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The structures of the gentamicin antibiotics A;j, As, and A4 coproduced with other gentamicins in submerged
fermentations of Micromonospora purpurea and Micromonospora echinospora have been elucidated by proton
and carbon-13 magnetic resonance spectroscopy in conjunction with mass spectrometry. Gentamicin A; and As
are  4-0-(2'-amino-2’-deoxy-a-D-glucopyranosyl)-6-0-(3”-methylamino-3"-deoxy-3-L-arabinopyranosyl)deoxy-
streptamine and 4-0-(6’-amino-6’-deoxy-a-D-glucopyranosyl)-6-0-(3”-methylamino-3”-deoxy-3-L-arabinopyra-
nosyl)deoxystreptamine, respectively. Gentamicin A4 is 3”-N-formylgentamicin A.

Gentamicin A is coproduced with other gentamicins in
submerged fermentations of Micromonospora purpurea
and Micromonospora echinospora.l®? Its structure was
elucidated by Maehr and Schaffner®4 and is shown below.

paromamine

gentosamine
gentamicin A

Recent investigations in this laboratory have revealed the
presence of four new deoxystreptamine-containing antibi-
otics in crude preparations of gentamicin A which we have
designated gentamicins Ay, Ag, Ag, and Ay The elucidation
of the structures of Aj, Ag, and Ay is the subject of this
communication. The structure of gentamicin A, is pub-
lished in the accompanying note.52

Gentamicins A, Az, and A4 could be separated from A
and from each other by thin layer chromatography on silica
gel using chloroform-methanol-ammonium hydroxide (3:
4:2) as the developer. On a typical chromatogram A;, As,
and A4 had RSP values of 0.78, 0.40, and 1.62, respectively.
Isolation of these compounds in high states of purity was
effected by chromatography of the crude mixture on a col-
umn of silica gel using the above-mentioned eluent, and in

the case of A; and Aj by rechromatography on Dowex 1-X2
ion exchange resin in the hydroxide cycle using water as the
eluent.b7

Structures of Gentamicins A; and Aj. The proton

noise decoupled 13C NMR spectra of A; and Aj were very

similar to that of A and indicated the presence of 18 carbon
atoms in each compound (Table III). The mass spectra of
A; and Aj were also very similar to that of A. Each exhib-
ited a peak at m/e 469 attributable to the (MH)* ion as
previously indicated for A.® It was apparent, therefore, that
A, A;, and A3 were isomers. The elemental analyses were
consistent with the compositions C,8H3sN4O10-H20 for A,
and CygH3eN40;104HCI for the hydrochloride salt of Ag,
further supporting the above contention.

Hydrolysis of gentamicins A, A, and Az with 8 N hydro-
chloric acid at 100° for 1 hr followed by paper chromato-
graphic analysis of the hydrolyzate clearly indicated the
presence of deoxystreptamine in all of them. Glucosamine
and paromamine were present only in the hydrolyzates of A
and Aj. The hydrolyzate of Az contained 6-amino-6-deoxy-
glucose. Furthermore, this comparative study indicated the
absence of gentosamine (3-methylamino-3-deoxy-D-xy-
lose), one of the hydrolysis products of gentamicin A, in the
hydrolyzates of A; and Aj, but the presence of another
sugar whose Ry was very close to, but not identical with,
that of gentosamine. These data strongly suggested, there-
fore, that A; was an isomer of A in the gentosamine moiety,
and Az was an isomer of A; in the glucosamine moiety. Re-
cently, Mallams and coworkers® in our laboratories isolat-
ed two new antibiotics named 66-40B and 66-40D from Mi-
cromonospora inyoensis and showed these to possess the
following structures.
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Table I
Prominent Mass Spectral Fragment Ions of Gentamicins A; and Az?
mle fon mle Ton mile Ion mle fon
. OH OH OH |
HOHCO, _ _.OR RO._ _OCHOH HO OCHOH
352 336 ):i 191 162
HN NH HN NH, HN NH,
_C()l . OH -Co OH . ~CO | OH .
HO. _.OR RO._ _.OH, HO OH,
324 308 163 146
H.N NH, HN NH, H.N NH,
—H,.ol OH ~H,0 I OH -H0 l OH
.OR RO, HO.
+ +
306 290 145 162
HN NH, H.N NH, H.N NH,
—H,,i)/ —H_,(’)/ —H_.i)/
334 318 173

@ In gentamicin Ay, R = 2’-amino-2’-deoxy-«a-p-glucopyranosyl and R’ = 3’"-methylamino-3''-deoxy-8-L-arabinopyranosyl; in gentamicin

As, R = 6’-amino-6’-deoxy-a-D-glucopyranosyl and R’ = 3’’-methylamino-3’’'-deoxy-8-L-arabinopyranosyl.

Table II
Proton Magnetic Resonance Parameters of Comparative Aminoglvcosides
Gentamicin A Gentamicin A1 Gentamicin AS 6640-D
Multiplicity, Mudtiplicity, Mulriplicity, Multiplicity,
H J (H,H) 6 J, Hz 5 J, Hz 6 J, Hz b J, Hz
2ax 1.19 q 1.20 q 1.22 q
2ax, 2eq 12,5 12.5 12.5
1, 2ax 12.5 12.5 12.5
2ax, 3 12,5 12.5 12.5
2eq 1.94 dat 1.95 dit 1.98 dit
1, 2eq 3.5 3.5 3.5
2eq, 3 3.5 3.5 3.5
1’ 5.23 d 5.26 d 5.35 d
17, 2/ 3.5 3.5 3.8
2’ 2.1 d.d 2.78 dd Not observed
2', 3/ 10.0 10.0
1" 4.99 d 5.08 d 5.09 d 5.05 d
17, 2" 3.5 4.0 4.0 4.0
27 3.61 d.d 3.81 dd 3.86 d.d 3.79 d.d
2’7, 3" 9.5 10.5 10.5 10.0
3 2.70 t Not observed 2.92 d.d 2.78 d.d
37, 4" 9.5 3.0 3.0
4’ 3.26 d.t 4.12 br s 4.13 br s 4.10 br s
4’ 5'ax 9.5
4’ 5'eq 5.0
S5eq’’ 4.18 br d 4.18 br d 4.15 br d
S5eq’’, Sax’’ 12.5 12.5 12.5
3’'"NMe 2.49 s 2.37 s 2.43 s 2.35 s
R’ arabinose.®? On the basis of these findings and in view of
the likely common biogenesis of these compounds, genta-
R HN7_0__/ micin A; was thought to be 6-0-(3”-methylamino-3"'-
MeHN OH deoxy-f-L-arabinopyranosyl)paromamine (1) and gentami-

1 0 CH,NH,
0 NH,
H,N.

R=0H; R’ =H = 66-40B
R =H; R’ = OH =66-40D

The presence of gentosamine in 66-40B and its 4” epimer
in 66-40D suggested that gentamicin A and A; might simi-
larly be related. The unknown component in the acid hy-
drolyzates of both A; and Az had the same R; on a thin
layer chromatogram as that of 3-methylamino-3-deoxy-L-

cin Az, 4-0-(6’-amino-6’-deoxy-a-D-glucopyranosyl)-6-0-
(3”-methylamino-3"-deoxy-g-L-arabinopyranosyl)deoxy-
streptamine (2). Substantiating evidence was obtained
from the physical methods delineated below.

The mass spectra of A; and A; showed the expected
prominent fragment ions for the above structures and are
explained in Table I.

The proton magnetic resonance parameters for gentami-
cins A, Ay, A and antibiotic 66-40D are listed in Table II.
It may be seen from Table II that the spectra of A, A;, and
Az have in common only the H-2,, and H-2.4 resonances of
deoxystreptamine and an N-methyl singlet. Gentamicin A,
also gives rise to an anomeric doublet (H-1') and a multi-
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plet (H-2’) which are mutually coupled and compare well
with the corresponding resonances in gentamicin A. This
portion of the spectrum is therefore consistent with that
expected from the presence of the paromamine moiety in
gentamicin A;. Similar resonances are not found in the
spectrum of gentamicin As.

Resonances assigned to H-1”, H-2”, H-4", and H-5"¢q of
gentamicins A, Az and antibiotic 66-40D are also listed in
Table II. A resonance for H-3” could not be distinguished
in the spectrum of gentamicin Ay. In all other cases listed
in the table, INDOR techniques were used to observe any
protons not clearly resolved from the envelope of a spec-
trum. All assignments were confirmed by spin decoupling.
Although the proton chemical shifts of aminoglycoside an-
tibiotics are sensitive to changes in pH and therefore to
sample preparation and handling, it may be seen that the
characteristic resonances of the 4”-epi-gentosamine resi-
due of the antibiotic 66-40D are also found in the spectra of
gentamicin A; and Aj, supporting the presence of a 3-
methylamino-3-deoxy-8-L-arabinopyranosyl moiety in
their structures.

The unambiguous assignments of structure 1 to A; and 2
to Ag were finally possible from proton noise decoupled
carbon-13 magnetic resonance spectroscopy. The 13C
chemical shifts of gentamicins A, Ay, and As and of the ref-
erence compounds methyl 3-methylamino-3-deoxy-a-D-
xylopyranoside, methyl 3-methylamino-3-deoxy-8-L-arabi-
nopyranoside, paromamine, and kanamycin A are given in
Table III. Recent work of Morton and coworkers,1® Lem-
ieux and Koto,!! Woo and Westland,!2 Omoto and his asso-
ciates,!3 and Koch and her collaborators' clearly demon-
strate that the carbon resonances in aminoglycoside antibi-
otics can readily be assigned by a combination of tech-
niques including simple comparison of 13C chemical shifts
with those of adequate model substances and, as first
shown by Lemieux and Koto!! in the aminoglycoside anti-
biotics, by utilizing the 8-carbon shifts that occur on pro-
tonation of the amino groups. The latter two techniques
were employed for making assignments in the present
work. The presence of the paromamine moiety in both A
and A, is readily apparent when the chemical shifts of car-
bon atoms 1-5 and 1’-6’ in these compounds are compared
with the corresponding resonances for paromamine. The
chemical shifts of paromamine obtained in our laboratory
agreed, within experimental errors, with those reported by
Woo and Westland'? and, except for the C-2’ resonance
(56.1 ppm), also with those reported by Omoto and cowork-
ers (52.2 ppm).13 A comparison of the chemical shifts of
carbon atoms 1” to 5 and the N-methyl of A; with the cor-
responding carbon atoms of methyl 3-methylamino-3-
deoxy-pB-L-arabinopyranoside clearly confirmed the pres-
ence of the latter sugar moiety in Ay, The validity of such a
comparison in structural assignments is apparent from the
close agreement of the chemical shifts of carbon atoms
17-5" and the N-methyl group of gentamicin A and the
corresponding carbon atoms of methyl 3-N-methylamino-
3-deoxy-a-D-xylopyranoside. The position of linkage of the
3-methylamino-3-deoxy-8-L-arabinopyranosyl  unit to
paromamine in gentamicin A; was readily established by
comparison with gentamicin A, in which the linkage of the
corresponding «-D-xylo unit to paromamine is at 6. As ex-
pected,!0 the C-6 of paromamine experienced a deshielding
of 9.6 ppm and C-5 a shielding of 1.7 ppm on substituting
the hydroxyl hydrogen atom at 6 by the a-gentosaminyl
residue. At pD 2, these shifts were 9.7 and 1.1 ppm, respec-
tively. Furthermore, C-6 in A experienced a shielding of 3.7
ppm on acidification. Similar analysis in the case of genta-
micin A; revealed that 8c.g(A1) — dc.g(Par) = 9.3 ppm,
dc.5(A1) — bc.5(Par) = —1.6 ppm, [8c.¢(A1) — d¢c.6(Par)|pp2
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= 9.9 ppm, [éc5(A;) — dc.s(Par)]pp2 = —0.9 ppm, and
6c.6(A1) — 8c.epp2(A1) = 3.2 ppm. These values are in ex-
cellent agreement with those of gentamicin A, and hence it
can be concluded that linkage of 3”-methylamino-3”-
deoxy-8-L-arabinopyranosyl residue to paromamine in gen-
tamicin A, is at 6.

The chemical shifts of carbon atoms 1-6 and 1’-6’ in gen-
tamicin Az agree extremely well with those of the corre-
sponding carbon atoms of kanamycin A, confirming the
presence of 4-0-(6-amino-6-deoxy-a-D-glucopyranosyl)
unit in the latter. The chemical shifts of carbon atoms 17—
5” and N-methyl, on the other hand, are, within experi-
mental error, identical with those of the corresponding
atoms in gentamicin Aj, confirming the presence of 6-O-
(3”-methylamino-3”-deoxy-3-L-arabinopyranosyl) moiety
in As. The structures of A; and Ag are shown above Table
IIL

It is noteworthy that in gentamicins A; and Az, which
have an axial hydroxyl group on C-4”, the 8 shifts of C-4"
on acidification are 1.4 and 1.3 ppm, respectively, com-
pared to 4.4 ppm in the case of A in which the hydroxyl
group at C-4” is in the equatorial orientation. In kanamy-
cing A and B the corresponding § shifts are 3.8 and 3.5
ppm, respectively.!' Also, on acidification, the N-methyl
carbon atoms in A; and Aj are shielded by 1.7 and 1.6 ppm,
respectively, as compared to 8.7 ppm in gentamicin A.

Structure of Gentamicin A,. The 13C NMR spectrum
of gentamicin A4 (Table III) showed the presence of 19 car-
bon atoms in the molecule, including a carbonyl carbon
atom (167.5 ppm). The molecular weight of A4 was found to
be 28 units higher than that of A from mass spectrometry
and the 'TH NMR spectrum showed a peak at 8.00 ppm at-
tributable to a N-formyl proton. Therefore, it was apparent
that A4 was a formyl derivative of one of the gentamicin
A’s, The spectrum also showed the presence of two anomer-
ic protons, a doublet at é 5.21 ppm (H-1, Jy o = 3.8 Hz)
and a doublet at § 5.11 ppm (H-17, J»9» = 3.8 Hz), and an
N-methyl group as a singlet at 6 2.79 ppm. The characteris-
tic signals due to the deoxystreptamine methylene protons
were at § 1.88 and 1.12 ppm. The presence of a quartet at §
2.75 ppm with spacings of 9.0 (Jy3) and 3.75 Hz (Jy o) in-
dicated a glucosamine moiety and therefore suggested that
A4 was a derivative of either A or A; but not of Ag.

Analysis of the 13C NMR spectra of Ay at basic and acid-
ic pD’s and comparison of the chemical shifts with the cor-
responding values of A indicated the location of the formyl
group in A4 at 3”. As seen in Table II1, the C-1 to C-6 and
C-1’ to C-6’ resonances of A4 were almost identical with the
corresponding resonances of gentamié¢in A, confirming the
presence of the paromamine moiety in the latter. The N-
methyl carbon in A4 was shielded by 8.5 ppm relative to
this resonance in gentamicin A, In contrast to an upfield
shift of 3.7 ppm of the N-methyl carbon atom on acidifica-
tion of gentamicin A, the chemical shift of the N-methyl
carbon atom of A4 did not change on acidification. These
observations and the fact that the C-5” and C-1” reso-
nances of A and A; were identical, within experimental
error, and the C-2” and C-4” resonances in A4 appeared
shielded by 4.1 and 4.5 ppm, respectively (G shifts) in Ay,
established the structure of A4 to be 3”7-N-formylgentami-
cin A (3). As predicted from the structure, on protonation
of the amino groups only the paromamine moiety of Ay
showed the expected changes in the chemical shifts (Table
II1).

Finally, the mass spectrum of gentamicin A4 gave a series
of ions at m/e 352, 334, 324, 308, 191, 173, 163, 145, and 179
for the paromamine moiety® and ions at m/e 174 and 364,
346, 336, and 318 for the 3”-N-formylgentosaminyl deoxy-
streptamine unit consistent with the assigned structure.
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Experimental Section

Thin layer chromatography was performed on silica gel GP (An-
altech, Inc., Newark, Del.) using, unless otherwise specified, chlo-
roform-methanol-ammonium hydroxide (3:4:2) as the developing
phase. Column chromatography was carried out on silica gel (60-
200 mesh, J. T. Baker Chemical Co., Phillipsburg, N.J.) using, un-
less otherwise specified, the same solvent system as above and on
Dowex 1-X2 (200-400 mesh, hydroxide form, Sigma Chemical Co.,
St. Louis, Mo.) with water as the eluent.

The 'H NMR spectra were recorded on a Varian Associates
X1.-100-15 spectrometer. Chemical shifts are given in & values for
solutions in deuterium oxide, flushed with nitrogen, using DSS as
the internal standard. 3C NMR spectra were obtained at 25.2
MHz on a Varian X1.-100-15 spectrometer in the pulsed mode and
Fourier transform to the frequency domain was accomplished with
a Varian 620L-16K computer. 3C chemical shifts are given in
parts per million downfield from Me,Si for solutions in deuterium
oxide. The spectra were recorded with an internal dioxane refer-

“ence and the expression 5c (MesSi) = 6c (dioxane) + 67.4 was em-
ployed to express the chemical shifts downfield from Me,Si.10
Mass spectra were obtained on a Varian MAT CHS5 spectrometer
at 70 eV with a probe temperature of 200-250°,

Isolation of Gentamicin A,. A sample of crude gentamicin A
(5.5 g) isolated as previously described'™?2 and enriched in A; (Ra
0.78) was chromatographed on silica gel (600 g) using a column 5
c¢m in diameter. Ten-milliliter fractions were collected. Tubes
395-441, which contained gentamicin Aj, were pooled, concentrat-
ed, and lyophilized to give 0.28 g. Fractions 292-394 contained
both gentamic¢ins A and Aj, and after removal of the solvents in
vacuo the residue was rechromatographed on the same column
used above. After 500 ml of eluate 10-ml fractions were collected.
Tubes 222-282 contained pure gentamicin A; and after work-up as
above gave 0.386 g. Tubes 194-217 (0.5 g) contained mainly genta-
micin A; and after work-up as above this was combined with the
0.28 g of material obtained above and chromatographed on a 3 X
72 em column of Dowex ion exchange resin collecting 10-ml frac-
tions. The homogeneous fractions (tubes 36-42) were pooled and
concentrated to dryness. The residue was dried and dissolved in a
minimum amount of methanol. Addition of excess ether precipi-
tated pure gentamicin Ai, which was isolated by filtration, washed
with ether, and dried to give 0.35 g, [«]?6D +141° (¢ 0.44, water),
[6]racu®® ~ 12,190

Anal. Caled for C1gHagN4O10-Ho0: C, 44.44; H, 7.87; N, 11.52.
Found: C, 44.75; H, 7.75; N, 11.57.

Isolation of Gentamicin Aj. In a manner similar to that de-
scribed above, crude gentamicin A (36 g)*P? was chromatographed
on silica gel (3 kg) collecting 25-m] fractions. Tubes 811-800 were
pooled, concentrated, and lyophilized to give partially pure (3 g)
gentamicin Ag (R4 1.18). This product was again chromatographed
on a Dowex ion exchange resin column (5.5 X 49 c¢cm). Five-millili-
ter fractions were collected. Tubes 75-105 were pooled, concen-
trated, and lyophilized to give 1.84 g of pure Ay, [«]%D +141° (¢
0.4, water).

Anal. Caled for Ci7HasN3gO11:2H0: C, 41.54; H, 7.59; N, 8.55.
Found: C, 41.36; H, 6.94; N, 8.29,

Isolation of the Gentamicins Az and A4 Crude gentamicin A
(112 g)1*2 was chromatographed on two 5-kg silica gel columns (12
X 152 ¢m) attached in series. T'wo-liter fractions were collected.
Fractions 53-62 contained mainly gentamicin Az (Ra 0.40) and
after work-up as above gave 6.5 g of crude As. In a similar manner
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work-up of tubes 27-31 yielded 7.5 g of crude gentamicin Ag (R4
1.62).

The above product of gentamicin Aj (2 g) was rechromato-
graphed on Dowex ion exchange resin (300 ml) collecting 10-ml
fractions. Tubes 41-48, which contained pure As, were pooled, con-
centrated, and freeze dried to afford 0.1 g of material. A sample of
this material was converted to the tetrahydrochloride salt by dis-
solving in water, neutralizing with 0.1 N hydrochloric acid, and ly-
ophilization, [a]26D +130° (c 0.1, water).

Anal. Caled for CigH3eN401¢-4HCL C, 35.19; H, 6.56; N, 9.12.
Found: C, 34.87; H,6.77; N, 9.12.

Crude gentamicin Ay isolated above was rechromatographed on
silica gel (630 g) using a chloroform-methanol-ammonium hydrox-
ide (2:1:0.35) system as the eluent and taking 3-ml fractions. Tubes
1361-1951, which contained A4, were pooled, concentrated, and ly-
ophilized to give 3.8 g of partially pure As. A sample of the above
material (0.357 g) was further purified by chromatography on sili-
ca gel (70 g) using a 2.7 X 30 cm column and a solvent system con-
taining chloroform-methanol-ammonium hydroxide-formic acid
(300:400:200:0.3). Two-milliliter fractions were collected. The ho-
mogeneous fractions (tubes 170-189) were pooled, concentrated,
deionized with Amberlite IRA-4018 ion exchange resin in the hy-
droxide form, and lyophilized to give 0.222 g of pure gentamicin
Ay, [o]6D +130° (c 0.1, water). Anal. Caled for C19H3gN4011-:COq-
2H,0: C, 41.66; H, 6.99; N, 9.72. Found: C, 41.68; H, 6.99; N, 9.88.
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