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Abstract: In order to evaluate the biological significance of the 2’- and 4”-hydroxyl groups of the acid 

stable 1 I-deoxy-12-O-methyl-1 I-oxo-8,9-anhydroerythromycin A 6,9-hemiacetals 5-7, the 2’- and 4”- 

deoxy 8-11 were prepared and tested for motilin agonistic activity. lt has been shown that the 4”-hydroxyl 

group is not a major contributor to the bioactivity, while the 2’-hydroxyl group is a mandatory one. 

Motilin is a gastrointestinal peptide hormone of which physiological role is the induction of well- 

coordinated contractions through the gastrointestinal tract in the fasted state, called interdigestive migrating 

contractions. It has been recently shown that erythromycin A (1, EMA), a macrolide antibiotic, mimics the 

effects of motilin, and stimulates smooth muscle motilin receptors which are located at several levels of the 

mammalian gastrointestinal tmct including human. 1 Clinical trials have suggested that EMA (1) is a 

promising prokinetic agent.2 However, its instability to acid, antimicrobial activity, and low gastrokinetic 

activity appear to be serious drawbacks, especially when administered orally. It is known that under acidic 

conditions EMA (1) give-s first an internal enol ether 2 and then an internal ketal 3 by reaction of the 9- 

ketone group with hydroxyl groups in positions 6 and 12.3 This ketal formation is irreversible and the 

motilin agonistic activity of the ketal 3 was lower than that of EMA (1).4 Since the intermediate 2, 

however, exhibited higher motilin agonistic activity than EMA (1). structure-activity relationship study of 

2 has been undertaken and led to EM-523 (4). EM-S23 (4) was more active than EMA (1) and showed 

activity comparable to 2, and was devoid of antibiotic activity while it remained labile to acid.4 EM-523 

(4) is currently undergoing clinical trials as a prokinetic agent.5 
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Previous work from our laboratories was presented describing the preparation of I I -deoxy-12-O- 

methyl-l I-oxo-8,9-anhydroerythromycin A 6.9-hemiacetals 5-7 designed based on the acid-decomposition 

mechanism of EMA (1).6 These molecules showed increased acid-stability and oral activity as expected 

and were thought to have potential for orally active prokinetic agents. It is clearly desirable to further 

evaluate the biological significance of various structural features of these molecules. The subsequent 

follow-up study revealed the contribution of the sugar hydroxyl groups to the bioactivity. We now report 

the preparation and motilin agonistic activity of the 2’- and 4”-deoxy compounds 8-11. 

2 R, =Me, R,=R,=H 
4 R,=Et, R,=R,=H 

First, the 2’-hydroxyl group of compound 7 was acetylated with acetic anhydride and pyridine in 

CHzCl2 at room temperature, followed by treatment with l,I’-thiocnrbonyldiimidazole and 4- 

dimethylaminopyridine in CH2Cl2 at room temperature to produce 12 (yield 58%). Reaction of 12 with 

triphenyltin hydride and 2,2’-azobisisobutyronitrile (AIBN) in toluene at refluxing temperature and then 

hydrolysis of the 2’-acetoxy group with sodium bicarbonate in MeOH-HI0 at room temperature gave the 

deoxy compound 10 (yield 46%).7 Next, compound 10 was treated with iodine and sodium acetate in 

MeOH-Hz0 at 55 “C to produce the N-methyl compound 13 (yield 2 I %).4 Reductive N-methylation of 13 

with 10% PdK and aq. HCHO in AcOH-EtOH with I atm Hz afforded the N,N-dimethyl compound 8 

(yield 74%). Introduction of ethyl group to the 3’-amino group of 13 was effected with ethyl iodide in the 

presence of N,N-diisopropylethylamine in MeOH at room temperature to give 9 (yield 51%). The 2’- 

hydroxyl group of 10 was converted to the xanthate 14 (yield 36%) by the usual way (NaH, imidazole, 

CS2. Mel, THF) and deoxygenated (Ph3SnH. AIBN, PhMe) to give the 2’- and 4”-dideoxy compound 11 

(yield SO%,).7,* 
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5 R,=Me, R,=R,=OH 
6 R,=Et, R,=R,=OH 
7 R,=iso-Pr, R,=Rs=OH 
8 Rt=Me, R*=OH, R,=H 
9 R,=Et, R,=OH, R,=H 

10 R t =iso-Pr, R,=OH, R,=H 
11 R,=iso-Pr, R,=R,=H 
12 Rt=iso-Pr, R&AC, Rs=OC(S)-(I-imidazolyl) 
13 R,=H, R*=OH, R,=H 
14 R,=iso-Pr, R,=OC(S)SMe, R,=H 

Table I. Motilin Receptor Binding and Contractile Activities of EMA Derivatives 

in vitro in vivo 

compd P%a pIC,(HCl)a~h PBC,~ MI,, (i.v., ugkg)d Mftce (i.g.. ptig)d 

8 8.64fo. 14 

9 8.46ztO.05 

10 8.6OkO.10 

11 8.7399.18 

4 8.505-0.06 

5 8.04fo.04 

6 8.425~0.12 

7 8.22kO.06 

motilin 9.31kO.13 

8.41kO.02 

8.42&O. 10 

8.75fo.08 

6.52s. 16 

8.05fo.08 

8.19ItO.08 

8.1OkO.02 

7.98zt0.22 

8.04zkO.11 

8.21kO.06 

6.68M.34 

7.32iO.10 

6.93M.14 

7.36kO.13 

7.4lM.16 

8.34f0.06 

0.4kO.3 I .2M.3 

0.3ti.07 0.2f0.2 

0.09kO.01 0.3ti.09 

>70 

0.9iO.3 14.9*4.9 

2.9fl.5 2.4k0.9 

1.1iO.7 4.3fl .o 

1 kkO.4 1 .SM.5 

0.05kO.005 

*Negative logarithm of ICsu (M) with f SEM (n = 3-4). See footnote 9 for experimental details. 

bMeasured after treatment with hydrochloric acid solution (pH 2.5). ‘Negative logarithm of ECsu (M) with 

f SEM (n = 3-6). See footnote 10 for experimental details. dDose to give 100 of motor index (MI), with f 

SEM (n = 3-5). See footnote 1 I for experimental details. 
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Motilin agonistic activity of 8-11 was evaluated in comparison with EM-523 (4), 5-7, and motilin 

(Table I). The 4”-deoxy compounds S-10 showed increased motilin receptor binding (pIC50) and in vitro 

and in vivn smooth muscle contractile (pEC5r~ and Ml100 (iv.)) activities compared to EM-S23 (4) and the 

corresponding 4”-hydroxyl compounds 5-7 , suggesting that the 4”-hydroxyl group may not always be 

necessary to elicit the motilin agonistic activity. The in vitro and in vivn contractile activities of the most 

active 10 were almost comparable to those of motilin. On the other hand, the 2’. and 4”-dideoxy compound 

11 greatly reduced the contractile activities in vitro and ,n viva, though the binding affinity remained 

almost unchanged. The acid-stability of compounds was evaluated by treatment with hydrochloric acid 

solution (pH 2.5) at room temperature for 2 hr. followed by assaying the solution for rhe motilin receptor 

binding. The binding affinity of 8-10, as well as s-7,6 was not altered by the acid-treatment, while EM-523 

(4 ) showed substantially reduced activity by the same treatment (Table I). These results suggest that the 

12-methoxy compounds 8-10 may be acid-stable. 

The increased stability to acid of the I2-O-methyl- I I -0x0 derivatives seems to be of great advantage 

when administered orally. Compounds 8-10, as well as 5-7,6 administered intragastrically (i.g.) exhibited 

almost the same degree of in viva activities as those administered i.v., whereas EM-523 (4) required more 

than ten-fold dose to elicit similar in vwo activity when given i.g. compared to i.v. administration (Table I). 

These 4”-deoxy compounds 8-10, as well as 5-7,6 showed weak or little antibiotic activity (Table II). 

In summary, we have been able to show that the 4”-hydroxyl group is not a major contributor to 

motilin agonistic activity of the I I-deoxy-l2-O-methyl-l I-oxo-8,9-anhydroerythromycin A 6,9- 

hemiacetals, while the 2’-hydroxyl group is a mandatory one. The 4”-deoxy GM-665 (10) and the 

derivatives 8 and 9 are a novel series of potent, acid-stable and orally active macrolide-type motilin 

agonists. These biological profiles identify these compounds as potential candidates for useful prokinetic 

agents. 
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Table II. Antimicrobial Activity (MIC) of EMA Derivatives 

antibacterial activity: MICa FM/ml 

compd 
B. subtilis S. pneumoniae S. aureus E. coli K. pneumoniae 

ATCC 6633 No. 12 209P NIHJ JC-2 IF0 3512 

8 

9 

10 

1 

4 

5 

6 

7 

50 

200 

200 

0.39 

100 

6.3 

200 

>200 

1.6 

100 

100 

0.1 

25 

3.1 

50 

200 

100 

>200 

>200 

0.39 

>200 

13 

>200 

>200 

>200 

>200 

>200 

100 

>200 

>200 

>200 

>200 

100 

>200 

>200 

6.3 

>200 

100 

>200 

>200 

‘Minimum inhibitory concentration (MIC) was estimated by agar dilution method. 
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