidene)#-b-ribofura-
nosyl]-6-deoxy-2,30-isopropylidene-1-(uracil-1-yl)f-p-glycero
L-talo-heptofuranuronamide (22). A mixture 21 (55 mg, 0.13

N-methyl-6-benzyloxycarbonylamino-50-[5-tert-butoxycarbo-
nylamino-5-deoxy-2,30-(3-pentylidene)-p-ribofuranosyl]-6-
deoxy-2,30-isopropylidene-1-(uracil-1-yl)f#-p-glyceroL-talo-
heptofuranuronamide (25).A solution 0f23 (50 mg, 0.051 mmol)

in CH.Cl, (1 mL) was treated with DMAP (2 mg, 0.015 mmaol),
palmitic acid (39 mg, 0.15 mmol), and EDCI (29 mg, 0.15 mmol)
at room temperature for 24 h. After the reaction was quenched by

mmol) and14 (129 mg, 0.16 mmol) in THF (2 mL) was treated addition of MeOH, the mixture was partitioned between AcOEt
with DEPBT (194 mg, 0.65 mmol) at room temperature for 18 h. and saturated aqueous NaH£@nd the organic phase was washed
The reaction mixture was partitioned between AcOEt and 0.5 N with 0.3 N aqueous HCI and saturated aqueous NaCl, driegt (Na
aqueous HCI, and the organic phase was washed with saturated50y), and concentrated in vacuo to give crugie The residue in
aqueous NaHCg@and saturated aqueous NacCl, dried {8&;), and 80% aqueous dioxane was treated with NMO (33 mg, 0.15 mmol)
concentrated in vacuo. The residue was purified by a silica gel and KOsQ,(OH), (6 mg, 0.15 mmol) at room temperature for 7 h.

column (3 x 22 cm, 40% AcOEthexane) to give22 (108 mg,
66%) as a white foamIH NMR (CDCl;, 500 MHz, 7:1 mixture
of the rotamers)) 8.67 (br s, 1H, NH-3), 7.697.65 (m, 4H,
phenyl), 7.48 (d, 1H, H-6J)s5 = 8.0 Hz), 7.4+7.31 (m, 11H,
phenyl), 5.43 (br s, 1H, NHBoc), 5.80 (s, 1H, H515.775.74
(m, 3H, H-11, H-5, NHCbz), 5.19 (d, 1H, H‘2Jy 3 = 6.6 Hz),
5.14 (d, 1H, benzyl) = 12.3 Hz), 5.06 (s, 1H, H*1), 4.98 (d, 1H,
benzyl,J = 12.3 Hz), 4.90 (m, 1H, H-3, 4.78 (m, 3H, H-12,
H-6', H-10), 4.67 (d, 1H, H-1D, J1p 11 = 17.2 Hz), 4.59 (d, 1H,
H-2", Jpr 30 = 7.7 Hz), 4.56 (d, 1H, H-3 J3:»» = 7.7 Hz), 4.23
(m, 1H, H-4), 4.19 (dd, 1H, H-4, Jy 5 = 5.4 Hz,J4 5, = 4.8
Hz), 4.05 (m, 1H, H-9, 3.25 (m, 1H, H-5), 3.04 (m, 1H, H-3b),
3.03 (s, 3H, NMe), 1.61 (m, 2H, GI€H3), 1.54 (s, 3H, acetonide),
1.48 (m, 2H, G1,CH3), 1.44 (s, 9Htert-butyl), 1.42 (s, 9Htert-
butyl), 1.27 (s, 3H, acetonide), 1.00 (s, QHrt-butyl), 0.81 (t, 6H,
2 x CH,CHj3, J = 7.4 Hz);3C NMR (CDCk, 125 MHz)6 170.5,

NalO; (88 mg, 0.41 mmol) was added to the mixture, and the
resulting mixture was stirred for an additional 18 h. The mixture
was diluted with AcOEt, and the organic phase was washed with
saturated aqueous NaHg@nd saturated aqueous NaCl, dried£Na
SQy), and concentrated in vacuo. The residue was purified by a
silica gel column (2x 5 cm, 50% AcOEt-hexane) to give5 (50

mg, 83% in 3 steps) as a colorless foam. Data for major rotamer:
IH NMR (CDCl;, 500 MHz, 7:1 mixture of the rotamerg)9.50

(s, 1H, H-11), 8.36 (br s, 1H, NH-3), 7.46 (d, 1H, H-655 = 8.0

Hz), 7.35-7.32 (m, 5H, phenyl), 5.825.61 (m, 3H, NHBoc,
NHCbz, H-10), 5.82 (s, 1H, H-), 5.78 (d, 1H, H-5J56 = 8.0

Hz), 5.42 (m, 1H, H-2, 5.19 (d, 1H, benzyl) = 12.1 Hz), 5.08

(s, 1H, H-1), 5.02 (d, 1H, benzyl] = 12.1 Hz), 4.96 (m, 1H,
H-3), 4.83 (m, 1H, H-6), 4.79 (m, 1H, H-5, 4.57 (d, 1H, H-2,

Jpr 3 = 5.2 Hz), 4.50 (d, 1H, H-3 J3 » = 5.2 Hz), 4.22-4.10

(m, 3H, H-4, H-4", H-9), 3.23 (m, 1H, H-8a), 3.21 (s, 3H, NMe),

167.6, 162.6, 156.4, 156.0, 152.0, 149.9, 146.2, 142.8, 141.7, 136.62.95 (m, 1H, H-8Db), 2.43 (m, 2H, COCh), 1.68-1.48 (m, 9H, 2
136.2,136.1, 136.1, 133.7, 133.0, 129.7, 129.5, 128.5, 128.3, 128.3,x CH,CHjs, acetonide, COCKCH,) 1.45 (s, 9H tert-butyl), 1.43
128.2,128.1,127.5, 127.3,118.2, 116.9, 116.4, 114.9, 113.6, 112.5(s, 9H,tert-butyl), 1.34 (s, 3H, acetonide), 1.26 (m, 24H, palmitoyl),
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0.88 (t, 3H, palmitoyl terminal-Me] = 6.4 Hz), 0.82 (m, 6H, X% 71.0,64.9, 63.0,43.2,38.7,34.5, 31.9, 29.7, 29.6, 29.7, 29.4, 29.3,

CH,CH3); FABMS-LR m/z1214 (MH"); FABMS-HR (NBA) calcd 29.2, 29.2, 28.9, 28.5, 27.7, 27.3, 25.3, 24.9, 22.7, 14.1, 8.4, 7.4,

for CgoHogNsO19 1214.6694, found 1214.6694. FABMS-HR (NBA) calcd for GsHooNsO1 1078.6539, found
Diazepanone (26)A mixture of 25(13.4 mg, 0.011 mmol) and 1078.6536.

Pd black (15 mg) in-PrOH (2 mL) was vigorously stirred under DesN-methyl Palmitoyl Caprazol (28). Compounc26 (10 mg,
H, atmosphere for 2 h. The insoluble materials were filtered off g4 umol) was treated with 80% aqueous TFA (1 mL) at room
through a Celite pad, and the filtrate was concentrated in vacuo. temperature for 1 h. The mixture was concentrated in vacuo, and
The residue in CLCl, (2 mL) was treated with AcOH (1@L) the residue was lyophilized to affog8 (a TFA salt, 8.6 mg, quant.)
and NaBH(OAc) (10 mg, 0.044 mmol) at room temperature for g5 g white solid: mp 19%5C dec; )23 +18.1 € 0.4, DMSO):1H
24 h. The mixture was partitioned between AcOEt and saturated NMR (CDs0D, 500 MHZz)6 7.65 (d, 1H, H-6,J55 = 8.1 Hz), 5.70
aqueous NaHC@and the organic phase was washed with saturated (d, 1H, H-5,J5 6= 8.1 Hz), 5.67 (d, 1H, H1J; > = 2.1 Hz), 5.61
aqueous NacCl, dried (N&0Oy), and concentrated in vacuo. The (m, 1H, H-3"), 5.45 (s, 1H, H-1), 4.80 (d, 1H, H-2', Jpn g» =
residue was purified by a silica gel column €5 cm, 33-50% 5.1 Hz), 4.22 (dd, 1H, H:2J, v = 2.1 Hz,Jp.3 = 6.7 Hz); 4.21
AcOEt-hexane) to give26 (11 mg, 96%) as a colorless foam: (m 1H, H-3), 4.11-4.02 (m, 5H, H-4 H-4", H-6, H-2", H-3"),
[a]p?® +9.4 (c 0.89, CHC}); *H NMR (CDCl3, 500 MHz)6 8.18 3.51 (m, 2H, H-4'a, H-4""b), 3.27 (m, 2H, H-3a, H-5'b), 3.09
(s, 1H, NH-3), 7.33 (d, 1H, H-6)s5 = 8.1 Hz), 6.91 (br s, 1H, (s 3H, CONMe), 2.41 (t, 2H, COCHJ = 7.5 Hz), 1.64 (m, 2H,
NHBoc), 5.70 (d, 1H, H-5J5 6 = 8.1 Hz), 5.68 (s, 1H, H‘}, 5.41 COCH,CH,), 1.28 (m, 24H, palmitoyl), 0.89 (m, 3H, palmitoyl
(s, 1H, H-1'), 5.22 (m, 1H, H-3'), 4.89 (dd, 1H, H-2 J» 3 = 6.5 terminal-Me);*3C NMR (CD50D, 125 MHz)o 173.8, 170.3, 165.9,
Hz, J> v = 1.6 Hz), 4.63 (m, 2H, H-3H-2"), 4.53 (d, 1H, H-5 151.9, 143.2, 108.8, 102.8, 94.2, 84.9, 80.3, 76.3, 75.9, 74.4, 73.5,
Js6 = 9.6 Hz), 4.49 (d, 1H, H-3 Jg > = 5.9 Hz), 4.42 (d, 1H, 732 71.3,68.7, 65.4, 62.2, 60.4, 50.2, 43.0, 39.5, 35.0, 34.8, 33.1,
H-2"", Jpr 3w = 5.2 Hz), 4.38 (m, 1H, H-3, 4.26 (dd, 1H, H-4, 30.8, 30.7, 30.6, 30.5, 30.5, 30.2, 26.1, 25.8, 23.8, 14.5; FABMS-
Ju 512 = 4.2 Hz,Jg5p = 7.5 Hz), 3.35 (m, 1H, H-%a), 3.30 (m, HR (NBA) calcd for GyHgoNsO14 798.4142, found 798.4142.
ﬂ;\'n H'g)'gg'sg ((lel"llmen ‘:’]" ‘]4'”‘%4'2 _121§7HHZ)239$2 (s, fn Palmitoyl Caprazol (7). Compound27 (7.8 mg, 7.3zmol) was

e), 2.98 (d, 1H, 1 ~4vbara -7 Hz), 2.97 (m, 1H, treated with 80% aqueous TFA (1 mL) at room temperature for

CH:g'C,:b),Casgl(gnz’ ZH:S’HCOC?' .3'611(%’ 6H§tldztxb <t:|-||2ClH432 1 h. The mixture was concentrated in vacaod the residue was
HCH,), 1.52 (s, 3H, acetonide), 1.49 (s, Adrt-butyl), 1. lyophilized to afford7 (a TFA salt form, 6.7 mg, quant.) as a white

(s, 9H,tert-butyl), 1.29 (s, 3H, acetonide), 1.25 (m, 24H, palmitoyl), <. mp 210°C dec; p]%% +17.0 €0.5, DMSO):H NMR (CDs-

0.88 (m, 3H, palmitoyl terminal-Me), 0.82 (m, 6H,>2 CH,CHy3); OD, 500 MHz) 7 7’4 (d, 1H, H-6J i 8.0 H’z) 5.70 (d, 1H
13C NMR (CDCh, 125 MHz)6 174.5, 173.1, 166.9, 162.5, 156.1, H-5’ J.=80 Hz)' 5.63 ’(s 1’H H-”J,’55 43 '(m 1|_’| |_'|_3,) 519‘
149.6, 141.9, 116.5, 114.8, 110.9, 102.5, 93.1, 87.2, 86.8, 86.5,(S :,LHSYGH-I'). 465’(d. 1H lH-Z'I Ty g _ 46 ’Hz) ’437 (’d .lH
845,83.8,82.2,8L.1,78.9,60.4,64.9,604,49.5,435,39.5,34.2, 7' ) "} g'pn G o) 1T a2 A2 R B T
31.9,29.7, 29.6, 29.6, 29.5, 29.3, 29.3, 29.1, 28.5, 28.0, 27.3, 25.5,2|_| H3' H-4;) 4 1’1_'4 07 (,m éH H-2 ‘H-2 .H-4”)’ 3.78 (dl
24.9,22.7,14.1, 8.3, 7.4; FABMS-HR (NBA) calcd fog890Ns016 1H: H-6’,,J6v s Z 8..8 Hz): 3.44 (’d, 1|1|’ H'wa,-]4”',a o = ’16:3 Hz):

1064.6383, found 1064.6375.
. ' . . 3.26 (m, 1H, H-5a), 3.19 (m, 1H, H-3b), 3.14 (d, 1H, H-4'b,
Diazepanone (27)A solution of26 (10 mg, 9.4umol) in AcOEt Jamy 4fa = 16.3 Hz)), 313 ((s, 3H, CONI\)/Ie), 3.4(8 (s, 3H, NMe),

(1 mL) was treated with paraformaldehyde (1.5 mg, 4iiol), 2.38 (m. 2H, COCH), 1.60 (M, 2H, COCKLCH,), 1.30 (m, 24H
ACOH (20 uL), and NaBH(OAc) (8 mg, 38 umol) at room pélmi(to3}|) 0.89 (2' 3H (pa{lmitéyl terminezl)l-lMé)“é NMR'
temperature for 72 h. The mixture was partitioned between AcOEt (DMSO{:I’ 150 Mszé 17’1 9. 170.3. 163.4. 150.3 ‘140 11101
and saturated aqueous NaH4{£@nd the organic phase was washed 101.0 1060 2 893 82.7 7.8 ’2 76‘ 0 74 4 ’74 2' '70 0 .65 7 68’8
with saturated aqueous NaCl, dried @S&y), and concentrated in 674 ’38 1 .35 9 33 8 éll 2 2.9’8 2'9 ’O 289 2é 8 288 28’ 6 28' 5’

vacuo. The residue was purified by a silica gel colummx (% cm, . N
50% AcOEt-hexane) to give27 (7.8 mg, 77%) as a colorless (Zlgsﬁez%\ltgmz;lg 422293 ' ff_)ir?d 2133;;45918 MS-HR (NBA) calcd for

foam: []?% —20.2 € 0.7, CHCE); *H NMR (CDCls, 500 MHz)

0 8.11 (s, 1H, NH-3), 7.72 (d, 1H, H-855= 8.0 Hz), 6.36 (br s, , ,

1H, NHBoc), 5.98 (s, 1H, H-}, 5.67 (d, 1H, H-5J56 = 8.0 Hz), ~Acknowledgment. This work was supported by grants-in-
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H-4"b, Jyp47a = 15.0 Hz), 3.15 (m, 1H, H%), 3.09 (s, 3H, sized analogues. We thank Ms. S. Oka (Center for Instrumental
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1.65 (dd, 2H, €1,CHz, J = 7.4, 14.8 Hz), 1.61 (s, 3H, acetonide), spectra.

1.53 (dd, 2H, ®l,CHs, J = 7.4, 14.8 Hz), 1.45 (s, 9Hert-butyl),

1.42 (m, 2H, COCHCHy), 1.40 (s, SH tert-butyl), 1.36 (s, 3H, Supporting Information Available: *H NMR and13C NMR

acetonide), 1.28 (m, 24H, palmitoyl), 0.89.82 (m, 9H, 2x spectra for all new compounds. This material is available free of
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