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In recent years, there has been growing interest in ring
opening reactions of the macrolide antibiotic erythro-
mycin A leading to the synthesis of chimeric 9a- and
8a-azalides! which are structurally homologous to their
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potent prototypes azithromycin?® and its 8a-isomer® in
their critical eastern halves of the molecule but are
functionally simplified in the left-hand part of the 15-
membered macrocyclic ring. As part of our program in
this area we have recently reported the synthesis of 6,9-
cyclic seco oxime (2)® starting from 6,9-cyclic imino
ether (1)®, the key intermediate in the synthesis of
azithromycin. Base catalyzed internal acylation of 2
followed by reduction and N-methylation afforded a
series of linear C-1 amides in which the C-10~C-15
fragment was inversely bound to the C-1 carbon atom.
This paper is concerned with the acid catalyzed hydrolysis
of 1 and the synthesis of novel seco macrolides with C-1
amido group, potential intermediates for new macrolide
antibiotics.

Compounds containing carbon-nitrogen double bonds
can be easily hydrolyzed to the corresponding aldehydes
or ketones”. Acid catalyzed hydrolysis of C-9/9a-N
double bond of 1 (AcOH, 3 days, RT) led to the forma-
tion of compound (3). The molecular formula of 3 was

Table 1. Characteristic 'H (300 MHz, in CDCl;) and '3C (75 MHz, in CDCl,) NMR data for the novel

seco compounds 3~ 8b,

Oy (ppm) dc (ppm)

Position®* -——— e — — - —_— - —

1 3 5 6 8a 8b 1 3 5 6 8a 8b
1 — — — — — —_ 178.1 179.6 179.5 1745 1734 1736
2 273 272 247 246 250 250 443 432 425 426 413 419
3 392 418 415 419 423 425 763 779 767 795 801 789
4 1.88 200 204 200 195 193 428 397 392 385 374 374
5 393 374 371 365 341 370 790 812 8.1 8.2 925 912
6 —_ — —_ _ — — 877 8.1 857 864 750  75.5
Ta 201 222 28 220 ND 174
7b 1.57 210 213 198 140 1.64 1369 380 376 39.1 441 467
8 280 276 275 279 209 174 351 341 339 342 310 320
92 — —_ — —_ 3.60  3.48
9b — — — — 327 329 163.7 176.1 1756 1794  69.0  69.4
10 374 316 308 411 417 422 527 479 598 488 490  49.7
10-NMe, — — 225 —_— — — — — 40.1 — — —
11 367 335 337 38 376 3.74 720 727 767 752 747 751
12 — — — — — — 751 745 748 749 746 748
13 494 500 506 320 319 3.14 776 788 715 833 837 - 845
14a 189 185 200 159 157 1.56 o
14b 148 155 154 135 136 1.36 215 222 225 250 247 249
15 089 0.88 087 105 105 1.05 1.1 116 106 116 113 114
2-Me L19 123 L1811 1.09  1.11 131 180 117 99 . 84 8.1
4-Me .12 118 111 110 106  1.07 92 100 106 11.0  10.1  10.1
6-Me 143 155 152 155 133 1.34 258 251 247 238 221 262
8-Me 121 122 127 128 095 089 183 123 148 149 200 196
10-Me 126 116 1.01 126 125 1.25 166  19.0 79 157 160 167
12-Me 109 119 122 114 114 115 176 151 207 213 214 219

— — — 745 757 7.63 — — — — — —

CONH

that in 1.

The numbering system of the C-10~C-15 fragment after the inversion in seco amides 5, 6 and 8 is the same as
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Reagents: i) AcOH, 3 days, RT; ii) NH,OH, Na,CO,, MeOH; iii) 1N HCl/MeOH, 10 days, RT,;
iv) Ac,0, Py; v) 37% aq. HCHO/HCOOH, CHCl,, reflux; vi) Me,CO/H,0, 2 hours, 50°C; vii) NaBH,,
t-BuOH, reflux, 7 hours H,, AcOH.
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established as C;,H¢,N,O, ; on the basis of IR, FAB-MS

(m/z 749, [M+H]*) and NMR spectral analysis (Table ;

1). The strong absorptions at 1740 and 1710cm ™! in the
IR spectrum, together with two singlets at 6 179.6 (C-1)
and d¢ 176.1 (C-9) in its DEPT spectrum, suggested the
presence of two carbonyl groups in 3. The observed
deshielding of C-9 in the !3C NMR spectrum of 3 with
respect to 1 and the assignment of the non-protonated
C-6 carbon at 6. 86.1, typical for the five-membered ring
formation in the aglycon skeleton of erythromycin A,®
implied the connection of C-9 to C-6 with formation of
a y-lactone. Since the hydrolysis of carbon-nitrogen
double bond involves initial addition of water and

elimination of a nitrogen moiety, the structure of 3 was

suggested to be as shown in Scheme 1. The IR absorption
at 1590cm™", and the shielding of both the 10-H and
C-10 signals in the 'H and !*C NMR spectra, revealed
the presence of the amino group at C-10. The acetylation
of 3 (Ac,0, Py, 7 days, RT) gave tetraacetate (4) with
additional singlets at §y 2.15, 2.12, 2.05 and 1.96 and an
amide doublet at Jy 6.35 in the 'H spectrum. The
deshielding of 2'-H (d; 3.22—4.79), 4”-H (8 3.00-4.35),
11-H (6y 3.35-4.68) and 10-H protons (5 3.16—4.44)
together with the connection of 10-H methyne proton to
amide NH in the '"H-'H COSY experiment, provided
convincing evidence for the presence of a C-10 amine.
Compound 3 was also obtained by acid catalyzed hy-
drolysis of C-9 hydroxyimino bond of oxime 2 (IN
HCI/MeOH, 10 days, RT).

The reductive methylation of 3 (37% aq. HCHO/
HCOOH, CHCl,, reflux) gave almost exclusively com-
pound (5) with new signals at &y 2.25 and at J. 40.1
in its NMR spectra corresponding to the newly in-
troduced dimethylamino group. The lower field 13C
chemical shifts of C-10 and C-1 1, together with shielding
of C-10 Me supported the methylation of the C-10 amine.

Intramolecular transacylation of the C-10 amino
group by the C-1 ester of 3 (Me,CO/H,0, 2 hours, 50°C)
produced (6) in 89% yield. Based on IR (1660 and
1540cm™", CO amide), FAB-MS (m/z 749, [M +H]")
and NMR data'’ including 'H-'H COSY, 3C-'H
COSY, COLOC, HMQC and HMQC-TOCSY experi-
ments, the inversion of the C-10~ C-15 western segment
was established. The amide carbonyl carbon at C-1 (§¢
174.5) was long-range coupled to 2-Me (6, 1.11) and
amide NH (8, 7.45); the latter was further correlated
with the adjacent carbon at é. 48.8 (C-10). In addition,
the low-field chemical shifts of 10-H and C-13 and

1t The numbering system of the C-10~C-15 fragment after the inversion in seco amides 6~9 is the same as that in 1.
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shielding of 13-H supported inversion of the left-hand
part of the molecule. Acetylation of 6 gave the expected
tetraacetate (7) ['H NMR (300 MHz, CDCl,) § 6.87
(CONH), 4.86 (H-11), 4.76 (H-2), 4.81 (H-13), 4.66
(H-4"), 4.43 (H-10), 3.95 (H-3), 2.23 (H-2), 2.15, 2.07,
2.05 and 2.03 (COCH,). '*C NMR (75MHz, CDCl,) §
179.8 (C-9), 173.7 (C-1), 170.3, 170.3, 170.1 and 169.6
(COCH3,), 85.5 (C-6), 78.6 (C-4"), 78.1 (C-3),76.8 (C-13),

-76.0 (C-11), 45.1 (C-10), 44.7 (C-2), 21.0, 20.7, 20.6

and 20.5 (COCHy;)]. Selective reduction of 6 (NaBH,,
t-BuOH, reflux, 7 hours) produced linear C-9 alcohols
(8a) and (8b), as an approximately 1:3 mixture of
stereoisomers. The epimeric alcohols were separated by
silica-gel chromatography using solvent system EtAc-
(n-hexane) - Et,NH, 10:10:2. The structures of 8a and
8b were deduced from IR and NMR data. The absence
of an IR absorption at 1770cm ™! and the appearance
of the new methylene protons at &, 3.60 (H-9a) and 3.27
(H-9b) in the 'H NMR spectrum of 8a or at 5, 3.48
(H-92) and 3.29 (H-9b) in the corresponding spectrum
of 8b, was in agreement with reduction of C-9 lactone.
The upfield chemical shift of the C-9 singlet to the new
triplets in '3C analysis additionally confirmed the
presence of the C-9 methyl group. Differences in chemical
shifts of the C-7 methylene and the C-6 Me group in the
'3C and 7b-H, 8-H and 9a-H in the 'H NMR spectra
indicated C-8 as the most likely site of epimerization. In
8b the observed upfield shift of 8-H and downfield shift
of 5-H with respect to 8a were similar to those found
for 8(R)-methyl- and 8(S)-methylerythronolides B
suggesting for 8b 8(R)- and for 8a 8(S)-configurations.
Acetylation of 8b with the excess of acetic anhydride
gave the expected pentaacetate (9) confirming the
presence of the additional hydroxyl group at C-9. ['H
NMR (300 MHz, CDCl,) 6 6.53 (CONH), 4.94 (H-13),
4.83 (H-2'), 4.65 (H-4"), 4.57 (H-11), 2.13, 2.12, 2.07,
2.05 and 2.02 (COCH,). '*C NMR (75MHz, CDCl,) 6
172.0, 171.2, 170.4, 170.2 and 169.8 (COCH,), 78.9
(C-11), 78.1 (C-4"), 75.6 (C-13), 71.2 (C-2'), 62.6 (C-3"),
45.0 (C-10),40.2(C-7),27.7(C-8), 20.9 (C-14), 20.7, 20.7,
20.6, 20.5 and 20.4 (COCH,)].
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