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The 13C-NMRspectra of ribostamycin and its related compounds were measured, and
the correlation of chemical shifts and structures was discussed. With the aid of the
13C-NMRtechnique, the structures of two bioinactivated compoundsfrom ribostamycin
have been determined.
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The 13C-NMRtechnique has now emerged as a potent tool for the structural investigation of
carbohydrates. Although 13C-NMRspectra of neutral sugars^, steroids2), amino acids3) and many
other compoundswere hitherto examined, the field ofamino sugars and amino cyclitols has remained
little investigated, and no systematic study has been reported except for fragmentary reports on some
aminoglycoside antibiotics4a >4b).

In the present paper, the 13C-NMRspectra, with full assignments of all the 13C signals, are

described for an aminoglycosidic antibiotic ribostamycin (SF-733) (4a) and related compounds, includ-
ing 2-deoxystreptamine (la), neamine (2a), paromamine (3), di-N-acetyl-2-deoxystreptamine (1b),

mono-N-acetyl-2-deoxystreptamine (1c) and tetra-N-acetylneamine (2b).
All the compounds examined in this report gave well resolved 13C-spectra, in contrast to

1H-spectra which showed serious overlapping of signals, and a slight structural change brought about
distinct 13C signal shifts. For the spectral assignment, the 13Cresonance shifts caused by the change
of pD in D2O and by N-acetylation of the amino groups were utilized.
Finally, the 13C-NMRtechnique has been applied successfully to the determination of the struc-

tures, especially the site of modification, of two kinds of new derivatives (SF-733D and SF-733X) of
ribostamycin inactivated by Streptomyces ribosidificus.

Results and Discussion

The 13C-chemical shifts of ribostamycin (4a) and its related compounds (la, lb, lc, 2a, 2b and 3}
are summarized in Table 1. As shown in Fig. 1, the 13C-NMRspectrum of4a gave a well-resolved
spectrum in which peaks of two anomeric carbons (C-l' and I"), a methylene carbon (C-2), an
aminomethyl carbon (C-6'), a hydroxymethyl carbon (C~5") and two other methine carbons bearing
amino groups (C-l and 3) could easily be assigned based on the general rules for 13C-NMRchemical
shifts5). On the other hand, it was rather difficult to assign other carbons, in particular those

densely crowded in the middle region. This difficulty was overcome by utilizing the assignments of
the constituent units (la and 2a) and an analogue (3), and the regular shift of 13C signals accom-
panied by changing the pD and by N-acetylation.

The spectral assignment of 2-deoxystreptamine (la) was unequivocal from the consideration of
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Fig. 1. 13C-NMRspectrum of ribostamycin (4a)

Table 1. 13C-Chemical shifts of compounds la~4a

Carbon la 1b 1c 2a 2b 3 4a

1 51.4 50.7 51.1 51.4 50.5 51.2 51.2

2 36.9 33.6 34.6 36.5 33.8 36.7 36.7

3 51.4 50.7 50.6 50.3 49.7 50.4 51.2

4 78.5 75.2 77.3 87.7 80.4 88.7 83.0

5 76.6 76.8 76.5 76.9 78.0 76.7 85.0

6 78.5 75.2 75.2 78.1 75.6 78.2 78.4

V 101.5 98.4 101.9 99.8

2' 56.2 54.7 52.2 56.4

V 74.4 71.5 74.6 74.1

4' 72.4 71.5 70.8 72.3 .

5' 73.4 71.5 73.8 73.9

6' 42.6 40.8 61.5 42.7

1" 109.1

2" 75.7

3" 70.5

4" 83.4

5" 62.6

CH3CO 23.2 25.0 23.1x3
23.6

. CH3CO 174.4 174.6 175.6

175.1
174.7
174.1

the peak heights and the simple structure. In neamine (2a) and paromamine (3), an anomeric carbon
appeared in the lowest field region. A signal appearing in the second lowest region, at 87.7 ppm in
2a or 88.7ppm in 3, was assigned to C-4, because the C-4 is the site of glycosidation6). Other
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Fig. 2. Correlation of the spectra of2-deoxystrepta-
mine(la), paromamine(3), neamine(2a) and

ribostamycin (4a)

signals were reasonably assigned as shown.
It has been noted in ^-NMRspectroscopy

that protonation and N-acetylation of amino
groups in amino sugars cause considerable
down field shift of the signal for the methine
bearing the amino group7). It was

surprising, however, that a similar study
of the 13C spectra revealed the most
pronounced effect on the /3-carbons
rather than the a-carbons relative to an
amino group. For example, the chemi-
cal shifts of C-2, 4 and 6, which are

adjacent to the aminomethylene carbons
in la (Fig. 3 and Table 2) were shifted

up field (5.3^7.7 ppm) by protonation,
while the signals ofC-l and 3, a to the

amino groups, and that ofC-5, y to the
amino groups, underwent little shift.

The magnitude of the up field shift was
dependent upon the degree of proto-
nation. This is clearly seen in Fig. 3,

where the chemical shifts of C-4 and C-6
in la increase continuously as the pD of
the solution is raised. Marked up field
shifts (2.5^7.3ppm) of p carbons to

amino groups occurred also on N-acetyl-
ation as shown in Figs. 4 and 5 and

Table 1.

Table 2. i^C-Chemical shifts of 2-deoxystreptamine
(la)

pDCarbon :
ll.0 10.0 9.0 8.0 6.8 6.0 4.2

1,3 51.4 51.4 51.3 51.2 51.2 51.2 51.1

2 36.9 36.0 34.2 32.0 29.5 29.2 29.2

4,6 78.5 78.0 76.6 75.1 73.9 73.7 73.2

5 76.6 76.4 76.2 76.0 75.7 75.7 75.6

Fig. 3. Dependence on pD of chemical shifts for
individual carbons of 2-deoxystreptamine (la)

Fig. 4. Correlation of the spectra of 2-deoxystreptamine

(la), di-N-acetyl-2-deoxystreptamine (lb) and mono-N-
acetyl-2-deoxystreptamine (1 c)

Fig. 5. Correlation of the spectra of neamine (2a) and tetra-
N-acetylneamine (2b)
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Table 3. ^C-Chemical shifts of compounds 4a~4d
Carbon 4a 4a* 4b 4c 4d

1 51.2 51.3 51.4 50.4 50.6

2 36.7 35.6 32.0 33.3 33.4

3 51.2 50.7 49.8 49.0 49.0

4 83.0 81.6 79.2 76.9 76.5

5 85.0 85.5 86.0 85.8 86.3

6 78.4 77.7 74.4 74.7 74.3

V 99.8 98.7 96.4 96.9 96.9(d)

2' 56.4 56.0 55.0 54.4 54.0

V 74A 71.6 70.0 71.3 71.4

4' 72.3 72.3 72.0 71.3 71.4

5' 73.9 73.1 70.0 71.3 71.4

6' 42.7 42.0 41.4 41,2 40.7

1" 109.1 109.6 111.0 109.6 110.8(d)

2" 75.7 75.9 76.1 75.8 87.7

3" 70.5 70.5 70.0 70.6 81.7

4" 83.4 83.3 83.3 83.4 86.3

5" 62.6 62.5 62.1 62.6 63.3

CH3CO 23.0x4 23.2x4

CH3CO 175.2 175.2

174.9 174.7x2

174.5 174.0

174.1

O\/^/CH3 llo o/Q\

-O\n/CH3 25.0
-O/CNCH3 26.7

* pD9.5

Letters in parentheses gave off resonance data.
Fig. 6. Correlation of the spectra of a free base,

a sulfate and a partially protonated form of
ribostamycin

Based on these observation on model com-
pounds, it was now possible to fully assign the
13C spectrum of 4a.

Comparison (Fig. 2) of the spectrum 4a
with those of la, 2a and 3 confirmed the signal
assignment of the carbons C-l, 2, 3, 6, 1', 2f\ I",
3" and 5" in4a. Except for anomeric carbons,
C-4 and C-5 were expected in the lowest region
and two of three signals in the region of 83.0~
85.0 ppm might be assignable to them.

Utilizing the regular upfleld shifting de-

scribed above, the carbon signals from the ribose
moiety, which is devoid of an amino group,

could be distinguished from those from the other
two moieties. The 13C signals of C-2", 3", 4"
and 5" remained essentially unshifted upon

protonation and N-acetylation, but other car-
bons, except for the carbons y to amino groups
(C-5 and 4') showed marked up field shifts. A
distinction between C-4 and C-5 was also possible
by the application of the same technique. A

18C-signal at 83.0 ppm in the free base showed a
noticeable up field shift (3.8 ppm) in the sulfate,
and hence was assigned to C-4 which is a /3
carbon to the C-3 amino group. On the other
hand, a signal at 85.0ppm which showed
negligible shifting either by protonation or

N-acetylation could be assignable to C-5. Since
the C-6 signal of la,2a and 3 appeared in a

narrow region at 78.1^78.5 ppm, the signal at
78.4ppm in 4a was assigned to C-6. Further-
more, the assignment of the ribose carbons was
consistent with the reported data for uridine8),
and the reported data9) for methyl or-D-gluco-
pyranoside were employed for the 2,6-diamino-
glucose moiety. Comparison of the two spectra
of tetra-N-acetylribostamycin (4c) and its 2",3"-
O-isopropylidene derivative (4d) confirmed the
assignment of C-4" of ribose. Owing to

O-alkylation in 4d, C-2" and 3" were shifted
down field, but the signal assigned to C-4" was not shifted.

The structure of SF-733D (5)
SF-733D was one of the metabolites of ribostamycin inactivated by Streptomyces ribosidificusm.
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The ^-NMR and MS analyses
indicated that SF-733D was a 3- or 1-N-

acetylribostamycin. In the present in-
vestigation, the 13C-NMRspectrum of
SF-733D (5) was examined in order to

determine the position of the N-acetyl
group. As shown in Fig. 7, the reso-

nances due to an N-acetyl group were
observed at 174.0 and 23.5ppm, together
with an up field shift of the C-3 (or C-l) signal. This indicated that one of the two amino groups in
the 2-deoxystreptamine moiety was N-acetylated. For reference, 13C-NMRof mono-N-acetyl-2-
deoxystreptamine (lc) showed N-acetyl signals at 25.0 and 174.6 ppm, together with a similar up field
shift of C-3 (or C-l). The position ofN-acetylation could be determined to be the C-3 amino group
since the resonance ofC-4 in 5, which is /3 to the C-3 amino group, underwent a distinct up field shift
(5.9ppm), apparently caused by N-acetylation of the C-3 amino group. On the other hand, the
resonance of C-6, which is /3 to the C-l amino group was almost unchanged. Consequently, the
structure of SF-733D (5) was determined to be 3-N-acetylribostamycin.*

The structure of SF-733X (6)

SF-733X was another metabolite of ribostamycin bioinactivated by 5. ribosidificus. ^-NMR

Fig. 7. Correlation of the spectra ofribostamycin(4a) and
SF-733D (5)

Table 4. i^C-Chemical shifts of compounds ld~6
Carbon Id* Id** 4a 5 6 6***

1 51.5 51.2(d) 51.2(d) 51.0 51.1 51.1(d)

2 34.2 27.4(t) 36.7(t) 35.3 33.2 26.9(t)

3 57.7 57.5(d) 51.2(d) 49.4 57.0 54.4(d)

4 76.6 72.4 83.0 77.1 79.3 77.6

5 76.6 75.6 85.0 85.9 85.8 84.7

6 78.5 72.6 78.4 78.1 78.4 73.4

1' 99.8(d) 98.5 99.1 97.4(d)

2' 56.4(d) 56.3 56.2 54.4(d)

3' 74.1 74.0 73.5 71.6

4' 72.3 71.7 72.5 69.3

5' 73.9 73.5 72.7 69.8

6' 42.7(t) 42.3 42.5 41.5(t)

1" 109.1 109.6 109.4 111.8(d)

2" 75.7 75.9 76.0 76.4

3" 70.5 70.7 70.6 70.9

4" 83.4 83.3 83.3 83.1

5" 62.6(t) 62.7 62.7 61.3(t)

-NHCH2COOH 50. 6 47.0(t) 50. 4 47. 6(t)

-NHCH2COOH 180.0 170.6 179.3 171.9

-NHCOCH3 23. 5

-NHCOCH3 174. 0

* pD ll.0, ** pD2.0, *** pD 4.5 Letters in parenthesis gave «aoffresonance" data.
* K. L. Rinehart, Jr. et al. isolated mono-N-acetyl-neomycins17\ neomycins LPi and LP2 in which

C-3 ammogroups of deoxystreptamine moiety of neomycins C and B were N-acetylated.
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Fig. 8. 13C-NMR spectrum of SF-733X (6)

and MSanalyses and chemical degradation indicated that SF-733X was a 3-N- or 1-N-carboxymethyl-
ribostamycinn).

13C-NMRwas nowapplied in order to prove the position of the carboxymethyl group. The
13C-NMRspectrum of SF-733X (6) (Fig. 8) showed an additional two carbons, at 179.3 and 50.4 ppm,
compared with that of 4a. Further 13C-NMRinvestigation including an "off resonance " experi-

ment (Table 4) and pD change revealed that the
resonance at 179.3ppm was the signal of a
carboxyl carbon, and that the resonance at

50.4 ppm was due to the methylene carbon sand-
wiched between a carboxyl and an amino group.
This assignment was supported by the spectrum
of synthetic mono-N-carboxymethyl-2-deoxy-

streptamine (ld)12) (Table 4), which showed the
resonances of a carboxymethyl group at 180.0

and 50.6 ppm in alkaline solution. These signals
were shifted up field by 9.4 and 3.6ppm upon

acidification, just as were the corresponding
signals of 6(7.4 and 2.8ppm). Thus, the N-

carboxymethyl group was independently proven
by 13C-NMR.

Of the two signals at 51.1 and 57.0ppm

assignable to C-l and 3, the resonance at 51.1
ppm could be assigned to C-l, because the reso-
nance position of C-l remained constant in all
the compoundsexamined in this work and little
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affected by protonation and N-acetylation. In contrast, the resonance of C-3 moved upward in 4a
by protonation. Thus the 1SC-NMRdecided in favor ofC-3 substitution by a carboxymethyl group.
Independent evidence for C-3 substitution came from the behaviours of the C-4 and 6 signals. The
signals at 85.8, 83.3 and 78.4ppm in 6 were assignable to C-5, 4" and 6, because they were very
close to the C-5, 4" and 6 signals at 85.0, 83.4 and 78.4ppm in 4a. Upon protonation of the amino
groups, the C-6 signal in 6 showed an up field shift of 5.0ppm which was comparable to the shift
(4.0ppm) ofC-6 in 4a. Therefore, the signal at 79.3ppm was assignable to C-4, 3.7ppm higher
than that in 4a. Since N-alkylation of an amino group has been reported to cause an up field shift
ofa p carbon to the amino group4a'5), the higher chemical shift of the C-4 signal could easily be
explained if the C-3 amino group was carboxymethylated.

Experimental

13C-NMRspectra
Proton noise decoupled 13C-NMRspectra were recorded at a frequency of 25.2 MHzby means

ofa Varian XL-100-12 spectrometer using deuterium oxide in solution as the source of the lock
signal. A Varian C-1024 time averaging computer was used to accumulate 150~2,000 scans of
2,500^5,000Hz at a scan speed of 100 or 250 seconds. In general, 150^300mg of the sample to be
measured was dissolved in 0.8^1.2ml of D2O containing 2.0^5.0% of dioxane as an internal
standard, and if necessary, the solution was adjusted to an appropriate pD before measurement.
Chemical shifts were measured relative to the 13C signal of dioxane and converted to parts per million
from TMS using d (dioxane) =67.4 ppm.
Materials

Preparation of SF-733D, SF-733X and mono-N-carboxymethyl-2-deoxystreptamine will be
published in this Journal10>12).

Preparation of mono-N-acetyl-2-deoxystreptamine (1c)
To a suspension of 2-deoxystreptamine free base (1.63 g) in MeOH(100ml) was added dropwise

acetic anhydride (1.8 ml) under ice-cooling. The resulting solution stood at room temperature for
2 hours, then was concentrated to dryness. The residue was dissolved in H2O(150ml) and passed
through a column ofDowex 50Wx2(NH4+) (4.5x21 cm). After washing with H2O, the column was
eluted with 0.04n NH4OH, 0.06n NH4OHand 0.08n NH4OH. Evaporation of the 0.06n NH4OH
eluate gave mono-N-acetyl-2-deoxystreptamine (1.1 g), which was crystallized from MeOH,mp
229~230°C.

Anal. Calcd. forC8H16N2O4: C47.1, H7.9, N13.7.

Found: C46.7, H8.4, N13.5.

From the 0.08 n NH4OHeluate 240 mg of the unreacted 2-deoxystreptamine was recovered.

Preparation of tetra-N-acetyl-2// ,3'/-0-isopropylideneribostamycin (4d)
To a solution of tetra-N-acetylribostamycin (4.36 g) in DMF(150 ml) were added 2,2-dimethoxy-

propane (5.0 ml) and/7-toluenesulfonic acid (400 mg). The resulting solution stood overnight at room
temperature and then was diluted with MeOH(200ml). The reaction mixture was treated with
Amberlite IRA 400 (OH") (100ml) and concentrated to dryness to give crude tetra-N-acetyl-2^,3"-
O-isopropylideneribostamycin, which was crystallized from ethanol-ethyl acetate (3.8 g) mp 178^
180°C (dec), [a]2D2+37.5QC (c 1, MeOH).

Anal. Calcd. for C28H46N4O14: C50.8, H7.0, N8.5.
Found: C50.6, H6.8, N8.3.

Other compoundsemployedin this workwere prepared according to the procedures reported in the
following literature references: 2-Deoxystreptamine (la)13\ mp 220^221 °C (dec) ; di-N-acetyl-2-
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deoxystreptamine（lb）14）mp290～29lOC（dec・）；neamine（2a）14），mP244～246OC（dec・）；tetra－N－

acetylneamine（2b）14），mP306～3080C（dec・）；ParOmamine（3）15），mP237～2390C（dec・）；ribostamycin

（4a）16），mP193～1950C（dec・）；tetra－N－aCetylribostamycin（4C）14），mP203～2050C（dec．）．Ribosta一

mycinsulfate（4b）wassuppliedffomKawasakiFactoryofthiscompany・
Allthecompoundsusedinthisstudywerehomogeneousonpaperchromatography（1－BuOH－

Pyridine－AcOH－H20，6：4：1：3）orsilicagelthin－1ayerchromotography（CHC13－MeOH－COnC．－
NH40H，1：4：2：1）．
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