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In the preceding communication! we detailed the enantiose-
lective synthesis of the three segments 4-6 (Scheme I, ref 1)
required for the total synthesis of O-mycinosyltylonolide (1)
(Scheme I). In the present communication we describe the ef-
ficient coupling of these fragments and a highly efficient ma-
crocyclization reaction culminating in the first successful total
synthesis of O-mycinosyltylonolide (1) in its naturally occurring
form with a high degree of stereocontrol.

The strategy chosen for the final assembly of O-mycinosyl-
tylonolide (1) was based on the assumptions that (a) an open-chain
precursor resembling the final natural product as much as possible
in its substituents would be entropically favored for final macroring
closure and (b) an internal keto phosphonate condensation with
a carbonyl group would be a most advantageous means to construct
the 16-membered macrocycle. Scheme I outlines how this strategy
was executed.

Activation of the pheny! thio sugar derivative 4 (Scheme I, ref
1, ca. 1:1 mixture of anomers) with NBS (1.1 equiv, CH,Cl,, 25
°C) in the presence of the hydroxy compound 5 (Scheme I, ref
1) resulted in efficient coupling? producing the 8-glycoside 234
(Scheme I) and its a-anomer in 85% total yield, with the undesired
a-anomer, however, predominanting under these conditions (o8
ratio ca. 9:1 by 'H NMR spectrometry and isolation, flash column
chromatography, silica, ether—petroleum ether; 1:1 R, () 0.19,
RA{B) 0.48). A more acceptable stereoselectivity was, however,
observed simply by changing the reaction medium from CH,Cl,
to CH3CN?® («:8 ratio ca. 2:3) leading to satisfactory yields of
2 (ca. 50% after purification). Reaction of 2 with excess Dibal
(5 equiv, CH,Cl,, =78 °C, reduction of ethy! ester, and removal
of acetate) followed by MnQO, oxidation (CH,Cl,, 25 °C) afforded
the hydroxy aldehyde 3° in 92% overall yield.

Coupling of key intermediate 3 (Scheme I) with the carboxylic
acid 6 (Scheme I, ref 1) proceeded smoothly in concentrated
CH,Cl, solution (1.0 M) in the presence of dicyclohexylcarbo-
diimide (DCC, 1.1 equiv) and (dimethylamino)pyridine (DMAP,
0.1 equiv)’ at 25 °C leading to the required open-chain precursor
keto phosphonate aldehyde 4° in 88% yield. We were now ready
to attempt the crucial cyclization to the 16-membered tylosin
skeleton.
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When the acylic precursor 4 was exposed to powdered an-
hydrous K,CO; (6 equiv) and 18-crown-6 (12 equiv) in dilute
toluene solution (0.001 M) at 70 °C (5 h)?, the expected cyclic
product § was produced smoothly. This reaction not only pro-
ceeded in excellent yield (80%) but, furthermore, produced the
desired macrocycle with the C-8 methyl group in its natural
configuration, as shown in structure 5.%° The identity of this
substance was confirmed from its spectral data and by desilylation
(excess HF.pyridine, THF, 25 °C) to afford the advanced in-

termediate 6,5 identical in all respects with a product derived from

(8) Aristoff, P. A. J. Org. Chem. 1981, 46, 1954.
(9) The C-8 epimer of 5 was similarly produced starting from the minor
isomer of the hydroboration of olefin 21 (Scheme IV, ref 1).

© 1982 American Chemical Society



J. Am. Chem. Soc. 1982, 104, 2031-2034 2031

natural tylosin (vide infra). To complete the synthesis, 6 was
selectively reduced (4.0 equiv of Dibal, CH,Cl,, 78 °C, reduction
of dienone and vy-lactone) and oxidized (1.3 equiv of DDQ,
benzene, 25 °C) to produce O-mycinosyltylonolide (1) in 76%
overall yield. Synthetic 1 was identical in all respects with an
authentic sample obtained by degradation of tylosin as described
below.

Mild acid hydrolysis of tylosin (7) (Scheme I) (dilute HCI,
THEF, 25 °C or AcOH-THF-H,0, 25 °C) detaches only my-
carose from the molecule producing O-mycinosyl-O-mycamino-
syltylonolide (8) in 90% yield.!® Both the highly methoxylated
mycinose and the basic, N-containing mycaminose are resistant
to acid hydrolysis under normal conditions that will allow survival
of the rest of the molecule. A Polonovski type degradation of 8
[(a) 1.1 equiv of m-CPBA, CH,Cl,, 0 °C, 0.5 h followed by 8.0
equiv of (CF;CO),0 and 8.0 equiv of pyridine, 0 °C, 0.5 h and
then aqueous KHCO; workup and 1.0 equiv of anhydrous K,CO;,
MeOH, O °C, 1 h)], however, furnished O-mycinosyltylonolide
(1) in 76% yield after chromatographic purification. The same
compound (1) was also produced by direct degradation of tylosin
(7) under the abave conditions (65% yield).!! MnO, (excess,
CH,Cl,, 48 h) oxidation of O-mycinosyltylonolide (1) led to
compound 6 in high yield (87%).

So that the potential of O-mycinosyltylonolide (1) as a precursor
to tylosin (7) could be demonstrated, a number of final chemical
maneuvers were performed. Thus, reaction of (1) with ethylene
glycol in the presence of camphorsulfonic acid as catalyst yielded
the acetal 9 as a major product (65%),'? liberating the C-5 hy-
droxy! for selective glycosidation. Although molecular models
as well as chemical evidence indicate that no protection of the
C-3 hydroxy! group should be needed, protection of the myci-
nose-bound hydroxyl might be necessary for steric-reactivity
reasons for such glycoside formation attempts. Selective blockade
of this hydroxyl was, therefore, sought and achieved by treating
9 sequentially with (a) phenylboronic acid (1.2 equiv, benzene,
azeotropic removal of water at reflux to form a cyclic boronate
ester at C-3 and C-5), (b) tert-butyldimethylsily! chloride (excess
imidazole, DMF, 25 °C), and (c) acetone-H,0 (3:1, 25 °C, 1
h) to remove the boronate furnishing compound 10 in 72% overall
yield.

This highly efficient and stereocontrolled total synthesis of
O-mycinosyltylonolide (1) clearly demonstrates the advantageous
utilization of carbohydrates in the construction of the 16-mem-
bered ring macrolide antibiotics.!*!* At present, no practical
methodology exists for completing the remaining disaccharide,
mycaminose-containing unit, due to the well-recognized problems
of glycosidation of N-containing sugars.!® New strategies directed
toward this goal are currently under way in these laboratories.
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Four research groups have suggested that “polypyrrole™ formed
by anodic polymerization of pyrrole, eq 1, can be used to protect
H H X+
N N

positive patential \ / 'X[BFq]_ (1)

” ;\ /; 0,3 M [Et4N]BFy /CHICN R

n-type semiconductors from photoanodic decomposition.?”5 A
problem encountered in the use of the polypyrrole is that it is not
persistently attached to the surface,? though it does appear that
adhesion to n-type Si is improved by metallization of the surface
prior to anodic polymerization of the pyrrole.** Generally, po-
lypyrrole can be peeled from the substrate to give free standing
films.! Work in this laboratory has established that (RO),Si
groups can be used to anchor redox-active polymers to surfaces
to protect against photocorrosion.® We now report the synthesis,
characterization, and application of N-(3-(trimethoxysilyl)-
propyl)pyrrole, I, as a photoanode derivatizing reagent that can

-
Q/\/\Si(OMe)3
1

be covalently anchored to the electrode via reaction of surface
OH groups (eq 2).” The pendant pyrrole functionality can then
be used as the initiation site for polymerization of pyrrole, thereby
serving to covalently anchor the polypyrrole (eq 3). This sort
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