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Abstract: The oxidation of Clarithromycin A with meso-tetraarylmetalloporphyrins
and NaOCl led to the formation of the 3'-NCIMe Clarithromycin A (5) 3-oxo
Clarithromycin (6 ) and Clarithromycin A N-oxide (4).

Synthetic metalloporphyrins have been shown to mimic cytochrome P-450 systems in their ability to
mediate selective oxidations.2 Hydroxylation, epoxidation and N-demethylation are among the most commonly
observed transformations in both the synthetic3 and enzymatic systems. 43 It was recently reportedS that the
replacement of the dimethylamino (NMey) moiety with a methoxy group in the desosamine sugar of various
macrolide derivatives could be accomplished by metalloporphyrin mediated oxidations. Further investigation
proved that the dimethylamino moiety is not replaced with a methoxy group. We now report on a detailed study
of this reaction.

Our investigations of the oxidation of Clarithromycin A (1) with various synthetic metalloporphyrins
show that the reaction products are not limited to those expected from simple oxidation nor are they a result of
methoxy group incorporation. Instead, Clarithromycin A N-oxide (4) and 3'-NCIMe Clarithromycin A (5) are
formed together with 3'-oxo Clarithromycin A (6) (Scheme 1).
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Conditions: (i) FeTPPCIgBCIg(SO3H)4 or FeTPPCIgBBrg, 5.25% NaOCl, CHyClp, r.t.
Scheme 1: Oxidation of Clarithromycin A.
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To establish whether Clarithromycin A N-oxide (4) was a reaction intermediate or by-product, authentic
Clarithromycin A N-oxide (4) was treated with octachloro-B-octachloro tetraphenylporphyrin Fe(II)
tetrasulfonic acid’ (FeTPPClgfClg(SO3H)4) and NaOCl in an identical manner to that described for
Clarithromycin A. No reaction took place and the N-oxide (4) was quantitatively recovered. Thus,
Clarithromycin A N-oxide is not involved in the formation of (§) and (6) and is merely a reaction by-product.

A possible mechanism accounting for the formation of the new derivatives (§) and (6) is outlined in
Scheme 2. Clarithromycin A (1) initially undergoes N-demethylation to give 3’-NHMe Clarithromycin (3). The
excess NaOCl present chlorinates 3’-NHMe Clarithromycin (3) to the 3’-NCIMe Clarithromycin (§) which may
then undergo elimination of HCI and subsequent hydrolysis to furnish the 3’-oxo derivative (6). In a separate
experiment, authentic 3'-NHMe Clarithromycin A (3)8 was quantitatively transformed into (5) upon exposure to
excess NaOCl.

In another control experiment, Clarithromycin A (1) was treated with NaOCI in the absence of
metalloporphyrin. This reaction was rather slow, reaching only partial conversion in 2 days with multiple
additions of NaOCl. Nevertheless, Clarithromycin A N-oxide (4) and 3'-NCIMe Clarithromycin (§) were both
formed as evidenced by TLC analysis, indicating that the metalloporphyrin is largely responsible only for
reaction catalysis.
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Scheme 2: Proposed mechanism for the formation of 3'-NCIMe and 3'-0xo Clarithromycm A

In a typical experiment: A solution of Clarithromycin A (2.24g; 3.0 mmol) in CH;Cl; (30 mL) was treated
with FeTPPCIgpClIg(SO3H)4) (4mg), 5.25% NaOCl (4.65g; 3.3 mmol) and pyridine (25pL) and the reaction
mixture was stirred at r.t. with periodic repeat charges of FeTPPCIgBClg(SO3H)4 and NaOCl until the
starting material was consumed (1 day). Water (30mL) was added and the mixture stirred for 10 min. The
organic layer was separated, dried (NapSO4) and evaporated in vacuo. The crude was chromatographed (Si02)
using ethyl acetate then CHCl3(80):MeOH(20):NH4OH(2), giving 3'-NCIMe Clarithromycin A (5) (0.46g;
21%), 3'-oxo Clarithromycin A (6) (0.43g ; 20%), and Clarithromycin A N-oxide (4) (1.02g; 45%). All
new compounds gave NMR, IR, mass spectral and elemental analysis data which are consistent with the
proposed structures. Representative data for (4), (5) and (6) is given below:

3-NCiMe Clarithromycin A (5): 'H NMR (500MHz, CDCl3) &: 5.06 (1H, dd, H13), 492 (1H, dd,
H1"), 4.47 (1H, d, H1'), 3.99 (1H, dgq, H5"), 3.77 (1H, dd, H3), 3.76 (1H, d, H11), 3.68 (1H, d. HS), 3.55
(1H, dqd, H5", 3.43 (1H, dd, H2", 3.31 (3H, s, 3"OCHj3), 3.03 (3H, s, 60CH3), 3.03 (1H, m, H4"), 3.00
(1H, m, H10), 2.98 (3H, s, 3'NCH3), 2.86 (1H, dq, H2), 2.75 (1H, ddd, H3"), 2.59 (1H, dgqd, H8), 2.35
(1H, dd, H2"), 1.93 (1H, m, H4), 1.92 (1H, m, H14), 1.89 (1H, ddd, H4"), 1.82 (1H, dd, H7), 1.68 (1H,
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dd, H7), 1.58 (1H, dd, H2"), 1.55 (1H, dd, H4"), 1.47 (1H, m, Hl14), 141 (3H, s, 6CH3), 1.30 (3H, d,
5"CH3), 1.26 (3H, d, 5'CH3), 1.24 (3H, s, 3"CH3), 1.20 (3H, d, 2CH3), 1.14 (3H, d, 8CH3), 1.13 (3H, d,
10CH3), 1.12 (3H, s, 12CH3), 1.07 (3H, d, 4CH3), 0.84 (3H, t, H15). 13C NMR (125MHz, CDClL) 5: 220.9
(€9), 175.7 (C1), 102.2 (C1), 96.1 (C1"), 81.0 (C5), 78.4 (C3 & C6), 77.9 (C4™), 76.7 (C13), 74.2 (C12),
72.7 (C3"), 72.2 (C2'),70.3 (C3", 69.1 (C11), 67.8 (C5"), 65.8 (C5"), 50.6 (C60CH3), 49.5 (C3"OCH3),
48.7 (C3'NCH3), 45.2 (C8), 45.1 (C2), 39.3 (C7), 39.1 (C4), 37.3 (C10), 349 (C2"), 30.5 (C4), 215
(C3"CH3), 21.3 (C5'CH3), 21.0 (C14), 19.7 (C6CH3), 18.7 (C5"CH3), 18.0 (C8CH3), 16.0 (C12CH3), 15.9
(C2CH3), 12.3 (C10CH3), 10.6 (C15), 9.3 (CACH3). FAB MS (NBA)(m/z): [M+H]* 768, [M+2H-C1]* 734,
610, 178, 78. FAB HRMS calc'd m/z for [M+H]* C37Hg7013N35C1 = 768.4301; Found m/z = 768.4302.
Elemental analysis calc'd for C37HggNO13CL: C, 57.84; H, 8.66; N, 1.82; Cl, 4.61; Found: C, 58.07; H, 8.71;
N, 1.66; Cl, 4.31. Mp 152-154°C (dec.)

3’~oxo Clarithromycin A (6): 'H NMR (500MHz, CDClz) & 5.07 (1H, dd, H13), 491 (1H, dd, H1"),
4.51 (1H, d, H1), 3.99 (1H, ddd, H2"), 3.95 (1H, s, 110H), 3.91 (1H, dq, H5"), 3.84 (1H, s, 120H), 3.75
(1H, dd, H3), 3.75 (1H, s, H11), 3.72 (1H, d, H5), 3.69 (1H, dqd, H5, 3.60 (1H, d, 2'OH), 3.21 (3H, s,
3"OCHg), 3.05 (3H, s, 60CH3), 3.02 (1H, m, H4"), 3.01 (1H, m, H10), 2.87 (1H, dq, H2), 2.60 (1H, m,
H8), 2.55 (1H, dd, H4"), 2.40 (1H, ddd, H4"), 2.30 (1H, dd, H2"), 2.12 (1H, d, 4"OH), 1.94 (1H, m, H4),
1.92 (IH, m, H14), 1.86 (1H, dd, H7), 1.68 (1H, m, H7), 1.57 (1H, dd, H2"), 1.48 (1H, m, H14), 1.45
(3H, s, 6CHs), 1.36 (3H, d, 5'CH3), 1.29 (3H, d, 5"CH3), 1.22 (3H, s, 3"CHgz), 1.19 (3H, d, 2CH3), 1.14
(3H, d, 8CH3), 1.13 (3H, d, 10CH3), 1.13 (3H, s, 12CH3), 1.06 (3H, d, 4CH3), 0.84 (3H, t, H15). 13C
NMR (125MHz, CDCl3) &: 220.8 (C9), 206.0 (C3), 175.7 (C1), 103.4 (C1’), 96.0 (C17), 81.8 (C5), 78.8
(C27), 78.4 (C3),78.2 (C6), 77.7 (C4), 76.7 (C13), 74.3 (C12), 72.8 (C37), 69.1 (C11), 67.3 (C5"), 66.0
(C57), 50.6 (C60CH3), 49.3 (C3"OCH3), 47.2 (C4"), 45.2 (C8), 44.9 (C2), 39.2 (C7), 389 (C4), 373
(C10), 349 (C2"), 21.6 (C5'CH3), 21.4 (C3"CH3), 21.0 (C14), 19.8 (C6CH3), 18.6 (C5"CH3), 18.0
(C8CH3), 16.0 (C12CH3), 159 (C2CH3), 12.3 (C10CH3), 10.6 (C15), 89 (C4CH3). FAB MS (NBA +
KI)(m/z): [M+KI* 757, 657. FAB HRMS calc'd m/z for [M+KJ* C3gHg2014K = 757.3777; Found m/z =
757.3790. Elemental analysis calc'd for C3gHg014: C, 60.15; H, 8.69; Found: C, 59.98; H, 8.74. Mp 154~
157°C.

Clarithromycin A N-oxide (4): 'H NMR (500MHz, CDClz) & 5.05 (1H, dd, H13), 492 (1H, br.d,
H1"), 4.57 (1H, d, HI'), 400 (1H, m, H5"), 3.76 (1H, m, H3). 3.75 (1H, appar s, H11), 3.70 (1H, m,
H2), 3.69 (1H, m, HS5), 3.66 (I1H, m, H5), 3.51 (1H, m, H3"), 3.36 (3H, s, 3"OCHzs), 3.30 (3H, s,
3'NCH3), 3.22 (3H, s, 3'NCHs), 3.05 (1H, d, H4"), 3.03 (3H, s, 60Me), 2.99 (1H, br.q, H10), 2.88 (1H,
m, H2), 2.58 (1H, m, H8), 2.35 (1H, br.d, H2"), 2.05 (I1H, br.d, H4"), 1.93 (1H, m, H4), 1.90 (1H, m,
H14), 1.86 (1H, dd, H7), 1.68 (1H, br.dd, H7), 1.58 (1H, dd, H2"), 1.47 (1H, m, H14), 1.39 (3H, s,
6CHz), 1.34 (1H, brd, H4"), 1.29 (3H, d, H6"), 1.27 (3H, d, H6'), 1.26 (3H, s, 3"CH3), 1.20 (3H, d,
2CHs), 1.12 (3H, d, 4CH3), 1.12 (3H, d, 8CH3), 1.12 (3H, d, 10CH3), 1.11 (3H, s, 12CHj3), 0.84 (3H, t,
HI5). 13C NMR (125MHz, CDCl3) §: 220.9 (C9), 175.8 (C1), 102.3 (C1Y, 96.0 (C1"), 81.2 (CS), 785
(C3), 78.3 (C6), 77.8 (C4"), 76.6 (C13), 76.3 (C3"), 74.2 (C12), 72.7 (C3"), 72.6 (C21, 69.0 (C11), 66.9
(C5Y, 65.8 (C5"), 58.1 (C3'NCH3), 52.7 (C3'NCH3), 50.6 (C60CH3), 49.6 (C3"OCH3), 45.2 (C8), 45.0
(C2),39.2 (C7), 39.1 (C4), 37.2 (C10), 34.9 (C4), 34.7 (C2"), 21.4 (C6Y, 21.2 (C3"0OCH3), 21.0 (C14),
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19.8 (C6CH3), 18.7 (C6™), 18.0 (C8CH3), 15.9 (C12CH3), 15.9 (C2CH3), 12.2 (C10CH3), 10.5 (C15), 9.0
(C4ACH3). FAB MS (NBA)(m/z): [M+H]* 764, 606, 174. FAB HRMS calc'd m/z for [M+H]* C3gt70014N =
764.4796; Found: m/z = 764.4797. Mp 170-172°C. '
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