
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Semisynthetic β-Rhodomycins: A New Approach to the Synthesis of 4-O-
Methyl-β-Rhodomycins
Cenek Kolar; Konrad Dehmel; Hans Moldenhauer; Manfred Gerken

To cite this Article Kolar, Cenek , Dehmel, Konrad , Moldenhauer, Hans and Gerken, Manfred(1990) 'Semisynthetic β-
Rhodomycins: A New Approach to the Synthesis of 4-O-Methyl-β-Rhodomycins', Journal of Carbohydrate Chemistry, 9:
6, 873 — 890
To link to this Article: DOI: 10.1080/07328309008543881
URL: http://dx.doi.org/10.1080/07328309008543881

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309008543881
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, 9(6), 873-890 (1990)
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ABSTRACT

Syntheses of 4-0-methyl-p-rhodomycins are described. Glycosylation (trimethylsilyl
triflate, dichloromethane-acetone 10:1, -30 °C) of 4-O-methyl-10-O-p-nitrobenzoyl-p-rho-
domycinone, obtained from P-rhodomycinone (P-RMN) in a 6-step synthesis, with 1-0-
ferr-butyl(dimethyl)silylated derivatives of 4-0-acetyl- or 4-0-p-nitrobenzoyl-2,3,6-tri-
deoxy-3-trifluoroacetylamino-p-L-ara&mo- and /yxo-hexopyranoses or 2,6-di-O-acetyl-
2,6-dideoxy-P-L-/yj:o-hexopyranose afforded 7-0-a-L-glycosyl-p-rhodomycinones. Re-
moval of the 0- and N-acyl groups with 0.1M and lM NaOH gave the 7-0-(3-amino-
2,3,6-trideoxy-a-L-arafe/no- and /yx0-hexopyranosyl)~4-0-methyl-P-rhodomycinones and
7-0-(2,6-dideoxy-a-L-/yxo-hexopyranosyl)-4-0-methyl-P-rhodomycinone.

INTRODUCTION

An important aspect in the structure-activity relationships of anthracyclines is the

correlation between their substituents in position 4 and cytotoxicity. Anthracyclines

having a methoxy group at C-4 are less cytotoxic than their 4-hydroxy analogues.1'2

Recently a similar correlation was observed for microbial oxaunomycin and the semi-

synthetic 4-O-methyl analogue 7-O-(3-amino-2,3,6-trideoxy-a-L-fyxo-hexopyranosyl)-

4-0-methyl-P-rhodomycinone.3

In the synthesis of 4-0-methyl-P-rhodomycins, 4-O-methyl- 10-0-trifluoroacetyl-

p-rhodomycinone3 was found to be a suitable glycosyl acceptor. However, problems in the

methylation step and the handling of trifluoroacetylated derivatives limited the accessi-
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874 KOLAR ET AL.

bility of the aglycone. Disadvantage of the glycosyl donor is that the 3-amino-2,3,6-tri-

deoxy-a-L-/yxo-hexopyranose (daunosamine)4-5-6 and its functionalization for coupling1-7

require multistep synthesis.

We now report on a new approach for the syntheses of 4-0-methyl-P-RMN,

l-0-rerf-butyl(dimethyl)silyl-2,6-dideoxy-P-araW«o- and /yxo-hexopyranoses, and their

use as glycosylation components in the preparation of 4-O-methyl-P-rhodomycins.

RESULTS AND DISCUSSION

In our efforts to gain access to glycosyl acceptor of 4-O-methyl-P-rhodomycinone 8,

an alternative pathway for the protection of p-rhodomycinone (p-RMN) 1 was developed

based on l,l,3,3-tetraisopropyldisiloxane-l,3-diyl (TIPS) group.8

Treatment of P-RMN 1 with l,3-dichloro-l,l,3,3-tetraisopropyldisiloxane in 1,2-di-

chloroethane-pyridine afforded mainly the 6,7-O-TIPS-p-RMN 2 and 7,9-0-TTPS isomer

3 in a ratio 10:1. After regioselective silylation (chlorotrimethylsilane, pyridine-dichloro-

methane) of the 10-hydroxy group in 2 and 3, both isomers were isolated by chroma-

tography to give 4 (58%) and 5 (8%). The following methylation (Mel, K2CO3 in

acetone/chloroform) of 4 occurred mainly9 at the phenolic hydroxy group OH-4 as in the

methylation of 7,10-bis-O-trimethylsilyl-P-RMN,3 The reaction yielded the 4-0-methyl- 6

(61%) and 4,11-di-O-methyl-ethers 7 (19%). In the !H NMR spectrum of 6 a significant

one-proton singlet was observed at 5 13.22 ppm, indicating the unsubstituted hydroxy

group at C-ll. Cleavage of the trimethylsilyl group with aqueous O.lM HC1 in dichloro-

methane-methanol and of the TIPS group with 1M Bu4NF in THF8 in 6 afforded the

reported 4-O-methyl-P-RMN 8 in a yield of 67%.3 In the same manner, deprotection of 7

gave the 4,11-di-O-methyl-p-RMN 9.

O OH OH CH3

OH

6] 7 j
OH O OH OH

1C-RMN

= -Si(iPr)jOSi(iPr)r

OR'

2 R'+R^TIPS R3=R4=H

3 R'=H R2+R3=TIPS R4=H

4 R'+R^TIPS R3=H Rd=Me3Si

5 R'=H R2+R3=TEPS R4=Me3Si

The regioselective glycosylation of 4-O-methyl-p-RMN 8 in position 7 requires

protection of the hydroxy group at C-10. The tertiary hydroxy group at C-9 is less reactive

than OH-7 or OH-10. Nevertheless, glycosylation of this position is reported.10 Thus, the

deprotection (0.1M HC1) of the TMS group in 6 afforded intermediate 10, which was
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ANTHRACYCLINES 875

ORS OH

MeO OR1 OR'1 MeO OR1 OR2

6 R'+RMiPS R4=MejSi R5=H

7 R'+R^TIPS R4=Me3Si R3=Me

8 RI=R2=R3=R4=R3=H

9 RI=R2=R3=R"=H R3=Me

10 R'+RMiPS R4=H

11 R'+R2=TIPS R4=pNBz

12 R ^ R ^ H R4=pNBz

acylated at OH-10 by treatment with p-nitrobenzoyl chloride/pyridine followed by

cleavage of the TIPS group in 11 with lM Bu4NF in THF. The resulting 10-0-p-nitro-

benzoate 12, obtained after the three steps in ~70% yield, proved to be more stable than

the trifluoroacetylated analogue3 and was easily separated by column chromatography on

silica gel.

The most important step in the synthesis of anthracyclines is glycosylation. The gly-

cosyl donors of the 3-amino-2,3,6-trideoxy-L-hexopyranose type used in the condensation

step are typical 4-0-p-nitrobenzoyl or 4-0-trifluoroacetyl and 3-N-trifluoroacetyl deri-

vatives. The amino sugar is activated for coupling either via the glycosyl halide,1-11

glycal1-12 or p-nitrobenzoate.7 The use of these known glycosyl donors in the

glycosylation of rhodomycinones, however, results in mono- and bis-glycosylated

products.13-14

An alternative route for the synthesis of the arabino- and /yro-hexopyranosyl donors,

based on the readily accessible 4-O-acetyl-3-azido-2,3,6-trideoxy-L-flrafe/no-hexopyran-

ose15 13, has now been developed. Thus, silylation of 13 with tBuMe2SiCl gave in the

presence of imidazole and dichloroethane the p-anomer 140 selectively. Use of DMF as

solvent16 led to the a- and p-anomers 14a and 14P in a ratio 1:4 (!H NMR). After

deacetylation of 14a and 14p, both anomers 15a and 15p can be separated by

chromatography. Hydrogenolysis of the azido group in 14P in the presence of ammonia,

in which the acetyl group was cleaved simultaneously, gave the amino sugar 16.

N-Acylation of 16 with trifluoroacetic anhydride in dichloromethane-ethanol-triethyl-

amine followed by O-acetylation of 17 afforded the araWno-pyranosyl donor 18 in high

yield.

The new (yjro-pyranosyl donor was readily obtained from the 3-azido-araW/w

derivative 14p. After deacetylation of 14p by the method of Zemple'n, compound 15P
was obtained and then treated with trifluoromethanesulfonic anhydride in pyridine-di-

chloromethane at -30° to give the triflate 19. The C-4 epimerization17 of 19 by treatment

with cesium acetate/sodium acetate in DMF gave the fyxo compound 20, which was sub-

sequently deacetylated to 21. As in the preparation of 18, the hydrogenolysis of the azide

21 gave the amine 22, which was //-trifluoroacetylated to 23, followed by O-acylation of

23 to the acetate 24 or p-nitrobenzoate 25.
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-OH

AcO-

13 14

IS

R6=Ac

RS=H

'BuMejSi

I

R6-0

16

17
18

HN-R7

R6=R7=H

R6=H R7=
R6=Ac R7

KOLAR ET AL

'BuMejSi

=F3CCO
=F,CCO

H3C
' / _ " «J" / " /^w^" /

TfO
N3

R°-O R - O *
19 20 R8=Ac 22 R7=R8=H

21 R8=H 23 R7=F3CCO R8=H

24 R7=F3CCO R8=AC

25 R7=F3CCO R8=pNBz

J \,*-"3 H3C-^^ ^—OH

AcO y fOAc
AcO AcO A c o

26 27 28

The synthesis of a- and p-glycosyloxy-trimethylsilanes and their use for the pre-

paration of acetal-glycosides have been extensively described in the literature.18"20 It has

been suggested that the anomeric oxygen of the glycosyloxy-trimethylsilane is involved in

the formation of the glycosidic linkage.19 Most interesting is the fact that, in the presence

of a fe/t-butyl(dimethyl)silyl group, the formation of the glycoside takes place at the

anomeric carbon of the glycosyloxysilane. In this case the re/?-butyl(dimethyl)silyloxy

group is the leaving group.21

Glycosylation of the aglycone 12 with the acetates 18 or 24, using trimethylsilyl tri-

flate, in 10:1 dichloromethane-acetone at -30 °C afforded the 7-O-a-glycosyl-P-RMNs 29

and 30 in excellent yield. Condensation of the p-nitrobenzoate 18 with 12 under similar

conditions gave mainly the a-glycoside 31 and a trace of the 7,9-bis-O-glycosylated

by-product.3

We also succeeded in applying the new glycosylation procedure for the synthesis of

7-O-(2,6-dideoxy-a-L-/yxo-hexopyranosyl)-4-O-methyl-P-RMN. This type of compound

is of interest for establishing the structure-activity relationships of anthracyclines.1-22'23

Starting with 3,4-di-0-acetyl-l,5-anhydro-2,6-dideoxy-L-Iyxo-hex-l-emtol24 26, the

glycosyl donor 28 was obtained in two reaction steps. Treatment24-25 of 26 with 30% tri-

fluoroacetic acid afforded 3,4-di-O-acetyl-2,6-dideoxy-p-L-(yAro-hexopyranose 27, which
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ANTHRACYCLINES 877

was silylated with 'BuMejSiCl in the presence of pyridine-dichloroethane at 60 °C to

obtain the glycosyl donor 28 as P-anomer. Condensation (trimethylsilyl triflate, 10:1 di-

chloromethane-acetone, -30 °C) of 12 with 28 afforded the a-glycoside 32 in high yield.

OpNBzCH3

29 R6=OAcR8=HR»=F3CCONH

30 Rs=HR8=OAcR'=F3CCONH

31 R6=OpNBzR8=HR'=F3CCONH

32 R6=H R8=R9=OAc

MeO

33 R«=OHR8=HR'=NH2

34 R6=HR8«HR»=NH2

35 RS=HR8=R'=OH

The O- and N-acylated rhodomycins can be deprotected either partially by removing

the p-nitrobenzoyl and acetyl groups with O.lM NaOH or completety using 1M NaOH or

by the Zemple'n method.26 In order to avoid difficulties in the purification of the rhodo-

mycins, deprotection of 29, 30, 31 and 32 was effected first by O- then by N-deacylation,

to afford the 4-O-methyl-P-rhodomycins 33,34 and 35. The analyses of the compounds by

NMR spectroscopy at 300 and 400 MHz and by mass spectroscopy were in full agreement

with the proposed stuctures.

The a-CMinked 2-deoxy-sugars frequently occur in microbial anthracyclines as well

in many other antibiotics. For this reason, the reported glycosylation method, which

proved to be more effective than other glycosylation techniques, seems to be of particular

interest for the preparation of mono- or even oligosaccharide conjugates.

EXPERIMENTAL

General. - Reactions were carried out at ambient temperature unless otherwise stated.

Solutions were concentrated under reduced pressure at <;40 °C (bath). Organic solutions

were washed with 0.1M potassium dihydrogen phosphate or O.lM sodium citrate adjusted

to the appropriate pH value using O.lM NaOH or O.lM HC1. Melting points, determined on

a Buchi apparatus, are uncorrected. *H NMR spectra were recorded with Bruker AC-200,

and AC-300 or Jeol GX-400 spectrometers, on solutions in CDC13 (internal Me4Si) unless

stated otherwise. The *H resonances were assigned by ^.'H-COSY experiments, using
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878 KOLAR ET AL.

the standard pulse sequences of the Bruker Aspect-3000 or Jeol software. Specific optical

rotations were determined with a Perkin-Elmer 241 polarimeter equipped with 10 cm

cuvettes, for solutions in CHCI3 at 24 °C, unless noted otherwise. Reactions were

monitored by TLC on silica gel 60 F 254 (Merck) with detection by UV light or by

charring with sulfuric acid. Preparative chromatography was performed on Kieselgel 60

(Merck, 0.04-0.063 mm). The glycosylations were performed under argon or nitrogen.

General procedures:

(a) Glycosylation of the aglycone 12 with glycosyl donors 18, 25 and 28. - To a

mixture of aglycone 12 (3.0 mmol), l-O-lBuMe2Si-P-L-ara6/no- or /jao-hexopyranose

donor (4.0 mmol) and molecular sieves 4 A (4.5 g) in 10:1 dichloromethane-acetone (50

mL) at -50 °C was added trimethylsilyl trifluoromethanesulfonate (1.5 eq). After stirring

for 14 h at -30 °C, triethylamine (7 mL) and dichloromethane (30 mL) were added and the

mixture was filtered off. The filtrate was washed with phosphate buffer (20 mL, pH 9) and

citrate buffer (20 mL x 2, pH 5), and concentrated in vacuo. Column chromatography of

the residue on silica gel (130 g) with 20:1 dichloromethane-acetone gave the a-glycoside.

(b) Deprotection of 4-O-methyl-$-rhodomycins 29, 30, 31 and 32. - To a stirred

solution of the O- and iV-acylated P-rhodomycin (0.64 mmol) in 3:1 methanol-chloroform

(10 mL) was added aqueous lM NaOH (10 mL) and methanol to homogenize the organic

and aqueous layers. After 1 h stirring at room temperature, the mixture was neutralized

with 0.1M HC1 (~2 mL) and concentrated in vacuo. Column chromatography of the

residue on silica gel (70 g) with 10:5:2:1:0.5:0.05 chloroform-acetone-methanol-acetic

acid-water-triethylamine and/or on aminated silica gel (25 g) with 10:1 methanol-chloro-

form gave the completely deacylated product.

6,7-0-(l,1.3,3-TetraisopropyIdisiIoxan-l,3-diyl).p-rhodoniycinone (2) and 7,9-0-
(l,l»3,3-TetraisopropyIdisiloxan-l,3-diyl)-P-rhodomycinone (3). To a solution of

P-rhodomycinone 1 (10.00 g, 25.88 mmol) in 1:1 pyridine-l,2-dichloroethane (200 mL)

was added a solution of l,3-dichloro-l,l,3,3-tetraisopropyldisiloxane (12.2 mL, 38.72

mmol) in 1,2-dichloroethane at 0 °C. The reaction mixture was stirred at 0 °C to room

temperature for 24 h and then at 60 °C for 72 h, diluted with methanol (50 mL) and

concentrated in vacuo. After co-evaporation in vacuo with toluene (50 mL x 3), the

residue was chromatographed on a column of silica gel (600 g) with 19:1 dichloro-

methane-ethyl acetate to give a mixture (14.62 g) of compounds 2 and 3, which was used

in the subsequent step without further purification. A part of the residue was separated by

preparative TLC in 95:15:1:0.25:0.1 chloroform-acetone-acetic acid-water-triethylamine

to give 2 and 3.

Compound 2 had mp 115-117 °C; [a]D +425° (c 0.2); JH NMR (200 MHz) 5 13.91

and 13.07 (2 s, 2H, OH-4,11), 7.82 (br d, 1H, Jt>2 = 7.6 Hz, H-l), 7.65 (dd, 1H, J w = 8.4

Hz, H-2), 7.30 (br d, 1H, H-3), 5.28 (br s, 1H, H-7), 4.96 (s, 1H, H-10), 4.75 (s, 1H,

OH-9), 1.10-1.00 (m, 28H,
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ANTHRACYCLINES 879

Anal. Calcd for C32H44O9Si2 (628.87): C, 61.12; H, 7.05. Found: C, 61.15; H, 7.07.

Compound 3 had mp 62-65 °C; [a]D +234.3° (c 0.055); 'H NMR (300 MHz) 5 13.58,

12.91 and 12.09 (3 s, 3H, OH-4,6,10), 7.83 (dd, 1H, J u = 7.5, J u = 1.0 Hz, H-l), 7.67

(dd, 1H, J23 = 8.5 Hz, H-2), 7.28 (dd, 1H, H-3), 5.25 (dd, 1H, J7>8A = 1.4, J7gB = 3.6 Hz,

H-7),4.88 (d, 1H, J10JOH = 4.0 Hz, H-10), 2.81 (d, 1H, OH-10),2.18 (dd, 1H, J8A8B = 14.5

Hz, H-8A), 2.04 (dd, 1H, H-8B), 1.87 (m, 1H, J13il4 = 7.3, Ji3A,13B = 14.6 Hz, H-13A), 1.72

(m, 1H, H-13B), 1.17 (t, 3H, H-14), 1.10-1.00 (m, 28H, SiCHMej).

AnaL Calcd for C32H44O9Si2 (628.87): C, 61.12; H, 7.05. Found: C, 61.33; H, 7.06.

6,7-O-(l,l,3^-TetraisopropyldisiIoxan-l^-diyl)-10-O-trimethylsilyI-P-rhodomy-

cinone (4) and 7,9-0-(14,3,3-TetraisopropyIdisiloxan-l^-diyl)-lO-CMrimethyIsilyI-

(3-rhodomycinone (5). To a solution of the crude mixture of products 2 and 3 (14.62 g) in

1:1 dichloromethane-pyridine (400 mL) was added chlorotrimethylsilane (5.6 g, 51.54

mmol) at 0 °C. The reaction mixture was stirred at 0 °C to room temperature for 1 h,

diluted with methanol (50 mL) and concentrated in vacuo. A solution of the residue in

dichloromethane (200 mL) was washed with phosphate-buffer (pH 8.5, 70 mL x 2) and

aqueous NaCl solution successively, dried (Na2SC<4), and concentrated in vacuo. Column

chromatography of the residue on silica gel (350 g) with 7:3 dichloromethane-light

petroleum afforded 4 (10.59 g, 58%) and 5 (1.56 g, 8%).

Compound 4 had mp 194-196 °C; [a]D +564° (c 0.05); lH NMR (300 MHz) 5 13.87

and 13.12 (2 s, 2H, OH-6,11), 7.79 (dd, 1H, J, 2 = 7.5, J u = 1.5 Hz, H-l), 7.61 (dd, 1H,

J w = 8.5 Hz, H-2), 7.25 (dd, 1H, H-3), 5.28 (dd, 1H, J7gA = 2.5, J7i8B 4.2 Hz, H-7), 4.86

(br s, 1H, H-10), 2.13 (dd, 1H, J8Ai8B = 14.2 Hz, H-8A), 2.06 (dd, 1H, H-8B), 1.64 (q, 2H,

Jn.14 = 7.5 Hz, H-13A and H-13B), 1.30-1.21 (m, 28H, SiCHMej), 1.02 (t, 3H, H-14), 0.2

(s, 9H, SiMe3).

Anal. Calcd for C35H52O9Si3 (701.06): C, 59.97; H, 7.48. Found: C, 60.21; H, 7.50.

Compounds had mp 174 °C; [cc]D +515.8° (c 0.06); 'H NMR (200 MHz), 5 13.93 (s,

1H, OH-11), 13.18 (s, 1H, OH-4), 7.86 (dd, 1H, Jlj2 = 7.5, Jli3 = 1.2 Hz, H-l), 7.66 (dd,

1H, J2i3 = 8.3 Hz, H-2), 7.31 (dd, 1H, H-3), 5.34 (dd, 1H, J7i8A = 2.2, J7.8B = 3.5 Hz, H-7),

4.92 (s, 1H, H-10), 4.48 (s, 1H, OH-9), 2.19 (dd, 1H, J8A>8B 14.7 Hz, H-8A), 2.09 (dd, 1H,

H-8B), 1.68 (q, 2H, J13iM = 7.5 Hz, H-13A and H-13B), 1.30-0.93 (m, 28H, SiCHMe^),

1.02 (t, 3H, H-14), 0.13 (br s, 9H, SiMe3).

Anal. Calcd for C35H52O9Si3 (701.06): C, 59.97; H, 7.48. Found: C, 60.12; H, 7.45.

4-O-Methyl-6,7-O-(l,l,3^-tetraisopropyldisiloxan-l^-diyl)-10-O-trimethylsilyl-

P-rhodomycinone (6) and 4,ll-Di-O-methyl-6,7-O-(l,l>3>3-tctraisopropyldisiloxan-

l,3-diyl)-10-O-trimethylsi!yI-P-rhodomycinone (7). To a solution of compound 4 (6.00

g, 8.55 mmol) in 4:1 acetone-chloroform (300 mL) were added K2CO3 (36 g) and iodo-

methane (80 mL). The reaction mixture was stirred for 5 d at room temperature, filtered

and concentrated in vacuo. The residue was dissolved in dichloromethane, washed with

water, dried over sodium sulfate and concentrated in vacuo. Column chromatography of
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880 KOLAR ET AL.

the residue on silica gel (300 g) with 7:3 dichloromethane-light petroleum gave compound

6 (3.74 g, 61%), compound 7 (1.22 g, 19%) and starting compound 8 (0.65 g, 11%).

Compound 6 had mp 213-214 °C; [cc]D +472.4° (c 0.05); 'H NMR (400 MHz) 5 13.22

(s, 1H, OH-11), 7.89 (dd, 1H, Jlj2 = 8.0, J1>3 = 1.1 Hz, H-l), 7.65 (dd, 1H, J2>3 = 8.5 Hz,

H-2), 7.29 (dd, 1H, H-3), 5.35 (dd, 1H, J7,8A = 3.5, J7j8B = 1.6 Hz, H-7), 4.89 (d, 1H, J8B,10

= 1.5 Hz, H-10), 4.45 (s, 1H, OH-9), 3.96 (s, 3H, MeO), 2.17 (dd, 1H, J8A>8B = 14.8 Hz,

H-8A), 2.07 (ddd, 1H, H-8B), 1.39 (m, 1H, J13il4 = 7.2, J13Ail3B = 14.5 Hz, H-13A),

1.33-1.18 (m, 28H, SiCHMej), 1.15 (m, 1H, H-13B), 1.05 (t, 3H, H-14), 0.1 (s, 9H,

SiMe3).

Anal. Calcd for C36H54O9Si3 (715.08): C, 60.47; H, 7.61. Found: C, 60.58; H, 7.65.

Compound 7 had mp 103-105 °C; [a]D +124° (c 0.05); !H NMR (400 MHz) 5 7.72

(dd, 1H, J u = 7.5, J u = 1.2 Hz, H-l), 7.59 (dd, 1H, J^ = 8.5 Hz, H-2), 7.21 (dd, 1H,

H-3), 5.34 (dd, 1H, J7,8A = 3.8, J7,8B = 1.8 Hz, H-7), 4.70 (d, 1H, J8B,10 = 1.5 Hz, H-10),

4.50 (s, 1H, OH-9), 3.93 (s, 3H, MeO), 3.91 (s, 3H, MeO), 2.17 (dd, 1H, J8A-8B 14.5 Hz,

H-8A), 2.05 (ddd, 1H, H-8B), 1.40 (m, 1H, J1314 = 7.2, J13A,13B = 14.5 Hz, H-13A), 1.31

(m, 1H, H-13B), 1.3-0.9 (m, 28H, SiCHMej), 0.1 (s, 9H, SiMe3).

Anal. Calcd for C37H56O9Si3 (729.11): C, 60.95; H, 7.74. Found: C, 61.18; H, 7.78.

4-0-MethyI-P-rhodomycinone (8). To a solution of 6 (60 mg, 0.08 mmol) in dry

THF (3 mL) was added at 0 °C a lM solution of tetrabutylammonium fluoride in THF (0.2

mL). After 30 min stirring at 0 °C the mixture was poured into aqueous 0.1M HC1 (6 mL)

and extracted with chloroform. The organic layer was dried (sodium sulfate) and con-

centrated in vacuo. Column chromatography of the residue on silica gel (10 g) with 7:1

toluene-methanol gave 8 (21 mg, 67%): mp 141-143 °C; [a]D +73° (c 0.018). Lit.3 mp 141

°C;[a]D+73°(c0.02).

4,11-Di-O-methyI-P-rhodomycinone (9). Treatment of compound 7 (60 mg, 0.08

mmol) as described for preparation of compound 8 afforded 9 (24 mg, 81%): mp 138 °C;

[a]D -214° (c 0.1); !H NMR (300 MHz) 5 14.02 (s, 1H, OH-6), 7.92 (dd, 1H, Jli2 = 7.7, J u

= 1.2 Hz, H-l), 7.77 (dd, 1H, J^ = 8.4 Hz, H-2), 7.34 (dd, 1H, H-3), 5.24 (br s, 1H, H-7),

7.43 (s, 1H, H-7), 4.08 (s, 3H, MeO), 3.98 (s, 3H, MeO), 3.52 (br s, 1H, OH-10), 2.65 (br

s, 1H, OH-7), 2.22 (dd, 1H, J78A = 2.5, J8Ai8B = 14.8 Hz, H-8A), 2.12 (dd, 1H, J78B = 4.5

Hz, H-8B), 1.83 (m, 1H, J13jl4= 7.5, J13A,i3B = 15.0 Hz, H-13A), 1.77 (m, 1H, H-13B), 1.12

(UH.H-14).

Anal. Calcd for QsH^Og (414.42): C, 63.76; H, 5.35. Found: C, 63,84; H, 5.37.

4-0-MethyI-6,7-0-(l,l»3^-tetraisopropyldisiloxan-l^-diyl)-P-rhodomycinone
(10). To a solution of compound 6 (3.00 g, 4.19 mmol) in 1:1 dichloromethane-methanol

(160 mL) was added aqueous O.lM HC1 solution (16 mL). After 30 min stirring, the

mixture was diluted with dichloromethane (400 mL), washed with aqueous NaOH (pH

8.5, 200 mL x 3) and with water (150 mL), dried over sodium sulfate, and concentrated in

vacuo. Column chromatography of the residue on silica gel (100 g) with 20:1 dichloro-
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methane-acetone gave 10 (2.56 g, 95%): mp 166-168 °C; [a]D +386° (c 0.005).

Anal. Calcd for C33H46O9Si2 (642.90): C, 61.65; H, 7.21. Found: C, 61,74; H, 7.24.

4-O-MethyM0-O-p-nitrobenzoyl-6,7-O-(l,l^^-tetraisopropyIdisiIoxan-1^3-di-
yl)-P-rhodomycinone (11). To a solution of 10 (2.5 g, 3.88 mmol) in 2:1 chloroform-

pyridine (170 mL) was added p-nitrobenzoyl chloride (1.11 g, 5.98 mmol) at 0 °C. The

reaction mixture was stirred for 16 h at 10 °C, diluted with chloroform (100 mL) and

washed successively with water, aqueous 0.1M HC1 and water. The organic layer was

dried over sodium sulfate and concentrated in vacuo. Column chromatography of the

residue on silica gel (200 g) with 2:1:0.1 light petroleum-dichloromethane-acetone gave

compound 11 (2.49 g, 81%) and 200 mg (5%) of lO,ll-di-0-p-nitrobenzoyl-4-0-methyl-

6,7-0-(l,l,3,3-tetraisopropyldisiloxan-l,3-diyl)-p1-rhodomycinone. Compound 11 had mp

114-116 °C; [a]D +384° (c 0.05); 'H NMR (300 MHz) 8 13.02 (s, 1H, OH-11), 8.22-8.08

(d, 4H, nitroarom. H), 7.84 (dd, 1H, J u = 7.5, J u = 1.1 Hz, H-l), 7.65 (dd, 1H, J2 3 = 8.2

Hz, H-2), 7.32 (dd, 1H, H-3), 5.51 (dd, 1H, J78A = 2.0, J7i8B = 4.6 Hz, H-7), 6.56 (d, 1H,

JSA,IO= 1-0 Hz, H-10), 3.98 (s, 3H, MeO), 2.38 (ddd, 1H, JgA8B 14.5 Hz, H-8A), 2.07 (dd,

1H, H-8B), 1.83 (m, 1H, Ji3i l4 = 7.4, Ji3A,i3B = 14.6 Hz, H-13A), 1.50 (m, 1H, H-13B),

1.07 (t, 3H, H-14), 1.10-0.95 (m, 28H, SiCHMej).

Anal. Calcd for C4oH49N012Si2 (792.01): C, 60.66; H, 6.24; N, 1.77. Found: C, 60.76;

H, 6.27; N, 1.63.

4-0-MethyI-lO-O-p-nitrobenzoyl-P-rhodomycinone (12). To a solution of 11 (2.40

g, 3.03 mmol) in dry THF (120 mL) was added a 1M tetrabutylammonium fluoride

solution in THF (4 mL) at 0 °C. The reaction mixture was poured into ice-cool aqueous

O.lM HC1 (120 mL) and extracted with chloroform. The organic layer was dried over

sodium sulfate and concentrated in vacuo. Column chromatography of the residue on

silica gel (150 g) with 5:1 dichloromethane-acetone gave 12 (1.51 g, 91%): mp 153-155

°C; [a]D +275° (c 0.02); XH NMR (300 MHz) 5 13.81 and 13.11 (2 s, 2H, OH-6,11),

8.18-8.08 (m, 4H, nitroarom. H), 7.90 (dd, 1H, J u = 7.5, J1 3 = 1.1 Hz, H-l), 7.71 (dd, 1H,

J2,3 = 8.1 Hz, H-2), 7.34 (dd, 1H, H-3), 6.47 (d, 1H, J8A>10 = 1.5 Hz, H-10), 5.35 (ddd, 1H,
J7.8A = 1-0, J7.8B = 5.0, J7iOH 3.5 Hz, H-7), 4.04 (s, 3H, MeO), 3.75 (s, 1H, OH-9), 3.60

(dd, 1H, OH-7), 2.38 (dd, 1H, J8Ai8B = 14.5 Hz, H-8A), 2.08 (ddd, 1H, H-8B), 1.77 (m, 1H,

Ji3,l4 = 7.2, Ji3A,i3B = 14-4 H z . H-13A), 1.50 (m, 1H, H-13B), 1.04 (t, 1H, H-14).

Anal. Calcd for CjgH^NOn (549.50): C, 61.20; H, 4.22; N, 2.55. Found: C, 61.13, H,

4.22; N, 2.38.

4-0-Acetyl-3-azido-2,3,6-trideoxy-L-araWno-hexopyranose (13). Conversion of

l,5-anhydro-3,4-di-0-acetyl-2,6-dideoxy-L-araWn<j-hex-l-enitol (80 g, 37.34 mmol) with

water at 80 °C, followed by treatment of the intermediate with sodium azide in acetic acid,

according to the described procedure,13 gave crude 13. Column chromatography (10:1 di-

chloromethane-ethyl acetate) of the product gave a syrup, which after crystallization from

diethyl ether-light petroleum afforded 13 (38.6 g, 48%): mp 87-89 °C; [a]D -131° (c 1); !H
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NMR (200 MHz) 5 5.30 (br s, 1H, H-l), 4.61 (dd, 1H, J3i4 = 9.6, J4i5 = 9.6 Hz, H-4), 3.98

(qd, 1H, J5,6 = 6.3 Hz, H-5), 3.86 (ddd, 1H, J ^ = 12.5, J2eq3 = 5.0 Hz, H-3), 2.83 (br s,

1H, OH-1), 2.13 (ddd, 1H, J U e q = 1.2, J2ax,2eq = 13.0 Hz, H-2eq), 2.08 (s, 3H, Ac), 1.67

(dddd, 1H, J,.2ax = 3.2, J2aXi0H = 1-1 Hz, H-2ax), 1.09 (d, 3H, H-6),

Anal. Calcd for CgHi3N3O4 (215.21): C, 44.65; H, 6.09; N.19.53. Found: C, 44.57; H,

6.09; N, 19.48.

4-0-Acetyl-3-azido-l-0-fert-butyI(dimethyl)silyl-2^,6-trideoxy-p-L-araA/no-hexo-
pyranose (14P). To a solution of 13 (15.0 g, 69.70 mmol) in dichloroethane (120 mL) was

added rert-butyl(dimethyl)silyl chloride (15.0 g, 99.51 mmol) and imidazole (13.75 g).

The mixture was stirred for 6 h at room temperature, diluted with 10:1 light petroleum-

ethyl acetate (250 mL), washed with phosphate buffer (pH 7.5, 80 mL x 2) and water,

dried over sodium sulfate, and concentrated in vacuo. Column chromatography of the

residue on silica gel (150 g) with 10:1 light petroleum-ethyl acetate gave 14p (20.90 g,

91.0 %) as a syrup: [<x]D +2° (c 1); 'H NMR (200 MHz) 8 4.82 (dd, 1H, J1>2ax = 9.2, Jli2eq

= 2.0 Hz, H-l), 4.67 (dd, 1H, J34 = 10.0, J4i5 = 9.6 Hz, H-4), 3.50 (ddd, 1H, J ^ = 12.8,

J2eqj = 5.0 Hz, H-3), 3.44 (qd, 1H, J5>6 = 6.2 Hz, H-5), 2.20 (ddd, 1H, J2ax>2eq = 13.0 Hz,

H-2eq), 2.11 (s, 3H, Ac), 1.68 (ddd, 1H, H-2ax), 1.20 (d, 1H, H-6), 0.90 (s, 9H, SiCMe3),

0.12 and 0.11 (2 s, 6H, SiMej).

Anal. Calcd for C14H27N3O4Si (329.47): C, 51.04; H, 8.26; N, 12.75. Found: C,

51.00; H, 8.26; N, 12.71.

4-0-AcetyI-3-azido-l-0-/erf-butyl(dimethyI)siIyl-2^,6-trideoxy-a-L-araWno-hexo-
pyranose (14a) and 4-0-AcetyI-3-azido-l-0-tert-butyI(dimethyl)siIyI-2,3,6-trideoxy-
P-L-araftirto-hexopyranose (14P). Treatment of compound 13 (1.50 g, 6.97 mmol) with

rerr-butyl(dimethyl)silyl chloride (1.50 g, 9.95 mmol) and imidazole (1.37 g) in DMF (12

mL), as described for preparation of 14p, gave a mixture (1.75 g, 76%) of 14a and 14p in

a ratio 1:4, which was used in the next step without separation of the a- and p-anomers.

Compound 14a had !H NMR (200 MHz) 5 5.26 (dd, 1H, J12ax = 3.2, J12eq = 1.3 Hz,

H-l), 4.67 (dd, 1H, J3>4 = 10.0, J4>5 = 9.6Hz, H-4), 3.95 (qd, 1H, J56 = 6.3 Hz, H-5), 3.89

(ddd, 1H, J2a,,3 = 12.3, J2eq>3 = 5.0 Hz, H-3), 2.14 (s, 3H, Ac), 2.06 (ddd, 1H, J2ax>2eq = 12.8

Hz, H-2eq), 1.74 (ddd, 1H, H-2ax), 1.12 (d, 1H, H-6), 0.91 (s, 9H, SiCMe3), 0.12 and 0.11

(2 s, 6H, SiMe2).

3-Azido-l-0-/ert-butyl(dimethyl)silyI-2,3,6-trideoxy-p-L-orflWno-hexopyranose
(15P). A solution of 14p (15.46 g, 46.92 mmol) in methanol (200 mL) was adjusted with

methanolic lM sodium methylate solution to pH 11. After 5 h stirring at room temperature,

the mixture was adjusted with methanolic O.lM HC1 to pH 8 and concentrated in vacuo. A

solution of the residue in chloroform (240 mL) was washed with phosphate buffer (pH 7.5,

100 mL), dried over sodium sulfate, and concentrated in vacuo. Column chromatography

of the crude product on silica gel with 15:1 light petroleum-ethyl acetate gave 15P (12.40

g, 92 %) as a syrup: [a]D +23.5° (c 1); JH NMR (200 MHz) 8 4.74 (dd, 1H, J 1 2 M = 9.6,
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ANTHRACYCLINES 883

J1>2eq = 2.5 Hz, H-l), 3.44 (ddd, 1H, J2aXi3 = 12.5, J2eqJ = 5.0, J3>4 = 9.5 Hz, H-3), 3.36 (dq,

1H, J45 = 9.2, J5 6 = 6.5 Hz, H-5), 3.17 (ddd, 1H, J 4 0 H = 3.5 Hz, H-4), 2.21 (d, 1H, OH-4),

2.21 (ddd, 1H, J2M>2eq = 12.7 Hz, H-2eq), 1.67 (ddd, 1H, H-2ax), 1.34 (d, 3H, H-6), 0.92

(s, 9H, SiCMe3), 0.14 and 0.13 (2 s, 2H, SiMej).

Anal. Calcd for Ci2H25N3O3Si (287.44): C, 50.14; H, 8.77; N, 14.62. Found: C,

50.06; H, 8.76; N, 14.52.

3-Azido-l-0-terf-butyI(dimethyl)silyl-2,3,6-trideoxy-a-L-ara£jn0-hexopyranose

(15a) and 3-Azido-l-0-/ert-butyI(dimethyl)silyI-2,3,6-trideoxy-p-L-araWjio-hexopy-

ranose (150). Deacetylation of the mixture 14a and 14p (1.75 g, 5.31 mmol), as descri-

bed for preparation of 15p, afforded 15a (0.28 g, 19%) and 15P (1.15 g, 75%) as syrups.

Compound 15a had [a]D -68.6° (c 0.76); lH NMR (200 MHz) 8 5.02 (br s, 1H, H-l),

3.84 (dq, 1H, J4>5 = 9.2, J5,6 = 6.5 Hz, H-5), 3.78 (ddd, 1H, J2ajti3 = 12.7, J ^ - , = 5.0, J3,4 =

9.5 Hz, H-3), 3.15 (ddd, 1H, J4OH = 4.0 Hz, H-4), 2.20 (d, 1H, HO-4), 2.07 (ddd, 1H, Jh2ax

= 1-6, J2ax.2eq = 12-7 Hz> H-2eq), 1.73 (ddd, 1H, H-2ax), 1.27 (d, 3H, H-6), 0.92 (s, 9H,

SiCMe3), 0.14 and 0.13 (2 s, 2H, SiMej).

Anal. Found: C, 50.11; H, 8.77; N, 14.57.

3-Amino-l-0-/er^-butyl(dimethyl)siIyl-2^,6-trideoxy-P-L-<iradino-hexopyranose

(16). A mixture of 15p (3.43 g, 11.96 mmol) and 10% Pd/C (3.6 g) in methanol (60 mL)

and coned NH3 (0.5 mL) was stirred under hydrogen for 2 h at room temperature, then

filtered through Celite, and concentrated in vacuo to afford a crude compound 16 (3.04 g,

97%), which was used in the next step without further purification.

l-O-tert-Butyl(dimethyl)silyl-2^3,6-trideoxy-3-trifluoroacetyIamino-P-L-araZ>j/io-

hexopyranose (17). To a solution of the crude compound 16 (3.04 g) in 1:1 ethanol-

dichloromethane (70 mL) was added triethylamine (14 mL) and trifluoroacetic anhydride

(3.2 mL) at 0 °C. The mixture was stirred for 2 h at 0 °C and then for 20 h at room tem-

perature, diluted with dichloromethane (70 mL), washed with phosphate buffer (pH 8, 30

mL x 2) and concentrated in vacuo. After co-evaporation with toluene, the residue was

chromatographed on a column of silica gel with 10:1 chloroform-ethanol to give 17 (3.02

g, 73%): mp 142 °C; [a]D -7.8° (c 1); JH NMR (200 MHz) 5 6.59 (br d, 1H, NH), 4.99 (dd,

1H, Ju2ax 8.7, J1>2eq = 2.1 Hz, H-l), 4.08 (m, 1H, H-3), 3.50 (qd, 1H, J4>5 = 9.1, J5,6 = 6.2

Hz, H-5), 3.29 (ddd, 1H, J34 = 10.0, J4>0H = 6-0 Hz, H-4), 2.78 (d, 1H, HO-4), 2.34 (ddd,

1H. J2«,2eq = 12-7 Hz, H-2eq), 1.75 (ddd, 1H, H-2ax), 1.45 (d, 3H, H-6), 0.96 (s, 9H,

SiCMe3), 0.12 and 0.11 (2 s, 6H, SMerf.

Anal. Calcd for C14H26F3NO4Si (357.45): C, 47.04; H, 7.33; N, 3.92. Found: C,

47.11; H, 7.34; N, 3.84.

4-0-AcetyI-l-0-/ert-butyI(dimethyl)siIyl-2^3,6-trideoxy-3-trifluoroacetyIamino-

P-L-oraWno-hexopyranose (18). To a solution of 17 (2.80 g, 7.83 mmol) in 7:1 dichloro-

methane-pyridine (24 mL) was added a solution of acetic anhydride (3.0 mL) in dichloro-

methane (15 mL). After 10 h stirring, the mixture was diluted with chloroform (30 mL)
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and washed with phosphate buffer (pH 8, 25 mL x 3). The organic layer was dried over

sodium sulfate and concentrated in vacuo. After co-evaporation with toluene (30 mL x 2),

the residue was chromatographed on a column of silica gel with light petroleum-ethyl

acetate to give 18 (2.86 g, 91%): mp 78 °C; [a]D -17° (c 1); 'H NMR (200 MHz) 5 6.98 (br

d, 1H, NH-3),4.89 (dd, 1H, J U a x = 9.2, J,2eq = 2.1 Hz, H-l), 4.59 (dd, 1H, J3 4 = 10.0, J4-5

= 9.5 Hz, H-4), 4.17 (m, 1H, H-3), 3.60 (qd, 1H, J5 s 6.4 Hz, H-5), 2.31 (ddd, 1H, J2aXi2eq =

13.0 Hz, H-2eq), 2.10 (s, 3H, Ac), 1.64 (ddd, 1H, H-2ax), 1.24 (d, 1H, H-6), 0.90 (s, 9H,

SiCMe3), 0.13 and 0.12 (2 s, 6H, SiMe^).

Anal. Calcd for C16H28F3NO5Si (399.49): C, 48.11; H, 7.06; N, 3.51. Found: C,

48.15; H, 7.07; N, 3.45.

3-Azido-l-O-/ert-butyl(dimethyI)siIyl-2,3,6-trideoxy-4-O-trifIuoromethane-

sulfonyl-p-L-araWno-hexopyranose (19). To a solution of 15p (6.30 g, 21.91 mmol) in

dichloromethane (200 mL) and pyridine (13 mL) was added a solution of trifluoro-

methanesulfonic anhydride (13 mL) in dichloromethane (100 mL) at -30 °C. The mixture

was stirred for 48 h at -30 °C, then diluted with dichloromethane (50 mL) and washed with

an aqueous 10% sodium acetate solution (100 mL x 3) and phosphate buffer (pH 9, 50 mL

x 2). The organic phase was dried over sodium sulfate and concentrated in vacuo. The

crude product 19 (9.0 g, 97%) was used in the next step without futher purification.

4-0-Acetyl-3-azido-l-0-/ert-butyl(dimethyl)silyl-2^,6-tri-deoxy-p-L-(yw-hexo-
pyranose (20). To a solution of the crude product 19 (9.0 g) in 3:1 dichloromethane-DMF

(80 mL) was added sodium acetate (1.8 g) and cesium acetate (2.1 g) at room temperature.

The mixture was stirred for 16 h, then diluted with 2:1 light petroleum-ethyl acetate (120

mL) and washed with phosphate buffer (pH 8, 50 mL) and water, and concentrated in

vacuo. Column chromatography of the residue on silica gel with 10:1 light petroleum-

ethyl acetate afforded 20 (5.23 g, 72%) as a syrup: [a]D +20.5° (c 1); !H NMR (200 MHz)

8 5.07 (dd, 1H, J3A = 3.2, J4i5 = 1.2 Hz, H-4), 4.80 (dd, 1H, J12ax = 8.2, Jli2eq = 3.5 Hz,

H-l), 3.61 (dq, 1H, J5>6 = 6.4 Hz, H-5), 3.44 (ddd, 1H, J2ax,3 = 12.0, J2eqi3 = 5.0 Hz, H-3),

2.20 (s, 3H, Ac), 2.03 (ddd, 1H, H-2eq), 1.95 (ddd, 1H, J2aXt2eq = 12.0 Hz, H-2ax), 1.20 (d,

3H, H-6), 1.93 (br s, 9H, SiCMe3), 0.12 and 0.12 (2 s, 6H, SiMej).

Anal. Calcd for C14H27N3O4Si (329.47): C, 51.04; H, 8.26; N, 12.75. Found: C,

51.07; H, 8.26; N, 12.72.

3-Azido-l-0-tert-butyI(dimethyl)silyI-2,3,6-trideoxy-p-L-/yjro-hexopyranose (21).

Compound 20 (5.0 g, 15.17 mmol) was deacetylated, according to the procedure described

for 15, to give 21 (4.11 g, 94%): mp 72 °C; [<x]D -2.2° (c 1); JH NMR (200 MHz) 6 4.74

(dd, 1H, J U M = 8.9, Jli2eq = 2.7 Hz, H-l), 3.62 (dd, 1H, J3,4 = 2.7, J4^ = 0.7, J4i0H = 8.3

Hz, H-4), 3.50 (dq, 1H, J5-6 = 6.4 Hz, H-5), 3.31 (ddd, 1H, J2ax>3 = 12.5, J2eqi3 = 5.1 Hz,

H-3), 2.10 (d, 1H, OH-4), 1.99 (ddd, 1H, J2ax,2eq= 12.7 Hz, H-2eq), 1.85 (ddd, 1H, H-2ax),

1.29 (d, 3H, H-6), 0.91 (br s, 9H, SiCMe3), 0.13 and 0.11 (2 s, 2H, SiMej).

Anal. Calcd for C12H25N3O3Si (287.44): C, 50.14; H, 8.77; N, 14.62. Found: C,

50.11; H, 8.78; N, 14.57.
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3-Amino-l-0-/er/-butyl(dimethyl)silyI-2^,6-trideoxy-P-L-/yxo-hexopyranose (22).

The azido compound 21 (4.0 g, 13.91 mmol) was treated, as described for the preparation

of compound 16, to give 22 (3.80 g), which was used in the next step without futher

purification.

l-O-fert-ButyI(dimethyI)silyl-2,3,6-trideoxy-3-trifluoroacetyIamino-3-L-/yaro-hexo-

pyranose (23). Crude compound 22 (3.80 g) was iV-trifluoroacetylated, according to the

method described for 17, to give 23 (4.02 g, 81%): mp 55 °C; [a]D +14.2° (c 1.06); JH

NMR (200 MHz) 5 6.69 (br d, 1H, NH-3), 4.66 (dd, 1H, Jli2ax = 9-2, J U e q = 2.3 Hz, H-l),

3.98 (dddd, 1H, J2ax,3 = 12.5, J ^ = 5.0, J3.4 = 2.3, J3iNH = 10.2 Hz, H-3), 3.51 (qd, 1H,

J4>5 = 1.0, J5>6 = 6.3 Hz, H-5), 3.36 (br s, 1H, H-4), 1.87 (ddd, 1H, J2ax>2eq = 12.8 Hz,

H-2eq), 1.42 (ddd, 1H, H-2ax), 1.18 (d, 1H, H-6), 0.80 (s, 9H, SiCMe3), 0.12 and 0.11 (2

s, 6H, SiMe^.

Anal. Calcd for Ci4H26F3NO4Si (357.45): C, 47.04; H, 7.33; N, 3.92. Found: C,

47.14; H, 7.35; N, 3.85.

4-0-AcetyI-l-0-/ert-butyI(dimethyI)siIyI-2^3,6-trideoxy-3-trifluoroacetyIamino-

p-L-/yro-hexopyranose (24). Compound 23 (3.80 g, 10.63 mmol) was acetylated,

according to the method described for 18, to give 24 (4.07 g, 96%): [a]D -24° (c 1); !H

NMR (200 MHz) 5 6.44 (br d, 1H, NH-3), 5.02 (br s, 1H, H-4), 4.84 (dd, 1H, J,,2ax = 9.2,

Jli2eq = 2.3 Hz, H-l), 4.24 (dddd, 1H, J2ax>3 = 12.5, J2eq,3 = 5.0, J34 = 2.3, J3>NH = 10.2 Hz,

H-3), 3.71 (qd, 1H, J4,5 = 1.2, J56 = 6.3 Hz,H-5), 2.19 (s, 3H, Ac), 2.01 (ddd, 1H, J ^ ^ =

12.6, J2eq4 = 0.8 Hz, H-2eq), 1.74 (ddd, 1H, H-2ax), 1.20 (d, 1H, H-6), 0.91 (s, 9H,

SiCMe3), 0.14 and 0.12 (2 s, 6H, SiMej).

Anal. Calcd for C16H28F3NO5Si (399.49): C, 48.11; H, 7.06; N, 3.51. Found: C,

48.15; H, 7.07; N, 3.45.

l-0-tert-Butyl(dimethyl)siIyI-4-0-p-nitrobenzoyI-23,6-trideoxy-3-trifluoroacetyI-

amino-p-L-fyxo-hexopyranose (25). To a solution of 23 (1.2 g, 3.35 mmol) in pyridine

(15 mL) was added p-nitrobenzoyl chloride (0.65 g) at 0 °C. The mixture was stirred for 1

h at 0 °C, then for 24 h at room temperature. After addition of sodium acetate (0.50 g) and

stirring for 1 h, the mixture was diluted with 7:1 light petroleum-ethyl acetate (40 mL) and

washed with phosphate buffer (pH 8, 20 mL x 3) and concentrated in vacuo. After

co-evaporation with toluene (25 mL x 3), the residue was purified by chromatography on a

column of silica gel (45 g) with 10:15:1 chloroform-light petroleum-acetone to give 25

(1.48 g, 88%): mp 75 °C; [a]D -92° (c 1); RF (10:10:1 chloroform-light petroleum-

acetone); !H NMR (200 MHz) 5 8.36-8.25 (m, 4 H, nitroarom. H), 6.40 (d, 1 H, 73iNH =

7.5 Hz, NH-3), 5.34 (br s, 1H, H-4), 4.94 (dd, 1H, JUiUt = 7.7, J1>2eq = 2.0 Hz, H-l), 4.37

(m, 1H, H-3), 3.85 (dq, 1H, J4 3 = 1.0, J56 = 6.5 Hz, H-5), 2.08 (ddd, 1H, J2eq3 = 4.5,

J2«.2eq = 12.3 Hz, H-2eq), 1.84 (ddd, 1H, J^j = 12.2 Hz, H-2ax), 1.24 (d, 3H, H-6), 0.94

(s, 9H, SiCMe3), 0.18 and 0.16 (2 s, 6H, SiMej).

Anal. Calcd for C^H^NjC^Si (506.56): C, 49.79; H, 5.77; N, 5.53; Found: C,

49.81; H, 5.78; N, 5.45.
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3,4-Di-0-acetyl-2,6-dideoxy-L-/yxo-hexopyranose (27). A solution of 1,5-anhydro-

3,4-di-0-acetyl-2,6-dideoxy-L-(yxo-hex-l-enitol 26 (20.0 g, 93.36 mmol) in an aqueous

30% trifluoroacetic acid (200 mL) was stirred for 30 min at room temperature. After

addition of sodium acetate (10 g), the mixture was neutralized with sodium phosphate and

washed with light petroleum (50 mL x 2). The aqueous phase was diluted with ethanol and

concentrated in vacuo. A solution of the residue in ethyl acetate (150 mL) was stirred with

sodium sulfate (15 g) for 20 min, filtered and concentrated in vacuo. Column chroma-

tography of the residue on silica gel (200 g) with 6:1 dichloromethane-ethyl acetate gave

27 (18.21 g, 84%): a syrup; [a]D -99.3° (c 1); *H NMR (200 MHz) a-anomer: 5 5.47 (br s,

1H, H-4), 5.36 (ddd, 1H, J2ax>3 = 12.5, J ^ = 5.5, J3,4 = 3.3 Hz, H-3), 5.20 (s, 1H, H-l),

4.34 (dq, 1H, J4i5 = 0.8, J5>6 = 6.4 Hz, H-5), 2.91 (s, 1H, OH-1), 2.27 and 2.00 (2 s, 6H, 2

Ac), 2.12-1.82 (m, 2H, H-2ax and H-2eq), 1.14 (d, 3H, H-6), P-anomen 5 5.11 (br s, 1H,

H-4), 5.00 (ddd, 1H, J ^ - , = 12.5, J2eq.3 = 5.5, J3,4 = 3.2 Hz, H-3), 4.88 (ddd, 1H, J1>0H =

6.5, J l i2« = 8.9, J U e q = 2.2 Hz, H-l), 3.74 (dq, 1H, J4i5 = 0.8, J5,6 = 6.4 Hz, H-5), 3.56 (d,

1H, OH-1), 2.17 and 2.12 (2 s, 6H, 2 Ac), 2.12-1.82 (m, 2H, H-2ax and H-2eq), 1.22 (d,

3H.H-6).

Anal. Calcd for CioH1606 (232.24): C, 51.72; H, 6.94. Found: C, 51.68; H, 6.96..

l-0-tert-ButyI(dimethyI)siIyl-3,4-di-0-acetyI-2,6-dideoxy-p-L-7yro-hexopyranose
(28). Compound 27 (18.0 g, 77.52 mmol) was silylated, according to the method described

for 14, to give 28 (22.02 g, 87%): [a]D -17.2° (c 1.02); 'H NMR (200 MHz, C6D6) 5 5.08

(d, 1H, J3>4 = 3.1 Hz, H-4), 4.74 (ddd, 1H, J2aXi3 12.5, J2e<1,3 = 5.2 Hz, H-3), 4.41 (dd, 1H,

h.2*x = 9.2, J U e q = 2.5 Hz, H-l), 2.82 (dd, 1H, J4i5 = 1.3, J5>6 = 6.4 Hz, H-5), 2.05 (ddd,

1H, J2aXi2eq = H.7 Hz, H-2ax), 1.72 (dddd, 1H, J2eq4 = 1.0 Hz, H-2eq), 1.59 and 1.55 (2s,

6H, 2 Ac), 0.98 (s, 9H, SiCMe3), 0.15 and 0.11 (2s, 6H, SiMej).

Anal. Calcd for C16H30O6Si (346.50): C, 55.46; H, 8.73. Found: C, 55.48; H, 8.74.
7-0-(4-0-Acetyl-2^,6-trideoxy-3-trifluoroacetyIamino-a-L-araWn0-hexopyranos-

yl)-4-O-methyl-10-O-p-nitrobenzoyl-P-rhodoinycinone (29). Condensation of 12 (0.40

g, 0.72 mmol) with 18 (0.32 g, 0.94 mmol), as described in the general procedure (a),

afforded 29 (0.50 g, 86%): mp 250 °C; [a]D +362° (c 0.032); 'H NMR (400 MHz) 5 13.88

and 13.25 (2 s, 2H, OH-6,11), 8.26-8.12 (m, 4H, nitroarom. H), 8.01 (dd, 1H, J1>2 = 7.6,

J i 3 = 1.3 Hz, H-l), 7.78 (dd, 1H, J ^ = 8.5 Hz, H-2), 7.40 (dd, 1H, H-3), 6.58 (d, 1H,

JgA.10 = 1-0 Hz, H-10), 6.57 (d, 1H, J3->NH = 8.2 Hz, NH-30, 5.52 (d, 1H, h'tl'lx = 3.6 Hz,

H-l 0,5.30 (dd, 1H, J7i8A = 1.5, J7jgB = 4.0 Hz, H-7), 4.61 (dd, 1H, J3'i4- =10.1, J 4 -y = 9.8

Hz, H-40, 4.22 (dq, 1H, H-50, 4.20 (dddd, 1H, J2-Mi3- = 12.8, J ^ y = 4.4 Hz, H-3'),

4.09 (s, 3H, MeO-4), 3.77 (d, 1H, J8A,OH.9 = 1-0 Hz, OH-9), 2.49 (ddd, 1H, J8Ai8B = 14.1

Hz, H-8A), 2.39 (dd, 1H, h'ix,2'cq = 12.8, H-2'eq), 2.15 (dd, 1H, H-8B), 2.10 (s, 3H, Ac),

1.87 (m, 1H, J13Ail4 = 7.3, Ji3A.i3B = 15-0 Hz, H-13A), 1.59 (ddd, 1H, H-2'ax), 1.54 (m,

1H, J13B.i4 = 7.3 Hz, H-13B), 1.38 (d, 3H, H-60,1.09 (t, 3H, H-14).

Anal. Calcd for C38H35F3N2O15 (816.70): C, 55.89; H, 4.32; N, 3.43. Found: C,

55.76; H, 4.44; N, 3.35.
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7-0-(4-0-Acetyl-2,3,6-trideoxy-3-trifluoroacetylamino-a-L-/yxo-hexopyran-

osyI)-4-0-methyl-lO-0-/>-nitrobenzoyI-P-rhodomycinone (30). Condensation of 12

(0.40 g, 0.72 mmol) with 24 (0.36 0.91 mmol) as described in general procedure (a)

afforded 30 (0.47 g, 81%): mp 194 °C; [cc]D +347° (c 0.042); !H NMR (400 MHz) 8 13.88

and 13.23 (2 s, 2H, OH-6,11), 8.24-8.12 (m, 4H, nitroarom. H), 7.98 (dd, 1H, J w = 7.9,

J u = 1.0 Hz, H-l), 7.77 (dd, 1H J ^ = 8.2 Hz, H-2), 7.39 (dd, 1H, H-3), 6.57 (d, 1H, JgMQ

= 0.9 Hz, H-10), 6.32 (d, 1H, J3-iNH = 7.2 Hz, NH-30,5.60 (d, 1H, J , ' ^ = 3.2 Hz, H-l 0,

5.32 (dd, 1H, J7i8A = 4.0, J7>8B = 1.2 Hz, H-7), 5.18 (br s, 1H, H-40, 4.36 (q, 1H, H-50,

4.32 (m, 1H, H-30, 4.08 (s, 3H, MeO-4), 3.71 (s, 1H, OH-9), 2.47 (d, 1H, J8A>8B = 15.2

Hz, H-8A), 2.23 (s, 3H, Ac), 2.17 (dd, 1H, H-8B), 2.02 (dd, 1H, J^y = 5.1, J2'ax.2'eq =

13.1 Hz, H-2'eq), 1.97 (ddd, 1H, J2-^y = 12.8 Hz, H-2'ax), 1.87 (m, 1H, Ji3Ai,4 = 7.3,

Ji3A,i3B = 14-7 Hz, H-13A), 1.54 (m, 1H, H-13B), 1.23 (d, 3H, J5'i6- = 6.3 Hz, H-60, 1.08

(t,3H,H-14).

Anal. Calcd for C38H35F3N2O15 (816.70): C, 55.89; H, 4.32; N, 3.43. Found: C,

55.78; H, 4.42; N, 3.36.

4-0-MethyI-lO-0-p-nitrobenzoyl-7-0-(4-O-p-nitrobenzoyl-2,3,6-trideoxy-3-tri-

fluoroacetyIamino-a-L-7y;t0-hexopyranosyI)-P-rhodomycinone (31). Condensation of

12 (0.20 g, 0.36 mmol) with 25 (0.21 g, 0.41 mmol) as described in general procedure (a)

afforded 31 (0.25 g, 76%); mp 154 °C; [a]D +119° (c 0.06); !H NMR (300 MHz) 5 13.92

and 13.23 (2 s, 2H, OH-6,11), 8.36-8.11 (m, 8H, nitroarom. H), 8.01 (d, 1H, J,,2 = 8.0 Hz,

H-l), 7.79 (dd, 1H, J w = 9 Hz, H-2), 7.40 (d, 1H, H-3), 6.58 (s, 1H, H-10), 6.26 (d, 1H,

h'.m = 8-0 Hz, NH-30,5.71 (s, 1H, H-10, 5.36 (d, 1H, J7i8B = 3.5 Hz, H-7), 5.05 (d, 1H,

J3'i4' = 2.0 Hz, H-40, 4.49 (q, 1H, J5-6 ' = 6.5 Hz, H-50,4.48 (m, 1H, H-30,4.09 (s, 3H,

MeO), 3.66 (s, 1H, OH-9), 2.50 (ddd, 1H, J7,8A = 1.5, J8A,i0 = 1.0, J8A,8B = 15.0 Hz, H-8A),

2.20 (dd, 1H, J7i8B = 3.5 Hz, H-8B), 2.10 (m, 2H, H-2'ax and H-2'eq), 1.88 (m, 1H, Jl3M =

7.5, Ji3A,13B = 14.2 Hz, H-13A), 1.54 (m, 1H, H-13B), 1.27 (d, 3H, H-60, 1.00 (t, 3H,

H-14); 'H NMR (300 MHz, 1:1 C6D6-CDC13) 5 5.49 (d, 1H, J,'i2'ax = 3.5 Hz, H-l'), 1.85

(dd, 1H, Ji'^y = 5.0, Ja-^a'eq 13-0 Hz, H-2'eq), 1.69 (ddd, 1H, J ^ - = 13.0 Hz,

H-2'ax).

Anal. Calcd for C43H36F3N3O17 (923.77): C, 55.91; H, 3.93; N, 4.55. Found: C,

55.98; H, 3.96; N, 4.43.

7-O-(3,4-Di-O-acetyl-2,6-dideoxy-a-L-/yj:o-hexopyranosyl)-4-O-methyl-10-O-p-

nitrobenzojl-P-rhodomycinone (32). Condensation of 12 (0.40 g, 0.72 mmol) with 28

(0.32 g, 0.94 mmol) as described in general procedure (a) afforded 32 (0.46 g, 83%): mp

140 °C; [a]D +366° (c 0.027); !H NMR (400 MHz) 5 13.88 and 13.24 (2 s, 2H, OH-6,11),

8.25-8.11 (m, 4H, nitroarom. H), 8.00 (dd, 1H, J1>2 = 7.6, J u = 1.0 Hz, H-l), 7.78 (dd, 1H,

JZ3 = 8.5 Hz, H-2), 7.40 (dd, 1H, H-3), 6.56 (d, 1H, J8Ail0 = 0.9 Hz, H-10), 5.63 (d, 1H,

V.2'ax = 3.8 Hz, H-l0,5.31 (dd, l H , J 7 M = 4.1,J7i8B= 1.2 Hz, H-7), 5.24 (d, 1 H , J 3 ' J 4 - =

3.1 Hz, H-40, 5.06 (ddd, 1H, J2'ay = 12.6, J ^ y = 5.4 Hz, H-30, 4.32 (q, 1H, J5 '6- =

6.4 Hz, H-50, 4.09 (s, 3H, MeO-4), 3.81 (s, 1H, OH-9), 2.47 (d, 1H, JgA8B = 15.2 Hz,
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H-8A), 2.19 (s, 3H, Ac), 2.17 (dd, 1H, H-8B), 2.12 (ddd, 1H, J2'Mi2'eq = 13.1 Hz, H-2'ax),

1.94 (s, 3H, Ac), 1.93 (dd, 1H, H-2'eq), 1.85 (m, 1H, J13Ail4 = 7.4, JI3 A,I3B = 14.2 Hz,

H-13A), 1.51 (m, 1H, 13B), 1.23 (d, 3H, H-60,1.07 (t, 1H, H-14).

Anal. Calcd for C38H37NO16 (763.72): C, 59.76; H.4.88; N, 1.83. Found: C, 59.74;

H.4.88; N, 1.78.

7-O-(3-Amino-2^,6-trideoxy-a-L-craWno-hexopyranosyl)-4-O-methyI-p-rhodo-

mycinone (33). Treatment of compound 29 (0.40 g, 0.49 mmol) with 1M NaOH, as

described in general procedure (b), gave 33 (0.26 g, 78%): mp 196 °C; [a]D +252° (c

0.054, MeOH); XH NMR (200 MHz, 3:1 CDCl3-MeOD, H—D) 5 8.03 (d, 1H, J1 2 = 7.6

Hz, H-l), 7.83 (dd, 1H, J ^ = 8.8 Hz, H-2), 7.45 (d, 1H, H-3), 5.49 (br s, 1H, H-l'), 5.13

(br s, 1H, H-7), 4.86 (s, 1H, H-10), 4.08 (s, 3H, MeO-4), 3.95 (dq, 1H, J4-y = 9.3, J5'i6- =

6.2 Hz, H-51, 3.27 (dd, 1H, J3',4' = 9.6 Hz, H-40, 3.18 (ddd, 1H, J^y = 11.3, J ^ y =

4.6 Hz, H-30, 2.18 (m, 2H, H-8A and H-8B), 1.92 1.95 (dd, 1H, V ^ ' e q = 13-0 Hz,

H-2'eq), 1.84 (m, 1H, J13A,,3B = 14.6, J13.14 = 7.5 Hz, H-13A), 1.78 (m, 1H, H-13B), 1.60

(ddd, 1H, H-2'ax), 1.37 (d, 3H, H-60, 1-10 (t, 3H, H-14). FAB-MS, m/s = 530 (M+H+),

399,383, 365.

Anal. Calcd for C27H3iNO10 (529.55): C, 61.24; H, 5.90; N, 2.65. Found: C, 61.16; H,

5.92; N, 2.55.

7-0-(3-Amino-2^,6-trideoxy-a-L-/yxo-hexopyranosyl)-4-0-methyl-P-rhodomyci-

none (34). Treatment of compound 30 (0.40 g, 0.49 mmol) with 1M NaOH, as described in

general procedure (6), gave 34 (0.19 g, 73%): mp 192-194 °C; [a]D +273° (c 0.01,

MeOH); FAB-MS, m/s = 530 (M+H+), 399, 383, 365. Lit.3 mp 192-194 °C; [a]D +270° (c

0.01, MeOH).

7-0-(2,6-Dideoxy-a-L-fyxo-hexopyranosyl)-4-0-methyI-p-rhodomycinone (35).

Treatment of compound 32 (320 mg, 0.42 mmol) with lM NaOH, as described in general

procedure (b), gave crude product 35, which was purified by column chromatography on

silica gel (40 g) with 15:1 chloroform-methanol to give 32 (120 mg, 63%): mp 242 °C;

[a]D 238° (c 0.05; 20:1 CHCl3-MeOH); »H NMR (300 MHz, 5:1 CDC13-CD3OD) 5 7.96

(dd, 1H, J1?2 = 7.5, J u = 1.1 Hz, H-l), 7.73 (dd, 1H, J w = 8.2 Hz, H-2), 7.36 (dd, 1H,

H-3), 5.42 (d, 1H, J , - ^ = 3.8 Hz, H-10, 5.07 (dd, 1H, J7gA = 2.0, J7>8B = 3.7 Hz, H-7),

4.76 (s, 1H, H-10), 4.02 (q, 1H, J5'i6- = 6.5 Hz, H-50, 4.00 (s, 3H, MeO), 3.67 (ddd, 1H,

Vax,3' =12-0- J2'eq,3' = 5.5, J3',4' = 2.6 Hz, H-30,3.53 (d, 1H, H-40, 2.13 (ddd, 1H, J8B,10

= 1-0, JgA.8B = !5-0 Hz, H-8A), 2.05 (dd, 1H, H-8B), 1.82 (ddd, 1H, J2'M,2'eq = 12.5 Hz,

H-2'ax), 1.74 (m, 1H, J13i4 = 7.5, Ji3A,i3B= 15-0 Hz, H-13A), 1.72 (dd, 1H, H-2'eq), 1.68

(m, 1H, H-13B), 1.25 (d, 3H, H-60,1-00 (t, 3H, H-14).

Anal. Calcd for C27H30Ou (530.53): C, 61.13; H, 5.70. Found: C, 61.02; H, 5.73.
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