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6'-epi-FORTIMICINS
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REDUCTIVE AMINATIONS OF KETONES WITH SODIUM
CYANOBOROHYDRIDE AND AMMONIUM ACETATE?
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Abstract—Fortimicin B (2) has been converted to 6'-epi-fortimicin B (5) and 6'-epi-fortimicin A (4) both of which
have the same diaminosugar moiety as that present in gentamicin C, (3). The syntheses of the 6'-epi-fortimicins and
their antibacterial activities are reported.

Althongh reductive amination of 1,2'-di-N-benzyloxycarbonyl-6'-oxo-fortimicin B-4,5-carbamate (17) with sodium
cyanoborohydride and ammonium acetate in methanol gave a mixture of 1,2-di-N-benzyloxycarbonyl-6'-¢pi-
fortimicin B-4,5-carbamate (18) and 1,2-di-N-benzyloxycarbonylfortimicin B-4,5-carbamate (14), attempted reduc-
tion of 1,2-di-N-benzyloxycarbonyl-6'-minofortimicin B-4,5-carbamate (16), under identical conditions gave only
recovered imine. The significance of these results relative to the mechanism of the reductive amination of carbonyl

compounds with sodium cyanoborohydride and amine salts is discussed.

_ DISCUSSION

The determination of the structures of fortimicin A (1)
and fortimicin B (2)' established that the diaminosugar
moiety, present in both, differed from that present in
gentamicin C;* (3) only in the configuration of the

tPresented in part at the 19th Interscience Corference on
Antimicrobial Agents and Chemotherapy, October 1979, Boston,
Massachusetts.
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secondary carbon {C¢) of the aminoethyl side chain. In-
the context of a program of chemical modification of the
fortimicin antibiotics, carried out with the object of
preparing fortimicin  derivatives with improved
therapeutic properties, we have carried out the syn-
theses, from fortimicin B, of the 6"-epi-fortimicins A and
B 4 and 5).

Our general plan for the preparation of the 6'-epi-
fortimicins involved preparation of a 6'-oxofortimicin 9
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by a Ruschig degradation® (Scheme 1). I t was hoped that
suitable conditions could be found to effect reductive
amination of 9 with the desired stereochemistry to form
the 6'-epi derivative 10. Our first objective involved
conversion of fortimicin B (2) to a derivative with a free
6'-amino group, and with the amino groups at C,, C, and
C, protected by acyl groups. This was accomplished by
first converting fortimicin B to 12 - di - N - ben-
zyloxycarbonylfortimicin B (11).* Treatment of the latter
with excess N 222 trichloroethoxy-
carbonyloxy)phthalimide gave the 46' - di - N
42,22 - trichloroethoxycarbonyl) derivative 12 which
was detected by thin layer chromatography, The latter
was cyclized without purification to 1,2 - di - ben-
zyloxycarbonyl - 6' - N - (2,2,2 - trichloroethoxycarbonyl)
fortimicin B-4,5-carbamate (13) on treatment with
sodium bicarbonate in refluxing, aqueous methanol.
Cleavage of the 2,2,2 - trichloroethoxycarbonyl group of
13 with zinc in glacial acetic acid gave 1,2 - di - N -
benzyloxycarbonylfortimicin B-4,5- carbamate (14). The
latter 14 was converted to the 6'-N-chloroamine 15 with
N-chlorosuccinimide in methylene chloride. Dehydro-
halogenation of 15 with triethylenediamine in dry ethanol
gave the 6'-imine 16. Mild acid-catalyzed hydrolysis of
the latter 16 gave the 6'-0xo derivative 17. Although the

intermediates, with the exception of the 4,6’ - di - N -
(2,2,2 - trichloroethoxycarbonyl) derivative and the labile
6'-N-chloro derivative, were purified by chromatography
for analysis, the imine 16 and the ketone 17 of adequate
purity for further reactions, were prepared from 1,2’ - di -
N benzyloxycarbonylfortimicin B (11) without
purification at any step.

The imine 16 and the 6'-oxo derivative 17 were
characterized by signals in their CMR spectra at 180.7
and 2079 ppm, respectively, due to their Cs-carbon
atoms, and by singlets in their PMR spectra at §2.05 and
52.06, respectively, due to their C¢—Me protons.

Reductive amination of the 6-0xo derivative 17 by the
method of Borch et al® gave the 6-epi and 6'-normal
amines 18 and 14 in isolated yields of 18% and 12%
respectively, based on 1,2 - di - N - benzyloxycarbonyl-
fortimicin B (11). In contrast, attempted reduction of the
6-imine 16 under the same conditions gave recovered
imine 16.

To ensure that the failure to effect reduction of the
imine 16 was not due to a difference in the pH of the
medium from that of the successful reductive amination
of the ketone 17° which was carried out under the same
conditions, the following experiments were carried out.
The pure ketone 17, the pure imine 16, and a 1: 1 mixture
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of ketone and imine were treated in parallel with sodium
cyanoborohydride and ammonium acetate in methanol
with identical ratios and concentrations of total fortimi-
cin derivatives and reagents (Table 1). The initial ap-
parent pH’s of the solutions were between 7.7 and 8.0.
The final apparent pHs after 17-19 hr were between 7.9
and 8.0. Tlc determinations established that reductive
amination of the ketone 17 was complete within 1 hr for
both the reaction of the pure ketone and the reaction
carried out with the 1:1 mixture of ketone and imine.
Products were isolated after 17-19 hr. As reported above
the imine was recovered in 93% yicld from the reaction
with the pure imine. In addition, the imine 16 was reco-
vered in 95% yield based on starting imine by chromato-
graphy of the product mixture obtained from the reaction
of the 1:1 mixture of ketone and imine.

The recovery of the imine from conditions which
effect reductive amination of the ketone proves that,
contrary to the proposed mechanism® of reductive
amination of ketones with sodium cyanoborohydride and
ammonium acetate in methanol, the imine 16 is not an
intermediate in the reductive amination of the ketone 17.
The proposal’ that imines were the intermediates
reduced in reductive aminations of aldehydes and
ketones with sodium cyanoborohydride and amines was
based on the fact that the reactions of such carbonyl
compounds with amines give rise to imines. It is known,
however, that the imines are formed via geminal
hydroxyamines’ (Scheme 2). Since in the present case
the results exclude the imine 16 as the intermediate in the

reductive amination of the ketone 17, we propose that
the intermediate involved is the geminal hydroxyamine
(Scheme 3). Failure of the imine 16 to be reduced under
the reductive amination conditions may then be inter-
preted as a consequence of its failure to undergo con-
version to the geminal hydroxyamine or the correspond-
ing geminal methoxyamine (Scheme 3). We thus propose
that reductive aminations of aldehydes and ketones with
amines and sodium cyanoborohydride may occur, in
general, via geminal hydroxyamines rather than imines.

Consistent with this mechanism is the report by Kap-
nang ef al® that bis (methoxymethyl) amines which were
prepared and isolated, were quantitatively reduced by
sodium cyanoborohydride in methanol to the cor-
responding dimethylamines. For precedence these
authors pointed out the ease of cleavage by nucleophiles
of the C-O bonds of carbinolamine ethers.

More favorable stereoselectivity in formation of the
desired 6'-epi derivative 18 was achieved by direct
reduction of the ¢-imine 16 with sodium borohydride
which gave the 6'-epi amine 18 in 41% yield and the
6'-normal amine 14 in 3% yield based on 1,2 - di - N -
benzyloxycarbonylfortimicin B (11).

Hydrolysis of 1,2’ - di - N - benzyloxycarbonyl - 6’ - epi
- fortimicin B-4,5-carbamate (18) with potassium
hydroxide gave §'-epi-fortimicin B (5). The latter § was
converted to 6-epi-fortimicin A (4) by the procedure
previously employed for conversion of fortimicin B (2)
to fortimicin A (1).7 6'-epi-Fortimicin B (5) was con-
verted to 12'6' - tri - N - benzyloxycarbonyl - 6’ - ¢pi -
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fortimicin B (19) with N - (benzyloxycarbonyloxy)suc- 3 was made at the lowest pH to minimize variations in

cinimide. Acylation of 19 with N - (N - benzyloxycar-
bonylglycyloxy)succinimide gave 1,2°,6'2" - tetra - N -
benzyloxycarbonyl - 6' - epi - fortimicin A (20). Catalytic
hydrogenolysis of the benzyloxycarbonyl groups of 20
with Pd-C in 0.2 N hydrochloric acid gave 6'-epi-for-
timicin A (4) as the tetrahydrochloride salt. The latter
was converted to the disulfate salt with AG1-X2 (S0
form) anion exchange resin.

The CMR parameters of 6'-epi-fortimicin B (8), for-
timicin B (2)' and gentamicin C, (3)"° are listed in Table
2. CMR spectra were recorded at various pH values in
order to determine the pertinent chemical shift changes
due to protonation of the amino groups. The data were
plotted'' to correlate chemical shifts at highest and
lowest pH values. Comparison of the spectra of §, 2 and

chemical shifts which might be caused by incomplete
protonation at higher pH. Comparison of the spectrum of
6’ - epi-fortimicin B with fortimicin B showed good
agreement of the chemical shifts of the aminocyclitol
carbons. The chemical shifts of the Cz-, Cy, C", Cg-, Ce
and C; carbons of the diaminosugar of 6'-epi-fortimicin
B were all in excellent agreement with those of gen-
tamicin C,. In contrast the chemical shifts of the C, C¢
and C; carbons of 6'-epi-fortimicin .B differed
significantly from those of fortimicin B. That the chem-
ical shift of the anomeric carbon of 6'-epi-fortimicin B
was in slightly better agreement with that of fortimicin B
than with that of the anomeric carbon of the diamino-
sugar of gentamicin C; may reflect the fact that the
fortimicins have a common aminocyclitol moiety. This is

Table 2. CMR parameters'

Forzizmizin B (D) 6'-epi-Tazei-dedn 3 (3) Centamicin C (3) N
C pD 1.8 pD il.3 g-Shift pD 1.2 pD 10.2 L-Shift pD 2.9 pD 10.1 g—Shl:’cz Free base-
1 53.5 53.8 53.5 53.9
2 63.5 71.2 5.7 65.4 71.2 5.8
3 74,1 7.9 S.8 74.7 79.9 5.2
4 58.1 6.8 57.9 67.8
5 65,6 1.2 [ 66.5 71.2 4.7
6 74,2 8-.1 9.9 74.1 8i.1 9.0
1! 96.0 125 6.5 96.7 102.7 6.0 95.5% 101.1 5.6 102.6
2 51.9 5C.6 50.4 50.5 50. 4% 0.7 ' 51.0
3 21.5 27.0 5.5 21.8 27.0 5.2 21.9 27.0 5.1 27.1
4" 26.3 27.3 23.9 25.9 23.9 26,0 26,2
5 71.0 75.2 4.1 69.7 4.4 4.7 69.6 7404 4,8 74.5
6" 49.% $0.4 49.4 50.0 49.6 50.2 50.3
7 15.1 13.5 3.4 13.2 18.6 S.2 13.1 19.0 5,9 19.2
NCH3 32.3 35.4 32,2 35.4
OCH3 56.2 5¢.2 57.5 59,2

1 25,2 Wiz 1a D,0. pD values are uncorrected pK measurzaents on D,0 solucions.

2 Detarnined fro- values obtained In these laboratorties.
3 Reforence 8.
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Table 3. In vitro antimicrobial activities*

Drganism

6'-epi~Fortimicin A

Fortimicin A

Staph. aureus Smith
Strep. flecalis 10541
Enterobacter aerogenes
E. coli Juhl

E. coli BL-3676

L. coli 76=2

~leb. pneumoniae 10031

Kleb. pneumoniae KY-4262
Providencia 1

Pseudo. aeruginosa BMH #10
Pscudo. aeruginosa KY 8512
Pseudo. seruginosa KY 8516
Pseudo. aeruginosa 209

1 seudo. aeruginosa 27853
Sal. typhimurium Ed. #9
Serratia marcescens %003
Shigella sonnei 9290

Proteus vulgaris JJ
Proteus mirabilis Fin #9

{42 (1
1.56 0.78
100 50
12.5 3.1
12.5 6.2
50 25
6.2 3.1
12.5 1.56
50 3.1
3.1 1.56
3.1 0.78
25 12.5
25 6.2
>100 2100
56 5
6.2 3.1
be2 1.56
12,9 6.2
6,2 3.1
6.2 6.2

* The in vitro antibacterial acrivities were deternmined by the serial, two-

fold dilutton method using Mueller-Hinten agar.
Activities are expressed as micrograms

assayed as their disulfate salcs.
of free base per milliliter.

consistent with the observation''® that the chemical
shifts of the anomeric carbons of glycosides are sensitive
to the nature of the alkyl group bonded to the bridging
glycosidic oxygen. It has been suggested''® that the
chemical shifts of anomeric carbons are affected by
rotamer populations about the C-O-C glycosidic bonds.

The in vitro antimicrobial activities of 6'-epi-fortimicin
A (4) and fortimicin A (1) against sixteen organisms are
listed in Table 3. The overall activity of 6'-epi-fortimicin
A was less than one half that of fortimicin A.

EXPERIMENTAL

Gmfmi methods. The general methods are described in a related
paper.

N<(2,2,2-Trichloroethoxycarbonyloxy)phihalimide

A stirring, ice bath-cooled soln prepared from 65.2g of N-
hydroxyphthalimide, §0.8g Et;N and 400ml N N-dimethyl-
acetamide was treated dropwise with 93.2g 2,2.2-trichloro-
ethoxycarbony! chloride. After addition was complete, stirring
was continued in the cold for 1 hr and then at room temp for
16 hr. The mixture was poured into 2.51 ice water and allowed to
stand for 1 hr. The crystalline mass which separated was collec-
ted on a filter and washed with water, The solid was dissolved in
CHCl; and washed with 5% NaHCO,aq and dried (MgSO,).
Evaporation of the CHCl, gave an oil which crystallized on
trituration with hexane to give 105.4g N - (2,22 - trichloro-
ethoxycarbonyloxy)phthalimide: m.p. 102-103.5°; IR (CDCl;)
1815, 1789 and 1745 cm™'; PMR (CDCly) 84.93 (s, CH;), 7.87 (m,
aromatic). (Found: C, 38.92; H, 1.80; N, 4.08; C1, 31.99. Calc. for
C HNOCly: C, 39.02; H, 1.79; N, 4.14; C1, 31.42%).

12" - Di - N - benzyloxycarbony! - & - N - Q222 - trich-
loroethoxycarbonyl) - fortimicin B-4,5-carbamate (13)

A soin prepared from 6.2g of 11, 10.2g N - (2,22 - trich-
loroethoxycarbonyloxy)phthalimide and 120 m! CHCl; was stir-
red at room temp for 18 hr. The soln was shaken with a mixturc
of 5% NaHCO, ag and CHCl;. The CHCl, layer was separated
and evaporated to dryness to give 12 as a bright yellow oil. The
oil was heated under reflux for 1.5hr in a soln prepared from
100ml MeOH, 20 ml water and 8.5g NaHCO,. Tic examination
of the soln showed the conversion of 12 to a new, slower moving
product which was isolated by CHCl, extraction after dilution of
the mixture with S% NaHCO, aq. Evaporation of the CHCl, gave
10.3 g crude 13 as a glassy residue.

The antiblotics were

For an analytical sample, 12.0g product prepared as described
above was chromatographed on a column of 400g silica gel
prepared and eluted with a solvent system composed of 12-
dichloroethane-methanok-conc, ammonium hydroxide
(17.2:2.8:0.1) to yield B.4g pure 13: [a]¥ +0.2° (¢ 1.0, McOH):
IR (CDCly) 3457, 3435, 3332, 1760 and 1717 cm™'; PMR (CDCl;)
8099 (d, Ce~CH;, Jg > = 6.6 Hz), 2.84 (s, NCHy), 3.46 (s, QCH;y).
(Found: C, 51.40; H, 549; N, 6.82; Cl, 1241. Cak. for
CisHaNORCly: C, 51.38; H, 5.30; N, 6.85; CI, 13.00%).

1,2' - Di - N - benzyloxycarbonylfortimicin B-4,5-carbamate (14)

A suspension prepared from 10.3g crude 13, 150 mi glacial
AcOH and 22 g Zn dust was stirred for 18 hr at room temp. The
Zn was removed by filtration. The filtrate was diluted with water
and extracted with CHCl;. The CHCl, extract was washed with
5% NaHCO,aq and dried (MgSO,). Evaporation of the CHCl,
gave 7.20 g residue, A 12.0g sample thus prepared was chroma-
tographed on a column of 400g silica gel prepared and eluted
with a solvent system composed of 1,2-dichloroethane-methanol-
conc. ammonium hydroxide (17.2:2.8:0.1) to give 8.35g of 14:
[2lE+33.2 (¢ 10, MeOH); IR (CDCl,) 3440, 1750 and
1704 cm™'; PMR (CDCly) 50.86 (d, Ce~CH;, J¢ > =6.2Hz), 283
(s, NCH;), 3.43 (s, QCH;). (Found: C, 59.41; H, 6.74; N, 896.
Calc. for CnHuNl()m: C, 59.80; H, 6.59; N, 8.72%).

1,2 - Di - N - benzyloxycarbonyl - 6' - N - chlorofortimicin B -
4,5 - carbamate (15}

A soln prepared from 2.56 g of 14, 1.56 g N-chlorosuccinimide
and 100 m! CH,Cl, was stirred at room temp for 1 hr. Evapora-
tion of the CH,;Cl, gave crude 15: IR (CDCly) 3553, 3439, 1754
and 1713 cm™"; PMR (CDCly) 8 0.902 (d, Ce~CHs, Jg 7= 3.1 Hz,
2.86 (s, NCH,), 3.46 (s, OCH,).

Singlets at 2.63 and 2.81 were attributed to the presence of
succinimide and N-chlorosuccinimide which could be completely
removed by passage of a soln of 15 in MeOH through a column
of AG2-X8 (OH) resin packed in MeOH giving the purified 15 the
PMR spectrum of which was consistent with its structure.

1.2 - Di - N - benzyloxycarbonyl - 6 - iminofortimicin B - 4,5 -
carbamate (16)

A soln of the crude 18, prepared as described,” in 200ml 1%
soln of triethylenediamine in anhyd EtOH, previously dried over
3A moleculsr sieves, was allowed to stand at room temp for
1.3hr. The soln was shaken with a mixture of CHCl, and 5%
NaHCO,2q. The CHCl, layer was separated and washed with
5% NaCl aq. The aqueous layer was washed with CHCl,. The
combined CHCl, solns were dried (MgSO,) and evaporated to
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dryness to give 3.0 g white solid. The solid was chromatographed
on a column containing 50 ml anion exchange resin, AG2-X8
(OH- form), prepared and eluted with MeOH to give 2.54 g crude
16, free of N-chlorosuccinimide and succinimide. For an analy-
tical sample, the crude 16 was chromatographed on a column of
250g silica gel prepared and eluted with 12-dichlorocthane-
MeOH (18.5:1.5) to give 1.2g of 16: [a]F + 14.9° (¢ 1.0, MeOH);
IR (CDCl,) 3556, 3434, 1758, 1712 and 1616 cm™'; PMR (CDC);)
82.05 (s, C¢—CHs), 2.86 (s, NCH,), 3.44 (s, QCH,). (Found: C,
5709, H, 58: N, 801: Cl, 554 Cak. for
Cy;HgN(010:0.35 CHCl;: C, 56.92; H, 5.95; N, 8.21; Cl, 5.45%).

Later fractions contained mixtures of 16 contamined with
small amounts of 17.

1,2 - Di - N - benzyloxycarbonyl - 6' - oxofortimicin B - 45 -
carbamate (17)

A soln prepared from 0.91g crude 16, 20ml 0.4 N HCI and
60 ml THF was allowed to stand at room temp for 18 hr. The soln
was shaken with a mixture of CHCI, and 5% NaHCO, aq. The
CHCl; portion was scparated and washed with water. The
aqueous layer was washed with CHCl, and the combined CHCI,
solns were dried (MgSQ,). Evaporation of the CHCl, gave
0.794g solid which was chromatographed on a column (1.6X
71cm) of silica gel prepared and eluted with a solvent system
consisting of 12-dichloroethane-MeOH (18.5:1.5). Fractions
containing only the major product were taken to dryness to give
0.396 g of 17: [a]B +8.6° (¢ 1.0, MeOH); IR (CDCl,) 3559, 3439,
1760 and 1713cm™'; PMR (CDCl;) 62.06 (s, C¢CH,), 2.86 (s,
NCH;), 3.45 (s, OCH,). (Found: C, 59.81; H, 6.40; N, 6.62. Calc.
for C;;HyN;0,,: C, 59.89; H, 6.13; N, 6.55%).

1,2 - Di - N - benzyloxycarbonyl - &' - epi - fortimicin B - 4,5 -
carbamate (18)

(a) A soln prepared from 0.645 g of 17, 0.085 g sodium cyano-
borohydride, 0.945 g ammonium acetate and 12.5 m! MeOH was
stirred at room temp for 18 hr. The mixture was shaken with a
mixture of CHCl; and 5% NaHCO;aq. The CHC); portion was
separated and washed with water. The aqueous layer was in turn
washed with CHCl,. The combined CHCI; solns were dried
(MgSO0,) and taken to dryness to give 0.570g white glass. The
glass was chromatographed on a column of 40g silica gel pre-
pared and eluted with a solvent system consisting of CH,Cl-
EtOH-MeOH-conc. NH,OH (18:1:1:0.1). The first fractions
cluted gave 0.122 g of 14, identical in all respects with a sample
of authentic material.

Continued elution gave fractions containing 0.180g of 18:
[a]B+36.7 (c 1.0, MeOH); IR (CDCl;) 3437, 1750 and
1702cm™'; PMR (CDCly) 61.02 (d, Ce~CH;, Jg 7 = 5.6 Hz), 2.82
(s, NCH,), 3.44 (s, QCHy). (Found: C, 58.36; H, 6.68; N, 8.55.
Cale, for C3,HgNOyo'H,0: C, 58.17; H, 6.71; N, 8.48%),

(b) A stirring, ice bath-cooled soln prepared from 5.41 g crude
16, 120 ml MeOH and 24 ml water was treated portionwise with
5.8 g NaBH,. After addition was complete, stirring was continued
in the cold for 2 hr. The mixture was shaken with a mixture of
CHCl, and 5% NaHCO, aq. The CHCl, layer was separated and
washed with sat NaClaq. The aqueous solns were washed with
CHCI; and the combined CHCI; solns were dried (MgSO,) and
evaporated to give 4.91g solid. The solid was chromatographed
on a column of 400 g silica gel prepared and eluted with a solvent
system composed of CH,Cl-EtOH-MeOH-conc. NH,OH
(18:1:1:0.1). Initial fractions gave 0.276 g of 14 identical in all
respects with an authentic sample.

Further elution gave fractions containing 2.73 g of 18 identical
with the material obtained by procedure (a) above.

Reductive amination of 12’ - di - N - benzyloxycarbonyl - ¢ -
oxo - fortimicin B - 4,5 - carbamate (17) in the presence of 1,2 -
di - N - benzyloxycarbonyl - 6' - imino - fortimicin B - 45 -
carbamate (16)

Recovery of the imine 16. To a stirred soln of 0.400g of 17,
0.400 g of 16, and 1.21 g ammonium acetate in 15.5 ml MeOH was
added 0.120 g sodium cyanoborohydride. Stirring was continued
at ambient temp for 19 hr. The product (0.756 g) was isolated by
CHCl, extraction and chromatographed on a column of 40 g silica
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gel packed with a solvent system composed of CH,Cl-MeOH
(9:1). Elution with CH,Cl-McOH (9:1) gave 0.380g pure 16.
Elution with CH,Cl,-MeOH-conc. NH,OH (9:4:04) gave
0.281 g of a mixture of 14 and 18.

Attempted reduction of 1,2’ - di - N - benzyloxycarbonyl - 6' -
iminofortimicin B - 4.5 - carbamate (16) with sodium cyano-
borohydride in methanol in the presence of ammonium acetate

Recovery of the imine (16). To a stirred soln of 0.4525 g of 16,
0.6857g ammonium acetate and 8.75ml MeOH was added
0.0677g sodium cyanoborohydride. Stirring was continued for
18 hr. CHCl, extraction gave 0.4230 g of recovered 16.

6'-epi-Fortimicin B (5)

A soln prepared from 17.8g of 18 and 125m! 6 N KOH and
250ml EtOH, previously purged with N,, was heated at 80°
overnight under N,. The mixture was cooled in an ice bath and
adjusted to pH 7.0 with 2N HCI. Evaporation of the solvent left
a residue which was repeatedly co-distilled with anhyd EtOH to
remove residual water. The residuc was repeatedly triturated
with MeOH. The MeOH washings were filtered and the filtrate
was evaporated to dryness to give 119g solid which was
chromatographed on a column of 550 g silica gel. Elution with the
lower phase of a solvent system prepared from CH,Cl-MeOR-
water-conc. NH,OH (2:2:1:1) gave 8.1g pure §: [«]5 + 28.4° (¢
1.0, MeOH); PMR (D,0, pD 11.02) §1.54 (d, C¢~CH,;, Jg =
7.5Hz), 286 (s, NCH,), 3.94 (s, QCH,), 5.55 d, Hy, Jy2=
3.6H2); mass spectrum, mje 3482391 (M*). Calc. for
CisHy;NOs 348.2373; sugar fragment mfe 143.1190. Calc. for
C,H,sN,0 143.1184; aminocyclitol fragment m/e 207.1350. Calc.
for C.H19N104 207.1345.

1,2,6' - Tri - N - benzyloxycarbonyl - 6' - epi - fortimicin B (19)

A stirring, ice bath-cooled soln prepared from 8.88g of §,
260 ml MeOH and 130 ml water was treated with 21.0g N - (ben-
zyloxycarbonyloxy)succinimide. Stirring was continued in the
cold for 3 hr and then at room temp for 18 hr. The mixture was
added to 11 5% NaHCO,aq and extracted with CHCl;. The
CHCl, extract was dried (MgS0O,) and evaporated to dryness to
give 20.7g residue. The residue was chromatographed on a
column of 750g silica gel prepared and eluted with a mixture of
1,2dichloroethane~-EtOH-conc. NH,OH (18:2:0.1) to give 13.8g
of 19: [a]F +24.7° (¢ 1.0, MeOH); IR (CDC;) 3554, 3434, 3334
and 1708 cm™"; PMR (CDCl;) 61.02 (d, Ce~CHs, J¢ =6.4 H2),
2.34 (s, NCH3), 3.42 (s, OCH,). (Found: C, 62.13; H, 6.77; N,
7.37. Calc. for C3sHgoN,Oy,: C, 62.39; H, 6.71; N, 7.46%).

1,2,6',2" - Tetra - N - benzyloxycarbony! - 6' - epi - fortimicin B
(29

A soln prepared from 12.8g of 19, 575g N - (ben-
zyloxycarbonylglycyloxy)succinimide and 450 ml THF was stir-
red for 2dhr at room temp. An additional 0.85g N - (ben-
zyloxycarbonylglycyloxy)succinimide was added and stirring was
continued for 18 hr. The THF was evaporated and the resulting
residue was taken up in CHCl,. The CHCI, soln was washed with
5% NaHCO, aq and dried (MgSO,). Evaporation of the CHCl,
gave 17.1g solid which was chromatographed on a column of
750 silica gel prepared and eluted with BtOAc. Fractions con-
taining the major component were evaporated to give 11.8g of
28: [a)B +74.1° (¢ 1.0, MeOH); IR (CDCly) 3552, 3415, 1713 and
1637 cm™'; PMR (CDCl,) (rotamers) 51.78 (d, C¢~CHs, Jg 7=
39Hz), 2.82, 298 (NCH;, major, minor respectively), 3.26 (s,
QCH,). (Found: C, 62.32; H, 630; N, 7.34. Calc. for
CoHwNsO,,: C, 62.48; H, 6.31; N, 7.43%).

6"-epi-Fortimicin A (4)

A soln prepared from 2.83g of 20 in 240ml 02N HCI in
McOH was hydrogenated under 3 atmospheres H, for 4 hr in the
presence of 2.8 g 5% Pd-C. The catalyst was removed by filtra-
tion and the filtrate was evaporated to leave a solid. Excess HCl
was removed by repeated codistillation with MeOH to give 1.70g
of 4 isolated as the tetrahydrochloride salt: [a)B +77.7° (c 1.0,
MeOH); IR (KBr) 1646cm~'; PMR (D,O, pD 2.39) 51.78 (d,
C¢—CH;,, J¢»=17.8Hz), 3.60 (s, NCH;), 3.96 (s, QCH;); mass
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spectrum, mje 405.2596 (M*"). Calc. for C;H;eNO, 405.2587;
sugar fragment m/e 264.1553. Calc. for C;gHnN;04 264.1559;
aminocyclitol fragment mje 143.1209. Calc. for C;H;sN,0
143.1184,

The disulfate salt of 4 was prepared by passing & water soln of
6.61g 6"-epi-fortimicin A tetrahydrochloride through a column
(2.5%32cm) of an anion exchange resin, AG1-X2 (SO, =form).
Fractions containing the antibiotic were taken to dryness to give
7.0g of 4 as the disulfate salt: [a])F +72.4° (¢ 1.0, water); IR
(KBr) 1646cm™’; PMR (D;0, pD 4.2) 81.75 (d, Co~CHy, Jgr=
6.9Hz2), 3.58 (s, NCH,), 3.94 (s, QCH;); mass spectrum, meas.
405.2596 (M?) Calc. for Ci;HysN<O; 405.2587. (Found: C, 31.67;
H, 6.65; N, 11.47. Calc, for C;yH3N,0,,8,-2H,0: C, 32.01; H,
6.80; N, 10.98%).

Acknowledgements—The authors are indebted to Mr. Momir
Cirovic for determination of PMR spectra and to Mr, William
Washburn and associates for IR spectra. We thank Ms, Sandra
Mueller and Mr. Preston Hill for mass spectra. We are grateful to
Dr. Roland Girolami and Ms. Charlene Vojtko for determination
of antibacterial activity. Thanks are due Mr. James Leonard for
thin layer chromatographic analyses, Dr. Melvin Nyman for
supplying & sample of pure gentamicin C,, Mr. Daniel Dunnigan
and Mr. Gregory Nemeth for catalytic hydrogenations.

REFERENCES

'R. S. Egan, R. S. Stanaszek, M. Cirovic, S. L. Mueller, J.
Tadanier, J. R. Martin, P. Collum, A. W. Goldstein, R. L.
DeVault, A. C. Sinclair, E. E. Fager and L. A. Mitscher, J.
Antibiotics 3, 552 (1977).

?p. J. L. Daniels, Drug Action and Drug Resistance in Bac-
teria—11. Aminoglycoside Antibiotics (Edited by S. Mit-

J. TADANIZR et al.

suhashi), pp. 77-106. University Park Press, Tokyo (1975). It
has been suggested that “a very minor component” isolated
from the gentamicin fermentation was 6'-epi-gentamicin C,, P.
J. L. Danicls, 1. A. Marquez and R. W. Tkach: unpublished
results, cited as Ref. 7 by P. J. L. Daniels, C. Luce, T. L.
Nagabhushan, R. S. Jaret, D. Schumacher, H. Reimann and J.
Tlavski, J. Aaribiotics 28, 35 (1975).

H. Ruschig, W. Fritsch, J. Schmidt-Thome and W. Haede,
Chem. Ber. 88, 883 (1955).

*]. Tadanier, D. A. Dunnigan, J. R. Martin, L. A. Freiberg and
M. Cirovic, J. Antibiofics in press 1981,
5R. F. Borch, M. D. Bernstein and H. D. Durst, J. Am. Chem.
Soc. 93, 2897 (1971).

‘Optimum pH for reductive aminations of aldehydes and
ketones is between 6 and 8.5 A referee suggested that the
contrast in the behavior of 16 and 17 under the conditions
which effected reductive amination of 17 might have been due
to the difference between the pH values of the media.

7], Hine and C. Y. Yeh, J. Am. Chem. Soc, 89, 2669 (1967).

*H. Kapnang, G. Charles, B. L. Sondengam and J. H. Hemo,
Tetrahedron Letters (39) 3469 (1977). We are indebied to a
referee for calling our attention to this reference.

%]. Tadanier, J. R. Martin, P. Kurath, A, W. Goldstein and P.
Johnson, Carbohyd. Res. 79, 91 (1980),

195, B. Morton, R. C. Long, P. J. L. Daniels, R. W. Tkach and J.
H. Goldstein, J. Am. Chem. Soc. 95, 7464 (1973).

lleS, Omoto, S. Inouye, M. Kojima and T. Nara, J Antibiotics
26, 717 (1973); *K. F. Koch, J. A. Rhoades, E. W. Hagaman and
E. Wenkert, J. Am. Chem. Soc. %, 3300 (1974).

If the N-chloroamine (18) freed of N-chlorosuccinimide and
succinimide by passage through an AG2-X8 (OH) column was
used a mixture of ketone 17 and imine 1§ was obtained in which
the ketone predominated.



