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The investigation of the impurity profile of amikacin
(1) bulk drug led to the identification of two new de-
rivatives of kanamycin (2): 1,6'-di-N-(L-4-amino-2-hy-
droxybutyryl)kanamycin (3) and 1,3"-di-N-(L-4-amino-
2-hydroxybutyryl)kanamycin (4).

Amikacin (1), a semisynthetic antibiotic derived from
acylation of the C-1 amino group of the 2-deoxy-
streptamine (DOS) moiety of 2 with L(—)-4-amino-2-
hydroxybutyric acid (HABA) (5), was developed to
overcome the emerging resistance of bacteria to amino-
glycoside antibiotics and is used in the treatment of
infections caused by Gram-negative bacilli. Its synthesis,
structure, and the three possible regeoisomers (6 ~8) were
described by KawacucaL>? The method described in

the U.S. Pharmacopeal Forum (PF) for the assay of -

amikacin and amikacin sulfate injection refers to a
diacyl derivative, labeled as diHABA kanamycin, as an
impurity but it does not identify the acylation pattern
of this compound.® During our investigation of the
impurities of amikacin bulk drug, two new compounds
were encountered and their structure elucidation was

carried out using 2D NMR experiments.*~®

Results and Discussion

The two compounds, 3 and 4, isolated as byproducts
of the 1 synthesis, gave HPLC peaks at 19.7 and 15.9
minutes, respectively, when chromatographed according
to the PF method. The amikacin peak elutes at 19
minutes, while the peaks for isomers 6 ~ 8 elute later than
23 minutes in this method. This method involves the
derivatization of the analytes with 2,4,6-trinitrobenzene-
sulfonic acid, followed by separation on a C18 column
using phosphate buffer and methanol and detection at
340 nm. Both compounds produced molecular ions at
mjz 687 [M+H] " on FAB-MS, indicating that they are
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both diacyl derivatives of 2. Compound 3, a white solid
decomposing at 160°C [a]*® +3° (¢ 3, H,0), was found
to have the molecular formula C,;H;N,O,; (FAB
HR-MS observed m/z for C,,Hs,NsO,5 687.3401, calc
for C,¢HsNcO, 5 687.3412, A= —1.6ppm) and its 13C
(DEPT) spectrum revealed the presence of 7 methylene,
17 methine, and 2 quaternary carbons, accounting for
all 26 carbons.

The proton signals at 5.16 and 5.6 ppm, which can be
assigned, based on their chemical shifis, to the two
anomeric protons on the two sugar moicties, 3-amino-
3-deoxy-D-glucose (3-AG) and 6-amino-6-deoxy-D-glu-
cose (6-AG), provided good entry points for the analysis
of the 2D NMR spectra. The individual proton spin
systems for the two moities can be identified and the
connectivity between the anomeric protons and the re-
spective methylene protons established using COSY and
TOCSY experiments. The signals at 5.16 and 3.79 ppm
belong to one spin system, while the signals at 5.6, 3.47,
and 3.16 ppm belong to the second spin system. The
HMQC experiment showed that the methylene protons
resonating at 3.47 and 3.16 ppm are directly attached to
the carbon resonating at 43.4 ppm, while the methylene
protons resonating at 3.79 ppm are directly attached to
the carbon resonating at 63.2ppm. The two carbon

Fig. 1.
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2 R;=R,=R;=R,=H Kanamycin
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Table 1. 'H Chemical shifts (8, ppm) in D,0 at 500 MHz.

Carbon 1 3 4 6 7
No.
1 3.98 4.09 4.09 3.56 3.6
2 1.96, 2.23, 2.25, 2.21, 2.56,

1.43 1.87 1.85 1.95 2.03

3 2.95 3.57 3.50 4.12 3.62
4 3.35 3.94 3.83 3.83 4.01
5 3.75 3.93 3.86 3.86 3.96
6 3.74 3.86 3.86 3.81 3.81
Iy 5.34 5.6 5.43 5.58 5.64
2 3.61 3.69 3.63 3.55 3.67
3 3.72 3.81 3.76 3.57 3.81
4 3.33 3.38 3.32 3.36 3.37
5 3.80 4.04 3.88 3.80 4.01
[ 3.00, 3.47, 3.61 3.42, 3.47,
2.80 3.16 3.20 3.17

1" 5.08 5.16 5.18 5.15 5.14
2" 3.39 3.67 3.81 3.97 3.83
3" 2.99 4.11 3.41 3.52 4.17
4" 3.32 3.56 3.71 3.73 3.58
5" 4.00 4.09 4.09 3.93 3.96
6" 3.78 3.79 3.81 3.81 3.81,
3.77

o 4.19 4.38 4.35, 435 4.39

4.29

B 1.92, 2.18, 2.18, 2.23, 2.19,
1.77 2.04 1.99 2.03 2.03

y 2719 3.16 3.17 3.18 3.17

signals were assigned to C-6' (-CH,NH,) and C-6"
(—CH,0OH-) respectively, based on chemical shift in-
formation. This allowed the proton signals at 5.6 and
5.16 ppm to be assigned to H-1’ and H-1", respectively.

The H-1" signal also showed long-range correlations
to carbon signals at 75.4, 72.2, and 56.7 ppm which are
directly attached to protons resonating at 4.09, 3.67, and
4.11 ppm, respectively. Based on its chemical shift, the
signal at 56.7 ppm can be assigned to C-3”. The H-6"
signal at 3.79 ppm showed long-range correlation to the
signal at 75.4ppm, allowing the assignment of the this
signal to C-5" and the signal at 72.2 to C-2". The
remaining signal at 70.0 ppm thus can be assigned to
C-4". The long-range correlation between the H-3” signal
and the carbonyl carbon signal at 179.5 ppm confirmed
that the 3” amino function of 3-AG is acylated. Further,
the anomeric proton signal at 5.16 (H-1") ppm showed
long-range coupling to a carbon signal at 82.9 ppm,
allowing the assignment of the latter to C-6 on the DOS
moiety.

The signal at 3.16 ppm, due to one of the 6’ protons,
showed long-range correlations to the carbon signals at
74.0 and 71.6 ppm. They can be assigned to carbons C-4’
and C-5, respectively as only the latter showed a long-
range correlation with the H-1" signal. The H-1’ signal
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Table 2. '3C Chemical shift (6, ppm) recorded in D,O at
125 MHz.

Carbon 1 3 4 6 7
No.

1 524 51.7 51.6 53.3 529
2 37.0 33.0 33.1 327 304
3 51.4 51.0 51.6 50.2 50.8
4 89.5 81.5 83.4 80.7 80.5
5 77.4 75.8 76.2 78.0 75.7

6 83.2 82.9 82.5 86.8 86.7
I’ 102.3 98.6 101 100.7 98.8
2 74.7 73.8 74.2 74.2 73.8
¥ 75.7 75.1 75.1 752 74.9
4 73.8 74.0 73.4 73.7 74.0
5 75.7 71.6 74.1 71.1 71.6
6 44.3 434 42.2 43.2 43.5
1” 101.1 101.3 100.8 103.3 103.9
2" 74.4 72.2 70.9 71.1 72.6
3 56.9 56.7 58.2 57.9 56.7
4" 72.1 70.0 68.4 68.3 69.8
5" 74.8 75.4 74.8 75.6 76.1
6" 63.1 63.2 62.6 62.8 63.4
o 72.7 72.5, 72.5, 72.5 727
72.6 72.3
p 384 33.7, 33.9, 34.1 339
33.8 33.7
y 40 39.5, 39.8, 393 394
39.9 39.5
CONH 179.1 179.5, 1788, 178.0 179.7
178.4 178.4

also showed long-range correlations to signals at 75.1
and 73.8 ppm, which were diréctly attached to protons
resonating at 3.81 and 3.69 ppm, respectively. However,
only the proton signal at 3.69 ppm showed coupling to
the H-1' signal in the DQCOSY spectrum allowing the
assignment of signals at 75.1 and 73.8 to C-3' and C-2/,
respectively. Further, the long-range correlation between
the H-1' signal and the carbon signal at 81.5 ppm allowed
the latter signal to be assigned to C-4 on the DOS moiety.

The 13C signals for C-4 and C-6 on the DOS moiety
were established earlier. The only methylene carbon
signal in the system at 33.1 ppm can be assigned to C-2,
while the low-field methine carbon signal at 75.8 ppm
can be assigned to C-5 based on its chemical shift, leaving
the assignment of the methine carbon signals at 51.0 and
51.7ppm. The H-4 signal at 3.94 ppm showed a long-
range correlation to the signal at 51.0 ppm, allowing it
to be assigned to C-3 while the H-6 signal at 3.86 showed
correlation to the signal at 51.7ppm, allowing its
assignment to C-1. Correlations from H-1 to C-6 and
H-3 to C-4 were also observed further confirming this
assignment. The H-1 signal at 4.09 ppm showed a long-
range correlation to the carbonyl carbon signal at 178.4
ppm, indicating the position of the acylation at C-1 on
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the DOS moiety, as expected from the synthetic pathway.
Therefore, compound 3 was identified as 1,3”-di-N-(L-4-
amino-2-hydroxybutyryl)kanamycin.

Similar analysis of the 2D NMR data allowed the
unambiguous assignment of all 'H and '3C signals for
4 (white solid, Decomp 120°C, [a]*® +4° (¢ 3, H,0),
FAB HR-MS observed m/z for C, Hs; NO, 5 687.3401,
calc for C,,H5;NgO,5 687.3412, A= —2.1ppm). The
examination of the HMBC spectra of 3 and 4 indicated
that, while both compounds are acylated at C-1, they
differ in the position of the second acylation. A strong
correlation could be observed between the signals for the
methylene function on the 6-AG moicty, H-6', and the
carbonyl carbon on the HABA unit, indicating that in
3 the amine function at C-6' is acylated. Therefore,
compound 4 was identified as 1,6'-di-N-(L-4-amino-2-
hydroxybutyryl)kanamycin. The unambiguous assign-
ments of 'H and 13C spectral data for 3 and 4 are shown
in Tables 1 and 2 along with those of 1 and two other
1 related compounds, BB-K29 (6) and BB-K11 (7). The
examination of these data shows that the chemical-shift
information alone is of limited utility in assigning the
structure for 1 derivatives. The initial structure as-
signment of 1 and its isomers was based on chemical
degradation studies.! When limited material does not
permit chemical studies, long-range *H-'*C coupling
information can be effectively used for the determination
of the acylation pattern of 2 derivatives as shown in this
investigation. To the best of our knowledge, this is the
first report of the two compounds, 3 and 4.

The amide proton signals, which would have provided
crucial structural information, could not be observed for
all compounds in partially deuterated solvents under
experimental conditions. Tandom mass spectroscopy was
also used as a tool for the identification of 1 derivatives.
Mass spectra of the product (fragment) ions resulting
from the collisionally activated dissociation (CAD) of
the [M+H]" precursor ion were obtained on a JEOL
SX102A mass spectfometer at 10kV acceleration voltage
using B/E linked scanning with helium as the collision
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gas. The major fragmentation pattern for both 3 and 4
included glycosidic and amide bond cleavages. Fragment
ions were observed for the DOS and the two AG moieties
and their corresponding acylated fragments. The 6
acylation is characterized by the presence of a peak at
mjfz 174 resulting from the cross-ring fragmentation. Of
particular significance is the peak at m/z 425 in the
MS/MS spectra of both compounds. This peak cor-
responds to the presence of one HABA derivative on the
DOS and the other on the 6-AG or the 3-AG moieties,
le., 1-6', 3-6', 1-3", and 3-3” diHABA derivatives. But
this fregment would not be present if both HABA
derivatives were on the DOS moiety (1-3 di-HABA) or
on the AG moieties (6'-3” diHABA). As no reference
sample of the diHABA compound described in the PF
monograph could be obtained, no direct comparison
could be made with these compounds.
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