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AbrtnecFortimicin B (2) has been uuwerted to 6’-epi-fortimkin B (5) and 6’-cpi-fort&h A (4) both of which 
have the same diamiwsugar moiety as that present in gentamkin C2 (3). ‘I& syntbes of the 6’.epi-fortimkhs and 
heir antii activities arc repo&d. 

Altho~ ducdve aai&thn of lrdi-N-benzyloxy~nylb’-oxo-tortimic B4Scarbamate (17) with sodium 
cyawbrohydride and ammonium acetate in methanol gave a mixture of 1,2’di-N-benzybxycarbonyld’-epi- 
fodimichB4Scartrrmte (18) aad I,2’4-N-bcmyloxywboarbonylfortimicin B4Scatbnmrte (14), aaempkd reduc- 
tion of 1,2’di-N-benzyloxycarbanyl~‘-hinoforthicin B4,karbamate (16). u&r identical codith pve only 
recovered imine. The sienacpace of these results relative to tk mechanism of the reductive amhnth of carbonyl 
compounds witb sodium cyanoborohydrh and amine salts is discussed. 

?‘he determination of hzes of fortimicin A (1) 
and fortimicin B (2)’ estabhkd that tbe diaminosugar 
moiety, present in both, d&red from that present in 
gentamicin Cz2 (3) only in the configuration of the 

tPresentui in put at tk 19th Interscience Conference on 
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secondary carbon (6.) of the aminoethyl side chain. In 
the context of a program of cbemiad modikation of the 
fortimicin antibiotics, carried out with tbe object of 
preparing fortimicin derivatives with improved 
therapeutic properties, we have carried out the syn- 
theses, from fortimicin B, of the 6’-epi-fortimicius A and 
B (4 and 5). 

Our Beneral plan for the preparation of the 6’-cpi- 
fortimicins involved preparation of a 6’-oxofortimicin 9 
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by a Ruschig degradation3 (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. Cur first objective involved 
conversion of fortimicin B (2) to a derivative with a free 
6’-amino group, and with the amino groups at CI , C, and 
Cr protected by acyl groups. This was accomplished by 
first converting fortimicin B to 1,2’ - di - N - ben- 
zyloxycarbonylfortimicin B (1 1).4 Treatment of the latter 
with excess N - (W - trichloroethoxy- 
carbonyloxy)phthalimidc gave the 4,6’ - di - N 
-(2,2,2 - trichloroethoxyuubonyl) 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 B4Jcarbamate (13) on treatment with 
sodium bicarbonate in refluxing, aqueous methanol. 
Cleavage of the 222 - trichloroethoxycarbonyl group of 
13 with zinc in glacial acetic acid gave 1,2’ - di - N - 
benzyloxycarbonylfortimicin B4J- carbamate (14). The 
latter 14 was converted to the 6’-Nchloroamine 15 with 
Nchlorosuccinimide in methylene chloride. Dehydro- 
halogenation of 1s with triethylenediamine in dry ethanol 
gave the 6’-imine 16. Mild acid-catalyzed hydrolysis of 
the latter 16 gave the 6’-oxo 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 rtactions, were prepared from 1,2’ - di - 
N - benzyloxycarbonylfortimicin B (11) without 
purification at any step. 

The imine 16 and the 6-0~0 derivative 17 were 
characterized by signals in their CMR spectra at 180.7 
and 207.9ppm, respectively, due to their C-carbon 
atoms, and by singlets in theii PhIR spectra at $2.05 and 
62.06, respectively, due to their G-Me protons. 

Reductive amination of the 6’-oxo derivative 17 by the 
method of Borch et al? gave the 6’cpi and 6’-normal 
amincs 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 l? which was carried out under the same 
conditions, the following experiments were carried out. 
The pure ketone 17, the pure imine 14, 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- 
tin derivatives and reagents Fable 1). The initial ap 
parent pH’s of the solutions were between 7.7 and 8.0. 
The final apparent pHs after 17-19hr were between 7.9 
and 8.0. Tic 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% yield 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 irnine from conditions which 
effect reductive amination of the ketone proves that, 
contrary to the proposed mechanisms 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 aininations of aldehydes and 
ketones with sodium cyanoborohydridc 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 seminal 
hydroxyamines’ (Scheme 2). Since in the present case 
the results exclude the imine 16 as the intermediate in the 
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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 uurespond- 
b 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 et 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’-cpi derivative 18 was achieved by direct 
reduction of the 6’-imine 16 with sodium borohydride 
which gave the 6’-epi amine 18 in 41% yield and the 
@-normal amine 14 in 3% yield based on 12 - di - N - 
benzyloxycarbonylfortimicin B (11). 

Hydrolysis of 12’ - di - N - benzyloxycarbonyl - 6’ - epi 
- fortimicin B+carbamate (18) with potassium 
hydroxide gave 6’-cpi-fortimicin B (5). The latter 5 was 
converted to 6’-epi-fortimicin A (4) by the procedure 
previously employed for conversion of fortimicin B (2) 
to fortimicin A (1).9 6’-epi-Fortimicin B (5) was con- 
verted to 1,2’,6’ - tri - N - benzyloxycarbonyl - 6’ - epi - 
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Staph. aureu6 Smith 
10541 Strep. fF4ecelis 

Entcrobacter aerogenes 
E. coli Juhl -- 
E. roll EL-3676 -- 
F, call x-2 -- 
ileb. neumoniae 10031 
Ein:;o;$ KY-4262 

Pseudo. aeruginosa B?lH I 
Pseudo. aerupinosa KY 85 
Pseudo. aeruginosa KY 85 
Pseudo. aeruginosa 209 

t seudo. aerugfnosa 27855 
Sal. typhimurium Ed. 89 
Serracia marcescens t003 -- _. 
shigella scnnei 9290 
Droteus vulgaris JJ 
i?roteus mtrabilis Fin 89 -- 

10 

12 
16 

1.56 0.78 
100 50 

12.5 3.1 
22.5 6.2 
SO 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 

rlri# : .oo 

50 L5 

6.2 3.1 
6.2 1.56 

1.2,s 6.2 
6.2 3.1 
6.2 6.2 

f The in vitro antibacterial activities were determined by the serzal, WQ- _- 
fold dilution method using Mueller-Hinton agar. The antibiotics were 
assayed as their disuIfate salts. Activities are expressed as mirrograns 
of free base per mLllillter. 

~~$i~t~~t with the ~b~~~a~~n”* that the ~~~~i~~ 
shifts of the aaom~rjc carbons of ~y~s~des are sensitive 
to the nature of the alkyl group bonded to the bridging 
glycosidic oxygen. It has been suggested’ tb that the 
chemical shifts of anomeric carbons ate affected by 
rotamer populations about the C-0-C glycosidic bands* 

A~~ 
ities of ~-e~i~fo~i~i~ 
t sixteen u~~~s~s arc 

listed vity of 6*-~~-fo~imicin 
A was less than one half that of fortimicin A. 

A stirring, kc bath-cookd sdn prepand from 65.2g of N- 
hy~x~h~de* 60Jg Et.N 400 ml N~~~~yl- 
We c was tiled ~pw~~ with 93.2g 2~~-~~~r~ 
ethoxycatbonyl chloride. After addition was ~mplete, stirring 
was continued in the cold for 1 hr and then at room temp for 
16 hr. Tbc mixture was poured into 2.5 I ice water and allowed to 
stand for 1 hr. The crystalline mass which separated was cctllec- 
ted on a filter and washed with water. ‘I’k so&i was dissolved in 
CHCIJ and west with 5% ~~C~~a~ aad d 
~~~~~~ of the CHCI3 gave 5111 oil which crys 
&i&ration with hexaoe to give 105.4g N - (222 - trkhloro- 
ctboxycarttonyloxy)phthalimide: m.p. 102103.Y; IR (CDCI,) 
1815, 1789 and 1745 cm-‘; PMR (CDCI,) s4.93 (s, CH&, 7.87 (m, 
aromatic). (Found: C, 38.92, H. 1.W); N, 4.B; Cl, 31.99. Calc. for 
Cl&NO& C, 39.02; H, 1.79; N, 4.14: Cl. 31.42%). 

A aoh prepared from 6.2 g of 11;’ IO.20 N - (2,2,2 - trich- 
lorocthoxycarboayloxy)phthalimiie and 12Om! CHCll was stir- 
red at room tcmp for 13br. Tbc solo was shaken with a mixture 
of 5% NICER aq and CHCI,. The CKCI~ layer was se-ted 
and event to dryness b give 12 as a bright yellow oil. The 
oil ~8s bcatceii under r&x for 1.5lu in a soln prepWed from 
100 ml M&H, 20 ml water and 8.5 g NaHC&. TIC exzunination 
of the soln showed the conversion of 12 to a new, slower moving 
praduct which was isolated by CHCI~ extra&on after dilution of 
the mixture with 5% NaHCOl aq. Evaporation of the CHCI, gave 
10.3 g cde 13 as a giassy residue. 

For an a~~~ sample, 128g product prepared ss described 
above was ~~rnat~p~ on a column of 4008 silica gel 
prepated and eluttd with a solvent system composed of I& 
dichloroethane-mcthano9-conc. ammonium hydroxide 
(17.2:2.8:0.1) to yield 8.48 pure 13: [a]#t0.2” (c 1.0, M&H): 
IR (CDC~) 3457, 3435, 3332, 1760 and 1717 cm-l; PMR (ClX&) 
SO.99 (d, Cs_CHp. J@,T = 6.6 Hz), 2.84 (s, l$Yi$, 3.46 (s, QCH,}. 
(Found: C, 51&I; H, 5.49; N, 6.82; Cl, 12.41, WC. for 
C~~H,~N~~,*C~~: C, 51.38; H, 5.30; N, 6.85: Cl, 13.~). 

A suspension prepared from IO.38 crude 13, 1Mml glacial 
AcOH and 22g Zn dust was sthxl for 18 hr at room temp. The 
Zn was removed by ~~t~~. ‘he filtrate was diluted with water 
and extracted with CHCI,, The Is c&act was washed with 
5% NaHC~~~ and dried {Mg Evelyn of the CHCI, 
gave 7.20 8 residue, A 12.0 8 sample’ thus prepared was chroma- 
tographed on a column of 400~ silica gel prepared and eluted 
with a solvent system composed of l&!ichloroethane-metl- 
cont. ammonium hydroxide (17.2:2.8:&l) to give 8.35 g of 14: 
fcr#j+ 33-t” fr 1;0, MeoH); IR (CIXI,) 3440, 1730 and 
1704 cm-l; PMR (CDCI~) &O&5 (d, C&H,, J&:r = 6.2 Hz& 2.83 
fs, l$‘H& 3.43 (s, QCH,). (Found: C, 59.41; H, 6.74; N, 8.96. 
Calc. for Cn)42N1010: C, 59.80; H, 6.59; N, 8.72%). 

A soln preparcd from 2.56 g of 14, X 26 g N~~oros~i~m~e 
and 100 ml: CH$& was stirred at room ~rnp for 1 hr. Evapora- 
tion of the CHICll mvc crude IS: IR (CD&) 3553, 3439, 1754 
and 1713 cm”; PMR (CDQ) S 0.902 (d, C6XH3, JB,? = 3.1 Hz, 

WH,). 
2.81 wete attributed to the presence of 
~s~cci~m~~ wbib could be completely 

removed by ~s~c of a solo of 15 in M&H taco a column 
of AG2-X8 (OH) resin pack4 in M&H givim the purified If the 
PMR spectrum of which was consistent with its structure. 

A soln of the crude tS, prepared as descriid,‘2 in ~~ 1% 
soln of ~thyIen~~i~ in anhyd EtOH, pre~o~ly dried over 
3A molecular sieves, was allowed to stand at mm tcmp for 
1.3 br, The sola was shaken with a mixture of CHC& and 5% 
NaHCO,aq. The CHQ Layer was separated and washed with 
5% N&l aq. The aqwxlus layer was washed with CH&. The 
comber CHC& s&s were d 
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‘I& disullate salt of 4 was prepared by passing a water soln of 
6+61 g 6’-cpi-fortimicir A tebnhydrocbloridc through 1 column 
(2.5 X 32 cm) of an anion cnchmqc resin, AGl-X2 (SO, = form). 
Fractions containing the antibiotic were taken to dryness to t$ve 
7.9 g of 4 as the d&&fate salt: [a# + 72.4’ (c 1.9, w&e@; IR 
(KBr) 1646 cm-‘; PKR t&O, pD 42) 51.75 (d, CyCH,, .Ise,? = 
6.991, 358 (s, IIIJCHr). 3.94 {s, QCH& mass spectrum, meas. 
405.25% @I:) Calc. for C1,H,5N& 405.2587. (Found: C, 31.67; 
H, 6.65; N, 11.47. MC, for C,,HS9N&,!Q2 H*O: C, 32.01; H, 
6.80; N, 10.98%), 

Ac~~~e~~~-~e aunt am debts to Mt. Momir 
Cirovic for d~~~~~n of PMR spectra and to I&, Willii 
Wasbbum and associates for IR spectra. We thank MS, So&a 
Mueller and Mr. Preston Hill for mass spectra. We are grateful to 
Dr. Roland Girolami and Ms. Charlcnc Vojtko for detcrmhmtion 
of ant~hcterhl activity. Tlmks arc due Mr. James Leonard for 
thin layer c~rnat~p~c analyses, Dr. Melvin Nyman for 
Supply 1 SampIe of pure ~~~G~ cr. Mr. Daniel ~~~ 
and Mr. Gregory Ncmctb for catalytic by~~~~s. 
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rtIf the ~~hloroarn~~ (1s) freed of ~~~oros~~~e and 
succinimidc by passage tluougb an AG2-X8 (OH) column was 
used a mixture of ketone 17 and imim 15 WM obtained in which 
the ketone predominated. 


