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ABSTRACT

The synthesis of 7-0-a-L-daunosaminyl-4-0-methyl-P-rhodomycinone (3) and
the determination of its cytotoxic potency compared to that of the natural 7-<9-cc-L-dau-
nosaminyl-p-rhodomycinone (4) are described. Starting with natural P-rhodomycinone
(7), trimethylsilyl protecting groups were attached to the hydroxy groups at position 7
and 10, and the 4-OH group was subsequently methylated (MeVCs2CO3), thus providing
the 4-0-methyl-7,lO-bis-0-trimethylsilyl-p-rhodomycinone (10). The two TMS groups
were then deblocked to give 4-0-methyl-P-rhodomycinone (12). In a 3-stage synthesis
12 was converted into 4-O-methyl-10-d-trifluoroacetyl-B-rhodomycinone (15) to which
l,4-bis-O-p-nitrobenzoyl-3-A'-trifluoroacetyl-L-daunosamine 16 was selectively linked to
afford the 7-O-a-glycoside 17. The acyl protective groups are removed by treatment with
lNNaOHtogive3.
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224 KOLAR ET AL.

INTRODUCTION

The'broad goal of our work on modified anthracycline glycosides has been the

chemical synthesis of analogs of rhodomycins.1>2 Anthracyclines with a methoxy group

in position 4 exhibit pharmacological properties which differ distinctly from those of

their 4-OH analogs.3-4 Their cytotoxic effect is reduced by the presence of the

4-O-methyl group. They can therefore be administered at higher dosages, at which a

wider spectrum of therapeutic action may be expected.

This important aspect of the structure-activity-relationship (L 1210 leukemia) is

apparent in the anthracyclines daunorubicin 1 (IC50 = 38 nmol), carminomycin 2 (IC50 =

10 nmol) as well as aclacinomycin 5 (IC50 = 12 nmol) and its 4-<9-methyl analog 6 (IC50

= 48 nmol).4

0 HO

R 0

1 R'= Me R2= H
2 R1: H R2i H
3 R'= Me R2r OH
4 R'=H R2- OH

4= COCH3
3= C0CH3
3= Et
5= Et 5 R : Me; aclacinomycin (ACM)

6R*rH; 4-0-methyl-ACM

Our aim was to examine whether the same principles could be applied to the

P-rhodomycins. We therefore synthesized a 7-O-a-L-daunosaminyl-4-6>-methyl-P-rhodo-

mycinone 3 which was compared with the natural p-rhodomycin (oxaunomycin) 411 in

an oncopharmacological series of tests.

RESULTS AND DISCUSSION

r

In the synthesis of 4-<9-methyl-P-rhodomycin 3 we applied the following

strategy: trimethylsilyl (TMS) protecting groups were selectively bound to the 7-OH and

10-OH groups of P-rhodomycinone 7, temporarily directing the subsequent methylation

step preferably to the 4-OH group of the aglycone.6 After the removal of the TMS

groups, a trifluoroacetate protecting group at 10-OH of 4-O-methyl-P-rhodomycinone

permitted the selective glycosylation at C-7.
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The TMS protective groups (TMS-C1, pyridine, dichloromethane) were intro-

duced into (J-rhodomycinone 75 principally at the secondary hydroxy groups at C-7 and

C-10. In addition to the expected disilylated product 8, a smaller amount of the tri-

silylated derivative 9 was obtained.

The *H NMR spectra of compounds 8 and 9 prove the presence of unsubstituted

phenolic hydroxy groups, and the signal at 4.47 ppm in the spectrum of 8 indicates the

free hydroxy group at C-9.

The application of TMS protective group chemistry is of special interest with

regard to the difficult separation of (i-rhodomycinone and its p-iso components from

microbial raw material. 7,10-Bis-O-TMS-P-rhodomycinone 8 can be easily separated

from 7,10-bis-O-TMS-P-isorhodomycinone on silica gel using dichloromethane as the

eluent. After cleavage of the TMS protective groups with O.lN HC1 the two aglycones

can be obtained in high purity.

The key reaction in the synthesis of the 4-0-methyl-P-rhodomycinones is no

doubt the methylation step.6 The reaction of 8 with a large of excess of methyl iodide in

the presence of Na2CO3 provides two main products: the 4-O-methyl derivative 10

(43%) as a red compound and the 11-0-methyl derivative 11 (11%) as a yellow com-

pound. The use of Cs2CO3 instead of Na2CO3 considerably reduces the amount of Mel

required but only marginally improves the selectivity of the 4-0-methylation step.

The red colour of 10 (similar to that of daunomycinone and adriamycinone) •

indicates methylation at 4-OH of the aglycone 8. The yellow colour of the side product

11 makes methylation at 6-OH or 11-OH of 8 probable. Methylation at 4-OH in com-

pound 10 was proved by several NMR experiments. First the ring protons and carbon

atoms were assigned from the lH NMR-, 13C NMR-, WH-COSY- and ^ .^C-COSY-

spectra. The assignment of the 6-OH and 11-OH was possible from a COLOC-experi-

ment that showed a long range coupling of 6-OH to C-7 and to C-8 of the aglycone. In

the 4-0-methyl aglycone 10 the 6-OH appeared as a singlet at 13.91, the 11-OH as a

singlet at 13.56 and the phenolic O-methyl as a singlet at 4.09 ppm. These data enabled

the assignment of the phenolic hydroxyl groups in the 11-O-methyl compound 11 (6-OH:

13.93 ppm; 4-OH: 13.08 ppm). The data are in accordance with the published values for

phenolic hydroxy groups in anthracyclines.7

The TMS protective groups in 10 were cleaved quantitatively with O.lN HC1 in

CH2Cl2/methanol at 0 °C. The 4-O-methyl-P-rhodomycinone 12 which was obtained

thus represents a new aglycone which to our knowledge is not a known constituent of

microbial rhodomycins.

For the selective glycosylation of the new aglycone 12 at 7-OH, it is necessary

to protect 10-OH because the reactivity of the alcoholic hydroxy group decreases from
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226 KOLAR ET AL.

7-OH to 10-OH to 9-OH.2 The procedure used was as follows: in the first step 12 was

converted into 7,9-<9-phenylboronate 13 by phenylboronic acid and glacial acetic acid as

a catalyst.8 The free 10-OH group in 13 was then acylated with trifluoroacetic anhyd-

ride-triethylamine to give 14. Esterification of the phenolic hydroxy groups was not

observed in the reaction.711 Jn the next step the phenylborylene protecting group in 14

was cleaved by treatment with 2-methylpentan-2,4-diol using the method described by

Broadhurst et al? The 10-0-TFAc product 15 obtained was stable in the acidic pH range

and was easily purified on silica gel. The yield of 15 after the three reaction steps was

62%.

0 HO OH

OH 0 HO OH

Z fi-Rfiodomycinone

o HO g-sine3

" ' " Et

"OR

OH 0 HO 0 - S i f 1 e 3

8 R = H
9 R = Si

Mel/Cs2C03

f1e2C0/CHCl3'

0 HO

10 0.IN HC1

OR2 d HO d-Sirie3

1 0 R*=Me R3=H
11 R2= H R3= Me

TFAc zFjCCO-

PNB2 z p-02N-Ph-C0-

PhB(0H)2/Ac0H (~ 1£ R r R = R r H

(TFAc)20/Et3NriIRrH : R 5 & R 6 = PrB l

... , . > - 14 R rTFAc : R5& R6zPh-B=2-methylpentan- ( — 4 • . ,
2.4-diol ^ 1 5 R =TFAc; R S = R 6 = H

In the glycosylation of 15 we used a slight modification of Terashima's TMS

triflate method.10 The daunosamine donor 16 was reacted with 15 using 9.9 equiv of

TMS triflate promoter1 in dichloromethane-acetone at -50 °C. After completion of the

reaction, excess of the promoter was neutralized with triethylamine at -50 °C in order to

prevent cleavage of the acid labile sugar component in 17. The TFAc protective group

was partially cleaved in this process, and alkaline workup (O.OlN NaOH) completed the

deblocking to afford 18 after purification by chromatography (62% based on 15). The lH

NMR spectra for 17 and 18 provide indirect evidence that the glycosylation process

occurred at the 7-OH group of the aglycone 15. The signals at 13.84 and 13.22 ppm in

the spectrum of 18 correspond to the protons of the free hydroxy groups 6-OH and

11-OH, the signal at 3.47 ppm being assigned to the proton of the 9-OH group.
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SEMISYNTHETIC 4-0-METHYL-B-RHODOMYCINS 227

Table 1

compound IC50 (L1210) [ng/mL] LD50

1 h 7 d (mg/kg)

3:7-Dau-4-O-Me-p-RMN 0.29 0.12 l.OQxip)

4:7-Dau-P-RMN 0.0055 0.0019 <0.3(3xip)

Evidence for the presence of the a-glycosidic linkage can be seen in the

characteristic broad singlet signal at 5.69 ppm for H-l. The signal at 5.31 ppm (J7i8a= 1.5

Hz and J7 8b= 3.5 Hz) indicated that the configuration on the C-7 atom was unchanged.

When 18 was deblocked it was observed that the p-nitrobenzoyl protecting group was

cleaved by 0.1N NaOH whereas the A'-trifluoroacetyl protecting group was only cleaved

after addition of IN NaOH. The structures of the resulting products 19 and 3 were

examined by *H NMR spectroscopy, and the presence of 3 was additionally confirmed

by FAB MS.

pNBzO N H T F A c

16

is.
TMS-Triflete/MS al

CH2Cl2/ne2C0; -50°C
MeO

PNBZO N H T F A c i i

17
0.0 IN NaOH

—CHClj/MeOH

MeO

0 HO

0 HO 0

pNBzO N H T F A C

±8

0 IN NaOH

CHCI3/MeOH

0 HO OH

HO

1 9 R7:TFAC ^v
5 R 7 : H *J CHClj/tieOH

IN NaOH

The semisynthetic rhodomycin 3 and 7-O-a-L-daunosaminyl-p-rhodomycinone

411.12 w e r c t e s t e d for cytostatic efficacy in an in vitro test system.13 The effect of the

substance on the growth of L 1210 leukemia cells over periods of 1 hour and 7 days was

determined. The results IC50 (Table 1) show that 4-0-methyl-rhodomycin 3 is consider-

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



228 KOLAR ET AL.

ably less cytotoxic than the microbial product oxaunomycin 4. The biological data

obtained in the experiments for 3 and 4 were found to correlate with those determined for

daunorubicin 1 and its 4-<9-desmethyl analog carminomycin 2 and aclacinomycin 5 and

its 4-0-methyl analog 6.4

EXPERIMENTAL

General Procedure. Reactions were carried out at ambient temperature unless

otherwise stated. Solutions were concentrated under reduced pressure at below 40 °C

(bath temperature). The phosphate or citrate buffer solutions used to wash the organic

phases were prepared as follows: aqueous O.lM potassium dihydrogen phosphate or 0.1M

sodium citrate solutions were adjusted to the corresponding pH value using O.lN NaOH

or O.lN HC1. Melting points, determined on a Biichi apparatus, are uncorrected. 'H NMR

spectra were recorded at 200 MHz, 300 or 400 MHz on a Bruker AC-200, a Bruker

AC-300 or a Bruker AM-400 and at 400 MHz on a Jeol GX 400 NMR spectrometer,

respectively. Chemical shifts for *H resonances were recorded relative to tetramethyl-

silane (0.0). The *H resonances were routinely assigned by 'H.'H-COSY experiments

('Hj^C-COSY and COLOC experiments - see p 3), using the standard pulse sequences

of the Bruker Aspect-300 software. Specific rotations were determined with a

Perkin-Elmer 241 polarimeter equipped with 10 cm cuvettes. Reactions were monitored

by TLC on silica gel plates 60 F 254 (Merck) and the spots were detected by ultraviolet

light or by spraying with ethanolic 10% sulfuric acid solution and subsequent heating to

150 - 200 °C. The glycosylation reactions were performed under an argon or nitrogen

cover. Preparative chromatography was performed on silica gel (Merck Kieselgel 60

particle size 0.015-0.040 mm) with the solvent system specified.

7,10-Bis-O-trimethyIsilyl-p-rhodomycinone (8) and 7,9,10-Tris-CMri-

methylsilyl-P-rhodomycinone (9). P-Rhodomycinone 714 ( 2.0 g, 5.18 mmol) was dis-

solved in 2:1 dichloromethane-pyridine (60 mL) and chlorotrimethylsilane (20 mL,

155.4 mmol) was added at 0 °C. After 1 h, the mixture was diluted with dichloromethane

(30 mL) and washed successively with phosphate buffer (pH 7.5, 30 mL) and water (40

mL). The organic layer was concentrated in vacuo and coevaporated with toluene. The

residue was chromatographed on a column of silica gel (100 g) with dichloromethane to

give 8 (2.3 g, 84%) and 9 (0.13 g, 5%).

Compound 8: mp 185 °C; [a]D +398° (c 0.06, chloroform); :H NMR (400 MHz,

CDC13) 5 13.72 (s, 1H, OH-6), 12.89 (s, 1H, OH-11), 12.24 (s, 1H, OH-4), 7.89 (dd, 1H,

J,i2 = 7.5 Hz, J u = 1.3 , H-l), 7.70 (dd, 1H, J u , J w = 8.3 Hz, H-2), 7.31 (dd, 1H, J u ,
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JZ3, H-3), 5.33 (brs, 1H, H-7), 4.87 (d, 1H, J 8 b l 0 = 1.3 Hz, H-10), 4.47 (s, 1H, OH-9),

2.14 (dd, 1H, J7,ga = 1.3 Hz, Jg = 14.3 Hz, H-8a), 2.00 (dt, 1H, J7i8b = 1.3 Hz, Jg, J8 b l 0 ,

H-8b), 1.67 (q, 2H, J13iH = 7.5 Hz, H-13a and H-13b), 1.06 (t, 3H, J13tl4, H-14), 0.25 (s,

9H, Si(Me)3), 0.13 (s, 9H, Si(Me)3).

Anal. Calcd for C^H^OjjS^: C, 58.84; H, 6.46. Found: C, 58.75; H, 6.47.

Compound 9: mp 106 °C; [a]D +298° (c 0.04, chloroform); !H NMR (200

MHz, CDC13) 8 13.85 (s, 1H, OH-6), 12.89 (s, 1H, OH-11), 12.31 (s, 1H, OH-4), 7.89

(dd, 1H, J l i 2 = 7.8 Hz, J u = 1.2 Hz, H-l), 7.68 (dd, 1H, J,2 , J ^ = 8.3 Hz, H-2), 7.28

(dd, 1H, J u , J J J , H-3), 5.13 (dd, 1H, J7,8a = 2.0 Hz, J7 8 b = 4.8 Hz, H-7), 4.83 (d, 1H,

J8 U O = 1 Hz, H-10), 2.05 (ddd, 1H, J7i8a, Jg = 14.2 Hz, J8a>10, H-8a), 1.98 (dd, 1H, J7>8b,

Jg, H-8b), 1.72 (m, 1H, J13a,14 = 7.5 Hz, Jg = 15 Hz, H-13a), 1.58 (m, 1H, J i 3 b l 4 = 7.5

Hz, Jg, H-13b), 1.02 (t, 3H, J13ail4> J1 3 b l 4 , H-14),0.20-0.10 (m, 27H, Si-Me).

Anal. Calcd for C29H42O8Si3: C, 57.77; H, 7.02. Found: C, 57.85; H, 7.04.

4-0-Methyl-7,lO-bis-0-trimethylsiIyl-P-rhodomycinoiie (10) and 11-0-

Methyl-7,lO-bis-0-trimethyIsilyl-P-rhodomycinone (11). Compound 8 (11.3 g, 21.3

mmol) was dissolved in 100:1 dry acetone-chloroform (1000 mL) and cesium carbonate

(42 g) and iodomethane (50 mL, 715 mmol) were added at 4 °C. The mixture was stirred

for 3 d at room temperature and concentrated in vacuo. The residue was dissolved in

dichloromethane (200 mL), washed successively with water (200 mL x 3), 1 N HC1 (150

mL) and water. The organic layer was dried (sodium sulfate) and concentrated in vacuo.-

The residue was chromatographed on a column of silica gel (650 g) with dichloro-

methane to give as major products 10 (4.91 g, 43%), 11 (1.24 g, 11%), and starting

material 8.

Compound 10: mp 202 °C; [a]D +460° (c 0.05 , chloroform); *H NMR (300

MHz, CDC13) 5 13.91 (s, 1H, OH-6), 13.56 (s, 1H, OH-11), 8.05 (dd, 1H, J1 2 = 7.5 Hz,

J u = 1.3 , H-l), 7.78 (dd, 1H, J ^ , J w = 8.5 Hz, H-2), 7.39 (dd, 1H, J u , Sv, H-3), 5.36

(br s, 1H, H-7), 4.87 (d, 1H, J8b,10 = 1.3 Hz, H-10), 4.52 (s, 1H, OH-9), 4.09 (s, 3H,

O-Me), 2.13 (dd, 1H, J7,8a = 4 Hz, Jg = 14.5 Hz, H-8a), 1.98 (dt, 1H, J78b, Jg, J8b,10,

H-8b), 1.66 (m, 2H, J13#14 = 7.2 Hz, H-13a and H-13b), 1.05 (t, 3H, J1314, H-14), 0.23 (s,

9H, Si-Me), 0.13 (s, 9H, Si-Me). 13C NMR (400 MHz, CDC13) 5 187.10 (CO, C-12

(C-5)), 186.47 (, C-5 (C-12)), 160.97 (C-4), 156.75 (C-lla), 156.60 (C-5a), 137.86

(C-lOa), 137.11 (C-6a), 135.73 (C-12a), 135.52 (C-2), 121.06 (C-4a), 119.71 (C-l),

118.10 (C-3), 112.22 (C-6), 111.66 (C-ll), 77.00 (t, CDC13), 72.37 (C-9), 67.58 (C-10),

63.28 (C-7), 56.63 (MeO-4), 33.34 (C-8), 30.17 (C-13), 6.45 (C-14), 0.63 (s, 3C, SiMe3),

0.47 (s, 3C, SiMe3).

Anal. Calcd for C27H36O8Si2: C, 59.53; H 6.66. Found: C, 59.67; H, 6.67.
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Compound 11: mp 78°C; [a]D +150° (c 0.05 chloroform); ; H NMR (200 MHz,

CDC13) 8 13.93 (s, 1H, OH-6), 13.08 (s, 1H, OH-4), 7.85 (dd, 1H, J,.2 = 7.6 Hz, J u = 1.1

, H-l), 7.67 (dd, 1H, J1>2 = 8.3 Hz, H-2), 7.32 (dd, 1H, J,,2, J2.3. H-3), 5.28 (, 1H, J7 g a =

3.4 Hz, J7 g b = 2.5 , H-7), 4.87 (s, 1H, H-10), 4.44 (, 1H, OH-9), 3.95 (s, 3H, 11-OMe),

2.14 (dd, 1H, J7i8a, Jg = 14.5 Hz, H-8a), 2.04 (dd, 1H, J7,gb, Jg = H-8b), 1.68 (q, 2H, J a , 4

= 7.4 H-13a and H-13b), 1.06 (t, 3H, J13<14, H-14), 0.28 (s, 9H, Si-Me3), 0.14 (s, 9H,

Si-Me3).

Anal. Calcd for C2gH38O8Si2: C, 60.19; H, 6.85. Found: C, 60.31; H, 6.88.

4-0-MethyI-P-rhodomycinone (12). O.lN HC1 (75 mL) was added to a stirred

solution of 10 (2.0 g, 3.67 mmol) in 1:1 dichloromethane-methanol (300 mL) at 0 °C.

The reaction mixture was stirred for 3/4 h, diluted with dichloromethane (300 mL) and

successively washed with phosphate buffer (pH 7, 50 mL) and water. The organic phase

was dried with sodium sulfate and concentrated in vacua. The residue was crystallized

from a mixture of dichloromethane - ether to give 12 (1.44 g, 98%): mp 141 °C; [cc]D

+73° (c 0.2, chloroform); !H NMR (400 MHz, CDC13) 6 13.86 (s, 1H, OH-6), 13.38 (s,

1H, OH-11), 8.02(dd, 1H, Jli2 = 7.8 Hz, J , 3 = 1.1,H-l), 7.80 (dd, 1H, J12, J^3 = 8.5 Hz,

H-2), 7.40 (dd, 1H, J u , J w , H-3), 5.25 (br s, 1H, H-7), 4.88 (d, 1H, J8 U O = 2.0 Hz,

Jio.OH = 4 -° H z . H-10), 4.10 (d, 1H, J10,OH = 4.0 Hz, OH-10), 4.10 (s, 3H, 4-OMe), 3.50

(d, 1H, J 7 0 H = 3.0 Hz, OH-7), 3.47 (s, 1H, OH-9), 2.21 (dd, 1H, J7,8b = 1 Hz, Jg = 14.2

Hz, H-8b), 2.15 (ddd, 1H, J7>8a = 4.8 Hz, Jg, J8atl0, H-8a), 1.87 (m, 1H, J13>14 = 7.2 Hz, Jg

= 15.0 Hz, H-13a), 1.77 (m, 1H, J1314, Jg, H-13b), 1.12 (t, 3H, Jl3M, H-14).

Anal. Calcd for C21H20Og: C, 63.00; H, 5.03. Found: C, 63.07; H, 5.04.

4-0-MethyI-7,9-0-phenyIborylene-P-rhodomycinone (13). A mixture of 12

(1.6 g, 4 mmol), powdered molecular sieves 4A (4 g), glacial acetic acid (3.2 mL) and

phenylboronic acid (1.7 g) in dry toluene (140 mL) was partially concentrated to 2/3 of

the original volume. A second portion of glacial acetic acid (3.2 mL) was added and the

mixture was stirred for 50 h at 87 °C. The solution was filtered through Celite and the

filtrate was washed successively with diluted NaHCO3 solution (5%, 60 mL) and water.

The organic layer was dried (sodium sulfate) and concentrated in vacua. Chromato-

graphy of the residue on silica gel in 10:1:1 toluene-methanol-AcOH provided 13 (1.8 g,

92%): mp 225-230 °C; [ct]D +440° (c 0.02, chloroform); *H NMR (300 MHz, CDC13) 8

13.62 (s, 1H, PhOH), 13.23 (s, 1H, PhOH), 8.16, 7.71 and 7.21 (m, 5H, PhB), 7.79 (d,

1H, J1 2= 8 Hz, (H-l), 7.58 (t, 1H, J u , J2%3 = 8 Hz, H-2), 7.28 (d, 1H, J2i3, H-3), 5.61 (t,

1H, J7>8a = 2.3 Hz, J7 8 b = 2.5 Hz, H-7), 4.88 (s, 1H, H-10), 3.97 (s, 3H, OMe), 2.24 (dd,

1H, Jg = 14 Hz, J7i8a, H-8a), 7.21 (dd, 1H, Jg, J7>8b, H-8b), 2.07 (m, 1H = 12 Hz, J a i 4 =

7.5 Hz, H-13a), 1.78 (m, 1H, Jg, J1314, H-13b), 1.17 (t, 3H, J13il4, H-14).

Anal. Calcd for C27H23BO8: C 66.69; H 4.77. Found: C 66.82; H 4.76.
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4-O-MethyI-7^-phenylboryIene-10-O-trifIuoroacetyl-p-rhodomycinone

(14). Trifluoroacetic anhydride (3.4 mL) was added to a solution of compound 13 (600

mg, 1.23 mmol) in dry dichloromethane (40 mL) at 0 °C. Triethylamine (0.2 mL) was

added and the mixture was stirred for 18 h at 4 °C. TLC (10:1:0.1 toluene-methanol-

acetic acid) showed only the presence of 14. After concentration in vacuo, the residue

was successively coevaporated in vacuo with toluene (50 mL x 3) and chloroform (50

mL). The crude product (720 mg) was used in the subsequent steps without further

purification.

4-O-Methyl-lO-O-trifluoroacetyl-P-rhodomycinone (15).1>2 To a stirred

solution of compound 14 (720 mg crude product) in dichloromethane (20 mL) 2-methyl-

pentan-2,4-diol (6 mL) was added. The mixture was stirred for 18 h at room tem-

perature, diluted with dichloromethane (20 mL) and washed with 0.0 IN HC1 (20 mL x

3). The organic layer was dried (sodium sulfate) and concentrated in vacuo. The residue

was chromatographed on a column of silica gel with 95:5:1:0.25:0.1 chloroform-

acetone-acetic acid-water-triethylamine to give 15 (445 mg, 73 %): mp 244 °C; [a]D

-102° (c 0.5, chloroform); >H NMR (300 MHz, CDC13) 6 13.69 (s, 1H, OH-6), 13.03 (s,

1H, OH-11), 7.94 (dd, 1H, J1 2 = 7.5 Hz, J u = 1.5 Hz, H-l), 7.77 (dd, 1H, J u , % = 8.5

Hz, H-2), 7.38 (dd, 1H, J u , J w , H-3), 6.29 (d, 1H, J8sU0 = 1.5 Hz, H-10), 5.31 (dd, 1H,

J7i8a = 1.5 Hz, J7i8b = 4.7 Hz, H-7), 4.08 (s, 3H, 4-OMe), 4.00 (s, 1H, OH-9), 2.37 (ddd,

1H, J7i8a,Jg = 15 Hz, J8UO, H-8a), 2.00 (dd, 1H, J7-8b, Jg, H-8b), 1.71 (m, 1H, J a i 4 = 7.4

Hz, Jg =13.8 Hz, H-13a), 1.53 (m, 1H, J1314, Jg, H-13b), 1.09 (t, 3H, J13il4, H-14).

Anal. Calcd for C ^ H ^ C y C, 55.65; H, 3.86; F, 11.48. Found: C, 55.74; H,

3.87; F, 11.23.

4-0-MethyI-7-C>-(4-C>-p-nitrobenzoyl-2^,6-trideoxy-3-trinuoroacetamido-

a-L-lyxohexopyranosyl)-10-O-tri-fluoroacetyl-P-rhodomycinone (17). To a mixture

of aglycone 15 (550 mg, 1.10 mmol), daunosamine donor 16 (900 mg, 1.66 mmol) and

powdered molecular sieves 4 A (2.0 g) in 10:1 dichloromethane-acetone (60 mL) was

added in three portions trimethylsilyl triflate (1.8 mL, 9.9 mmol) at -50° C. The reaction

mixture was stirred for 5 h, diluted with dichloromethane (100 mL) and then tri-

ethylamine (2 mL) was added to the cooled mixture. After 5 min of stirring the mixture

was filtered, and the filtrate was washed with citrate buffer (pH 4.5, 50 mL x 2), dried

(sodium sulfate) and concentrated in vacuo. The residue (1650 mg), which contained 17

and its OH-10 derivative 18 as its major constituents, was used in the subsequent steps

without further purification. A part of the crude product was purified by preparative TLC

in 10:1 dichloromethane-acetone to give pure compound 17 which was used for the

evaluation of analytical and NMR spectral data: mp 126-128 °C; [cc]D -126° (c 0.1,

chloroform); !H NMR (300 MHz, CDC13) 8 13.84 (s, 1H, OH-6), 13.22 (s, 1H, OH-11),
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8.34 (dt, 2H, J0,m= 9 Hz, pNBz), 8.28 (dt, 2H, Jojn, pNBz), 8.05 (dd, 1H, J1 2 = 7.8 Hz,

J,3 = 1.2 Hz, H-l), 7.83 (dd, 1H, J u , J2.3 = 8.5 Hz, H-2), 7.43 (dd, 1H, J u , J 2 J , H-3),

6.39 (s, 1H, H-10), 6.29 (d, 1H, J3.NH = 7.0 Hz, N-H), 5.69 (s, 1H, H-l ') , 5.49 (d, 1H,

JVA. = 2.5 Hz, H-4'), 5.31 (dd, 1H, J7 8 a = 1 . 5 Hz, J7>gb = 3.5 Hz, H-7), 4.45 (q, 1H, J5.,6.

= 6.5 Hz, H-5'), 4.44 (m, 1H, H-3"), 4.10 (s, 3H, 4-OMe), 2.45 (d, 1H, Jg = 15.0 Hz,

H-8a), 2.11 (dd, J78b, Jg, H-8b), 2.11 (m, 1H, H-2'eq), 2.08 (m, 1H, H-2'ax), 1.78 (m,

1H, Jn.14 = 7.5 Hz, Jg = 14.0 Hz, H-13a), 1.52 (m, 1H, J1314, Jg, H-13b), 1.27 (d, 3H,

J5.6. = 6.5 Hz, H-61), 1.10 (t, 3H, J,3,14 = 7.5 Hz, H-14).

FABMS:m/z871(M+H+).

4-0-Methyl-7-0-(p-nitrobenzoyl-2,3,6-trideoxy-3-trifluoroacetarnido-

a-L-Iyxohexopyranosyl)-P-rhodomycinone (18). The crude product containing com-

pounds 17 and 18 (1650 mg) was dissolved in 2:1 chloroform-methanol (30 mL), and

0.0IN NaOH (5 mL) was added at room temperature. Methanol was then added to homo-

genize the organic and aqueous layers. After stirring for 10 min, TLC (10:1 dichloro-

methane-acetone) showed that the starting material had been completely convened. The

mixture was neutralized with 0.01N HC1 (5 mL) and concentrated in vacua. The residue

was dissolved in chloroform (70 mL) and washed with water (30 mL x 2). The organic

layer was dried (sodium sulfate) and concentrated in vacuo. The resulting product was

chromatographed on a column of silica gel (180 g) with 10:1 dichloromethane-acetone to

give 18 (0.53 g, 62% related to aglycone): mp 196-198 °C; fa]D -50° (c 0.02,

chloroform).

Anal. Calcd for C J ^ F S ^ O M : C, 55.82; H, 4.29; F, 7.36; N, 3.62. Found: C,

55.78; H, 4.31; F, 7.27; N, 3.54.

4-0-MethyI-7-0-(2,3,6-trideoxy-3-trifluoroacetamido-a-L-lyxohexopyran-

osyl)-p-rhodomycinone (19). O.lN NaOH (2 mL, 2 mmol) was added to a stirred

solution of compound 19 (50 mg, 0.064 mmol) in 2:1 chloroform-methanol (3 mL). Then

methanol was added to homogenize the organic and aqueous layers. After stirring for 15

min TLC (20:1 dichloromethane-methanol) showed the complete conversion of the

starting material. The mixture was neutralized with O.lN HC1 (2 mL) and concentrated

under reduced pressure. The residue was dissolved in 3:1 chloroform-ethyl acetate (60

mL) and washed successively with phosphate buffer (pH 7, 20 mL) and water (30 mL).

The organic layer was dried (sodium sulfate) and concentrated in vacuo. The resulting

product was chromatographed on a column of silica gel (15 g) with 10:1 dichloro-

methane-acetone to give 19 (27 mg, 66%): mp 207-209 °C; [a]D + 195° (c 0.02,

chloroform); !H NMR (300 MHz, CDC13) 5 13.84 (s, 1H, Ph-OH), 13.39 (s, 1H, Ph-OH),

8.00 (dd, 1H, J u = 7.5 Hz, J u = 1.1 Hz, H-l), 7.78 (dd, 1H, J u , J2>3 = 8.9 Hz, H-2),

7.39 (dd, 1H, J u , JZ3, H-3), 6.72 (d, 1H, ]VMi = 8.5 Hz, N-H), 5.48 (d, 1H, J r > r = 3.5
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Hz, H-l ') , 5.12 (dd, 1H, J7>8a = 1.5 Hz, J7 8 b = 3.8 Hz, H-7), 4.92 (s, 1H, J 8 M 0 = 1.0 Hz,

H-10), 4.32 (q, 1H, J4.5. = 1.5 Hz, J5.<6. = 6.5 Hz, H-5'), 4.18 (m, lTaxy = 12.9 Hz,

J2.cq3. = 4.9 Hz, J3.4. = 1.5 Hz, J3.NH = 8.5 Hz, H-3'), 4.06 (s, 3H, MeO-4), 3.65 (dd, 1H,

J3-.4-. J4-.5-. H - 4 ' ) . 3-65 (s. 1H, OH-9), 2.81 (br s, 1H, OH-10), 2.20 (brd, 1H, J78a. J8a 10,

Jg= 14.0 Hz, H-8a), 2.14 (dd, 1H, J78b, Jg, H-8b), 1.97 (dd, 1H, J , . ^ < 1-0 Hz, J r c q 3 . =

4.9 Hz, Jg = 13.0 Hz, H-2'eq), 1.87 (m, 1H, J ^ 14 = 7.5 Hz, Jg = 15.0 Hz, H-13a), 1.82

(ddd, 1H, Jr,2-ax. Jrax.3-. Jg. H-2'ax), 1.75 (m, 1H, J13bil4 = 7.5 Hz, Jg = 15.0 Hz, H-13b),

1.33 (d, 1H, J5-<6. = 6.5 Hz, H-6'), 1.11 (t, 3H, J13il4 =7.5 Hz, H-14).

Anal. Calcd for C29H30F3NOn: C, 55.68; H, 4.83. Found: C, 55.67; H, 4.81.

7-0-(3-Amino-2^,6-trideoxy-a-L-Iyxohexopyranosyl)-4-0-methyl-P-rhodo-

mycinone (3). IN NaOH (10 mL) was added to a stirred solution of compound 19 (500

mg, 0.64 mmol) in 3:1 methanol-chloroform (10 mL). Then methanol was added to

homogenize the organic and aqueous layers. After stirring for 15 min TLC (10:5:2:1:0.5:

0.05 chloroform-acetone-methanol-acetic acid-water-triethylamine) showed that the

starting material had been completely converted. The mixture was neutralized with O.lN

HCl (2 mL) and concentrated in vacuo. The residue was chromatographed on a column

of silica gel (70 g) with the eluent used for TLC and then on a column of aminated silica

gel (25 g) with 10:1 methanol-chloroform to give 5 (240 mg, 71%): mp 192-194 °C;

[<x]D +270° (c 0.01, methanol); *H NMR (300 MHz, CDC13) 5 7.57 (d, 1H, J 1 2 = 7.0 Hz,

H-l), 7.57 (dd, 1H, J u , J^ = 8.0 Hz, H-2), 7.28 (d, 1H, % , H-3), 4.96 (d, 1H, J ^ . =•

2.5 Hz, H-l ' ) , 4.65 (s, 1H, H-7), 4.37 (s, 1H, H-10), 3.76 (q, 1H, J5.>6. = 6.5 Hz, H-5'),

3.67 (s, 3H, 4-OMe), 3.06 (s, 1H, H-4'), 2.57 (m, 1H, H-3'), 1.79 (s, 2H, H-8a and H-8b),

1.42 (ddd, 1H, J l v r a x = 3.2 Hz, JTaxy = 13.0 Hz, Jg = 13.0 Hz, H-2'ax), 1.21 (dd, 1H, Jg,

Jreq.3- = 4-5 Hz, H-2'eq), 1.34 (m, 2H, J13U = 7.5 Hz, H-13a and H-13b), 0.85 (d, 3H,

J5.6.= 6.5 Hz, H-6'), 0.66 (t, 3H, J1 3 1 4 = 7.5 Hz, H-14).

Anal. Calcd for C^H^NOio: C, 61.24; H, 5.90; N, 2.65. Found: C, 61.34; H,

5.92; N, 2.59.
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