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Identification and Synthesis of Products Isolated during Metabolism

Studies of Tilmicosin
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Two substances, designated T-1 and T-2, were isolated during metabolism studies with tilmicosin, a
new veterinary macrolide antibiotic. By combination of mass spectrometry and NMR spectroscopy,
T-1 was identified as N-demethyltilmicosin and T-2 was assigned a dimeric structure resulting from
reductive coupling of desmycosin with T-1. T-1 was synthesized by selective N-demethylation of
tilmicosin, using K3Fe(CN)g in aqueous 2-propanol. T-2 was synthesized by reductive amination of
desmycosin with T-1 using NaBH3CN. The synthetic compounds were identical with the respective
isolated materials, thereby confirming the structural assignments for both compounds.

INTRODUCTION

Tilmicosinis a new veterinary macrolide antibiotic which
has been recently approved for the treatment of bovine
respiratory disease (BRD). Itinhibits many bacteria that
are pathogenicto animals, including species of Pasteurella,
a causative agent of BRD (Ose, 1987). As a result of its
long in vivo half-life, it is conveniently effective for both
prophylaxis and treatment of respiratory diseases in cattle
(Morck et al., 1993; Laven and Andrews, 1991; Picavet et
al., 1991).

Tilmicosin is a semisynthetic derivative of tylosin, from
which it is synthesized by an acid-catalyzed hydrolysis of
the 2-deoxy sugar (mycarose) followed by reductive
amination of the aldehyde group with 3,5-dimethylpip-
eridine (Kirst et al., 1989; Debono et al., 1989). During
studies of the metabolism of tilmicosin, two compounds
were isolated which were designated T-1 and T-2 (Donoho
et al., 1992). T-1 was identified as N-demethyltilmicosin
and T-2 as a dimeric derivative of tilmicosin. Inthis paper,
the structure and synthesis of the dimeric material T-2
are described; a convenient one-step N-demethylation
procedure is applied to efficiently produce 3’-N-demeth-
yltilmicosin (T-1).

MATERIALS AND METHODS

Synthesis of N-Demethyltilmicosin (T-1). A mixture of
potassium ferricyanide (3.91 g, 11.9 mmol) and potassium
hydroxide (847.7 mg, 15.1 mmol) was dissolved in water (50 mL)
and cooled to 5 °C in an ice bath. Tilmicosin (5.0 g, 5.8 mmol)
in 2-propanol (50 mL) was then added to this solution. The
opaque biphasic mixture was stirred at 5 °C for 0.5 h and then
allowed to warm to room temperature. After 6 h, the reaction
was diluted with water and extracted with EtOAc. The extracts
were washed with brine, dried (anhydrous K,CO,), and evaporated
at room temperature under reduced pressure. The pale yellow
solid (4.78 g) was chromatographed on silica gel, eluting with
0.5% NH,OH in MeOH. Although separation was incomplete,
a sample of pure N-demethyltilmicosin was isolated as a white
glassy solid (2.08 g, 42%): IR (CHCl,, cm-1) 3436, 2975, 2933,
1592, 1457, 1378, 1314, 1236; FDMS m/z (relative intensity) 877
(10,M + Na*), 855 (100, M + H+), 838 (18), 679 (17). Anal. Calcd
(C‘5H75N2013): C, 63.21; H, 9.19; N, 3.28. Found: C, 63.35; H,
9.12; N, 3.30.

Synthesis of Dimeric Moiety T-2, N-Demethyltilmicosin
(202.6 mg, 0.24 mmol) and desmycosin (177.9 mg, 0.24 mmol)
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Table 1. NMR Data for T-1 (N-Demethyltilmicosin) and
Tilmicosin in Acetone-dg at 500 MHz

18Q 1q
position T-1 tilmicosin T-1 tilmicosin
1 172.90 173.01
2 40.13 40.25 2.30/1.98 2.30/1.98
3 66.98 67.35 3.76 3.76
4 42.82 42.77 1.58 1.57
5 79.72 80.03 3.62 3.59
6 -32.42 32.86 1.62 1.62
7 34.52 34.53 1.75/1.46 1.70/1.48
8 45.96 45.89 2.59 2.59
9 203.67 203.62
10 119.68 119.81 6.57 6.50
11 147.95 147.95 7.22 7.20
12 135.24 135.31
13 143.27 143.07 5.91 5.87
14 45.77 45.77 2.97 2.95
15 74.64 74.79 4.98 4.97
16 25.60 25.65 1.93/1.64 1.91/1.61
17 9.99 9.95 0.94 0.92
18 9.25 9.30 0.99 0.97
19 25.07 25.21 1.71 1.69
20 55.20 55.38 2.75/1.98 2.72/1.98
21 18.15 18.15% 1.17 1.17
22 13.15 13.16 1.87 1.84
23 69.38 69.41 3.94/3.65 3.91/3.62
% 105.31 105.58 4.25 4.25
2 72.51 71.35 3.26 3.36
¥ 66.98 71.73 2.35 2.34
4’ 73.57 7191 3.06 3.05
5 73.90 73.94 3.33 3.28
6’ 18.23¢ 18.21 1.23 1.19
NMe (s) 35.16 42.03 2.43 2.48
17 102.06 102.05 4.56 4.55
2! 82.68 82.76 3.02 3.00
3" 81.42 81.41 3.74 3.72
47 73.90 74.00 3.11 3.09
5 70.77 70.32 3.56 3.55
6" 17.900 17.92% 1.19 1.17
2”-OMe 59.45 59.41 3.47 3.45
3”-0OMe 61.76 61.74 3.53 3.51
2/, 6" 64.39 64.32 2.66/1.38 2.66/1.30
59.56 59.77 2.84/1.03 2.83/1.05
3, 5" 30.78 30.86 1.81 1.78
30.54 30.65 1.86 1.84
4" 43.45 43.47 1.67/0.46 1.66/0.45
3", 5"-Me 19.98 19.98 0.79 0.78
19.88 19.89 0.97 0.95

b Assignments with the same superscript may be reversed.

were dissolved in methanol (3 mL) and stirred at room tem-
perature for 20 min. NaBH3CN (23.6 mg, 0.38 mmol) was added
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Figure 1. Structures of T-1, T-2, tilmicosin, and desmycosin.

to this solution, and after stirring at room temperature for 3 h,
solvent was evaporated under reduced pressure. The residue
was diluted with EtOAc and washed with saturated NaHCOj3
solution. The aqueous portion was extracted with fresh EtOAc,
and the combined organic extracts were washed with brine, dried
(MgSO0,), and evaporated under reduced pressure. The crude
material (342 mg) was chromatographed on silica gel, eluting
with methanol, to yield the purified product as a white solid (167
mg, 43%): IR (CHCIl;, cm™) 3024, 2975, 2934, 1593, 1456, 1378,
1314, 1167; FAB-MS m/z 1610 (M + H*). Anal. Calcd
(CuHuaNaOge): C, 62.62; H, 895, N, 2.61. Found: C, 61.67; H,
8.73; N, 2.44.

RESULTS AND DISCUSSION

Structure of T-2. The structure of T-2, isolated and
purified as previously reported ((Donoho et al., 1992), was
elucidated as compound 1 (Figure 1) by physical chemical
methods. Its molecular weight was established as 1609 by
FAB-mass spectrometry, with an elemental composition
of Cg4H143N3046. Aninitial examination of the !H and 13C
NMR spectrarevealed the presence of two nonequivalent
subunits derived from desmycosin plus one subunit from
3,5-dimethylpiperidine, indicating the combination of one
moiety derived from tilmicosin (3) and one from desmy-
cosin (4). Significantly, the NMR signal for a proton of
an aldehyde group was not observed. Addition of the
elemental compositions of tilmicosin (C4HgoN20;3) and
20-dihydro-20-deoxydesmycosin (C3sHg;NOy3) yielded the
elemental composition of CgsH47 N304, equivalent to T-2
plus CHj, suggesting that T-2 may have arisen by loss of
amethyl group and a hydrogen atom followed by coupling
of the radicals thereby derived from the above two
subunits. The NMR spectra clearly showed four O-methyl
groups, indicating no change within the mycinosyl moieties.
However, the N-methyl groups on mycaminose could not
be accurately counted, thereby directing attention toward
N-demethylation to potentially account for the missing

CHy
R PR
CHy0 OCH,

methyl group. High-resolution measurements of the ions
at m/z 933, 931, 915, 883, 867, 855, and 824 and analysis
of their possible origins in the FAB-MS fragmentation
pattern then led to the working model (1) that was
proposed for the structure of T-2. Finally, the identifica-
tion of T-1 as 3’-N-demethyltilmicosin (2) indicated that
the loss of an N-methyl group was a reasonable hypothesis
which could provide a self-consistent explanation for the
results (vide infra).

Initial Synthesis of T-2. The structure of T-2 was
proven to be that illustrated as compound 1 by synthesis
of an authentic sample which was initially prepared from
desmycosin following a well-precedented route (Figure 2).
After protection of the aldehyde as its diethyl ketal
(Tanaka et al., 1981; Kirst et al., 1988), N-demethylation
was effected by iodine under basic conditions according
to a process previously developed for erythromycin
(Freiberg, 1973). N-Demethylation of spiramycin has also
been reported by related procedures using N-bromosuc-
cinimide as the source of a positive halogen agent (Sano
etal.,1985). Reductive amination of the secondary amino
group in 6 with desmycosin under the usual conditions
(Borch et al., 1971) yielded the desired dimeric moiety,
which was then converted to T-2 by acidic hydrolysis of
the ketal followed by reductive amination of the liberated
aldehyde group with 3,5-dimethylpiperidine under previ-
ously described conditions (Kirst et al., 1989; Debono et
al., 1989). The synthetic material was identical to the
isolated sample of T-2 in all respects, thereby firmly
establishing its structure.

Initial Synthesis of T-1. A sample of 3'-N-demeth-
yltilmicosin (T-1) was initially obtained from the key
intermediate 6 by hydrolysis of the diethyl ketal and
subsequent reductive amination of the aldehyde group
with 3,5-dimethylpiperidine. The comparison of T-1 and
tilmicosin by NMR indicated that the only points of
difference were centered around the amino sugar, my-
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Figure 2. Initial synthesis of T-2.

caminose. The proton NMR spectra revealed only one
N-methyl group present in T-1, in contrast to the
dimethylamino group present in tilmicosin. The13CNMR
spectra showed that the N-methyl and C-3’ resonances

Tilmicosin
Figure 3. One-step synthesis of T-1.

had shifted to lower values in T-1 due to the absence of
a f effect, while C-2’ and C-4’ resonances shifted to higher
values due to the absence of a v effect (see Table 1). The
other carbon resonances remained essentially unchanged.

K3Fe(CN)g
KOH
iPrOH-H,0
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Comparison of the synthetically derived material with
the previously isolated metabolite showed that they were
identical in all respects. However, the synthetic route
from 6 to T-1 was not an efficient process, because
dimerization of N-demethyldesmycosin with itself oc-
curred under the reductive amination conditions. Con-
sequently, a more efficient procedure was sought to
conveniently provide gram quantities of material for
further investigations.

Eventhough N-demethylation of compound 5 had been
successfully achieved with iodine, all attempts to N-
demethylate tilmicosin itself with positive halogen reagents
were unsuccessful. Under milder conditions, no reaction
occurred and starting material wasrecovered. Under more
vigorous conditions, only complex mixtures were formed
with no evidence of the desired product. The presence of
the dimethylpiperidinyl substituent containing a more
basicamino functionality apparently altered the reactivity
of the molecule, leading in uncharacterized directions to
undesired products.

Efficient Syntheses of T-1 and T-2. A thorough
literature search uncovered a brief paper describing the
use of KsFe(CN)g for N-demethylation of water-soluble
secondary amino groups (Perrine, 1951). Although our
initial attempts to use this procedure on tilmicosin were
unsuccessful, the failure was presumed to be due to the
insolubility of the substrate in such a highly basic solvent.
Since secondary alcohols were reported to be compatible
with the reagent, a mixed-solvent system of aqueous
2-propanol was therefore developed to solubilize tilmicosin,
resulting in a successful and direct N-demethylation
(Figure 3). This process was subsequently utilized to
selectively N-demethylate tilmicosin on a 2-g scale in 42%
yield (not optimized).

With T-1readily available via a one-step synthesis from
tilmicosin, reductive amination of the secondary amino
group with desmycosin and NaBH3;CN then directly
yielded the dimeric compound T-2 in two steps from
tilmicosin. Samples of both T-1 and T-2 produced by
these more efficient synthetic routes were identical to the
respective materials previously obtained, thereby making
both compounds readily available for subsequent inves-
tigations.
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