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Abstract-Practical radical deoxygenation method of erythromycins was 

established. Macrolide-type motilin receptor agonist GM-665 (1) has been 

prepared using this method. 

Motilin is a gastrointestinal peptide hormone that induces contraction of gastrointestinal tract. Thus, motilin 

and its receptor agonist have potential for useful prokinetic agents. GM-665 (I), derived from erythromycins, 

is a remarkably potent, orally effective motilin receptor agonist.' The key step of the synthesis is the 

deoxygenation of the 4"-OH of erythromycins, which should be carried out under mild and neutral 

conditions, because erythromycins are generally sensitive to acid and alkali. Barton and McCombie2 

demonstrated that alcohols can be deoxygenated in high yield by reduction of suitable thiocarbonyl 

derivatives at 80-100 'C with BugSnH using 2,T-azobisisohutyronitrile (AIBN) as an initiator. However, 

because organotin compounds are toxic and are often difficult to remove completely from the reaction 

products, as well as being rather costly and presenting disposal problems, various attempts using s i l a n e ~ , ~  

dialkyl pho~phites,~ and hypophosphorous acid,4 have been made to overcome these problems. We now wish 

to repon the effective radical deoxygenation of erythromycins under mild conditions, practically applicable 

to the synthesis of GM-665 (1). 
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GM-665 (1) Erythromycin A (2) 

Commercially available erythromycin A (2) was treated with benzyl chloroformate in the presence of 

NaHC03 in toluene to give the bis(henzyloxycarbonyI) compound (3) in 77% yield.5 Silylation of the 4 -  

hydroxyl group of 3 (80%), followed by treatment with acetic acid and oxidation of the I I-hydroxyl group 

with dimethyl sulfoxide and trifluoroacetic anhydride, afforded the I I-0x0 derivative (4) in 68% yield (2 

steps). Methylation of the 12-hydroxyl group of 4 and subsequent acid treatment led to the 4"-hydroxy 

derivative (5) in 90% yield. Conversion of 5 to thiocarbonyl derivatives 6,7 and 8 was effected by treatment 

with NaH, CS2, and Me1 in DMF (73%), with 1,l'-thiocarbonyldiimidazole and 4-dimethylaminopyridine in 

CH2C12 (82%). and with PhNCS and NaH in THF (62%), respectively.6 
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These compounds (6-8) were applied to Barton deoxygenation reaction. The reaction of compound (6) with 

Bu3SnH in refluxing toluene in the presence of AIBN under classical Barton-McCombie conditions2 gave 

51% of the deoxygenated product (9) (Table, Entry I ) .  The reaction of 6 with cheaper and less toxic, 

hypophosphorous acid and triethylamine or N-ethylpiperidine salt of hypophosphorous acid in refluxing 

dioxane in the presence of AIBN gave 68-72% of the product (9) (Entries 2 and 5).4 The reduction in 

dimethoxyethane, MeCN, or toluene under reflux also gave similar yield of 9, though the increased amount 

of AIBN was required (Entries 3,4, and 6). On the other hand, when compound (7) was applied, the yield of 

product (9) was decreased (Entries 7-9). The attempted reaction of 8 gave little reduced product, the starting 

material being recovered (Entry 10). Thus, the best result was obtained when the reduction of substrate (6) 

was accomplished with the salts of hypophosphorous acid in boiling dioxane in the presence of AIBN 

(Entries 2 and 5). 

Table. Reduction olCompounds (6 - 8) 
Envy Compound Reagent AIBN Time (h) Solvcnl ( b o h ~ g )  Yield (8)" 

( e q u i ~ ) ~ '  

I 6 A 0.2 I Loluene 51 

2 6 B 0.2 I dioranc 72 

3 6 B 0.9 4 5 1.2-dimethoryethane 69 

4 6 B 1.1'' 3 MeCN 69 

5 6 C 0.2 1 d~orane 68 

6 6 C 0.7 3 5 toluene 62 

7 7 B 0 6 3 dionane 51 

8 7 B 1 3  R 13-dimethaxyethane 44 

9 7 c I 0  5 dtoxnnc 35 

10 8 B 0.5 2.5 dioxane m c e  

a) A: Bu&H (1.5 equw), 0:  50% H3PO? aq. ( 5  equlv) and Et,N ( I  I cqusv), C. H3P02-N-ethylpiperidine salt (5 equlv) b) AIBN 

(0 I mol equiv) was added in 30 min intervals. c) AIBN (0.2 mol equiv cxcepl lor the first 0.1 mol equ~v) was added in 30 rnm 

~ntervals, d) Isolated yield. 

The reduced product (9) was subjected to hydrogenolysis with ammonium formate and catalytic 10% Pd-C in 

MeOH to give the demethylated compound (lo)? and N-alkylation of 10  with isopropyl iodide and 

diisopropylethylamine in MeOH afforded GM-665 (1) in 53% yield (2 steps). 

In conclusion, deoxy erythromycin derivative GM-665 (1) was synthesized using Barton deoxygenation 

reaction. This reaction appears to be very useful for practical application to deoxygenation of erythromycins. 
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I )  10% Pd-C 
HC02NH4 
MeOH , 

2) iso-Prl 
(iso-Pr)?NEt 
MeOH 

53% 
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