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ABSTRACT 

Opening of the aziridine ring of 2-deoxy-1,2-epimino-2-epi-fortimicin B (10) 

has been effected with both chloride and azide. The reactions are both stereo- and 
regiospecific and give 2-chloro-2-deoxyfortimicin B (2~) and 2-azido-2-deoxy- 
fortimicin B (2d). The nucleophilic displacements of the methanesulfonate groups of 

some l-N-benzyloxycarbonyl-2-O-(methylsulfonyl)fortimicin derivatives with chlo- 
ride, azide, and cyanide in NJV-dimethylformamide are dependent both on the nature 
of the nucleophile and the specific l-N-benzyloxycarbonyl-2-methanesulfonate 
employed as the substrate. Striking differences in the stereochemistry of the azide 
displacements with different Zmethanesulfonates are believed to have a conforma- 
tional basis. 2-Amino-2-deoxyfortimicin A (lc) and both of the Zepimeric 2-chloro-2- 
deoxyfortimicins A (lb) and (5) were prepared for antibacterial assay and the i~r &r-o 

results are reported. 

DISCUSSION 

Fortimicin A (la) and fortimicin B (2a) are aminocyciitol antibiotics formed 
in fermentations by Mcromonospdra ofivoasterospora ‘. Fortimicin A, which has the 
4-N-glycyl group, has significant antibacterial activity, whereas fortimicin B is virtually 
devoid of activity’. In the context of a program in our laboratories devoted to the 
preparation of chemically modified fortimicins for antibacterial assay, we have 
prepared some cyclitol-modified fortimicins from Z-O-(methylsulfonyl)fortimicin 
derivatives. Previously we had used 2-O-(methylsulfonyl)fortimicins to prepare3 the 
2-deoxyfortimicins A (3a) and B (3b), and the 2-epi-fortimicins A4 (4a) and B5 (4b). 

In the present work, we describe nucleophilic displacements of 2-O-(methylsulfonyl)- 
fortimicins with azide and chloride ions which led to the preparation of 2-amino-2- 
deoxyfortimicin A (lc) and the 2-epimeric 2-chloro-2-deoxyforEimicins A (lb and 5) 
for biological evaluation. 

We reported elsewhere3 the preparation of 1,2’,6’-tri-N-benzyloxycarbonyl-2- 
U-(methylsulfonyl)fortimicin B (6b) by a process in which the first step was conversion 
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of 1,2’,6’-tri-N-(benzyloxycarbonyl)fortimicin B (6a) into the 4,Ssalicylaldehyde 
oxazolidine 7a. Treatment of the latter with methanesulfonyl chloride in pyridine 
gave the dimethanesulfonate 7b, which on mild, acid-catalyzed hydrolysis gave 6b. 
We have now found that when the acid-catalyzed hydrolysis of 7b is conducted in the 
presence of Girard’s reagent T as an aldehyde scavenger, the methanesulfonate 6b 
may be prepared from 1,2’,6’-tri-N-(benzyloxycarbonyl)fortimicin B (6a) in essentially 
quantitative yield, without purification after any step, to give a product of adequate 
purity for further reactions. 

Treatment of 1,2’,6’-tri-N-benzyloxycarbonyl-2-O-(methyIsulfonyl)fortimicin B 
(6h) with N-(IV-benzyloxycarbonylglycyloxy)succinimide gave a mixture of two 
products in a ratio of - 1 I 5, as estimated by t.1.c. These were partially separated by 
column chromatography. The minor, less polar product was shown to be 1,2’,6’-tri- 
N-benzyloxycarbonyl-5-O-(N-benzyloxycarbonyl)glycyl-2-O-(methylsulfonyl)fortimi- 
tin B @a) by its ‘H-n.m.r. spectrum, which showed that the chemical shift (6 2.33) 
of the NCH, protons was characteristic of that of a free NHCH, group (as for 1,2’,6’- 
tri-N-(benzyloxycarbonyl)fortimicin B (6a), 6 C-4-NHCH, = 2.32)6. The 5-0- 
(N-benzyloxycarbonyl)glycyl derivative 8a rearranged quantitatively by 5-O to 4-N- 
acyl migration to the major product, 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-0- 
(methylsulfonyl)fortimicin A (9a) in aqueous oxolane containing triethylamine. 
Preparatively, it was advantageous to treat the mixture of Sa and 9a with triethyl- 
amine in aqueous oxolane to convert Sa into 9a prior to column chromatography, 
which gave 9a from 6b in - 88 o/0 yield. 
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Catalytic hydrogenolysis of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-U-(methyI- 
suIfonyl)fortimicin A (9a) gave 2-U-(methyIsulfonyl)fortimicin A (la), which was 
isolated as the tetrahydrochloride salt. 

It should be noted that reinvestigation of the acylation of 1,2’,6’-tri-N-(benzyl- 
oxycarbonyl)fortimicin B (6a) with N-(N-benzyloxycarbonyIglycyloxy)succinimide, 

which was reported previously6, showed that the isolated product was 1,2’,6’,2”- 
tetra-N-(benzyloxycarbonyl)fortimicin A (la), with no evidence of the 5-0-acylated 

product 8b. 

We have reported that catalytic hydrogenolysis of 1,2’,6’-tri-N-benzyloxy- 
carbonyl-2-O-(methyIsuIfonyi)fortimicin B (6b) in the presence of an excess of hydro- 
chloric acid gave 2-O-(methylsulfonyl)fortimicin B (2b), which was isolated as the 
tetrahydrochloride salt3. Treatment of an aqueous solution of the latter with AG2-X8 
(OH) resin gave3 2-deoxy-l,_- p 3 e imino-2-epi-fortimicin B (10). Treatment of 10 with 

0.2~ aqueous hydrochloric acid gave 2-chloro-2-deoxyfortimicin B (2~). When an 
aqueous solution of the latter, as the free base, was heated for 4 days at 60”, the 
chloride 2c reverted back to the epimine 10, which is consistent with the n-am relation- 
ship between the l-amino group and the 2-chIoro group of 2~. 

When an aqueous solution of the epimine 10, containing an excess of sodium 

azide, was brought tc pH 6 by addition of hydrochloric acid, opening of the epimine 
ring occurred to give Zazido-2-deoxyfortimicin B (2d). Both 2-chloro-2-deoxy- 
fortimicin B (2~) and 2-azido-2-deoxyfortimicin B (2d) were converted into the 
corresponding 1,2’,6’-tri-N-benzyloxycarbonyl derivatives 6c and 6d. The chloride 
6c was acylated with N-(N-benzyloxycarbonylglycyioxy)succinimide, and the crude 
product treated with triethylamine in aqueous oxolane to give 1,2’,6’,2”-tetra-N- 
benzyloxycarbonyl-‘i-chloro-2-deoxyfortimicin A (SC). Catalytic hydrogenoIysis of 
9c gave 2-chloro-2-deoxyfortimicin A (lb), isolated as the tetrahydrochloride salt. 

Dispiacement of the methanesulfonate group of 1,2’,6’,2”-tetra-N-benzyloxy- 
carbonyl-2-0-(methylsuIfonyI)fortimicin A (9a) with lithium chloride in N,N- 

dimethylformamide gave 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-chloro-2-e~~-forti- 

micin A (lla). Catalytic hydrogenolysis of lla gave 2-chloro-2-deoxy-2-epi-fortimicin 
A (5), isolated as the tetrahydrochloride salt. Mild, base-catalyzed hydrolysis of lla 

gave 1,2’,6’-tri-N-benzyIoxycarbonyI-2-chloro-Zepi-fortimicin B (11~). Catalytic 
hydrogenation of llc gave 2-chloro-2-epi-fortimicin B (12a), used for the ‘3C-n.m.r. 
structural studies described later. 

In contrast to the reaction of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-O-(methyI- 
sulfonyl)fortimicin A (9a) with lithium chloride in NJV-dimethylformamide, which 
occurred with stereospecific inversion of configuration at C-2, the reaction of 9a with 

sodium azide in NJV-dimethylformamide proceeded with stereospecific retention of 

configuration to give 2-azido-I ,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-deoxyfortimicin 
A (9d). Mild, base-catalyzed hydrolysis of 9d gave 2-azido-1,2’,6’-tri-N-benzyloxy- 
carbonyi-2-deoxyfortimicin B (6d), identical with that prepared via the epimine 10 
a~ already described_ Base-catalyzed hydrolysis of 6d with potassium hydroxide in 
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aqueous ethanol gave 2-azido-2-deoxyfortimicin B (2d), identical with that prepared 
from the epimine 10. 

A control experiment established that 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2- 
chloro-2-deoxyfortimicin A (lb) was stable to treatment with lithium chloride in 
N,N-dimethylformamide under conditions that effect complete conversion of the 
methanesulfonate 9a into 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-chloro-2-deoxy-2- 
epi-fortimicin A (lla). The conversion of the methanesulfonate 9a into the 2-rpi 

chloride 11 is thus consistent with a direct displacement-reaction (SN’). In contrast, 

the displacement of the methanesulfonate group of 9a with sodium azide in NJ- 
dimethylformamide, which occurs with retention of configuration at C-2, is believed 
to be the result of intramolecular participation of the 1-N-benzyloxycarbonyl group 
of 9a, which leads to retention of configuration ria a bridged intermediate_ Our 
studies that led to the preparation of 2-epi-fortimicin B (4d) showed that participation 
of a I-ALbenzyloxycarbonyl group in solvolysis of I-N-benzyloxycarbonyl-2-0- 
(methylsulfonyl)fortimicins may occur with participation of either the nitrogen or the 
carbonyl oxygen atom ofthe I-IV-benzyloxycarbonyl group’. A study ofthemechanism 
of the reaction of 9a with sodium azide in NJV-dimethylformamide will be reported 
in a forthcoming paper from these laboratories’. 

Catalytic hydrogenolysis of 2-azido-I ,2’,6’-tri-N-benzyloxycarbonyi-2-deoxy- 
fortimicin B (6d) and 2-azido-l,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-deoxyfortimicin 
A (9d) gave 2-amino-2-deoxyfortimicin B (2e) and 2-amino-2-deoxyfortimicin A (1~). 

In contrast to the reaction of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-O-(methyl- 
sulfonyl)fortimicin A (9a) with sodium azide in NJV-dimethylformamide, which 
occurred with stereospecific retention at C-2, similar treatment of 1,2’,6’-tri-N- 
benzyloxycarbonyl-2-O-(methylsulfonyl)fortimicin B (6b) occurred with stereospecific 
inversion of configuration at C-2 to give 2-azido-1.2’,6’-tri-N-benzyloxycarbonyl-2- 
deoxy-2-epi-fortimicin B (lld) in 12 % yield, together with 22 ‘:/, of the azetidine (13). 
The azide lld was converted into 2-azido-1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2- 
deoxy-2-epi-fortimicin A (llb) on acylation with N-(N-benzyloxycarbonylglycyloxy)- 
succinimide followed by treatment with triethylamine in aqueous oxolane. Attempted 
catalytic hydrogenolysis of llb with 5 oA palladium-on-carbon, which was successful 
in the conversion of 9d into lc, gave a complex mixture of products that was not 
resolved. 

Attempted base-catalyzed hydrolysisof2-azido-l,2’,6’-tri-N-benzyloxycarbonyl- 
2-deoxy-2-epi-fortimicin B (lld) to 2-azido -2-deoxy-2-epi-fortimicin B (12b) gave 
instead 2-azido-2-deoxy-2-epi-fortimicin B 1,4-urea (14). The latter was stable to 
conditions of basic hydrolysis (6~ aqueous potassium hydroxide, I IO”, three days) 
more vigorous than those adequate for conversion of 2-azido-1,2’,6’-tri-N-benzyloxy- 
carbonyl-2-deoxyfortimicin B (6d) into 2-azido-2-deoxyfortimicin B (2d). Two factors 
may be considered to account for the contrast between the base-catalyzed hydrolyses 
of the tri-N-benzyloxycarbonyl-2-normal azide 6d and the tri-N-benzyloxycarbonyl-Z 
epi-azide lld. First, the c&relationship of the 1-IV-benzyloxycarbonyl group and the 

2-azido group of the 2-epi-azide lld might be expected to sterically hinder base- 
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catalyzed hydrolysis of the I-IV-benzyloxycarbonyl group, relative to hydrolysis of 
the l-IV-benzyloxycarbonyl group, of the 2-normal azide in which the corresponding 
groups have a trans relationship. Second, the boat (or skew) conformation of the 

cyclitol ring of the 2-epi-azide 15, which must be assumed in order to effect cyclization 
to the urea 14, has the 2-azido and the 3-methoxy groups in a gauche relationship_ 
In contrast, the corresponding boat conformation of the 2-normal azide 16 has the 
2-azido and the 3-methoxy groups in the energetically unfavorable, eclipsed relation- 
ship. 

In order to avoid formation of the urea, with the object of converting the tri-ZV- 
benzyloxycarbonyl-2-epi-azide lld into a derivative suitable for the ‘3C-n.m.r. 

structural studies described next, lld was converted into 2-azido- 1,2’,6’-tri-N- 

benzyloxycarbonyl-2-deoxy-4-N-metbyl- 2-epi-fortimicin B (17a) with sodium cyano- 
borohydride and formalin. Base-catalyzed hydrolysis of 17a gave 2-azido-2-deoxy-4 

N-methyl-2-epi-fortimicin B (17b). 
The striking contrast in the stereochemistry of the displacement of the methane- 

sulfonate groups of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-~-(methylsulfonyl)forti- 
micin A (9a) and 1,2’,6’-tri-?v-benzyloxycarbonyl-2-O-(mertimicin B 
(6h) with sodium azide in NJ-dimethylformamide led us to study similar displace- 
ments with additional derivatives of I-N-benzyloxycarbonyl-2-O-(methylsulfonyl) 

fortimicins. Treatment of the tri-N-benzyloxycarbonyl-di-O-(methylsulfonyl)forti- 
micin B salicylaldehyde oxazolidine3 7b with sodium azide in ZV,N-dimethylformamide 
gave the 2-epi-azide 18. Mild, acid-catalyzed hydrolysis of 18 in the presence of Girard’s 
reagent T gave 2-azido-1,2’,6’-tri-N-benzyloxycarbonyl-2-deoxy-2-e~i-fortimicin B 
(Ild) in essentially quantitative yield from 7b. Treatment of 1,2’,6’-tri-N-benzyloxy- 

carbonyl-2-O-(methylsulfonyl)fortimicin B 4,5-carbamate5 (19) with sodium azide 
in N,N-dimethylformamide gave 2-azido-1,2’,6’-tri-N-benzyloxycarbonyl-2-deoxy-2- 
epi-fortimicin B 4,5-carbamate (20). Base-catalyzed hydrolysis of 20 gave the 1 ,Curea 
14, identical with that formed by hydrolysis of 2-azido-1,2’,6’-tri-N-benzyloxycarbo- 
nyl-2-deoxy-2-epi-fortimicin B (Pld). 

The contrast between the azide displacements of the methanesulfonates 6b, 7b, 
and 19 on the one hand (inversion) and the methanesulfonate 9a on the other (reten- 
tion) is believed to be conformationally derived. Fortimicin A (la) has been shown 

to exist as the free base in aqueous solution with that cyclitol chair-conformation 21a 
having the C-l and C-2 substituents in a tram diaxial relationship*_ With a similar 
cyclitol chair-conformation (see structure 21b) the methanesulfonate 9a would have 
the I-IV-benzyloxycarbonylamino group and the 2-methanesulfonate group in a tram 

diaxial relationship, which is optimal for neighboring-group participation and 

formation of a bridged intermediate that would open to give net retention of con- 
figuration. Fortimicin B (2a), however, has been shown to exist as the free base in 
aqueous solution with that cyclitol chair-conformation 22a having the. l-amino and 
the 2-hydroxyl groups in a trans-diequatorial relationships!. With fortimicin B-like 

cyclitol conformations (see structures 22b, 23, and 24) the methanesulfonates 6b, 7b, 
and 19 would have the I-N-benzyloxycarbonylamino groups and the 2-methane- 
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sulfonate groups in the rrurts-diequatorial relationship unfavorable for participation 
of the I-IV-benzyloxycarbonyl group, thus favoring direct displacement. 

The contrast in the stereochemistry of the displacement of the methanesulfonate 

9a with lithium chloride in NJV-dimethylformamide (inversion) and sodium azide in 
NJ-dimethylformamide (retention) is believed to be a consequence of the difference 
between the basicities of the media. This will be discussed further in a forthcoming 
paper dealing with the mechanism of the azide displacement’. 

An attempt to displace the methanesulfonate group of 1,2’,6’,2”-tetra-N- 
benzyloxycarbonyl-2-0-(methylsulfonyl)fortimicin A (9a) with sodium cyanide in 

NJLdimethylformamide led to extensive decomposition. Similar treatment of 1,2’,6’- 
tri-N-benzyloxycarbonyl-2-O-(methylsulfonyl)fortimicin B (22b) gave 1,2’,6’-tri-N- 

benzyloxycarbo~yl-2-deoxy-1.2-epimino-2-epi-fortimicin B 4,5-carbamate (25). The 
latter (25) was formed in essentially quantitative yield on treatment of 1,2’,6’-tri-N- 
benzyloxycarbonyl-2-0-(methylsulfonyl)fortimicin B 4,5-carbamate5 (19) with 
potassium carbonate in refluxing aqueous methanol. 

Formation of 25 from 22b with sodium cyanide in N,N-dimethylformamide may 
be formulated (Scheme 1) as occurring by initial formation of the acyl-aziridine 27 
via the enolate anion 26. Attack of cyanide on 26 would give the epimine 28 and 
benzyloxycarbonyl cyanide. 4-IV-Acylation of 28 with benzyloxycarbonyl cyanide 

would give the 4-ZV-benzyloxycarbonyl derivative 29, which on cyclization would 
give 25. Alternatively, 29 might be formed from 27 by an intramolecular rearrange- 

ment. 
Strrrctural assignments. - The positions of the newly introduced substituents 

of the 2-substituted fortimicins were established by means of r3C-n.m.r. spectroscopy. 
Titration studies with both of the 2-epimeric 2-chloro-2-deoxyfortimicins B 2c and 

TABLE 11 

PROTON MAGNETIC RESONANCE PARAMETERS 

Proton (6) Forritnicitt BB 2-Chloro-Ldeoxyfortitnicitt B Z-Azido-Zdeoxyforritnicitt B 
or cottphg (Hz) Gw w (W 

1 3.43 3.61 3.60 
2 4.17 4.65 4.08 
3 4.11 4.30 4.37 
4 3.54 3.64 3.59 
5 4.44 4.53 4.52 
6 3.93 4.00 4.08 

A.2 9.5 10.5 9.5 
JZ.3 3.0 3.0 3.0 
53.4 3.0 4.5 4.0 
54.5 4.5 4.5 4.0 
f5.s 9.5 9.0 9.0 
Jl.6 9.5 9.0 9.0 
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12a, 2-azido-2-deoxyfortimicin B (2d), and 2-azido-2-deoxy-4-N-methyl-2-epi- 
fortimicin B (17b) showed that the resonances of four of the cyclitol carbon atoms of 

each were subject to b-shifts on protonation of the cyclitol amino groups (Table I), 

which is compatible with 1,4-diaminocyclitols, as was the case for both fortimicin B8 
(2a) and 2-epi-fortimicin B5 (4b). It may be noted that the 2-normal epimers 2c and 
2d, like fortimicin B (2a), show relatively large p-shifts for the C-6 atoms. 

The configurations at C-2 of the 2-substituted fortimicins were established by 
‘H-n.m.r. studies. The lH-n.m.r. spectral data of the free bases of 2-chloro-2-deoxy- 

fortimicin B (2c), 2-azido-2-deoxyfortimicin B (2d), and fortimicin B (2a) are listed 
in Table II. The coupling constants of the cyclitol protons of 2a, 2c, and 2d are all 
compatible with those cyclitol chair conformations in which the 4-substituents are 
axial. In addition, the coupling constants of each (Jls2 - 10 Hz) are consistent with 
the axial orientations of H-2 and thus the equatorial and normal orientations of the 
2-substituents. 

In vitro antibacterial activities. - The in vitro antibacterial activities of 2-0- 
(methylsulfonyl)fortimicin A (ld), 2-amino-2-deoxyfortimicin A (lc), the 2-epimeric 
2-chloro-2-deoxyfortimicins A (lb and 5), and fortimicin A (la) are listed in Table III. 
Although none of the new fortimicins has activity equal to that of fortimicin A, it is 

of interest that the activity of 2-chloro-2-deoxy-2-epi-fortimicin A (S), about half 
that of fortimicin A (la), is significantly greater than the activities of the other 2- 
substituted fortimicins A, including the 2-epimeric chloride lb. 

EXPERIMENTAL 

General methods. - Optical rotations were determined with a Hilger and Watts 
polarimeter. 1.r. spectra were recorded with a Perkin-Elmer Model 521 grating 
spectrometer. . iH-N m.r. spectra were determined at 100 MHz with a Varian Associates 

HA-100 spectrometer_ Chemical shifts determined with D,O solutions are reported 

from internal sodium 4,4-dimethyl-4-silapentanoate-2,2,3,3-d,. Chemical shifts 

determined with CDCI, solutions are reported from internal Me,Si. ‘3C-N.m.r. 

spectra were measured with a Varian Associates-Nicolet Technology XL- 1 OO- 15/TT- 
100 spectrometer system. Chemical shifts were measured from internal 1,4-dioxane 
(67.4 p.p.m.) and are reported in p.p.m. downfield from Me4Si. Mass spectra were 

obtained with an AEI MS-902 spectrometer at 70 eV and 100-150” using a direct- 

probe insert. Silica gel for chromatography refers to that of Merck (Darmstadt) 

70-230 mesh. Microanalytical results are reported for those compounds which could 
be freed of solvent. Unless otherwise specified, chloroform extractions were performed 
by shaking mixtures or solutions with mixtures of chloroform and 5% aqueous 

sodium hydrogencarbonate. The chloroform solutions were separated, washed and 
dried (magnesium sulfate), and evaporated under diminished pressure. 

2-Azido-2-deoxyfortimicin B (2d). - A. To a stirred solution of 1.70 g of 1,2- 
epimino-2-deoxy-2-epi-fortimicin B (10) and 6.92 g of sodium azide in 20 mL of 
water, cooled in an ice bath, was added dropwise 6~ hydrochloric acid until the 
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Anal. Calc. for C,,H,,N,O,,S: C, 58.87; H, 6.03; N, 6.87; S, 3.14. Found: 

C, 58.70; H, 6.04; N, 6.62; S, 2.89. 

Rearrangement of Z,2’,6’-tri-N-benzJ~~oxycarbor?),l-5-O-(N-be~zzyIox~~carbonyZ)- 

glycyl-2-O-(methyIsnlfo~~yl)fortimicin B @a) to 1,2’,6’,2”-tetra-N-benz~lloxycarbonyl- 

2-0-(metlzyhfunyl)fortimicin A (9a). - A solution of 0.4 g of compound 8a in 

8 mL of 4 : 1 :OS oxolane-water-triethylamine was kept for 3 h at room temperature. 

Triethylamine (1.0 mL) was added and the resulting solution kept for an additional 

3 h at room temperature. Extraction with chloroform gave 0.4 g of compound 9a, 
identical with that already described. 

2-Azido-Z,2’,6’,2”-tetra-N-benzyloxycarbotz~~l-2-deo_~~~rtit~zici~z A (9d). - A 

stirred solution of 7.6 g of compound 9a, 7.6 g of sodium azide, and 420 mL of NJV- 

dimethylformamide was heated overnight at 93”. The product (7.32 g) was isolated 

by extraction with chloroform followed by evaporation of chloroform and removal of 

residual N,N-dimethylformamide by evaporation of toluene from the residue. 

Chromatography of the crude product on a column of 700 g of silica gel packed and 
eluted with 9 : 1 ethyl acetate-hexane gave 5.55 g of 9d; [ct]F + 38” (c I-5, methanol); 

V,.,,‘,,, (CDCI,) 3480-3170, 2955, 2112, 1715, and 1640 cm-‘; ‘H-n.m.r. (CDCI,): 8 

1.15 d (J6.,7, 6.1 Hz, 6’-CH3), 2.76 (NCH,), and 3.32 (OCH,). 

Anal. Calc. for C,,HSsNsO13: C, 60.86; H, 6.05; N, 11.59. Found: C, 61.14; 

H, 6.32; N, 11.62. 

2-Azido-i,2’,6’-tri-benzyto_~ycarbotzyl-2-deox~~rtimici~~ B (6d). - A. To a 

stirred solution of 0.400 g of the tetrahydrochloride salt of 2-azido-2-deoxyfortimicin 

B (2d) prepared from 2-deoxy-1,2-epimino-2-epi-fortimicin B (lo), 0.312 g of triethyl- 

amine, 2.2 mL of water, and 8.8 mL of methanol, cooled in an ice bath, was added 
0.633 g of N-(benzyloxycarbonyl)succinimide. Stirring was continued with cooling 

for 3 h and then overnight at room temperature_ The product (0.57 1 g) was isolated by 

extraction with chloroform and chromatographed on a column of 60 g of silica gel 

with 100: 1 ethyl acetate-triethylamine to yield 0.367 g of 6rl, identical with that 
prepared from 2-azido-1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-deoxyfortimicin A (9d) 

as described next. 

B. A stirred suspension of 5.15 g of compound 9d, prepared from 1,2’,6’,2”- 

tetra-N-benzyloxycarbonyl-2-O-(methylsulfonyl)fortimicin A (9a), 25 mL of 5 % 

aqueous sodium hydrogencarbonate, and 250 mL of methanol was boiled for 2.5 h 
under reflux. The product (4.10 g) was isolated by extraction with chloroform_ A 

sample (0.600 g) of the product was chromatographed on a column of 60 g of silica 
gel packed and eluted with 100: 1 ethyl acetate-triethylamine to yield 0.412 g of 

compound 6d; [cc];” -!-20” (c 1.0, methanol): i& (CHCI,) 3421, 3345, 2105, and 
1713 cm- ‘; ‘H-n.m.r. (CDCI,): 6 1.05 d (J6,.,. 6.0 Hz, 6’~CH3), 2.32 (NCH3), and 
3.43 (OCH,). 

Anal. Calc. for C39H59N7010: C, 60.37; H, 6.37; N, 12.64. Found: C, 60.28; 

H, 6.43; N, 12.40. 

2-Azido-1,2’,6’-tri-N-benzyloxycarbonyl_ B (lld) and 

I,2’,6’-Tri-N-benz~~loxycarbonyl-2-deoxy-2,4-epiminofortimicin B (13). - A stirred 
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solution of 2.0 g of l,2’,6’-tri-N-benzyloxycarbonyl-2-O-(methylsulfonyl)fo~imicin B 
(6b), 2.0 g of sodium azide and 111 mL of N,N-dimethylformamide was heated for 

18 h at 93”. The product was isolated by extraction with chloroform and chromato- 

graphed on a column of silica gel packed and eluted with 9.5 : 0.5 :0.05 ethyl acetate- 
95% ethanol-concentrated ammonium hydroxide_ Earlier fractions gave 0.225 g of 
lld; [cc]? + 55" (c 1.0, methanol); & (CDCl,) 3440, 2105, 1710, and 1500 cm-‘; 
‘H-n.m.r. (CDCI,): 6 1.1 I d (J6’,,, 6.0 Hz, 6’-CH,), 2.30 (NCH,), and 3.53 (OCH,). 

Anal. Calc. for C,,H,,N,OIO: C, 60.38; H, 6.37; N, 12.64. Found: C, 60.11; 

H, 6.35; N, 12.31. 
Later fractions gave 0.381 g of compound 13; [a]:” +41 o (c 1.0, methanol); 

r? max (CDCl,) 3439 and 1710 cm-‘; ‘H-n-m-r. (CDCl,): 6 1.05 d (J6,.,, 6.0 Hz, 

6’-CH3), 2.54 (NCH,), and 3.23 (OCH,). 
Anaf. Calc. for &HJ8NhO10: C, 63.92; H, 6.60; N, 7.65. Found: C, 63.91; 

H, 6.55; N, 7.90. 
2-Azido-I,2’,6’-tri-r\i-be~zz~llox~~carbonyI-2-deoxy-2-epi-forti~nicin B (lld). - A 

solution of 8.9 g of 1,2’,6’-tri-N-benzyloxycarbonyl-2-O-(methylsulfonyl)-4-N,5-0- 

[(2-O-methylsulfonyl)salicylidene]fortimicin B (7b), 7.83 g of sodium azide, and 

400 mL of N,N-dimethylformamide was heated for 22 h at 93”. Conventional 
extraction with chloroform gave 7.86 g of 2-azido-1,2’,6’-tri-N-benzyloxycarbonyl-2- 
deoxy~r\r,5-0-[(methylsulfonyl)salicylidene]-2-epi-fortimicin B (18); cmXX (CHCI,) 
3440,3304,2104, and 1714cm-‘; ‘H-n-m-r. (CDCL,): S 1.01 d (J,s.,7. 6.7 Hz, 6’-CH,), 

2.28 (NCH3), 3.02 (OSO$H,), and 3.53 (OCH,). 
A solution of compound l&4.03 g of Girard’s reagent T, 3.6 mL of acetic acid, 

and 180 mL of methanol was boiled for 2 h under reflux. Extraction with chloroform 

gave 6.30 g of compound lld, identical with that described in the preceding experiment_ 
2-Azido-I,Z’,d’-tri-N-be~zzy~oxycarbonyl-2-deo_~y-2-epi-fortimici~z B 4,5-carba- 

mate (20). - A solution of 2.49 g of 1,2’,6’-tri-N-benzyloxycarbonyl-2-O-(methyl- 

sulfonyl)fortimicin B 4,5-carbamate (19), 2.49 g of sodium azide, and 62 mL of N,N- 
dimethylformamide was heated for 21 h at 90”. The product (2.12 g) was isolated by 
conventional extraction with chloroform and chromatographed on a column of 
210 g of silica ~gel, packed and eluted with 4: 1 ethyl acetate-hexane to yield 1.70 g 

of 20; [XI:” +22” (c 1.0, methanol); F,,,,,, (CDCl,) 3443, 3297, 2104,1762, and 1712 
cm-‘; ‘H-n.m.r. (CDCl,): 6 1.05 d (.JG,.,, 6.7 HZ, 6’-CH3), 2.88 (NCH,), and 

3.50 (OCH,). 
Anal. Calc. for CjoH,,N,O,,: C, 59.91; H, 5.91; N, 12.23. Found: C, 60.16; 

H, 6.03; N, 11.85. 
2-Azido-Z,2’,6’,2”-tetra-N-ben~~llo_~ycarbonyl-2-deoxy-2-epi-fortimicin A (llb). 

- A stirred solution of 0.596 g of 2-azido-l,2’,6’-tri-N-benzyloxycarbonyl-2-deoxy-2- 
epi-fortimicin B (lld) and 0.285 g of N-(IV-benzyloxycarbonylglycyloxy)succinimide 

in 10 mL of oxolane was kept for 1 h at 0” and then overnight at room temperature. 

The product (0.798 g) was isolated by extraction with chloroform and chromato- 
graphed on a column of 30 g of silica gel packed and eluted with ethyl acetate to yield 
0.606 g of llb; [a]:' +37” (c 1.0, methanol); cm:,,, (CHCl,) 3435, 3317, 2106, 1717, 
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and 1642 cm- I, ‘H-n.m.r. (CDCI,): 6 1.16 d (Js,,7, 7.1 Hz, 6’-CH,), 2.82 (NCH,), 
and 3.46 (OCH,). 

Anal. Calc. for C49H58Ns013: C, 60.86; H, 6.05; N, 11.59. Found: C, 60.83; 
H, 6.13; N, 11.24. 

1,2’,6’,2”-Tetra-N-berlz~~~o_~ycarbotlyi-2-c~l~oro-2-deo~~?-2-e~i-fortitniciil A (lla). 
- A stirred solution of 14.0 g of 1,2’,6’,2”-tetra-ZV-benzyloxycarbonyl-2-O-(methyl- 
sulfonyl)fortimicin A (9a), 14.0 g of lithium chloride, and 730 mL of N,N-dimethyl- 
formamide was heated for 117 h at 93 O. The product (11.8 g) was isolated by extrac- 
tion with chloroform. Chromatography of 5.9 g of the product on a column of 700 g 
of silica gel with 1: 1 ethyl acetate-toluene gave 1.72 g of lla; [ct]E4 t37" (c 1.0, 
methanol); c,,,‘,,, (CDC13) 3440, 1710, and 1638 cm-‘; ‘H-n.m.r. (CDCI,): 6 1.17 d 

(Js-.,, 7.0 Hz, 6’-CH& 2.85 (NCH,), and 3.46 (OCH,). 
Anal. Calc. for C4gH&lN,0, 3 : C, 61.28; H, 6.09; Cl, 3.69; N, 7.29. Found: 

C, 61.36; H, 6.21; Cl, 3.97; N, 7.00. 
I,2’,6’-Tri-N-benzylosycarbonyl-Z-cizroro-Z-~eo_~y-2-epi-fortjmic~tz B (11~). - 

A solution of 1.50 g of compound lla, 7.3 mL of 5 % aqueous sodium hydrogen- 
carbonate, and 73 mL of methanol was boiled for 4.5 h under reflux. The product 

(1.21 g) was isolated by extraction with chloroform, and chromatographed on a 
column of 75 g of silica gel packed and eluted with 4: 1 ethyl acetate-hexane to yield 
0.729 g of compound llc; [a]? -1-62" (c 1.0, methanol); i$,,,, (CDCI,) 3442 and 
1712 cm-‘; ‘H-n-m-r. (CDCl,): 8 1.14 d (Jss,,’ 6.2 Hz, 6’-CH,), 2.32 (NCH,), 
and 3.55 (OCH,). 

Anal. Calc. for C,,H,,ClN,O,,: C, 60.89; H, 6.42; Cl, 4.61; N, 7.28. Found: 

C, 61.09; H, 6.60; Cl, 5.36; N, 7.15. 
2-Chloro-2-deoxy-2-epi-fortimicitz B (12a). - Compound llc (0.500 g) in 

52 mL of 0.2M hydrochloric acid in methanol was hydrogenated for 2.5 h in the 
presence of 0.50 g of 5% palladium-on-carbon to yield 0.351 g of 12a as the tetra- 
hydrochloride salt; [a];’ +72” (c 1.0, methanol); ‘H-n.m.r. (D,O, tetrahydro- 
chloride): 6 1.37 d (Js.,,, 6.7 Hz, 6’-CH,), 2.83 (NCH,), 3.72 (OCH,), and 5.43 d 

(J,,,,, 3.4 Hz, 1’-H); m-s. (M+H), talc. for C,,H3,ClN,0,: m/z 367.2112, meas. 
367.2107; cyclitol, talc. for CsH,,ClN203: m/z 225.1006, meas. 225.1009; diamino 
sugar, talc. for C,HISN,O: m/z 143.1184, meas. 143.1181. 

2-Amino-2-deoxyjiwtimicin A (1~). - 2-Azido-1,2’,6’,2”-tetra-N-benzyloxy- 

carbonyl-2-deoxyfortimicin A (9d, 2.54 g) in 263 mL of 0.2M hydrochloric acid in 
methanol was hydrogenated under 3 atm of hydrogen for 5 h in the presence of 
2.54 g of 5% palladium-on-carbon to give 1.6 g of compound lc as the pentahydro- 
chloride salt. An aqueous solution of the latter was passed through a column con- 
taining an excess of AGI-X2(SO:-) resin. The eluates containing product were 
combined, and the solvent evaporated to give the persulfate salt; [z];’ + 69 o (c 1.0, 
water); cmax (KBr) 1635 cm-‘; ‘H-n.m.r. (DzO): 8 1.47 d (J6s,7s 6.5 Hz, 6’-CH,), 

3.27 (NCH3), 3.68 (OCH,), and 5.48 d (J,..,. 3 Hz, 1 ‘-H); m.s. (free base, M+-), 

talc. for C,7H36N605: nz/z 404.2747, meas. 404.2733; cyclitol, talc. for CI,,HI,N403: 
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epimino-2-epi-fortimicin B (10) in 132 mL of 0.2M methanolic hydrochloric acid 
was kept for 25 h at room temperature. Solvent was evaporated leaving 2.92 g of 2c 
as the tetrahydrochloride salt; [a];’ +98” (c 1.0, methanol); ‘H-n.m.r. (DzO, 
tetrahydrochloride): S 1.37 d (J,.,,. 6.6 Hz, 6’-CH,), 2.83 (NCH,), 3.52 (OCH& 
and 5.39 d (Jl.,2s 3.5 Hz, 1’-H), m.s. (Mf H), talc. for C,,H,,ClN40,: m/z 367.2112, 
meas. 367.2100. 

2-Deoxy-1,2-epimino-2-epi-fortinzicin B (10). - An aqueous solution of 0.155 g 

of the tetrahydrochloride salt of compounrl2c was passed over a column containing 
an excess of AG2-X8(OH-) resin. Basic eluates were combined and the solvent was 
evaporated leaving 0.111 g of residue_ The latter was dissolved in 20 mL of water, and 
the resulting aqueous solution heated for 4 days at 60 O, and then passed over a column 
of excess AG2-X8(OH-) resin. Basic fractions were combined and the solvent 
evaporated. The residue was chromatographed on a column of 20 g of silica gel with 

the lower phase of a 2:2: 1: 1 mixture of dichloromethane-methanol-concentrated 
ammonium hydroxide-water to give 33.9 mg of the epimine 10, identical with that 

prepared from 2-0-(methyIsuIfonyI)fortimicin B (Zb) as previously describedj. 
I,2’,6’-Tri-N-6etzzyZoxycarbonyl-2-cfzforo-2-deo_~yfortimicitz B (6~). - A stirred 

solution of 2.3 g of the tetrahydrochloride salt of 2-chloro-2-deoxyfortimicin B (2c), 

3.74 g of iV-(benzyIoxycarbonyloxy)succinimide, 12 mL of water, 48 mL of methanol, 

and 2.5 mL of triethylamine was kept for 2 h at 0” and then for 20 h at room tempera- 
ture_ The product (3.84 g) was isolated by extraction with chloroform, and chromato- 
graphed on a column of 380 g of silica gel packed and eluted with 5 : 2 ethyl acetate- 
hexane to give I .I5 g of 6c; [cx]~ + 15O (c 1.0, methanol); G,,,,,, (CDCI,) 3420, 3327, 

and 1712 cm-‘; i H-n.m.r. (CDCI,): 6 1.08 d (J6,,,. 6.0 HZ, 6’-CH3), 2.32 (NCH,), 
and 3.43 (OCH3). 

Anal. Calc. for C,,H,,ClN,O, - H,O: C, 60.81; H, 6.80; Cl. 4.60; N, 7.27. 
Found: C, 60.67; H, 6.46; CI, 4.82; N, 7.12. 

1,2’,6’,2”-Tetra-N-benzylox)tcarbonyf-2-cfzloro-2-deox_vforti~zicitz A (Se)_ - A 

solution of 1.09 of compound 6c, 1.70 g of ZV-(N-benzyloxycarbonylglycyIoxy)- 
succinimide, and 14 mL of oxoIane was stirred for 1 h at 0” and then overnight at 
room temperature_ The product (1.47 g) was isolated by extraction with chloroform 
and treated for 3 h with 20 mL of 8 : 2 : 1 oxolane-water-triethylamine. The product 

was isolated by extraction with chloroform and chromatographed on a column of 
I75 g of silica gel packed and eluted with 2 : 1 ethyl acetate-hexane to give 0.9734 g of 

9c; [%];a t41” (c 1.0, methanol); c,,,max (CDC13) 3438, 1716, and 1638 cm-l; ‘H- 
n.m.r. (CDC13): 6 1.18 d (J6,,,, 6.5 Hz, 6’-CH,), 2.77 (NCH,), and 3.28 (OCH,). 

Anal. Calc. for C49H58CIN5013: C, 61.28; H, 6.09; Cl, 3.69; N, 7.29. Found: 

C, 61.31; H, 6.28; Cl, 4.07; N, 7.35. 
Treatmetzt of 1,2’,6’,2”-tetra-N-bentyloxycarbozzyf-2-cfzforo-2-deoxyfortitzzicizz A 

(9c) with iitlzizrm cfzloride izz N,N-dimetfz~@ormamide. - 1,2’,6’,2”-Tetra-iV-benzyloxy- 

carbonyl-Zchloro-2-deoxyfortimicin A (9c, 0.3017 g) on treatment with 0.327 g of 
lithium chloride in N,ZV-dimethylformamide for 72 h at 90° was recovered (0.284 g) 

unchanged. 
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2-Chfwo-2-deoxyfirtimicin A (lb). - A sample (0.303 g) of 1,2’,6’,2”-tetra-iV- 
benzyloxycarbonyl-2-chloro-2Ldeoxyfortimicin A (9c) was catalytically hydrogenated 
in the presence of 5 oA palladium-on-carbon in 0.2M methanolic hydrochloric acid to 
give 2-chloro-2-deoxyfortimicin A as the tetrahydrochloride salt* which was converted 
conventionally into the disulfate salt; [cz];~ -I- 80” (c 1.0, H,O); ‘H-n.m.r. (DzO): 
6 1.34 d &Is,,,. 6.6 Hz, 6’-CH3), 3.13 (NCH,), 3.49 (OCH3), and 5.35 d (J,,,2, 
4.0 Hz, 1 ‘-H). 

Anal. Calc, for C,,H3&lN,013S2 - 4Hz0: C, 29.50; H, 6.70; Cl, 5.12; N, 10.12; 
S, 9.26. Found: C, 29.19; H, 6.17; Cl, 5.44; N, 10.01; S, 10.73. 

2-Amino-2-deoxyfortimicin B (2e). - A sample (0.8 167 g) of 2-azido-I ,2’6’-tri- 
ZV-benzyloxycarbonyl-2-deoxyfortimicin B (6d) in 0.2M methanolic hydrochloric acid 
was hydrogenated conventionally in the presence of -5% palladium-on-carbon to 
give 2e as the pentahydrochloride salt; [a]:” f89“ (c 1.0, methanol); ‘H-n.m.r. 
(D,O, free base): 6 1.04 d (J6e,7. 6.7 HZ, 6’-CH3), 2.39 (NCH,), 3.47 (OCH,), and 
5.03 d (J,,,,. 3.7 Hz, l’-H); m-s. (M+H)+, talc. for C15H34NS04: m/z 348.2611, 
meas. ‘348.2597; cyclitol, talc. for C,H,,N,O,: m/z 206.1505, meas. .206.1522; 

diamino sugar, talc. for C,H,sN,O: m/z 143.1184, meas. 143.1181. 
2-0-(MethyZsulfonyl)fortimicin A (la). - A sample (1.01 g) of 1,2’,6’,2”-tetra- 

N-benzyloxycarbonyl-2-0-(methylsulfonyl)fortimicin A (9a) was catalytically hydro- 
genated to give 0.623 g of Id as the tetrahydrochloride salt*. The latter was converted 
into the disulfate salt with AGl-X2 (SO;-) resin; [a]r +80” (c 1.0, water); IH- 
n-m-r. (DzO): 6 1.32 d (Js’,,. 7.0 HZ, 6’-CH3), 3.13 (NCH,), 3.35 (OSO,CH,), 3.59 
(OCH,), and 5.34 d (J,.,ZV 3.5 Hz, I’-H). 

Anal. Calc. for C,,H,,N,O,,S, - 2H,O: C, 30.28; H, 6.33; N, 9.79. Found: 
C, 30.08; H, 6.13; N, 9.64. 
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