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CHEMICAL MODIFICATION OF ERYTHROMYCINS. X.
REMOVAL OF BENZYLOXYCARBONYL AND Z-CHLOROBENZYL GROUPS OF ERYTHROMYCIN

DERIVATIVES BY USE OF CATALYTIC TRANSFER HYDROGENATION™

Yoshiaki Watanabe,® Masatc Kashimura, Toshifumi Asaka. Takeshi Adachi,
and Shigeo Morimoto
Research Center, Talsho Pharmaceutical Co., Ltd.,

1-403 Yoshino-che, Ohmiya-~shl, Saitama 330, Japan

Abstract--- The benzyloxyecarbonyl and the 2-chlorobenzyl groups of

ethythromycin derivatives were easily removed by catalytic transfer
- hydrogenation (CTH). Their deprotection reaction was dependent on

both the hydrogen donor and the sclvent for use. Application of CTH

to removal of the protective groups is discussed.

Clarithromycin (6-0-methylerythromycin A), a new semisynthetic macrolide an-
tibiotic, 1s more stable to acid and exhibits greater efficiency in rodant models
than erythromyein.=:=

In preceding paper, we reported the synthesis of clarithromyecin using 2°-0,3°.-N-
bis{benzyloxycarbonyl)-N-demethylerythromycin A (1) and its $-0-[(2-
chlorobenzyl)oxime] (2} as the starting materials, preventing formaticn of a
quaternary ammonium salt derlved from dimethylamino group and methyl iodide.”

To remove the protecting groups after methylation, the corresponding 6-0-
methylated derivatives (3) and {4) were subjected‘to hydrogenation under a
hydrogen atmosphere 1n the presence of Pd-C as the catalyst.

In this paper , we descr;be the removal of the benzy} and benzyloxycarbonyl (Chz)
groups of erythromycin derivatives by catalytic transfer hydrogenation (CTH) using
various kinds of hydrogen donors and solvents in the presence of Pd-C.

At first we investigated to find an optimal condition for elimination of the Chz

group in 3. Compound (3) was treated with a hydrogen donor in methanol at
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reflux using lo% Pd-C (1/20 equal amount based on the starting material).

As shown in Table 1, the Cbz group in the 2'-position was easily eliminated, but
the carbamate type bz group in the 3'-position was more resistant to release when
used hvdrogen donor such as fermic acid, 1,4-cyclohexadiene or cyclohexene.

Thus, treatment of 3 with formic acid (20 equiv.) and 10% Pd-C in methanol at
reflux for 15 win gave the completely deprotected product (6) in 40% yield al-
though the 3'-N-Cbz compound (5} was still remained in 60%. The deprotection could
be accomplished by using ammomium formate (4 equiv.) and 10% Fd-C in refluxing
methanol for 5 min to afford the desired compound (8) In 85% yield. By use of
triethylammonium formate, elimination of 3'-N-Cbz group was, however, incomplete.
This reaction was alsc done using hydrazine hydrate. In this case a much Jlonger
reaction time was required for the complete depretection as compared to ammonium
formate. Within & series, ammonium formate was the most suitable hydrogen denor

for deprotection of Cbz groups.

In connection with the hydrogen donor, we examined an effect of the solvent on
elimination of the protective groups of 3 using ammonium fermate. The results
given in Table 2 indicated that the rates of the deprotection were dependent
clearly on the solvent for use. Alcoholie solvents in general were useful for
hydrogenation and among them methanol was proved to be the most suitable one.
Acetonitrile was alsc available, but the solvents such as N.N-dimethyl{formamide,
tetrahydrofuran, ethyl acetate and chloroform were inadeguate to complete the
deprotection.

Finally. a combination of ammonium formate and methanol gave the best result for
elimination of both Cbz groups in the 2'-and 3'-positions. Therefore, we applied
this procedure to compound (4) having the Z-chlorobenzyl group in the 9-oxime
moiety.

As we would expect, both Cbz groups of 4 were easily removed. However., despite
under reflux for 2 h in methanol 0-{2-chlorcbenzyl)exime (7) was s$till remained
more amount than the desired product (8) (7:8 = 6:4 by tlc analysis) (Table 3)
Elimination of the benzyl group was achieved when employed a combination of am-
monium formate and formic acid as the hydrogen donor. Thus, 4 was treated with a
mixture of ammonium formate and formic acid {8 and 16 egquiv., respectively) and

10% PA-C in methanol at reflux for 4 h to afford compound (B) isolating as
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Table 1. Removal of benzyloxycarbony! group of 3
using various hydrogen donors’

Isolated yield (%)

Hydrogen doner {equiv.) Time (min})
5 &
HCOOH (20) 15 60 40?
HCOONH, (4} 5 - 96
TEAF? {4) 15 50 50°
@ (S) 300 33 63
@ {5) 300 31 66
NHaNHo » HoC (5) 45 -- a5
1) 10%Pd-C / Substrate = 1/ 20 {w / w}, MeOH, reflux,
2} Checked by tic.
3) TEAF = Triethyiammonium formate.
Table 2. Removal of benzyloxycarbonyl groups of 3
using vanous solvents’
. . Isclated yield (%,
Selvent Time (i) sclated yield (%)
3 5 6
MeCH 5 - - o6
EtOR 5 a 29 44
EtOH 20 - - a3
2-Propanol 20 - 10 76
MeCN 800 - 10 83
DMF? 600 62 31 3
THF 600 a3 36 21
AcOEL 800 97 - -
CHClI4 600 100 - -

1) 10%Pd-C / Subsirate = 1/ 20 {w/ w), HCOONH, (4 equiv.), raflux,

2) AL100T
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Table 3. Removal of benzyloxycarbenyl and benzyl groups of 4

Reaction condtions Isolated vield (%)
Hydrogen doror {eq) Solvent Temp. (C)  Time (h) 7 3
HCOONH, (10} MeOH reflux 2 60 4
HCOONH, (8) /HCOOH (16) MeOH reflux 4 - 84
HCOONa (1.2)/ HCOOH (16) MeOH room temperature 5 - 75
HCOONH, (2) /HCOOH (16) DMF 45 1 - 82
HCOQNH, (1.5) / HCOOQH {16) DMF /H,O  roomtemperature 6 - 78

1} Checkad by tlc.
2} The stirring was allowed to continue for 3 h at room temperature.

crystals in 84 % yield. It was observed that by replacing ammonium formate with
sodium formate, deprotection was accomplished to afford 8 in 75% yield. Use of
N.N-dimethylformamide was smooth for complete deprotection at a little higher
reaction temperature than the room temperature. However, aqueous N,\N-
dimethylformamide required for & longer time allowing the removal of the both

protecting groups.

In place of catalytic hydrogenation this procedure could be essily applied for

the production of clarithromycin.

EXPERIMENTAL

The melting points were determined on & Yanagimoto micro-melting points apparatus
and are uncorrected. Ir spectra were measured on a Jasco DS-701 G Ir
spectrophotometer. *H Nmr and *7C nmr spectra were recorded on Varian XL-200 and

Jeol JINM-GX 400 spectrometers. »Mass spectra were recorded on a Jeol JMS-SX102
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mass spectrometer. Thin-layer chromatography (tlc) was performed on Merck silica
gel 680Fzma, eluting a mixture of CHCls, MeOH and NH4.O0H {(5: 1: 0.01). Column
chromatography was performed on Wakogel C-200, eluting a mixture of CHCls and MeOH

(10: 1),

2"-0,3"-N-Bis(benzyloxycarbonyl)}-6-0-methyl-N-demethylerythromycin A (3) ---

It was prepared according to the reported procedure.*

2'-0,3'-N-Bis(benzyloxycarbonyl)-6~0-methyl-N-demethylerythromycin A 9-[0-(2-
chlorobenzyl)oxime] (4)--- To a solution of 2'-0.3'-N-bis(benzyloxycarbonyl)-N-
demethylerythromycin A 9-oxime® (13 g, 13 mmol) In DMF {60 wml), 2Z-chlorobenzyl
chloride (2.30 g, 14 mmol) and 85 % NaOH powder (0.941 g, 14 mmol) were added un-
der ice-¢ooling, and the mixture was stirred for 2 h. After reaction the mixture
was poured Into water (400 ml) and the precipltate was collected by filtration.
The solid was triturated with successive, water and 10 % aqueous EtOH, and fil-
tered. Recrystallization from a mixture of EtOAc and n-hexane gave 2'-0,3'-N-
bis(benzyloxycarbonyl)-N-demethylerythromycin A 9-[0-(2-chlorobenzyl)oxime] (2)
(14.02 g, 96 %), mp 111-113 °C . Ir (KBr): 3500-3200, 1748, 1735, 1700 cm~*; *H
nmr (CDCl=)d5 : 2.80 & 2.84 (3H, NCHa), 3.00 & 3.37 (3H, 3"-0CHa), 5.15 (2H, ABg, J
= 12 Hz, =NOCHz), 5.09—5.24 (4H, m, 2 X COOCHz), 7.20-7.52 (14H, m, aromatics);
*26 nmr (CDClaz)éd : 25.9 {NCHa), 49.0 & 49.5 (3"-0CHa}, 67.2 & 67.5 (NCOOCHz), 69.4
& 69.7 (0COOCH=z}, -172.4 (C-89), 175.2 (C-1); ms(FD) m/z 1127 (M"+1). Anal. Calcd

for CseHeaNz201-Cl: C, 62.84; H, 7.42; N, 2.48, Found: C, 82.41; H, 7.41: N. 2.45.

To a solution of 2 (13 g, 11.5 mmel) in DMF (50 ml) were added Mel (1.96 g, 13.8
mmol) and 85 % KOH powder (0.827 g, 12.5 mmol} under ice-cooling and the mixture
was stirred for 5 h. The reaction mixture was poured into water (400 ml) end the
precipitate was collected by filtration, triturated with 10% agueous EtOH, and
filtered. Recrystallization from isopropancli gave compound (4} (10.27 g, 78.1 %),
mp 191-193 °C . Ir (KBr): 3800-3200, 1752, 1732, 1690 cm~*; *H nmr (CDCls)é : 2.82
& 2.86 (3H, s, NCHa), 2.98 (3H, s. 6-0CHs), 3.01 & 3.40 (3H, s, 3"-0CHas), 5.00-
5.22 (4H, m, 2 X COOCH=), 5.42 & 5.48 (2H, ABg, J = 12 Hz, =NOCH=2), 7.18-7.52
{(14H, m,arcomatics); *2C nmr (CDCLlas)d : 28.9 (NCHa), 4%.0 & 49.5

(3"-0CHa}., 67.2 & 67.5 (NCOQOCH=), 69.4 & 69.7 (0COOCH=), 172.4 (C-9), 175.2 (C-1};
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ms{FD) m/z 1141 (M*+1). Anal. Calcd for CecHasN=z02-Cl: C, 63.12; H., 7.50; N,2.45.

Found: C, 83.31; H, 7.57: N, 2.32.

General FProcedure for Removal of Benzyloxycarbonyl Groups of Compound (3) by CTH
--- A mixture of 3 (20.0 g, 0.2 mmol), 10 % Pd-C (20 mg) and hydrogen donor (4
equiv.) 1in methanol (10 ml)} was heated under reflux. The progress of the removal
of protecting groups was continuously checked by tle ( an aliguot of the reaction
mixture was added to saturated agueous NaHCOs and extracted with Et0Ac and the or-
ganic layer was subjected to a tlc plate}. After reaction, Pd-C was filtered off
and washed with methanol (ca. 10 ml). The filtrate and washing were combined and
evaporated. Saturated aqueous NaHCCOs (ca. 20 ml) was added to the residue and the
resulting mixture was extracted with EtOAc (2 X 20 wml). The organic layer was
washed with saturated brine (20 ml) and dried (Na=z50.). The solvent was
evaporated in vacuo and the residue was purified by column chromatography to af-
ford compounds (5) and (6).

Compound 5: crystallized from ethanol, mp 221-222°C . *H pmr (CDCls)s : 3.04 (3H,
s, 8-0CHs), 5.16 (2H, s, COOCHz)}, 7.36 (S5H, s, aromatics}: *°C nmr (CDCla)s : 28.4
(NCHa), 49.4 (3"-0CHa), 50.8 (8-0CHa), 67.3 (COOCH=2), 157.2 (COOCH=), 175.6 (C-1),
270.7 (C-9): ms {FAB) m/z 890 (M + Na).

Compound &: crystallized from methanol, mp 228°C [1lit.,® 220-222°C ]. Physico-

chemical properties of 6 agree with those described 1n the lLiterature.®

The result shown 1n Table 2 was cbtalined by the same procedure as described above

using a variety of solvent other than methanoil.

General Procedure for Removal of Benzyloxycarbonyl and Benzyl Groups of Compound
(4) by CTH --- A mixture of 4 (1.1 g, 0.1 mmol), 10 % Pd-C (25 mg) and hydrogen
doner in a solvent (10 ml) was stirred under reflux or at room temperature. After
working-up in the same manner as described above, the residue was purified by
column chromatography to give compounds (7} and {8}.

Compound T: colorless foam, "H nmr {CDCla)d : 2.44 (3H, s, NCHs), 3.00 (3H, s, 6-
0CH=), 3.32 (3H, s, 3"-0CHa), 5.14 & 5.16 (2H, ABg, J= 12 Hz, =NOCH=z), 7.19-7.43
(4H, m, aromatics); *®C nmr (CDCls)é : 33.0 (NCHa), 49.4 (3"-0CHs), 50.8 (6-0CHa),
72.9 {(=NOCHz)}, 170¢.9 (C-9), 175.3 (C-1); ms (FAB) m/=z 873 (MH").

Compound 8: crystallized from ethanol, mp 247-248.5°C . 1Ir (KBr): 3600-3200, 1727,
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1710 ¢m~*; *H nmr (CDCla)é& : 2.41 (3H, s, NCHs), 3.10 (3H, s, 6-0CHa), 3.33 {3H.
s, 3"~0CHa) 8.1-8.4 (1H, bs, =NOH}; **C nmr (CDCla)& : 33.2 (NCHa2), 49.5 (3"-
OCHa), §1.2 (B-0CHa), 170.8 (C-9), 175.5{(C-1): ms (SIMS) m/z 763 (MH"). Anal.
Calcd for CavHaeN20a1s: €. 59.34: H, 9.15; N, 4.74. Found: €, 39.35; H, 8.87; N,

4.78.
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