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Abstract

Three 2"-modified dibekacin-analogs have been prepared as potential compounds active
against resistant bacteria producing 2”-O-phosphotransferases; one is 5-deoxy-5,2"-diepi-5-
fluorodibekacin (9) prepared from a suitably protected 2”-O-triflyl derivative through the
2" 3"-cyclic carbamate, and the others are 2"-oxo derivatives (12 and 22, both as the hydrate)
of 5-deoxy-5-epi-S-fluoro-dibekacin and -arbekacin prepared through oxidation at C-2" of
suitably protected derivatives. Relationships between the t-butoxycarbonyl( = Boc)-NH-shifts
of per-N-Boc synthetic intermediates and their structures were studied. It was found that the
shifts, measured in pyridine-ds at 80 °C, which spread over a close range (8 6—7 ppm), are
sensitively influenced by nearby and surrounding groups around the BocNH group in respect
of electron-withdrawing character, hydrogen bonding (BocNH - - - acceptor), and also solvent
effects (BocNH - - - NCiH;). © 1997 Elsevier Science Ltd. All rights reserved.

Keywords: Dibekacin derivative; Oxo compound; ¢-Butoxycarbonylamino; Amide proton shift; Inductive effect;
Hydrogen bond; Pyridine-ds

1. Introduction duce nucleotidyl transferases, giving 2"-O-adeny-
lyldibekacin. In contrast, arbekacin, a 1-N-[(S)-4-

Dibekacin (3',4'-dideoxykanamycin B), clinically amino-2-hydroxybutanoyl] derivative of dibekacin, is
used, is inactivated by resistant bacteria [1] that pro- not inactivated by these bacteria and has an improved

antibacterial activity; however, recently arbekacin was
reported to be inactivated [2] by some methicillin-re-
* Corresponding author. sistant  Staphylococcus aureus (MRSA) to give the
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2"-phosphate. Generally, removal of the hydroxyl
group phosphorylated by resistant bacteria has been
an effective method to recover the activity [3], as
demonstrated by dibekacin [4]. However, removal of
the HO-2" group of dibekacin substantially decreased
the activity (unpublished data), indicating the impor-
tance of this group. Recently 2"-amino-2"-deoxy-di-
bekacin and -arbekacin have been synthesized [5] and
shown to be active against resistant bacteria phospho-
rylating HO-2". However, we wished to prepare a
more effective derivative lacking the H,N-2" group
because the presence of excess NH, groups in a
molecule sometimes increases toxicity or decreases
transportation into bacterial cells. Syntheses of the
2"-epimer of dibekacin and the 2"-oxo derivatives of
dibekacin and arbekacin have thus been undertaken.
Our additional interest in these syntheses was the
stability of the oxo compounds, because in natural
substances, the coexistence of amino and carbonyl
groups has rarely been reported. In our synthesis, the
5-hydroxyl group in dibekacin was replaced with
inversion by fluorine, because the hydroxyl group
impedes selective oxidation at C-2", and moreover
5-deoxy-5-epi-S-fluorination is expected to give
products of enhanced antibacterial activity [6].

2. Results and discussion

Synthesis.—Pentakis( N-tert-butoxycarbonyl)dibe-
kacin (BocDBK, 2) prepared conventionally [6] from
dibekacin (1) was converted into the 4”,6"-O-
cyclohexylidene derivative 3, which was acetylated to
give the 2”-O-acetyl derivative 4 having HO-5 free.
Lack of acetylation (or benzoylation) here was usu-
ally experienced in similar kanamycin derivatives
[6-9]. Fluorination of 4 with Et,NSF; (DAST) [10]
gave the 5-deoxy-5-epi-5-fluoro derivative S in high
yield. The axial orientation of fluorine was proved by
the "’F NMR spectrum; fluorine resonated as double
triplets showing large coupling [6] (Js 53 and J,
= Jgr 29 Hz). After deacetylation (to give 6), the
free HO-2" was triflated, and the resulting 7 was
treated with NaOAc in DMF to give the 2”,3"-cyclic
carbamate under inversion at C-2”. The structure was
confirmed by lack of one Boc group, and by IR and
'H NMR spectra (J,. ,» ~ 0 Hz). Subsequent depro-
tection gave S5-deoxy-5-epi-5-fluoro-2"-epidibekacin
(9). The presence of an axial HO-2" group was
confirmed by the shift and coupling constants of H-2"
in its NMR spectrumn. The C NMR spectrum of 9
(Table 1) also supported the structure.

Table |

C NMR chemical shifts * (8 P, ppm) and coupling con-
stants (J. Hz) for 9, 12, 22, and 5-deoxy-5-epifluoro-
arbekacin (FABK) in DCI-D,0O (pD 3)

Compound

9 12 22 FABK
C-1 47.63d 47.69d 46.83d 46.98d
C-2 28.61 28.55 3041 30.47
C-3 47.88d 47.80d 48.12d 48.07d
C-4 72.24d 72.47d 72.88d 72.90d
C-5 86.49d 86.51d 87.57d 87.79d
C-6 78.73d 79.35d 79.00d 78.80d
C-1 91.02 91.18 91.12 91.02
Cc-2' 49.04 48.96 48.98 48.94
C-3 21.66 21.55 21.58 21.55
C-4 26.38 26.25 26.30 26.29
C-5 66.83 66.81 66.73 66.67
C-¢ 43.51 43.34 43.37 43.35
C-1 101.70 102.76 102.79 100.43
Cc-2” 67.36 92.14 92.09 68.72
Cc-3” 53.85 58.14 58.34 56.02
Cc-4" 64.40 66.44 66.50 67.01
C-5 74.10 73.71 73.71 73.34
C-6" 61.80 61.60 61.59 61.41
C-1” 176.67 176.62
c-2" 70.40 70.43
c-3” 31.62 31.59
C-4” 37.77 37.73
16y F 4.5 4.5 4.5 4.5
Juorr 17.6 17.5 17.5 17.3
Jsg 184.1 184.2 182.4 182.2

* Measured at 125.8 MHz by a Bruker AMX 500 spec-
trometer and confirmed by the '"H-"C CcosY.
® Internal Me, Si.

5,2"-Dideoxy-5-epi-5-fluoro-2”-oxodibekacin was
synthesized from 6. Treatment of 6 with pyridinium
dichromate (PDC) in CH,Cl, gave the 2"-oxo deriva-
tive 11 in 80% yield. Presence of the carbonyl group
was confirmed by the appearance of H-1" as a singlet
and of C-2" at low field (8 196.5) in its 'H and "°C
NMR spectra, respectively. Subsequent deprotection
with aqueous 95% CF,CO,H (TFA) gave the final
product 12. However, as the penta-TFA salt was
hygroscopic and gradually decomposed on storage, it
was converted into the tetra(acetic acid) salt by pass-
ing through a Dowex resin-column (AcO~ form) to
give 12 as a stable salt. Its 'H, "°F, and °C NMR
spectra (Table 1) confirmed the structure; the reso-
nance of “C-2" appeared in the region of anomeric
carbons (8 92.1) indicating the absence of carbony!
and the presence of a hydrate structure, this fact
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being further confirmed by its mass spectrum and
elemental analysis.

R'HNCH,

R! R? R® RY RS

1 H OH H H HH
2 Boc OH H H H, H
3 Boc OH H H (CHpC
4 Boc OH H Ac (CHy)C
5 Boc H F Ac (CHp)C
6 Boc H F H (CHpC
7 Boc H F OSOCF; (CHyC

H2NCH, NH

—_— NH2 F

HOCH,

NH; HO
HO

HO
12

The 2"-oxo derivative of 5-deoxy-5-epi-S-fluoro-
arbekacin was prepared by applying a similar route as
described for 12. Pentakis( N-tert-butoxycarbonyl)ar-
bekacin (14), prepared conventionally from arbekacin
(13) was converted into its 4”,6”-O-cyclohexylidene
derivative 15, which was selectively benzoylated to
give the 2”,2"-dibenzoate 16. Fluorination with DAST
afforded the 5-deoxy-5-epi-S-fluoro derivative 17 in
good yield. After debenzoylation, the 2”,2"-diol 18
was oxidized with Dess—Martin periodinane [11],
whereupon, however, HO-2" was selectively oxi-
dized to give 20. Therefore, selective protection of
the HO-2" (or HO-2") was explored. Treatment of 18
with 3,4-dihydro-2 H-pyran failed to give any pure
positional isomer, but treatment with Ac,O in pyri-
dine successfully gave the 2"”-acetate 19 in 81% yield
after chromatography. The position acetylated was
confirmed by its '"H NMR spectrum. Oxidation of 19
was next tried using PDC, pyridinium chlorochro-
mate, and (CH,),SO-Ac,0; the last was the best.
The presence of a 2”-oxo group in product 21 was
confirmed by its 'H and "C NMR spectra. Deacety-
lation followed by deprotection with aqueous 95%
TFA gave the final product 22 in high yield. Again
the 2”-oxo group in 21 was transformed into its
hydrate form. Attempts to dehydrate 22 (and 12) to
give the corresponding carbonyl form by heating
under diminished pressure (at 50 °C for one week or
more) failed, only the starting 22 remained (a car-
bonyl carbon signal was not observed, as an even
trace, in its °C NMR spectrum). Compounds 12 and
22 were unstable in alkaline solutions.

R'HNCH, NHR'

1 3" 4"
0 NHCOCH(OR?)CH,CH,NHR'
L i
NHR' ° e ]
R® o
/ocuz
R® °
\ NHR!
o)
OR®
Rl R2 R3 R4 R5 R6
13 H H OH H H H,H
14 Boc H OH H H H,H
15 Boc H OH H H (CHy
16 Boc Bz OH H Bz (CHyC
17 Boc Bz H F Bz (CHpC
18 Boc H H F H (CHyC
19 Boc  Ac H F H (CHpC
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Structure — chemical shift relationships in BocNH
(and acyl-NH) protons in N -tert - butoxycarbonyl
compounds.—Urethane- or amide-type proton-sig-

nals have not been utilized positively in structural
elucidation of aminoglycoside antibiotics, possibly
because they were considered to give inconsistent
shift-values with broadened signals, varying accord-
ing to concentration and temperature in solutions. In
the present study, we obtained a number of struc-
turally determined NBoc derivatives as the synthetic
intermediates, and therefore we intended to search
them for probable regularity between structure and
shift-value of BocNH-protons in analogous positions
(1, 3, 2, 6, 3", and 4”). However, these BocNH
protons showed chemical shifts largely influenced by
temperature and the solvent used. When measured in
dry pyridine-d5, however, each of these protons gave
a comparatively sharp signal with a consistent chemi-
cal shift at one temperature, not influenced by the
concentration of the compounds (see Table 2), sug-
gesting that no substantial self-association exists.
Therefore, we fixed the measuring temperature at 80
°C (signals sharpened as the temperature raised; for
example see [12]) and collected the BocNH-shift
data. Our first questions noted after the start of this
study had been (a) why the BocNH-1 protons always
resonate downfield (A8 0.35-0.7) as compared with
the BocNH-3 protons, despite the similarity in struc-
tural surroundings in each other and (b) why the
BocNH-2' protons for the compounds having a F-5ax
atom always resonate upfield (AS ~ 0.6) as com-
pared to those having a HO-5eq group.

Table 2
"H NMR chemical shifts (8, ppm) of BocNH protons for 2—6, 8, 10, 11, 14, and 18—21 in 60 mM solution * in pyridine-d;
at 80 °C

Functional group at

C-5 c-2" NH-1 NH-3 NH-2' NH-¢' NH-3" NH-4"
2 HO,, HO,, 6.99 6.32d 6.60d 6.290t 6.95
3 HO,, HO,, 6.97d 6.30d 6.72d 6.28t 6.76d
4 HO,, AcO,, 6.70d 6.30d 6.76d 6.30t 6.92d
5 E,. AcO,, 6.78d 6.42d 5.97d 6.31 6.97d
6 F,, HO,, 6.97d 6.41d 6.02d 6.31 6.77d
8 E,. 0=C0,, 7.22d 6.52d 6.11d 6.33 9.37s ©
10 F,. HO,, 6.97d 6.32d 6.00d 6.30 6.44d
11 F,, =0 7.09d 6.47d 6.09d 6.32 7.30d
14 HO,, HO,, 8.09d ° 6.28d 6.59d 6.27t 6.97d 6.56
18 F,, HO,, 8.06d ° 6.35d 5.98d 6.28t 6.80d 6.50t
19 F,. HO,, 8.17d © 6.35d 5.95d 6.25t 6.73d 6.49t
20 F,. HO,, 8.61d ° 6.44d 5.99d 6.25t 6.68d 6.53t
21 F = 8.35d ° 6.41d 5.97d 6.23t 7.27d 6.40

2 The shifts of 2, 5, and 14 in 6, 30, 60, and 120 mM solutions were as follows: 2, NH-1: 6.98, 6.98, 6.98, 6.95 (in the order
cited); NH-3: 6.32, 6.32, 6.32, 6.30: NH-2": 6.60, 6.60, 6.60, 6.59; NH-6': 6.30, 6.29, 6.29, 6.28; NH-3": 6.96, 6.96, 6.95,
6.95. 5, NH-1: 6.79, 6.77, 6.78, 6.77: NH-3: 6.43, 6.41, 6.42, 6.40; NH-2": 5.98, 5.96, 5.97, 5.96; NH-6": 6.31, 6.30, 6.31,
6.29;: NH-3": 6.99, 6.96, 6.98, 6.96. 14, NH-1: 8.10, 8.10, 8.09, 8.07; NH-3: 6.30, 6.29, 6.29, 6.25; NH-2": 6.60, 6.59, 6.58,
6.56; NH-6": 6.29, 6.29, 6.28, 6.24; NH-3": 7.01, 7.00, 6.98, 6.93; NH-4": 6.57, 6.55, 6.55, 6.52.

® AHB-NH proton.
¢ NH for cyclic carbamate.
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As shown in Table 2, BocNH-protons attached at a
methylene group (C-6' and -4") appeared at § ~ 6.3
and ~ 6.5 (confirmed by the 'H-'H COSY) as a
triplet (or a triplet-like singlet) respectively with only
slight fluctuation in shifts among the compounds
tested. On the other hand, the BocNH-3 protons
attached at a methine group of 2-deoxystreptamine
(which has a HO-5eq group) or 2,5-dideoxy-5-epi-5-
fluorostreptamine (which has a F-5ax atom) appeared
as a doublet (J ~ 8 Hz) in most cases, in the vicinity
of & 6.3—6.4. Discrimination of the BocNH-1 and -3
signals is not usually easy because of similar steric
situations for the groups (see formulas); however, we
have succeeded by determining the sequences of
H-1'-C-4-H-4-C-3-H-3-NH-3 and H-1"-C-6-H-
6—C-1-H-1-NH-1 for 3 and 6, chosen as reference
compounds, by utilizing HMBC and HMQC methods
as well as 'H-'H COSY. A careful check of the
BocN H-3 shifts, however, indicated that in the for-
mer group of compounds (2, 3, 4, and 14) they were
located at slightly higher fields (8 ~ 6.3) than the
latter (8 ~ 6.4; slight deviations were observed in
2"-modified compounds, 8, 10, and 11). This may be
attributed to the difference in substituent at C-5, that
is, F-5ax is slightly more electron-withdrawing than
HO-5eq [6]. To examine the structure—shift relation-
ship in this position in more detail, three simple
disaccharides were prepared; namely the per-N-(z-
butoxycarbonyl) derivatives of 3',4’-dideoxyneamine,
5-epi-5-fluoro-5,3' 4'-trideoxyneamine, and 5-epi-5-
fluoro-6-O-methyl-5,3' ,4'-trideoxyneamine (23, 25,
and 26 in this order). The BocNH-3 shift (8 6.32) of
23 fell in the expected range for 2-deoxystreptamine
derivatives having HO-5eq, which was approxi-
mately Aé 0.1 smaller than those for 25 and 26
having a F-5ax atom, supporting the foregoing as-
sumption. The BocNH-6" values for 23, 25, and 26
also showed good agreement with the expected val-
ues described before.

6.29 6.32
BocHNCH, NHBoc
6.81
o HBOC
o
NHBoc OH
6.77

6.33 6.42
RHNCH,

6.31
BocHNCH, NHBoc

6.97 (28)
OCH,  6.82(29)

6.60
BocHNCH, R/ C
o \ A\ NHBoc
° OMe

OMe OH

NHBoc
6.17

27 28

6.65
NHBoc NHBoc
6.65 6.91

NHBoc 3 NHBoc

HO (o}
OH OH

30 31

The BocNH-2' signals were roughly divided into
two groups resonating at 8 6.6-6.75 (compounds
2-4, 14, and 23) and ~ 6.0 (the other compounds
including 25 and 26). The main difference in struc-
ture between the two groups was again the sub-
stituent at C-5 (HO-5eg or F-5ax), and this suggests
that BocNH-2' - - - OH-5 hydrogen bonding [13] oc-
curs in the former group of compounds, deshielding
the NH protons. This was also supported by energy
minimum conformations of related compounds calcu-
lated by MM2UEC (which show the states of isolated
molecules in vacuum at room temperature; see Fig. 1
and Table 3). In these calculations, corrections for
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Fig. 1. Stereoviews of 2, 3, 10, 23, and 27 in the mini-
mum-energy obtained by MM2UEC.

solvent [14,15] by specifying the dielectric constant
of pyridine (12.3) were not performed, because the
conformations obtained by both calculations showed
no substantial difference (see Table 3). In 2, 3, and 4,
the NH-2'-0-5 distances were in the typical range
(~2.15 A) for hydrogen-bonding [16-18], and the
large N-2'-H-2'-0-5 angles (140-155°) supported
this [16,18]. A hydrogen-bonding for NH-2' - - - O0-4
expected from the location of vicinal NH-2',0-4
groups, however, should be much weaker, because
the distances (2.4-2.5 A) are relatively large and the
N-2'-H-2'-0-4 angles are small ( ~ 90°) (Table 3). A
careful check indicated, however, that there was a
small shift-difference (A8 ~ 0.2) between the group
2 and 14 (both have 4”,6"-diols; 8 ~ 6.6) and the
group of 3 and 4 (both have a 4",6”-O-cyclohexyli-
dene group; 8 ~ 6.75). This observation suggests
that the free HO-6" influences the BocNH-2' shift. A
conformational check of 2, however, indicated that

the BocNH-2'-OH-6" distance was large, precluding
the possibility of a close relationship of these atoms.
Instead, a comparatively short distance was observed
for HO-5-0-5"(ring O) (2.66 A) with a large O-5-
H-5-0-5" angle (136°), the distance being shorter
than the corresponding one for 3 (2.85 A); however,
this finding gave no clue for the problem. To exam-
ine the BocNH-2' shift-value further, the 2,6-di-N-
Boc derivative 27 of methyl 2,6-diamino-2,3.4,6-te-
tradeoxy-a-D-erythro-hexopyranoside was prepared.
Its BocNH-2 shift (8 6.17) was slightly outside the
expected value (8§ 6.0), and this difference (AS
~0.17) is ascribed to the effect of solvent as de-
scribed later.

For BocNH-3", the shifts were mainly influenced
by the vicinal 2”-substituent although a slight distur-
bance by the neamine moiety was observed. In the
4" 6"-O-cyclohexylidene derivatives, the downfield
shifts (A8 ~0.2) in 4 and 5 (6 ~ 6.95) from the
standard values for 3, 6, 18-20 (§ ~ 6.75) may be
explained by influence of the electron-withdrawing
2"-0-acetyl group In these compounds, no apprecia-
ble NH-3" - - - O-2"(or 4") hydrogen-bonding is ex-
pected, considering the large distances (2.5-4 A) and
small N-H-3"-0-2" angles (Table 3). In 2 and 14,
which lack the 4”,6"-O-cyclohexylidene group, how-
ever, the shift-values were slightly larger (A8 ~ 0.2)
than the standard value (8 6.75). This difference
could be ascribed to the free HO-4" group, which
may form a hydrogen-bond with the Boc(C= 0)-3"
atom to decrease the electron-density on the N-3”
atom {see 2 in Fig. 1; the distance for
Boc(C=0) -+ HO-4" is 2.10 A; LO-4"-OH-4"

- 0=C(0O'Bu-3") 132°, and <OH-4" ---
O(=C)-C=0(0'Bu-3") 103° the last value being
suitable for hydrogen-bonding [16,19]}. A similar
situation was also seen in the BocNH-1 shifts for the
pair 25 and 26, the latter compound being unable to
form the hydrogen bond in question. The upfield shift
of NH-3" (A§ ~ 0.45) by 2"-epimerization (2 — 10)
may be attributed in part to the HO-2"ax group,
which should withdraw bonding electrons much less
than the corresponding HO-2"eg group. It should be
noted that the expected hydrogen-bonding for
BocNH-3" - - - O-2"ax in 10 is not feasible because
of the large distance (3.59 A) in the energy-minimum
conformation of 10. The large downfield shifts (&
~7.3; A8 0.55) of NH-3" in the 2"-oxo compounds
(11 and 21) may be attributed to the strong electron-
withdrawing effect of the carbonyl group. To clarify
the BocNH-3" shifts further, the N-z-butoxycarbonyl
derivative [20] (28) of methyl 3-amino-3-deoxy-a-D-
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glucopyranoside and its 4,6-O-cyclohexylidene
derivative (29) were prepared. The respective shift-
differences between 2 and 28, and between 3 (or 6)
and 29 were only small (A5 0.02-0.06), indicating
that substitution of the neamine moiety (at C-1") with
a MeO group gave no substantial change. On the
other hand, 4,6-O-cyclohexylidenation (28 — 29)
gave an expected upfield-shift (A8 0.15) as de-
scribed before.

In the case of NH-1, the situation is somewhat
complex. At first, changing the 1-amino-protecting
group from Boc to ($)-4-amino-2-hydroxybutanoyl
(AHB) (2 — 14, 6 — 18, for example) markedly low-
ered the shifts (A8 ~ 1). This may be attributed to
the stronger electron-withdrawing effect of the latter
group. Downfield shifts of the AHB-NH-1 protons
accompanied by conversions of the functional group
at C-2" from OH (14 and 18; § ~ 8.1) to OAc (19
and 21; & 8.2-8.35) and to =0 (20, & 8.6) are
consistent with the order of electron-withdrawing
ability (OH < OAc < =0). In regard to the BocNH-1
shifts, conversion of HO-2" to AcO-2" (2 or 3 > 4;
6 — 5) brought about upfield shifts (A8 0.2-0.3).
This may be explained in that the hydrogen bonding
between BocNH-1 --- OH-2" is weakened by the
electron-withdrawing O-acetylation; the change in
length of NH-1-0-2" (2.13 = 2.17 A) (Table 3) also
supports the prediction. A slight downfield shift of
BocNH-1 in the 2”-0xo compound 11 (8 7.09) rela-
tive to that for the HO-2" compound 6 (8 6.97) may
be attributed to the strengthened hydrogen-bonding
between NH-1 - - - O=C-2", consequent on the short-
ening of length (A 0.13 A). However, the NH-1 shift,
together with those of the other compounds, is con-
sidered to be affected by pyridine to a certain extent
as described later.

Next we discuss the BocNH-1 shifts in disaccha-
rides 23, 25, and 26. A small upfield shift (AS
~0.15) in 23 relative to the structurally related
dibekacin derivatives 2 and 3 is attributed to the
removal of 3-amino-3-deoxy-D-glucose moiety. The
shift-changes [ 6.81 (23) — 6.91 (25) — 6.82 (26)]
accompanied by replacement of HO-5eq of 23 to
F-Sax (A8 +0.1), and HO-6 to MeO-6 (A6 —0.1)
are attributed, respectively, to 5-epi-5-fluorination and
6-O-methylation, as described before. However, in
contrast to the foregoing rather understandable shift-
changes, the spatial dispositions of the BocNH-1
groups in 25 and 26, relative to their neighboring
groups, as determined by MM2UEC, differ consider-
ably from each other (see Fig. 2). Such conforma-
tional changes based on computation do not, how-

Fig. 2. Conformations of 23, 25, and 26 in the minimum-
energy obtained by MM2UEC.

ever, seem to reflect the actual BocNH-1 shift-values
in pyridine-d;. The origin of the shift changes in
these compounds may be ascribed to the axial fluo-
rine at C-5. In 23 having a HO-5eq group, the C=0
in the BocNH-1 group is located in the lower face of
the average plane defined by the 2-
deoxystreptamlne ring (C=0 --- HO-6, 2.13 A;
C=0 --- H-6, 407 A), whereas in 25, the C=0
group is rotated to the upper face to be situated in a
position close to both H-6 (2.32 A) and HO-6 (2.12
A), possibly by a dipole-pairing with the former
(C=0%-""H-6) and hydrogen bonding with the
latter (C=0 --- HO-6). It was surmised that the
positive charge in H-6 in 25 was brought about by
the electron-withdrawing F-5ax situated in an an-
tiperiplanar position. In 26, the C=0 group is also
located in a similar position (C=0 - - - H-6, 2.44 A).
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Finally, we briefly compare the absolute chemical
shifts for different positions. As the shift of BocNH-6
in monosaccharide 27 is exceptionally high (8 6.60),
compared to the usual shifts of the same protons (§
~6.3) (a similar tendency is also observed in
BocNH-2 of 27, although to a lesser extent, as al-
ready described), the BocNH-6 proton of 27 is sus-
pected to interact with pyridine [21] more strongly
than those of other more complex compounds, by the
absence of a bulky BocNH-3 group located nearby
(see Fig. 1). The approach of pyridine to form a
BocNH - - - NC;Hy bond will increase the BocNH-
shift because of an enhanced exchange-rate [22,23] of
the proton adjacent to the pyridine nitrogen. To ex-
amine the possibility that this kind of proton-ex-
change enhancement would occur in BocNH-1 and
-3, a simple derivative of 2-deoxystreptamine, namely
1,3-bis( N-tert-butoxycarbonyl)-2-deoxystreptamine
(30) was prepared. The BocNH shift (& 6.65) was
considerably different from those for both the
BocNH-1 (8 6.81 in 23, for example) and BocNH-3
(8 ~ 6.30) (that is, the shift in 30 was smaller than
that for NH-1 and larger than that for NH-3). Does
this mean that the approach of pyridine is enhanced
at NH-3, and suppressed at NH-1?

To clarify this question, another reference com-
pound, a 4,5(5,6)-O-cyclohexylidene derivative (31)
of 30 was prepared. This compound showed two
BocNH shifts (8 6.91 and 7.05), which were as-
signed to NH-1 (the position to have HO-6 in the
vicinity) and NH-3, respectively, by steric compari-
son with other compounds (see chemical formula),
the NH-1 shift thus determined being larger than that
for 30 by A6 0.26 but appropriate for an conven-
tional BocNH-1 shift. As the steric surroundings near
the BocNH-1 groups in both 30 and 31 are consid-
ered to be almost the same, the shift-difference may
be attributed to the difference in mobility (molecular
motion) [24] of the compounds in pyridine-ds, that is,
30 is in a state of more active motion, thus weaken-
ing the approach of pyridine. Raising the temperature
results in upfield-shift [25] in all BocNH protons of
all compounds (by weakening the solvation, the rate
being different for respective positions), in support of
the foregoing conclusion.

Summarizing all discussions thus far, the conclu-
sion may be drawn that BocNH-6" is comparatively
protected from the approach of pyridine because of
the presence of the bulky BocNH-3 group nearby,
and the BocNH-3 is likewise protected by the 2,6-di-
amino-2,3,4,6-tetradeoxy-a-D-glucose moiety bearing
a BocN group at C-2 (see Fig. 1). In contrast, it is

predicted that both BocNH-1 and -3” hydrogens are
exposed to pyridine due to the absence of bulky
groups nearby, giving low-field resonances (8 6.8—
7.0). However, a check of minimum-energy confor-
mations (Fig. 1) calculated by MM2UEC suggests
that the BocNH-1 and -3” groups are in close proxim-
ity and are shielded from pyridine. This problem
requires further discussion; however, we suppose that
the energy surface determined by interaction of
BocNH-1 and the 3-amino-3-deoxy-D-glucose moiety
(bearing the BocNH-3” group) will be smooth be-
cause of the parallel dispositions of the two BocNH
groups. As a result, the energy-minimum conforma-
tions as shown in Fig. 1 would readily be disrupted at
80 °C in pyridine. In contrast, the energy-minimum
conformation for the segment formed by BocN-3 and
the 2,6-diamino-2,3,4,6-tetradeoxy-D-glucose moiety
(as shown 2 in Fig. 1, for example) may be resistant
to the motional changes due to crosswise overlapping
of the BocN-3 group onto the D-glucose moiety.
However, the consistent (compare the values for 2
and 29) and relatively low-field shifts (§ ~ 6.75) of
BocNH-3" may be explained alternatively by the
presence of two vicinal, electron-withdrawing hy-
droxyl groups (or the equivalents) at C-2” and 47,
which work as a barrier against pyridine (and as a
result give consistent values) and give lowfield shifts.
Similarly, the BocNH-2" hydrogens (only for those
compounds having a F-5ax atom in the adjacent
moiety, as in 5 and 25), or the BocNH-2' hydrogen
in 27, are presumed to be protected from pyridine by
the axial glycosyloxy or CH,O group (although the
latter is slightly less effective than the former).

In conclusion, the chemical shifts of BocNH pro-
tons that resonate over a narrow range (8 ~ 6.0—~
7.0 in pyridine-ds at 80 °C) are sensitive reflections
(as described in detail in the text) of the stereochemi-
cal and electrochemical surroundings of the BocNH
groups, in respect of the electronic inductive-effect of
nearby functional groups, degree of hydrogen-bond-
ing, and the ease of solvent approach (in this case,
pyridine-d;). Studies aiming to find the chemical and
physical factors determining the proton-shifts of
BocNH hydrogens have not been reported before,
although there have been studies in protein chemistry
similar in their fundamental approach [26-30]. One
possibility drawn from the last conclusive factor is
that H,N-6' is protected from acetylation by resistant
bacteria because of overlap of the BocNH-3 group
onto the H,N-6' position; indeed this was confirmed
by the MM2UEC calculation of 3-N-Boc-dibekacin,
which showed a conformation similar to that of 2
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(see Fig. 1) in the 3',4'-dideoxyneamine portion, sug-
gesting the possibility that some weakly bonded 3-
N-acyl(or urethane-type) derivatives might be useful
as prodrugs (this aspect is now under study).

Antibacterial activity.—The 2"-epimer (9) of 5-de-
oxy-3-epi-5-fluorodibekacin [6] showed activity less
than one-tenth of that of the parent compound against
both normal and resistant bacteria. The corresponding
2"-oxo derivative (as its hydrate form; 12) showed
further decreased activity (see Experimental section).
Attachment of an (S)-4-amino-2-hydroxybutanoyl
group at N-1 of 12 restored the activity somewhat,
but it was still far smaller than that for arbekacin.
This suggests clearly that the equatorial HO-2" is
essential for activity. This fact is also supported by
the weak activity of 2"-deoxykanamycins (unpub-
lished data).

3. Experimental

General methods.—Melting points were deter-
mined on a Kofler block and are uncorrected. Optical
rotations were determined with a Perkin—Elmer 241
polarimeter. IR spectra were recorded with a Jasco
A-202 grating spectrophotometer. FAB-mass spectra
were recorded with a Jeol SX-102 spectrometer, us-
ing glycerol as the matrix. NMR spectra were mea-
sured with a Bruker AC 250P (‘H at 250, "°C at 62.9,
and "F at 235.4 MHz, all at 27 °C) or AMX 500 (‘H
at 500, °C at 125.8, and "F at 470.5 MHz, all at 30
°C) spectrometers. Chemical shifts (8) of 'H, "C,
and "F spectra were recorded downfield from inter-
nal Me,Si (for 'H and "*C) and internal Freon 11 (for
'F), and confirmed, if necessary, by shift-correlated
2D spectra. TLC was performed on Kieselgel 60 F,s,
(Merck) and column chromatography, on Wakogel
C-200, unless otherwise stated.

Computation.—All calculations were performed
on a Sun SPARC Station 2 with Materia Version 3.1
(Teijin System Technology, Ltd., Japan) using
MM2UEC (by Yoshiyuki Hase), a modified version
based on MM2(87) by N.L. Allinger, taking account
of hydrogen bonding and two lone-pairs on sp>-hy-
bridized oxygen.

1,3,2',6',3"- Pentakis( N -tert-butoxycarbonyl)dibe-
kacin (2).—To an aq solution (70 mL) of 1 (free
base, 5.00 g, 11.1 mmol) and Et,N (15.4 mL, 110
mmol) was added di--butyl dicarbonate [(7-
BuOCO0),0, 14.5 g, 66.4 mmol] in 1,4-dioxane (90

mL), and the mixture was stirred for 1.5 h at 60 °C.
After addition of aq 28% NH, (6 mL) followed by
stirring for 30 min at 60 °C, the mixture was concen-
trated. Addition of water gave a precipitate, which
was thoroughly washed with water and dried (~ 10
Pa, 1 day at 25 °C under P,O;) to give 2 as an
amorphous powder (9.52 g, 90%), [a 3 + 66° (c 1,
DME) (lit [17] showed no data); 'H NMR (pyridine-d
at 80 °C): & 1.43 (9 H), 1.48 (18 H), 1.49 (9 H), 1.52
(9 H) (each s, 5 Boc), 3.47 (m, 2 H, H-6'a,b), ~3.75
(unresolved m, 5 H, H-1, 3, 4, 5, 6), 3.85 (m, 1 H,
H-2'), 428 (m, 1 H, H-3"), 532 (d, 1 H, Jy, 3.5
Hz, H-1"),5.38 (d, 1 H, J,, 3.5 Hz, H-1') (H-1' and
-1" were discriminated by 'H-'H COSY). Anal.
Calcd for C,3H,,N;O\4: C, 54.24; H, 8.15; N, 7.36.
Found: C, 54.45; H, 8.35; N, 7.43.
4",6"-0-Cyclohexylidene-1,3,2',6',3"-pentakis( N-
tert-butoxycarbonyl)dibekacin (3).—To a solution of
2(9.11 g, 9.57 mmol) in DMF (46 mL) in a distilling
flask were added 1,1-dimethoxycyclohexane (2.8 mL,
194 mmol) and anhyd p-toluenesulfonic acid (330
mg) and the mixture was stirred for 2 h at S0 °C and
~ 4 kPa, during which time a small amount of
solvent (including MeOH) was distilled off. The mix-
ture was poured into aq NaHCO, (std, 1 L) and the
resulting precipitate, after washing with water thor-
oughly, was dried as described for 2 to give 3 as a
solid (10.05 g, quant). An analytical sample was
prepared by chromatography with 30:1 CHCI,-
MeOH, [a]¥ + 50° (¢ 1, CHCL,) (lit [17], no data
reported), IR (KBr) 1700 cm ™' [Boc(CO)]; '"H NMR
(pyridine-d5 at 80 °C): & 1.46 (9 H), 1.48 (18 H),
1.49 (9 H), 1.51 (9 H) (each s, 5 Boc), 3.48 (m, 2 H,
H-6'ab), 3.77 (m, 1 H, H-3), 3.78 (m, 1 H, H-4),
3.80 (m, 1 H, H-1), 3.88 (t, | H, J,,=J5, 10 Hz,
H-6), 3.90 (m, 1 H, H-2"), 4.15(dt, 1 H, J 3 =J3 4
10, Jyny 8 Hz, H-3"), 5.40 (d, 1 H, Jl/’%/ 3.5 Hz,
H-1), 541 (d, 1 H, Jy 3 Hz, H-1"). °C NMR
(pyridine-ds at 80 °C): § 25.14 (C-3'), 28.22 (C-4'),
28.66, 28.70, 28.74 [(CH,),C(O)O]; 35.59 (C-2),
45.59 (C-6'), 51.23 (C-1), 51.32 (C-3), 51.66 (C-2'),
55.41 (C-3"), 62.36 (C-6"), 66.36 (C-5"), 68.68 (C-
5), 71.31 (C-4"), 71.84 (C-2"), 75.90 (C-5), 83.68
(C-4), 84.43 (C-6), 100.18 (C-1"), 100.73 (C-1).
Anal. Caled for C,gHgsNsO5-H,0: C, 56.04; H,
8.35; N, 6.69. Found: C, 56.36; H, 8.40; N, 6.44.
2"-0-Acetyl-4",6"-O-cyclohexylidene-1,3,2',6",3"-
pentakis(N - tert - butoxycarbonyl)dibekacin (4).—A
solution of 3 (monohydrate, 8.90 g, 8.47 mmol) and
Ac,0 (8.8 mL, 86.2 mmol) in pyridine (180 mL) was
kept for 16 h at room temperature. After concentra-
tion, conventional work-up gave 4 as an amorphous
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powder (8.97 g, 98%), [a ' + 64° (¢ 1, CHCl,); 'H
NMR (pyridine-d5 at 80 °C): & 1.482 (27 H), 1.510
(9 H), 1.515 (9 H) (each s, 5 Boc); 2.18 (s, 3 H, Ac),
3.43-3.54 (m, 2 H, H-6'a,b), 3.71-3.75 (m, 2 H,
H-1, 3), 391 (br s, 1 H, H-2'), 445 (q, 1 H, J~ 10
Hz, H-3"),5.38 (d, 1 H, J;, 3.5 Hz, H-1'), 5.44 (dd,
1 H, Jp, 3.5, Jya 105 Hz, H-2"), 561 (d, 1 H,
Jy o 3.5 Hz, H-1"). Anal. Calcd for C5Hg;NsO:
C, 57.02; H, 8.16; N, 6.52. Found: C, 56.95; H, 8.16;
N, 6.75.

2"-O-Acetyl-4",6"-O-cyclohexylidene-5-deoxy-5-epi-
5-fluoro-1,3,2',6',3"-pentakis( N -tert- butoxycarbon-
yl)dibekacin (5).—To a cold (—20 °C) solution of 4
(8.77 g, 8.16 mmol) in CH,Cl, (175 mL), DAST
(5.4 mL, 40.9 mmol) was added and the solution was
kept for 6 h at the temperature. Aq NaHCO; (std, 500
mL) was added under vigorous stirring and the prod-
uct was extracted with CH,Cl,. Chromatography
(30:1 CHC1;-MeOH) of the crude product gave 5 as
an amorphous powder (7.51 g, 86%), HPTLC
[Kieselgel 60 F,, (E. Merck), 30:1 CHCI —MeOH]
R; 0.55 (cf 4: R, 0.6), [a]2? + 65° (c 1, CHCl) 'H
NMR (pyridine- d at 80 °C): & 1.47 (9 H), 1.48 (18
H), 1.50 (9 H), 1.54 (9 H) (each s, 5 Boc), 2.11 (s, 3
H, Ac), 3.34 (t, 2 H, Jsguen) = Jgaemnn 0 Hz,
H-6'ab), 3.91 (m, 1 H, H-2), 405 (m, 1 H, H-1),
4.30 (m, 1 H, H-3), 4.36 (dt, 1 H, J,» 3 = Jy 4 10,
Jyan 9 Hz, H-3"), 523 (d, 1 H, J, , 3.5 Hz, H-1),
5.43(dd, 1 H, Jy. » 4, Jy» 5 10 Hz, H-2"), 5.44 (br d,
1 H, J15F 53 Hz, H-5), 547 (d, 1 H, J; » 4 Hz,
H-1"). ”F NMR (pyridine- ds at 80 °C): & —213.52
(dt, Jsp 53, Jyp=Jep 29 Hz F-5). Anal. Calcd for
C,,Hg FN,O 40 C, 56.91; H, 8.05; F, 1.77; N, 6.51.
Found: C, 56.84; H, 7.98; F, 1.51; N, 6.59.

4" ,6"-O-Cyclohexylidene-5-deoxy-5-epi-5-fluoro-1,3,
2',6',3"-pentakis( N-tert-butoxycarbonyl)dibekacin (6).
—To a solution of § (4.00 g, 3.72 mmol) in MeOH
(35 mL), 1 M NaOMe in MeOH (4 mL) was added
and the solution was kept for 30 min at room temper-
ature. Conventional post-treatment gave 6 as an
amorphous powder (3.85 g, 98%), [a]Z| +64° (¢ 1,
CHCI,); '"H NMR (pyridine-d, at 80 °C): & 1.44,
1.46, 1.49, 1.51, 1.55 (each s of 9 H, 5 Boc), 3.36
(ABX,2H, Js ¢, 5, Jy g1, 6, Jg.¢p 14 Hz, H-6'ab),
3.90 (m, 1 H, H-2'), 395 (dd, 1 H, J;, 10, J,z 27
Hz, H-4), 404 (dd, 1 H, J, ¢ 10, Jor 27 Hz, H-6),
4.08 (dt, 1 H, Jyyp=Jyp 10, Jypy 8 Hz, H-3"),
4.17 (m, 1 H, H-1), 4.34 (m, 1 H, H-3), 5.25(d, 1 H,

Jyy 3.5 Hz, H-1), 5.29 (d, 1 H, J;» 4 Hz, H-1"),
5.46 (br d, 1 H, Js 53 Hz, H-5), 6.28-6.33 (br, 1 H,
NH-6"). '°F NMR (pyridine-d at 80 °C): § —213.48
(dt, Jsy 53, Jor=Jgg 27 Hz, F-5). °C NMR (pyri-

dine-d, at 80 °C): & 24.87 (C-3'), 28.64, 28.71
[(CH,),C(0)0]; 34.89 (C-2), 45.60 (C-6'), 48.42 (d,
Jop 3.5 Hz, C-3), 49.53 (d, Jof 5 Hz, C-1), 50.34
(C-2), 55.79 (C-3"), 62.33 (C-6"), 66.30 (C-5"),
68.57 (C-5'), 70.98 (C-4"), 71.92 (C-2"), 76.75 (d,
Jer 19 Hz, C-4), 81.06 (d, J- 18 Hz, C-6), 90.17
(d, Jop 183 Hz, C-5), 95.46 (C-1), 102.64 (C-1").
Anal. Caled for C,,Hg,FN,O,-H,0: C, 55.93; H,
8.24; F, 1.81; N, 6.66. Found: C, 56.10; H, 8.03; F,
1.52; N, 6.81.
2",3"-0,N-Carbonyl-4",6" -O-cyclohexylidene-5 -
deoxy-35,2"-diepi-5-fluoro-1,3,2',6' - tetrakis( N -tert-
butoxycarbonyl)dibekacin (8).—To an ice-cold solu-
tion of 6 (monohydrate, 491 mg, 0.48 mmol) in 3:1
CH,Cl,-pyridine (10 mL), (CF;S0,),0 (0.24 mL,
1.43 mmol) was added, and the solution was kept for
30 min at the same temperature. In TLC (20:1
CHC1,-MeOH), a single spot of R, 0.6 (7; cf. 6: R,
0.3) appeared. Addition of water (0.13 mL) followed
by concentration gave a residue, which was dissolved
in CHCl; and the solution was washed with aq
NaHCO, (std), dried (Na,SO,), and concentrated.
The crude 7 was dissolved in DMF (10 mL), NaOAc
(180 mg) was added, and the mixture was stirred for
4 h at 80 °C. Addition of water (200 mL) gave a
precipitate, which was washed thoroughly with water,
and dried to give 8 as an amorphous powder (402
mg, 90%), TLC (20:1 CHCl,-MeOH): R, 0.3, [«
+53°(c 1, CHCL,), IR (KBr): 1700 [Boc(CO)], 1770
cm ™! (carbamate); 'H NMR (pyridine-ds at 80 °C): &
1.49, 1.50, 1.52, 1.55 (each s of 9 H, 4 Boc), 3.38
(m, 2 H, H-6'a,b), 3.80 (dd, 1 H, H-3"), 3.92 (m, 1 H,
H-2'), 4.27 (m, 1 H, H-1), 437 (m, 1 H, H-3), 4.82
(d, 1 H, H-2"), 531 (d, 1 H, H-1'), 5.39 (br d, 1 H,
HS) 556 (br s, 1 H, H-1"); Jy, 3.5, Jy ~0,
Iy 3 6.5, Jy o 13, Js . 53 Hz. "°F NMR (pyridine-d;
at 80 °C): & —213.84 (dt, Jsx 53, J,p=Jgp 27 Hz
F-5). Anal. Calcd for C,H,,FN.O,: C, 56.29; H,
7.77; F, 1.98; N, 7.29. Found: C, 56.10; H, 7.61; F,
1.70; N, 7.10.
5-Deoxy-5,2" - diepi - 5 - fluorodibekacin (9).—An
ice-cold solution of 8 (58.8 mg, 0.06 mmol) in aq
95% CF,CO,H (1.2 mL) was kept for 2 h. Concen-
tration gave a residue, which was dissolved in aq 1 M
NaOH (1.1 mL) and heated for 1.5 h at 80 °C. After
neutralization with Dowex 50W-X2 (H* form, 200—
400 mesh, ~ 2 mL), the mixture was poured into a
column containing the same fresh resin (2 mL). After
the column was washed with water, elution with aq 1
M NH, gave ninhydrin-positive fractions, which were
combined and concentrated to give 9 as a solid (29.4
mg, 93% as monocarbonate), TLC (4:7:2:7 BuOH-



272 Y. Kobayashi, T. Tsuchiya / Carbohydrate Research 298 (1997) 261-277

EtOH-CHCl;-aq 17% NH;): R gpeacn 0.7, [ ]
+107° (¢ 1, H,0); '"H NMR (D,0-DCl, pD 3): &
1.65 (dg, 1 H, H-4ax), 1.96 (m, 1 H, H-4'eq), 2.03
(g, 1 H, H-2ax), 2.08-2.18 (m, 2 H, H-3ax, 3'eq),
2,64 (dt, 1 H, H-2eq), 3.13 (dd, 1 H, H-6'a), 3.31
(dd, 1 H, H-6'b), 3.61-3.67 (m, 1 H, H-2'), 3.64 (dd,
1 H, H-3"), 3.75 (dd, 1 H, H-6"a), 3.80 (t, 1 H,
H-4"), 3.82-3.93 (m, 2 H, H-1, 3), 3.97-4.02 (m, 2
H, H-5", 6"b), 4.15 (m, 1 H, H-5), 4.27 (dd, 1 H,
H-4 or 6), 4.34 (dd, 1 H, H-2"), 4.38 (dd, 1 H, H-6 or
4), 5.24 (d, 1 H, H-1"), 5.51 (d, 1 H, H-1), 5.80 (br
d’ 1 H’ H_S)’ J1,2ax = J2ax,2€q = ‘]2ax,3 13’ J3,4 = J1,6
W, Jye=Jsg 27, Jspg 51, Jyy 4 Jypwa=
J4’ax,4’eq=‘]4'ax,5’ 13’ J3'eq,4'ax 5, J5',6’a 8’ ‘]5’,6'b 3,
Joaen 14 Ty 2, Jyiy 3, Jy 40 10, Jp 5 10, Js g0,
8, Jgugw 12 Hz. '"H NMR (26% ND, in D,0) as
expressed by Ad {(8’s for 9) — (corresponding &’s
for 5-deoxy-5-epi-5-fluorodibekacin [6])}: 0 (H-2 ax),
0.01 (H-2eq), 0.05 (H-5), 0 (H-1'), 0.01 (H-2"), 0.01
(H-4'ax), —0.01 (H-6'a), 0.02 (H-6'b), —0.05 (H-1"),
0.53 (H-2"), —0.17 (H-3"), 0.16 (H-4"), —0.01 (H-
6"2), 0.04 (H-6"b); Jy,n 15, Jpy 3 Hz (cf. 5-de-
oxy-5-epi-S-fluorodibekacin: Jy. ,» 4, Jy 3 10 Hz).
F NMR (D,0-DCl, pD 3): § —216.89 (dt, Js
52, Jop=Jop 26 Hz, F-5). Anal. Calcd for
C,sH;FN,O, - H,CO,: C, 44.26; H, 7.43; F, 3.69;
N, 13.59. Found: C, 44.24; H, 7.73; F, 3.61; N,
13.75.
5-Deoxy-5,2"-diepi-5-fluoro-1,3,2',6',3"-pentakis( N-
tert-butoxycarbonyl)dibekacin (10).—To an aq solu-
tion (0.56 mL) of 9 (monocarbonate, 40 mg, 0.078
mmol) and Et;N (0.11 mL) was added di-t-butyl
dicarbonate (102 mg, 0.47 mmol) in 1,4-dioxane
(0.72 mL), and the mixture was treated as described
for 2 to give 10 as an amorphous powder (73 mg,
99%), [a )% +47° (¢ 1, DMF); "H NMR (pyridine-d;
at 80 °C): 6 1.43 (9 H), 1.44 (9 H), 1.49 (9 H), 1.50
(18 H) (each s, 5 Boc); ~ 1.65 (H-4'eq), 1.8-1.95
(m, 2 H, H-3'ax, 3'eq), 2.03 (q, 1 H, J 13 Hz X 3,
H-2ax),2.34 (dt, 1 H, J 4, 4, 13 Hz, H-2eq), 3.31 (1,
2 H, Jsguen) =Jougmun 5 Hz, H-6'ab), 3.8-3.9
(m, 1 H, H-2'), 3.90 (dd, 1 H, J 10, 27 Hz, H-4),
4.05-4.30 (3 H, H-1, 5, 6), 43-44 (1 H, H-3),
44-45 (2 H, H-2", 3"), 536 (d, 1 H, J,, 3.5 Hz,
H-1), 542 (s, 1 H, H-1"), 5.82 (br d, 1 H, Jsx 53
Hz). F NMR (pyridine-d; at 80 °C): § —214.47
(dt, Jsp 53, Jyp=Jsr 27 Hz, F-5). Anal. Calcd for
C,sH,.FN,O,, C, 54.13; H, 8.03; F, 1.99; N, 7.34.
Found: C, 53.74; H, 8.20; F, 1.95; N 7.32.
4",6"-0-Cyclohexylidene- 5, 2" - dideoxy-5-epi-5-
fluoro-2"-o0xo0-1,3,2',6, 3" - pentakis(N - tert - but-
oxycarbonyl)dibekacin (11).—A mixture of 6 (1.00

g, 0.95 mmol), PDC (730 mg, 1.94 mmol), and
molecular sieves 3A (1.93 g) in CH,Cl, (20 mL) was
stirred for 5 h at room temperature. Ether (100 mL)
was added, and the mixture was filtered with the aid
of Celite and Silica Gel Merck 60G, and the bed was
washed with ether. The combined solutions were
concentrated to give, after drying over P,O; in vacuo,
11 as a solid (780 mg, 80%), TLC (30:1 CHCl,-
MeOH, doubly developed): R/ .ompounas 12, [@]3
+73° (¢ 1, CHCl,), IR (KBr): 1700 [Boc(CO)], 1750
cm™! (shoulder); 'H NMR (pyridine-d; at 80 °C): &
1.467, 1.486, 1.489, 1.514, 1.554 (each s of 9 H, 5
Boc), 3.36 (ABX, 2 H, Jyq, 5, Jsgp 6 Jougn 14
Hz, H-6'ab), 391 (m, 1 H, H-2'), 415 (m, 1 H,
H-1), 433 (m, 1 H, H-3), 489 (dd, 1 H, Jy , 10,
Jynu 8 Hz, H-3"), 526 (d, 1 H, J,, 4 Hz, H-1),
5.36 (s, 1 H, H-1"), 545 (br d, 1 H, J; 53 Hz, H-5),
6.29-6.35 (br, 1 H, NH-6'). "’F NMR (pyridine-d at
80 °C): & —213.84 (dt, Js 53, J,p=Jer 27 Hz,
F-5). °C NMR (pyridine-d, at 27 °C; signals lower
than & 85 are shown): 6 90.43 (d, J. 182 Hz, C-5),
95.26 (C-1'), 99.85 [(CH,)5C], 102.58 (C-1"); 156.03,
156.34 (strong), 156.97 [each Boc(CO)], 196.49 (C-
2"). Anal. Caled for C,4Hy,FNSO,,: C, 57.02; H,
8.01; F, 1.84; N, 6.79. Found: C, 57.01; H, 7.98; F,
1.65; N, 6.80.
5-Deoxy-5-epi-5-fluoro-2"-hydroxydibekacin (12).
—An ice-cold solution of 11 (259 mg, 0.25 mmol) in
aq 95% CF,CO,H (2.5 mL) was kept for 3 h.
Addition of ether (12 mL) gave a precipitate, which
was filtered, washed with ether, and dried in vacuo to
give a solid (~ 250 mg). An aq solution of the TFA
salt was slowly passed through a column of Dowex
1-X2 resin (AcO~ form, 40 mL) with water, and the
ninhydrin-positive fractions were combined and
freeze-dried to give 12 as a solid (149 mg, 84% as
tetraacetate of 2-hydrate), [a]3 +144° (¢ 1, H,0);
MS m/z 452.4 (minor) and 4704 (M + 1)*, 'H
NMR (TFA salt in D,O, pD ~ 3): § 1.64 (dg, 1 H,
H-4'ax), 1.93 (narrow m, 1 H, H-4'eg), 1.97 (q, 1 H,
J 13 Hz X 3, H-2ax), 2.08 (narrow m, 2 H, H-3'ax,
Yeq), 2.63 (dt, 1 H, J,,,,=J,,, 3 5 Hz, H-2eq),
3.11(dd, 1 H, J 8, 13 Hz, H-6'a), 3.26 (dd, 1 H, J 3,
13 Hz, H-6'b), 3.48 (d, 1 H, Jy,, 10 Hz, H-3"), 3.61
(m, 1 H, H-2"), 372 (t, 1 H, H-4"), 3.74 (1 H,
H-6"a), ~3.87 (m, 2 H, H-1, 3), 3.96 (1 H, H-6"b),
4.01 (1 H, H-5"), 4.11 (m, 1 H, H-5), 420 (dd, 1 H,
J 11, 26 Hz, H-4 or 6), 4.27 (dd, 1 H, J 11, 26 Hz,
H-6 or 4), 5.00 (s, 1 H, H-1"), 548 (d, 1 H, J,, 3.5
Hz, H-1), 5.78 (d, 1 H, J5; 51 Hz, H-5). "F NMR
(TFA salt in D,O, pD ~3): § —216.70 (dt, J 26,
26, 52 Hz, F-5). Anal. Calcd for C g H, FN,Oy-
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4CH,CO,H: C, 44.00; H, 7.39; F, 2.68; N, 9.87.
Found: C, 44.22; H, 7.42; F, 2.60; N, 9.56.
3,2',6',3" 4" -Pentakis( N-tert-butoxycarbonyl)arbe-
kacin (14).—To a solution of arbekacin (13) sulfate
(683 mg base g ', 5.00 g, 6.18 mmol) in 1:1 1,4-di-
oxane—water (160 mL), were added (-BuOCO),0
(8.10 g, 37.1 mmol) and Et;N (8.6 mL), and the
solution was kept for 3.5 h at 60 °C. Work-up as
described for 2 gave 14 as a solid (6.05 g, 91%),
[a]? +81° (¢ 1, CHCL,); '"H NMR (pyridine-ds at
80 °C): 6 1.41 (9 H), 146(9H) 1.48 (18 H), 152(9
H) (each s, 5 Boc) 3.48 (m, 2 H, H-6"a,b), 3.55 (m, 2
H, H-4"ab), 3.76 (m, 1 H, H-3), 3.78 (m, 1 H, H-2'),
4.00 (m, 1 H, H-1), 430 (m, 1 H, H-3"), 536 (d, 1
H, J,, 3.5 Hz, H-1), 538 (d, 1 H, J,, 3 Hz,
H-1'). Anal. Calcd for C,Hg,NO,, - H,O: C, 52.70;
H, 8.09; N, 7.85. Found: C, 52.64; H, 7.96; N, 7.98.

4",6"-O-Cyclohexylidene-3,2',6',3",4"-pentakis( N-
tert - butoxycarbonyl)arbekacin (15).—Compound 14
(monohydrate, 5.75 g, 5.37 mmol) in DMF (30 mL)
was treated with 1,1-dimethoxycyclohexane (1.6 mL,
11.1 mmol) as described for 3 to give 15 as a solid
(6.05 g, quant), [a]3 +52° (¢ 1, CHCL,); 'H NMR
(pyridine-ds at 80 °C): 8 1.45, 1.47, 1.48, 1.50, 1.52
(each s of 9 H, 5 Boc). Anal. Caled for C;Hy,N,O,:
C, 56.17; H, 8.18; N, 7.42. Found: C, 55.94; H, 8.15;
N, 7.41.

2" 2"-Di-O-benzoyl-4" ,6"-O-cyclohexylidene-3,2' 6,
3" 4" -pentakis( N-tert-butoxycarbonyl)arbekacin (16).
—Compound 15 (5.28 g, 4.66 mmol) in pyridine
(107 mL) was treated with BzCl (2.75 mL, 23.7
mmol) for 2 h at room temperature to give, after
standard work-up, 16 as a solid (6.14 g, 97%), [« ]!
+53° (¢ 1, CHCL,); 'H NMR (pyridine-d; at 80 °C):
& 1.35,1.45, 1.47, 1.48, 1.51 (each s of 9 H, 5 Boc),
5.38(d, 1 H, J 3.5 Hz, H-1'), 5.58 (dd, 1 H, J 5 and
7.5 Hz, H-2"), 5.61 (dd, 1 H, J 4, 10.5 Hz, H-2"),
6.09 (d, 1 H, J,, 4 Hz, H-1"). Anal. Caled for
CeH,oN;Oo, - H,0: C, 59.19; H, 7.56; N, 6.18.
Found: C, 59.26; H, 7.42; N, 6.24.

2",2"-Di-O-benzoyl-4",6"-0O-cyclohexylidene-5 -
deoxy-5-epi-5-fluoro-3,2',6',3",4" - pentakis( N-tert-
butoxycarbonyl)arbekacin (17).—Compound 16
(monohydrate, 4.02 g, 2.96 mmol) in CH,Cl, (80
mL) was treated with DAST (2.0 mL, 15.1 mmol) for
6 h at —20 °C, then worked up as described for 5 to
give, after chromatography (30:1 CHCl,~MeOH), 17
as a solid (2.83 g, 71%), [a]5 +75° (c 1, CHCl,);
"H NMR (pyridine-ds at 80 °C): & 1.37, 1.45, 1.46,
1.49, 156(eachsof9H 5Boc), 5.17(d, 1H, J 3.5
Hz, H-1'), 5.44 (dd, 1 H, J 5.5, 7 Hz, H-2""), 5.50 (br
d, 1 H, Js¢ 53 Hz, H-5), 5.55 (dd, 1 H, J 4, 10 Hz,

H-2"), 576 (d, 1 H, J 4 Hz, H-1"). "F NMR
(pyridine-ds at 80 °C): & —213.48 (dt, Jsp 53,
Jugp = Jop 27 Hz, F-5). Anal. Calcd for
C,;HoFN,O,,: C, 59.90; H, 7.43; F, 1.41; N, 6.25.
Found: C, 59.77; H, 7.44; F, 1.17; N, 6.26.

4" 6"-0-Cyclohexylidene-5-deoxy-5-epi-5-fluoro-3,
2',6',3" 4" -pentakis( N-tert-butoxycarbonyl)arbekacin
(18).—Compound 17 (1.35 g, 1.00 mmol) was
debenzoylated in a sirnilar manner as described for 6
to give 18 as a solid (1.03 g, 89%), [a]3 +53°(c 1,
CHCL,); '"H NMR (pyridine-d; at 80 °C): & 143,
1.47, 1.49, 1.51, 1.54 (each s of 9 H, 5 Boc), 2.04 (q,
1 H, H-2ax), 2.18 (m, 1 H, H-3"a), 2.32 (m, 1 H,
H-3"b), 2.55(dt, 1 H, H-2 eg), 3.36 (m, 2 H, H-6'a,b),
3.54 (m, 2 H, H-4"a,b), 3.90 (m, 1 H, H-2'), 4.06 (m,
I H, H-3), 419 (dd, 1 H, Jy o 4, Jy oy 10 Hz,
H-2"), 431 (m, 1 H, H-3). 438 (m, 1 H, H-1), 4.44
(dd, 1 H, Jyn 30, 4.5, Jy 3w, 8 Hz, H-2"), 5.24 (d, 1
H, Jyy 35 Hz, H-1), 527 (d 1 H, Jpp 4 He,
H-1"), 546 (br d. 1 H, J 53 Hz, H-5. "F NMR
(pyridine-ds at 80 °C): & —213.97 (dt, Jsp 53,
Jyg=Jsr 28 Hz, F-5). °C NMR (pyridine-ds at 27
°C; signals lower than & 85 are shown): & 89.89 (d,
Jep 183 Hz, C-5), 95.18 (C-1), 99.66 [(CH,);C],
102.08 (C-1"); 156.02, 156.31, 156.98 (strong) [each
Boc (CO)]; 175.89 (NHCO-1). Anal. Calcd for
CyHy FN,O,, - H,0: C, 55.19; H, 8.13; F, 1.65; N,
7.29. Found: C, 55.37; H, 8.10; F, 1.55; N, 7.45.

4",6"-0-Cyclohexylidene-5,2" -dideoxy-5 - epi-5 -
fluoro-2"-ox0-3,2',6',3",4" - pentakis(N - tert - but-
oxycarbonyl)arbekacin  (20).—A mixture of 18
(monohydrate, 195 mg, 0.17 mmol) and Dess—Martin
periodinane [11] (95 mg, 0.22 mmol) in CH,Cl, (4
mL) containing tert-butanol (0.016 mL) was stirred
for 1 h at room temperature. After addition with
CHCl, (20 mL), the solution was successively washed
with aqg NaHCO, (std), aq Na,S,0; (half std), and
water, dried (Na,SO,), and concentrated to give 20
as a solid (195 mg, quant), [« % +56° (¢ 1, CHCl,);
"H NMR (pyridine-d; at 80 °C): & 1.42, 1.45, 1.49,
1.51, 1.54 (each s of 9 H, 5 Boc), 3.2-3.4 (4 H,
H-6'ab, 3"a,b), 3.55 (q, 2 H, J 6 Hz X 3, H-4"a,b),
3.90 (m, 1 H, H-2), 4.02 (m, 1 H, H-3"), 4.15 (dd, 1
H, J 3.5, 9 Hz, H-2"), 4.32 (m, 1 H, H-3), 4.48 (m, 1
H H 1),524(d, 1 H, Jy, 3.5Hz H-1"), 525 (d, 1
v 35 Hz, H-1), 5.46 (br d, 1 H, J;, 52 Hz,
H 5). PF NMR (pyridine-d, at 80 °C): 6§ —213.88
(dt, Jsp 52, Jyp=Jgp 275 Hz, F-5). PC NMR
(pyridine-dy at 27 °C): & 22.83, 23.04, 28.00, 28.16,
38.32 [(CH,)sC]; 24.51 (C-3'), 25.96 (C-4'), 28.57
(Boc), 33.87 (C-2), 36.08 (C-4" or C-3"), 38.19
(C-3" or C-4"), 45.16 (C-6'), 48.01 (C-1 and C-3),
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50.16 (C-2'), 55.00 (C-3"), 62.20 (C-6"), 66.03 (C-
2"), 68.19 (C-5'), 70.98 (C-4"), 71.40 (C-5"), 76.76
(d, Jor 18 Hz, C-4); 78.00, 78.22, 78.43, 78.62,
78.71 [5 C(Me),]; 80.22 (d, Jo; 17 Hz, C-6), 90.26
(d, Jop 1785 Hz, C-5), 9532 (C-1), 99.63
[(CH,);C], 102.74 (C-1"); 156.06, 156.31, 156.62,
156.71, 157.00 [5 Boc(CO)]; 162.19 (NHCO-1),
198.22 (C-2"). Anal. Caled for C53H g, FN,O,, - H,0:
C, 55.29; H, 7.97; F, 1.65; N, 7.30. Found: C, 55.40;
H, 7.81; F, 1.53; N, 7.50.
2"-0-Acetyl-4",6"-O-cyclohexylidene-5-deoxy-5-epi-
S5-fluoro-3,2',6',3",4" -pentakis( N-tert-butoxycarbon-
yl)arbekacin (19).—To an ice-cold solution of 18
(702 mg, 0.61 mmol) in pyridine (14 mL), was added
Ac,0 (1.4 mL, 13.7 mmol) and the solution was kept
at room temperature. After 75 min, water (1.2 mL)
was added, and the solution was concentrated. The
CHCI,; solution of the residue was washed succes-
sively with aq NaHCO; (std), aq 5% KHSO,, and
water, dried (Na,SO,), and concentrated. The residue
was chromatographed with 50:1 — 20:1 CHCl;~
MeOH to give 19 as a solid (585 mg, 81%), [a]zg
+48° (¢ 1, CHCL,); 'H NMR (pyridine-d, at 80 °C):
8 1.44, 1.47, 1.48, 1.50, 153(eachsof9H 5 Boc),
~1.85 (H-3'), 1.95 (s, 3 H, Ac), 2.04 (g, 1 H,
H-2ax); 2.26 (br q) and 2.31 (br d) (ABX centered at
2.29, 2 H, H-3"a,b); 2.59 (dt, 1 H, H-2eq), 3.34 (m,
2 H, H-6'a,b), 3.41 (m, 2 H, H-4"a,b), 3.90 (m, 1 H,
H-2'), 4.05 (m, 1 H, H-3"), 432 (m, 1 H, H-3), 435
(m, 1 H, H-1), 5.20 (d, 1 H, J 3.5 Hz, H-1), 5.26 (d,
1 H, J 4 Hz, H-1"), 538 (t, 1 H, H-2"), 5.45 (br d, |
H, Js; 53 Hz, H-5). "°F NMR (pyridine-d; at 80 °C):
5 ~213.99 (dt, J 27, 27, 53 Hz, F-5). “'C NMR
(pyridine-ds at 27 °C): & 20.62 (Ac); 22.84, 23.04,
28.01, 28.24, 38.34 [(CH,);C]; 24.56 (C-3'), 25.97
(C-4'), 28.57 (Boc), 32.72 (C-3"), 34.04 (C-2), 37.06
(C-4"), 45.12 (C-6'), 47.70 (d, J g 4 Hz, C-3), 48.50
(d, Jeg 4.5 Hz, C-1), 50.10 (C-2'), 55.20 (C-3"),
62.23 (C-6"), 65.96 (C-2"), 68.16 (C-5'), 70.89 (C-
4), 71.28 (C-5"), 72.86 (C-2"), 76.68 (d, Jo, 19
Hz, C-4); 78.02, 7825, 78.40, 78.55, 78.69 [5
C(Me);]; 79.80 (d, J.r 17 Hz, C-6), 89.92 (d, J.r
181 Hz, C-5), 95.07 (C-1'), 99.60 [(CH,);C], 102.13
(C-1"); 155.96, 156.24, 156.76 (strong), 156.93 [each
Boc(CO)]; 170.50, 171.10 (CH,CO,-2", NHCO-1).
Anal. Calcd for C;sHg,FNO,,: C, 56.11; H, 7.96; F,
1.61; N, 7.14. Found: C, 56.05; H, 7.93; F, 1.79; N
7.03.
2"-0-Acetyl-4",6"-O-cyclohexylidene-5,2"-dideoxy-
5-epi-5-fluoro-2"-0x0-3,2',6',3" 4" -pentakis( N-tert-
butoxycarbonyl)arbekacin (21).—To a solution of 19
(426 mg, 0.36 mmol) in dry Me,SO (6.7 mL), Ac,O

(1.7 mL) was added and the solution was kept for 2
days at room temperature under an N, atmosphere.
Aq NaHCO, (std, 200 mL) was added and the result-
ing precipitate was filtered and washed thoroughly
with water. Chromatography of the product with
50:1 — 30:1 CHCl1;—MeOH gave 21 as a solid (361
mg, 85%), [al3 +46° (¢ 1, CHCL,); 'H NMR
(pyridine-ds at 80 °C): & 1.47 (18 H), 1.48 (9 H),
1.51 (9 H), 154(9H)(eachs 5 Boc), ~ 1.85 (H-3'),
1.92 (s, 3 H, Ac), 2.15-2.4 (4 H, H-2ax,2eq,3"a,b),
3.34 (br t, 2 H, H-6'a,b), 3.42 (m, 2 H, H-4"a,b),
~3.87 (m, 1 H, H-2'), 429 (m, 1 H, H-1), 431 (m,
1 H, H-3), 484 (dd, 1 H, Jy 4 10.5, Jy\y 8.5 Hz,
H3”) 521(d, 1 H, J,, 3 Hz, H-1'), 529 (s, 1 H,
H-1"), 540 (t, 1 H, H-2"), 544 (br d, 1 H, Js 53
Hz, H-5. "F NMR (pyridine-d; at 80 °C): &
—214.49 (dt, J 27, 27, 53 Hz, F-5). "C NMR
(pyridine-dy at 27 °C; signals lower than & 85 are
shown): 8 90.19 (d, J-r 184 Hz, C-5), 95.19 (C-1),
99.87 [(CH,);C], 10227 (C-1"); 155.96, 156.26,
156.54, 156.82, 156.93 [5 Boc(CO)]; 170.15, 171.04
(CH,CO-2", NHCO-1), 196.77 (C-2"). Anal. Calcd
for C5sHy FNO,,: C, 56.20; H, 7.80; F, 1.62; N,
7.15. Found: C, 56.36; H, 8.18; F, 1.65; N, 7.08.
5-Deoxy-5-epi-5-fluoro-2"-hydroxyarbekacin (22).
—To an ice-cold 0.1% NaOMe in MeOH (0.4 mL),
21 (18.8 mg, 0.016 mmol) was added, and the solu-
tion was kept for 0.5 h at the temperature, concen-
trated, and the residue extracted with CHCl, (5 mL).
After washing the solution with aq 5% KHSO,, it
was concentrated, and the residue was dissolved in
ice-cold aq 95% CF,CO,H (0.2 mL). After 1 h the
cold solution was concentrated, and the residue was
thoroughly washed with ether to give 22 as an amor-
phous solid (16.4 mg, 90% as penta(trifluoroacetate)
of the 2"-hydrate), [@]3 +76° (¢ 1, H,0); MS m/z
571.6 (M + 1)*, '"H NMR (D,0, pD 3): § 1.64 (m, 1
H, H-4ax), 185 (q, J 13 HzX 3, 1 H, H-2ax),
~1.92 (H4eq), ~197 (m, 1 H, H-3"a); 2.07
(ABX, 2 H, H-3ax, 3'eq); 2.19 (ddt, 1 H, J 3.5, 7,
7, 14 Hz, 1 H, H-3"b), 2.37 (dt, 1 H, H-2eq), 3.11
(dd, 1 H, J 8, 14 Hz, H-6'a), 3.18 (t, 2 H, J 7
Hz X 2, H-4"ab), 3.26 (dd, 1 H, J 3.5, 14 Hz,
H-6'b), 3.42 (d, 1 H, J 10 Hz, H-3"), 3.60 (m, 1 H,
H-2), 3.69 (t, 1 H, J 10 Hz X 2, H-4"), 3.73 (dd, 1
H, H-6"a), 3.82 (dt, 1 H, J 4, 11.5, 11.5 Hz, H-3),
3.94-4.01 (m, 2 H, H-5", 6"b), ~4.1 (1 H, H-5),
4.11 (1 H, H-6), 4.21 (dd, 1 H, J 11, 27 Hz, H-4),
431(dd, 1 H, J 4, 9.5 Hz, H-2"), 436 (dt, 1 H, J 4,
12, 12 Hz, H-1), 490 (s, 1 H, H-1"), 548 (d, 1 H, J
3.5 Hz, H-1"), 5.62 (sL. br d, | H, J 52 Hz, H-5). "°F
NMR (D,O0, pD 3): § —216.93 (dt, J 27, 27, 52 Hz,
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F-5). Anal. Caled for C,,H,;FN(O,, - 5CF,CO,H
C, 33.69; H, 4.24; F, 26.65; N, 7.37. Found: C,
3391; H, 442; F, 26.57; N, 7.33.
3',4'-Dideoxy-1,3,2',6' - tetrakis( N -tert-butoxycar-
bonyl)neamine (23).—To an aq solution (2.7 mL) of
3’,4'-dideoxyneamine [31] (monocarbonate -
monohydrate, 265 mg, 0.72 mmol) and Et;N (0.4
mL, 2.87 mmol) was added di-z-butyl dicarbonate
(0.69 g, 3.2 mmol) in 1,4-dioxane (2.7 mL), and the
mixture was treated as described for 2 to give 23 as
an amorphous powder (459 mg, 91%), [« 15 +56° (¢
1, CHCL,); "H NMR (pyridine-ds at 80 °C): & 1.44,
1 45, 1.48, 1.52 (each s of 9 H, 4 Boc); 2.71 (dt, 1 H,
J12eg="V2eq3 % Jrur2eq 13 Hz, H-2eq), 3.4-3.55
(m, 2 H, H6’ab) 3.75-3.9 (4 H, H-1,3,4,6), 3.88 (1
H, H-2'), 549 (d, 1 H, J,, 3.5 Hz, H-1'). Anal.
Calcd for C,,HN,O,, - H,O: C, 54.22; H, 8.53; N,
7.90. Found: C, 54.08; H, 8.29; N, 8.15.
5-Epi-5-fluoro-5,3 4’ - trideoxyneamine (24).—5-
Deoxy-5-epi-5-fluorodibekacin [6] (monocarbonate,
333 mg, 0.65 mmol) in ag 3 M HCl (4 mL) was
refluxed at 110 °C for 1 h. The solution was concen-
trated to its half volume, and neutralized with pow-
dered NaHCO, (pH 7 ~ 8). The mixture was charged
on a column of fresh Amberlite CG-50 (NH; form,
15 mL). After washing the column with water, the
product was eluted with 0.1 - 0.25 M NH,OH to
give 24 as an amorphous powder (186 mg, 89%),
[a]¥ +143° (¢ 1, H,0); 'H NMR (26% ND, in
D,0 at 27 °C): 8 1.15(q, 1 H, J 13 Hz X 3, H-2ax),
1.39 (m, 1 H, H-4'ax), 1.55-1.83 (3 H, H-3'ax, 3'eq,
4eq), 203 (dt, 1 H, J,,,,=J,,,; 45 Hz, H-2eq),
2.62(dd, 1 H, J 7, 13.5 Hz, H-6'a), 2.67 (dd, 1 H, J
45,135 Hz, H-6'b), 2.82 (ddd, 1 H, J, 5 3.5, Jy 3.,
5, Jyaa, 115 Hz, H-2'), 2.98 (m, 1 H, H-1 or 3),
3.13(m, 1 H, H-3 or 1), 3.39 (ddd, 1 H, J 2, 10, 31
Hz, H-6 or 4), 3.51 (ddd, 1 H, J 2, 10, 29 Hz, H-4 or
6), 3.82 (m, 1 H, H-5'), 499 (d, 1 H, J,, 3.5 Hz,
H-1), 5.06 (dt, 1 H, Jy5=Jsq 2, Jyx 53 Hz, H-5).
F NMR (26% ND, in D,O at 27 °C): § —215.44
(dt, J 30, 30, 53 Hz, F-5). °C NMR (26% ND, in
D,0 at 27 °C): § 27.02 (C-3'), 28.31 (C-4'), 36.65
(C—2), 45.81 (C-6), 48.01 (d, J.y 3.5Hz, C3or 1),
4892 (d, Joy 4 Hz, C-1 or 3), 50.24 (C-2)), 71.20
(C-5), 74.73 (d, Jeg 17 Hz, C-6 or 4),79.30(d, Jp
17 Hz, C-4 or 6), 91.43 (d, J-; 176 Hz, C-5), 97.13
(C-1'). Anal. Calcd for C,,H,sFN,O; - 0.5H,CO;: C,
46.43; H, 8.10; F, 5.88; N, 17.33. Found: C, 46.20;
H, 8.36; F, 5.79; N, 17.15.
5-Epi-5-fluoro-1,3,2', 6 -tetrakis(N - tert - but-
oxycarbonyl)-5,3' 4'-trideoxyneamine (25).—To an aq
solution (1 mL) of 24 (hemicarbonate, 100 mg, 0.31

mmol) and Et;N (0.15 mL, 1.1 mmol) was added
di-t-butyl dicarbonate (258 mg, 1.18 mmol) in 1,4-di-
oxane (1 mL), and the mixture was treated as de-
scribed for 2 to give 25 as an amorphous powder
(218 mg, 96%), [a]¥* +74° (¢ 1, CHCL,); '"H NMR
(pyridine-d; at 80 °C): & 143, 1.468, 1471, 1.51
(each s of 9 H, 4 Boc); 1.5-2.0 (4 H, H-3'ax, 3eq,
4’a‘x’ 4’€q), 1.75 (q’ 1 H’ J2ax,2eq = Jl,2ax = J2ax,3 13
Hz, H-2ax), 2.56 (dt, 1 H, J,,,, =J,,,, =45 Hz,
H-2eq), 3.37 (q, 2 H, Jg, 60 =Js6a=J56b=355
Hz, H-6'ab), 3.82 (ddd, 1 H, J,, 11, Js¢ 2, Jop 29
Hz, H-6), 3.90 (m, 1 H, H-2'), 391 (ddd, 1 H, J;,
11 J,5 2, J,r 28 Hz, H-4), 423 (m, 2 H, H-1, §'),
438 (m, 1 H, H-3),5.31(d, 1 H, J,, 3.5 Hz, H-1),
533 (dt, 1 H, J,5=Js4=2, Jsz 53 Hz, H-5). °F
NMR (pyridine-ds at 80 °C): 8 —214.51(dt, Js 53
Jor=Jsg 28 Hz, F-5). °C NMR (pyridine-ds at 80
°C): 8 24.77 (C-3), 28.38 (C-4'), 28.58, 28.60,
28.705, 28.713 [4(CH,);C(0)O]; 35.70 (C-2), 45.64
(C-6'), 48.84 (d, J.r 3 Hz, C-3), 50.36 (C-2'), 50.84
(d, Jog 5 Hz, C-1), 6847 (C-5'), 72.97 (d, Jo 18
Hz, C-6), 77.36 (d, J.p 18 Hz, C-4), 91.85 (d, J.p
180 Hz, C-5), 95.55 (C-1). Anal. Calcd for
C;,H,,FN,O,, - H,0: C, 54.07; H, 8.37; F, 2.67; N,
7.88. Found: C, 54.16; H, 8.16; F, 2.49; N, 7.95.

5-Epi-5-fluoro-6-O-methyl-1,3,2' ,6'-tetrakis( N-tert-
butoxycarbonyl)-5,3 ,4'-trideoxyneamine (26).—To a
mixture of 25 (80 mg, 0.11 mmol) and potassium
tert-butoxide (63 mg, 0.56 mmol) in THF (1.6 mL)
was added Mel (35 uL, 0.56 mmol), and the mixture
was stirred for 30 min at room temperature. After
concentration, the residue was extracted with CHCI,
and the organic solution was washed with aq 5%
KHSO, and water, dried (Na,SO,), and concen-
trated. Chromatography of the residue with 30:1
CHC1,-MeOH gave 26 as a solid (80 mg, quant),
[a]? +52° (¢ 1, CHCL,); 'H NMR (pyridine-d; at
80 °C): 5 1.45, 1.478, 1482 1.51, (eachsof9H 4
Boc), 1.5-2.0 (5 H, H-2ax, 3ax, 3eq, 4ax, 4eq),
248 (dt, 1 H, Jy5,,=Js003 5. Jygene, 13 Hz,
H-2eq), 3.39 (s, 3 H, OMe), 3.3-3.4 (2 H, H-6'a,b),
3.51(ddd, 1 H, J, ¢ 11, Js4 2, Jo 28 Hz, H-6), 3.81
(ddd, 1 H, J5, 11, J,5 2, J,r 27 Hz, H-4), 3.92 (m,
1 H, H-2'), 4.1-4.3 (m, 2 H, H-1, §'), 4.34 (m, 1 H,
H-3),5.34(d, 1 H, J,, 3.5 Hz, H-1'), 5.36 (dt, 1 H,
Jis=Jsg 2, Jsp 53 Hz, H-5). 5E NMR (pyridine-d
at 80 °C): 6 —213.68 (dt, Js 53, J,p=Jor 28 Hz
F-5). Anal. Caled for C;;Hy,FN,O,,: C, 56.07; H,
8.41; F, 2.69; N, 7.93. Found: C, 55.96; H, 8.27; F
2.57; N, 8.00.

Methyl 2,6-bis(tert-butoxycarbonylamino)-2,3,4,6-
tetradeoxy-a-D-erythro-hexopyranoside (27).—To an



276 Y. Kobayashi, T. Tsuchiya / Carbohydrate Research 298 (1997) 261-277

aq solution (0.9 mL) of methyl 2,6-diamino-2,3,4,6-
tetradeoxy-a-D-erythro-hexopyranoside [32] (free
base, 64 mg, 0.40 mmol) and Et;N (0.11 mL, 0.79
mmol) was added di-z-butyl dicarbonate (192 mg,
0.88 mmol) in 1,4-dioxane (0.9 mL), and the mixture
was stirred for 1 h at 60 °C. After addition of aq 28%
NH, (0.12 mL) followed by stirring for 30 min at 60
°C, the mixture was concentrated. The residue was
purified by column chromatography (10:1 CHCI ;-
AcOEt) to give 27 as crystals (124 mg, 86%), mp
94-95 °C; [al3* +85° (¢ 1, CHCl,); 'H NMR
(pyridine-dy at 80 °C): 6 ~ 1.4 (m, 1 H, H-4ax), 1.48
and 1.49 (each s of 9 H, 2 Boc), 1.63 (m, 1 H,
H-3ax), 1.7-1.85 (2 H, H-3eq, 4eq), 3.26 (s, 3 H,
OMe), 3.2-34 (2 H, H-6ab), 3.88 (m, 1 H, H-5),
3.93 (m, 1 H, H-2), 477 (d, 1 H, J,, 3.5 Hz, H-1).
Anal. Calcd for C;H4,N,0Oq: C, 56.65; H, 8.95; N,
7.77. Found: C, 56.37; H, 8.98; N, 7.85.

Methyl 3-tert-butoxycarbonylamino-3-deoxy-a-D-
glucopyranoside (28).—Compound 28 was prepared
according to the literature [20], mp 172-173 °C (lit.
[20], mp 170-171 °C); [@]5 +130° (¢ 1, CH ;OH)
{1it. [20], [«]® +136.5° (¢ 1, DMF)}); '"H NMR
(pyridine-d; at 80 °C): & 1.43 (s, 9 H, Boc), 3.38 (s,
3 H, OMe), 393 (dd, 1 H, J,, 3.5, J,5 10.5 Hz,
H-2),3.99 (t, 1 H, J;,=J,5 9 Hz, H-4), 4.05 (ddd,
1H, J,5 9, Js, 4.5, Jsg 3 Hz, H-5), 416 (dd, 1 H,
Jsea 4.3, Jgaeo 11.5 Hz, H-6a), 425 (dd, 1 H, Js ¢, 3,
Joaeo 11.5 Hz, H-6b), 4.35 (ddd, 1 H, J,; 10.5, J;,
9, Jynu 8 Hz, H-3), 495 (d, | H, J,, 3.5 Hz, H-1).

Methyl 3-tert-butoxycarbonylamino-4,6-0-cyclo-
hexylidene-3-deoxy- a-D-glucopyranoside (29).—28
(56 mg) was treated with 1,1-dimethoxycyclohexane
as described for 3, to give, after chromatography
(30:1 CHC1;—MeOH), 29 as an amorphous powder
(65 mg, 89%) [a]3d +85° (¢ 1, CHCL,); '"H NMR
(pyridine-d; at 80 °C): & 1.47 (s, 9 H, Boc) 1.2-2.2
(10 H, cyclohexylidene), 3.33 (s, 3 H, OMe), 4.09
(dd, 1 H, J,, 3.5, J,; 10.5 Hz, H-2), 493 (d 1 H,
H-1). Anal. Caled for C (H,;NO, - 0.5H,0: C, 56.53;
H, 8.43; N, 3.66. Found: C, 56.79; H, 8.17; N, 3.75.

1,3-Bis( N-tert-butoxycarbonyl)-2-deoxystreptamine
(30).—To an aq solution (0.7 mL) of 2-de-
oxystreptamine (free base, 50 mg, 0.31 mmol) and
Et;N (0.17 mL, 1.2 mmol) was added di-r-butyl
dicarbonate (168 mg, 0.77 mmol) in 1,4-dioxane (0.9
mL), and the mixture was stirred for 1 h at 60 °C.
After addition of aq 28% NH , (0.07 mL) followed by
stirring for 30 min at 60 °C, the mixture was concen-
trated. Evaporation of MeOH from the product (three
times) gave 30 as colorless needles (101 mg, 88%).
The analytical sample was prepared by recrystalliza-

tion from MeOH, mp 212-213 °C (decomp); 'H
NMR (pyridine-d at 80 °C): & 1.46 (s, 18 H, 2 Boc),
1.75 (q. 1 H, J 50 =Jouineg =Y20ca 12.5 Hz, H-
2ax), 278 (dt, 1 H, J,,,, =J;,,3 45, Jy,0.4 125
Hz, H-2eq), 3.75-3.85 (m, 3 H, H-4, 5, 6), 3.85-4.05
(m, 2 H, H-1, 3). Anal. Calcd for C,;H;,N,0,-0.5
H,0: C, 51.74; H, 8.41; N, 7.54. Found: C, 51.44; H,
8.64; N, 7.30.

1, 3-Bis( N-tert-butoxycarbonyl)-4,5(5,6)-O-cyclo-
hexylidene-2- To a solution
of 30 (56 mg, 0.15 mmol) in dry DMF (1.2 mL)-
CH,Cl, (6 mL) were added 1,1-dimethoxycyclohe-
xane (0.07 mL, 0.49 mmol) and anhyd pyridinium
p-toluenesulfonate (8 mg) and the mixture was re-
fluxed for 2 h in the presence of molecular sieves 5A.
The mixture was poured into ice-cold aq NaHCO,
(std, 10 mL) and extracted with CHCI, (2 mL X 5)
The organic solution was washed with aq NaHCO,
(std) and water, dried (Na,SO,), and concentrated.
The residue was purified by chromatography (30:1
CHC] —MeOH) to give 31 as a solid (43 mg, 64%);

'H NMR (pyridine-d; at 80 °C): & 1.2-1.4 (2 H) and

1.5-1.75 (8 H) (cyclohexylldene) 1.46 (s, 18 H, 2
Boc), 1.80 (g, 1 H, J 12 Hz X 3, H-2ax), 2.80 (dt, 1
H, J 4.5,4.5, 12 Hz, H-2 eq), 3.7-3.85 (2 H, H-4, 5),
3.96 (m, 1 H, H-1), 4.05-4.15 (2 H, H-3, 6). °C
NMR (pyridine-ds at 80 °C): & 24.00, 25.37, 36.80
and 37.05 (cyclohexylidene); 28.56 and 28.38
[2(CH,),C(0)0], 37.54 (C-2), 50.23 (C-3), 54.99
(C-1), 73.86 (C-6), 79.56 (C-5), 82.34 (C-4). Assign-
ments for 'H and "’C resonances were confirmed by
'H-'H COSY and 'H-'"*C HETCOR. Anal. Calcd
for C,,H,4N,O,: C, 59.71; H, 8.66; N, 6.33. Found:
C, 59.59; H, 8.75; N, 6.23.

Minimal inhibitory concentration (g mL') of 9,
12, dibekacin, 22, and arbekacin.—Performed on
Mueller—Hinton agar for 18 h at 37 °C. Staphylococ-
cus aureus FDA 209P: 6.25, 25, <0.2, 3.12, <0.2,
in the following order; Bacillus subtilis PCI 219:
1.56, 25, 0.39, 6.25, <0.2; Escherichia coli K-12:
12.5, 50, 0.39, 12.5, 0.78; Klebsiella pneumoniae
PCI 602: 25, > 100, 0.78, 25, 0.39; Serratia sp. 4
[AAD(2™)]: 25, 100, 50, 25, 1.56; Pseudomonas
aeruginosa A3: 6.25, 25, <0.2, 6.25, 0.39.
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