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ABSTRACT 

Preparations of 2-epi-fortimicin A (4) from 2-e,&fortimicin B (3) are described_ 

In contrast to the previously reported, selective 4-N-acylation of 1,2’,6’-tri-N- 
benzyloxycarbollylfortimicin B (8) with N-(N-benzyloxycarbonylglycyloxy)succini- 

mide, 1,2’,6’-tri-N-benzyloxycarbonyl-2-epi-fortimicin B (5) underwent predominant 
2-0,4-N-diacylation under similar conditions. Proof of the structure of the diacylated 
product is presented, with evidence that the diacylated product is formed by initial 
intramolecular, base-catalyzed 2-O-acylation. The in vitro antibacterial activities of 
2-epi-fortimicin A (4), 2-O-glycyl-2-e@-fortimicin A (ll), 1-N-glycyl-2-epi-fortimicin 
A (12), and 5-deoxy-2-egi-fortimicin A (13) are reported. 

DISCUSSION 

Methods for conversion of fortimicin B (1) into 2-epi-fortimicin B (3) were 

described in the previous paper’_ It was hoped that conversion of3 into 2++fortimicin 
A (4) could be accomplished by the process previously reported for conversion’ of 
fortimicin B (1) into fortimicin A (2). Although the synthesis of 4 from 3 has been 
accomplished, the chemistry of the Zepi-fortimicins B, as a consequence of the cis- 

relationship of the 2-hydroxyl and the 4-methylamino groups, presented an interesting 
contrast with the chemistry of the fortimicins B in which the 2- and 4-substituents 

are trans. 
Treatment of 2-epi-fortimicin B (3) with N-(benzyloxycarbonyloxy)succinimide 

gave 1,2’,6’-tri-N-benzyloxycarbonyl-2-epi-fortimicin B (5). Attempted conversion 

of 5 into 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-epi-fortimicin A (6) with slightly 
more than one equivalent of N-(N-benzyloxycarbonylglycyloxy)succinimide gave 
recovered starting material and 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-Ol- 

oxycarbonyl)glycyl-2-epi-fortimicin A (7), proof of the structure of which is described 

*Presented, in part, at the 19th Interscience Conference on Antimicrobial Agents and Chemotherapy, 
October 1979, Boston, Massachusetts, U.S.A. 
Wo whom inquiries should be addressed. 
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here. Under similar conditions, the 2-epimeric 1,2’,6’-tri-N-benzyloxycarbonyl- 
fortimicin B (8) was converted into 1,2’,6’,2”-tetra-N-benzyloxycarbonylfortimicin A 
(9) in - 70 % yield2. Treatment of 5 with slightly more than 2 mol of N-(benzyloxy- 
carbonylglycyloxy)succinimide gave the diacylated product 7 in 65 ok yield, together 
with 15 % of the desired 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-epi-fortimicin A (6) 
Mild, base-catalyzed hydrolysis, converted the diacylated product 7 into 6 in 
good yield. 

Attempted acylation of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-e~~-fo~imicin A 
(6) with N-(N-benzyloxycarbonylglycyloxy)succinimide, under conditions that 
converted 5 primarily into the diacylated product 7, gave only recovered starting 
material. This result established that 7 was formed from 5 by initial 2-O-acylation 
to form 1,2’,6’-tri-N-benzyioxycarbonyl-2-O-(N-benzyloxycarbonyl)glycyl-2-epi-forti- 

micin B (lo), followed by 4-N-acylation of the latter. Formation of both the diacylated 
product 7 and 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-2-epi-fortimicin A (6) on treat- 

ment of 5 with N-(benzyloxycarbonylglycyloxy)succinimide must be the result of 
competitive 4-N- vs. 2-O-acylation. Formation of the O-acylated intermediate 10 is 
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most probably the result of intramolecular, base-catalyzed 0-acylation resulting 
from hydrogen bonding between the 2-hydroxyl and the 4-methylamino groups in 
that cyclitol conformation (5a) in which these groups have a 1,3-diaxial relationship_ 

Catalytic hydrogenolysis of 6 and 7 gave 2-epi-fortimicin A (4) and 2-O-glycyl- 
2-epi-fortimicin A (ll), respectively, isolated as their perhydrochloride salts. The 
latter (11) was characterized by an ester-carbonyl band in its i-r. spectrum. Treatment 
of the pentahydrochloride salt of 11 with AG2-X8 (OH-) resin in aqueous solution 

gave, by 2-O- to I-N-migration, I-N-glycyl-Sepi-fortimicin A (12), isolated as the 

tetrahydrochloride salt. 
Comparison of the ‘H-n.m.r. spectra of the perhydrochloride salts of 2-e@ 

fortimicin A (4) and 2-0-glycyl-2-epi-fortimicin A (11) showed quartets for both, 

at 6 4.37 and 6 5.73, respectively, which may be attributed to the protons attached 
to C-2. [Because of peak overlap at 100 MHz, the H-2 resonance of 2-epi-fortimicin 

A (4) was determined at 270 MHz.] The difference between the chemical shifts of 
the quartets (d6 1.36) was that expected for the downfield shift on acylation of a 
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proton attached to the hydroxyl-bearin, = carbon of a secondary alcoho13. The magni- 
tude of the coupling constants for 4 (J,,s 5.0 and J2,3 9.5 Hz) and 11 (J1,2 4.8 and 
J 2,3 9.2 Hz) established that H-2 of both were axial, and thus that the solution 
conformations of the cyclitol rings of the salts of 4 and 11 were the same as the solution 
conformations of fortimicin A and its salts4. 

Chemical proof that the 0-acyl groups of 1,2’,6’,2”-tetra-N-benzyloxycarbonyl- 
2-0-(Ar-benzyloxycarbonyI)glycyl-2-epi-fortimicin A (7), and the pentahydrochloride 
salt of 2-0-gIycyl-2-e-i-fortimicin A (11) were attached to O-2 and not O-5 was 
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obtained by conversion of 7 into Sdeoxy-2-epi-fortimicin A (13) in a process whose 
key step is the Barton deoxygenation procedure5. An unambiguous synthesis of 
5-deoxy-2-epi-fortimicin A (13) via the Barton procedure was performed, starting 
with 2-0-benzyl-2-epi-fortimicin B (14). The latter was prepared by conversion of 
1,2’,6’-tri-N-acetyl-2-epi-fortimicin B 4,Scarbamate’ (15) into the 2-benzyl ether 
(16), which gave 14 on base-catalyzed hydrolysis. 

2-0-Benz+2-epi-fortimicin B (14) was converted into 2-O-benzyl-1,2’,6’-tri-N- 
benzyloxycarbonyl-2-epi-fortimicin B (17) with N-(benzyioxycarbonyloxy)succini- 
mide. Treatment of 17 with N-(N-benzyloxycarbonylglycyloxy)succinimide gave 
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2-O-benzyl-l,2’,6’,2”-tetra-N-benzyloxycarbonyl-2_er~imicin A (18). Catalytic 

hydrogenation of 18 removed both the N-benzyloxycarbonyl groups and the O- 
benzyl group to give 2-epi-fortimicin A (4), identical with that prepared from 1,2’,6’,2”- 

tetra-N-benzyloxycarbonyl-2-epi-fortimicin A (6) as already described_ 
Both 1,2’,6’,~“-tetra-N-benzyloxycarbonyl-2-O-(N-benz~~loxycarbonyl)glycyl-2- 

epi-fortimicin A (7) and 2-O-benzyl-l,~‘,6’,2”-tetra-~‘-benzyloxycarbonyl-~-epi-forti- 
micin A (18) were converted into the S-0-thiocarbonylimidazole esters 19 and 20, 
respectively_ Deoxygenation of 19 and 20 with tributylstannane gave 1,2’,6’,2”-tetra- 
N-benzyloxycarbonyl-2-O-(N-benzyloxycarbonyl)gIycyl-5-deosy-2-epi-fortimicin A 
(21) and 2-O-benzyl-l,2’,6’,2”-tetra-N-benzyloxycarbonyl-5-deoxy-2-epi-fortiInicin A 
(22), respectively. Mild base-catalyzed hydrolysis of the Z-O-(N-benzyloxycarbonyl)- 

glycyl group of 21 gave 1,2’,6’,2”-tetra-N-benzyloxycarbonyl-5-deoxy-~-~pi-fortimicin 
A (23). Catalytic hydrogenolysis of 23 gave 5-deoxy-2-epi-fortimicin A (13) identical 

with material of unambiguous structure prepared by hydrogenation of 2-O-benzyi- 
1,2’,6’,2”-tetra-N-benzyloxycarbonyl-~-epj-5-deoxyFortimicin A (22), thus providing 
conclusive chemical evidence that the 0-acyl groups of the diacylated products 7 

and 11 were attached to O-2. 
Relevant ‘3C-n.m.r. data are recorded in Table I. It may be noted that the 

‘3C-n.m.r. titration data for I-N-glycyl-2-epi-fortimicin A (12) showed on protona- 
tion shifts only for the resonances of carbon atoms attached to the amino groups 
of the diamino sugar moiety. This confirmed that the acyl groups of 12 were attached 
to the nitrogen atoms of the cyclitol ring. 

TABLE I 

l”c-N.hl.R. DATA” 

c 4 12 13 14 

pD 1.95 B-Shift pD 1.39 &Shift pD 3.9 f3-Shift pD 1.4 /3-Shift 

1’ 95.4 5.2 95.5 5.7 93.9 4.6 94.9 
2’ 51.9 51.9 51.3 51.6 
3’ 21.5 5.6 21.8 6.0 21.6 5.7 21.4 
4 26.3 26.3 26.4 26.3 
5 71.1 4.4 71.6 3.9 70.9 2.3 70.8 
6 49.5 49.4 49.3 49.0 
7’ 15.2 3.6 15.3 3.5 15.1 2.2 15.5 
1 54.5 54.6 51.7 53.9 
2 69-E 3.9 71.4 69.2 2.6 64.6 
3 75.0 75.6 78.7 75.2 
4 55.6 55.5 55.3 62.2 
5 70.9 71.0 26.4 71.2 
6 73.3 3.7 75.6 70.9 4.3 76.5 

4.3 

5.6 

2.4 

3.3 

3.2 
4.4 

3.4 
3.1 

al3C-N.m.r. spectra were determined as described in the accompanying paper. Solutions in D20 
- 10% (w/v), were used throughout. 
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The in vitro antibacterial activities of the 2-epi-fortimicins are recorded in 
Table II. 2-epi-Fortimicin A (4) had activity about equal to that of fortimicin A. 
In contrast, 5-deoxy-2-epi-fortimicin A (13) and both the 2-O-glycyl- and l-hr-glycyl- 
2-epi-fortimicins A, (11) and (12), respectively, were essentially devoid of activity. 

EXPWMJSNTAL 

i 
General methods. - General procedures are reported in the accompanying 

paper’. 

Z,2’,4’-Tri-N-be~zzyloxycarbonyl-2-epi-fortimici~z B (5). - To a magnetically 
stirred solution of 2-epi-fortimicin B (3, 2.9 g) in water (42 mL) and methanol 
(84 mL), cooled in an ice bath, was added 6.4 g of N-(benzyloxycarbonyloxy)succini- 
mide. Stirring was continued for 3 h with cooling, and then overnight at room 
temperature. The resulting solution was added to 5% aqueous sodium hydrogen- 
carbonate and extracted with chloroform. The extract was dried (magnesium sulfate) 
and evaporated to give a gIass (6.91 g). The latter was chromatographed on a column 
of 450 g of silica gel with 9 : 1 1,2-dichloroethane-ethanol to yield 3.1 g (50 %) of 5; 
[CL];” + 59” (c I-0, methanol), vmax -CDC*3 3440, 3330, and 1708 cm-‘; S(CDCl,)r 1.04 d 

(JW.7’ 7.0 HZ, 6’sCH3), 2.40 (NCH,), and 3.39 (OCH,). 
Anal. Calc. for C39H5,,N4011 : C, 62.38; H, 6.71; N, 7.46. Found: C, 62.11; 

H, 6.79; N, 7.36. 
1,2’,6’,2”-Tetra-N-benz~~Io_~ycarbonyZ-2-O-(N-be~rzyloxycarbo~zyt)gZ~~c~~I- Z-epi- 

fortimicin A (7) and 1.2’,6’,2”-tetra-N-be~~z~)Io~~vcarbo?~y~-2-e~i-fortim~ci~~ A (6). - A 
solution of compound 5 (1.2 g), N-(N-benzyloxycarbonylglycyioxy)succinimide 
(1.24 g), and oxolane (90 mL) was kept for 3 days at room temperature. The resulting 
solution was poured into 5 % aqueous sodium hydrogencarbonate and extracted with 
chloroform. Evaporation of the extract left a glass (1.82 g). The product was chromato- 
graphed on a column of 200 g of silica gel with 19 : 1: 0.1 1,2-dichloroethane-ethanol- 
water. Earlier fractions gave 1.17 g (65 %) of 7; [cx]~” f22” (c 1 .O, methanol); 
?c*s 3432, 1752 (s), 1712, and 1638 cm-‘, S(CDCI,): 1.16 d (Js,,7, 7.0 Hz, 6’-CH,); 
2.85, 3.0 (NCH,, rotamers), and 3.33 (OCH,). 

Anal. Calc. for C59Hs8Ns017: C, 62.53; H, 6.05; N, 7.41. Found: C, 62.40; 
H, 6.05; N, 7.34. 

Further elution of the column gave 0.222 g (15 %) of 6; [x];f’ +43 o (c 1 .O, 
methanol), ijEt’3 3436, 1710, and 1635 cm-‘; 6(CDCI,): 1.15 d (J6.,,, 6.5 Hz, 
6’-CH,), 2.87, 3.04 (NCH,, rotamers), and 3.48 (OCH,). 

Anal. Calc. for C,,H,,N,O,,: C, 62.47; H, 6.31; N, 7.47. Found: C, 62.67; 
H, 6.55; N, 7.26. 

1,2’,6’,2”-Tetra-N-benzyloxycarbo~z~~[-2-epi-fortimicin A (6)_ - A solution of 
compound 7 (1.0 g), 5 mL of 5 % aqueous sodium hydrogencarbonate, and methanol 
(50 mL) was stirred overnight at room temperature. The mixture was diluted with 5 % 
aqueous sodium hydrogencarbonate and extracted with chloroform. Evaporation 
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of the dried extract left a glass (0.972 g). Chromatography of the latter on a column 
of 90 g of silica gel with 9 : 1 ethyl acetate-hexane gave 0.628 g (76 %) of 6, identical 
with that already described_ 

I,2’,6’-Tri-N-acet_vl-~-O-ben~~i-~-epi-forti~zici~z B 4,5-carbanzate (16). - To a 
stirred suspension of 1,2’,6’-tri-jV-acetyl-2-epi-fortimicin B 4,5-carbamate’ (15, 
2.67 g), barium oxide (2.22 g), and barium hydroxide octahydrate (2.86 g) in 134 mL 
of IV+V-dimethylformamide, cooled in a 2-propanol-ice bath, was added 2.3 mL of 
rr-bromotoluene. The mixture was stirred for 15 min in the cold bath, in a water-ice 
bath for 3.5 h, and then at room temperature overnight. The mixture was filtered 
through a Celite mat, and the mat was washed thoroughly with chloroform_ The 
filtrates were combined and the solvent was evaporated_ The residue was dissolved 

in chloroform and the solution again filtered through a Celite mat. The solvent was 
evaporated and residual NJV-dimethylformamide was removed by evaporation of 
toluene from the residue, leaving an oil (3.00 g). The latter product was chromato- 
graphed on a column of 250 g of silica gel with 9 : 1 1,2-dichloroethane-methanol to 
yield 1.83 g (5s %) of 16; b)g3 + 52O (c l-0, methanol); Gztz’3 3439, 3312, 1742, 
and 1644cm- ‘; G(CDC1,): 1.20 d (le.,,. 6.6 HZ, 6’-CH3), 1.90, 1.94; 1.96 (NCOCHS), 
2.82 (NCH,), 3.42 (OCH,), 4.62, 4.64 q (OCH2Ph, central peaks of AB quartet, 
outer peaks too small to be observable), and 5.14 (J,.,,. 3 Hz, l’-H); m/z (M + 1) 
talc. for G9H,,N,09: 591.3030, measured 591.3053; (cyclitol fragment) talc. for 
CIBH,,N,O,: 365.1713, measured 365.1706; (diamino sugar fragment) talc. for 
C, 1 H, $JzO, : 227.1396, measured 227. I40 I _ 

2-0-BenqvI-2-epi-fortirnicin B (14). - A solution of compound 16 (6.39 g) 
in SO0 mL of 2~ aqueous sodium hydroxide was heated for 3 days at 85” under 
nitrogen_ The resulting solution was cooled to room temperature and brought to 

.‘ pH 7 by addition of &I hydrochloric acid. The water was evaporated and residual 
water removed by evaporation of ethanol from the residue. The residue was treated 
with several portions of boilin, 0 ethanol, and the supernatants were filtered. The 
ethanol was evaporated, and the residue treated with several portions of boiling 
chloroform, and the supematants were filtered and combined. Evaporation of the 
chloroform left a glass (5.53 g), which was chromatographed on a column of 450 g 

of silica gel packed and eluted with IO : 1: 1 dichloromethane-methanol-concentrated 
ammonium hydroxide to yield 3.24 g (68%) of 14; b]k3 +96” (c 1.0, methanol), 
i?c’3 3372 and 3292 cm-‘; G(CDC1,): 1.05 d (J6e,7, 6.3 Hz, 6’~CH3), 2.44 (NCH,), mrlx 
3.51 (OCH,), 4.69 (OCH,Ph), and 4.90 d (J,.,,. 3.4 Hz, I’-H); (M+-) talc. for 
G2H3,N,0,: 438.2842, measured 438.2853; (diamino sugar fragment) talc. for 
C,H,sN,O: 143-i 184, measured 143.1191; (cyclitol fragment) talc. for CISH2,Nz0,: 
297.18 14, measured 297.18 11. 

2-0-ben~_vl-1,2’,6’-tri-N-be~z~ylo_~~~c~rbo~t~~i-2-epi-forti~nici~z B (17). - To a 

stirred solution of compound 14 (2.51 g), water (28 mL), and methanol (110 mL), 
cooled in an ice bath, was added IV-(benzyloxycarbonyloxy)succinimide (4-4 g)_ 
Stirring was continued with cooling for 3 h and then overnight at room temperature. 
The resulting solution was poured into 5 % aqueous sodium hydrogencarbonate and 
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extracted with several portions of chloroform. The combined extracts were dried 
and evaporated to give a glass (4.64 g). A sample (0.998 g) of this glass was chromato- 
graphed on a coIumn of IO0 g of silica gel with 99 : 1 ethyi acetate-triethylamine to 
yield 0.584 g (58 %) of 17; b]E3 + 37” (c 1.0, methanol); “EyF3 3444, 3347, and 1704 
cm-‘; G(CDC1,): 1.06 d (J6..,, 5.9 HZ, 6’~CH3), 2.31 (NCH,), and 3.44 (OCH,). 

Anal. Calc. for C&H,,N,O, r: C, 65.69; H, 6.71; N, 6.66. Found: C, 65.13; 
H, 7.01; N, 6.45. 

2-0-Bct1r~~I-I,2’,6’,2”-tet~a-N-bet~~yto_~ycarbo~~~~/-~-epi-fortit~z~ci~~ A (18). - To 
a stirred solution of compound 17 (0.500 g) in oxolane (30 mL), cooled in an ice 
bath, was added N-(IV-benzyloxycarbonylglycyloxy)succinimide (0.182 g). Stirring 
was continued with cooling for 3 h and then overnight at room temperature_ The 

resulting solution was poured into 5”/, aqueous sodium hydrogencarbonate and the 
suspension extracted with several portions of chloroform. Evaporation of the dried 
extract gave a glass (0.607 g), of which 0.600 g was chromatographed on a column of 
60 g of silica gel with 1 : 1 1,2-dichloroethane-ethyl acetate to yield 0.413 g (67 “/;‘,) 
of 18; [a]? +25O (c 1.0, methanol); I?:::‘3 3433, 3335, 1710 and 1640 cm-‘; 

G(CDCI,): 1.18 d (.&,,,. 6.8 Hz, 6’-CH,), 2.36 (NCH,), and 3.50 (OCH,). 
Anal. Calc. for C56H65NS0,A - HzO: C, 64.04; H, 6.43; N, 6.67. Found: C, 

64.46; H, 6.49; N, 6.74. 
2-epi-Forth&in A (4). - (a) A sample (1.25 g) of 2-O-benzyl-1,2’,6’,2”-tetra- 

N-benzyloxycarbonyl-2-epi-fortimicin A (18) was hydrogenated for 4 h in 0.2h1 
methanolic hydrochloric acid (100 mL) under 3 atm cf hydrogen in the presence of 

2.5 g of 5% palladium-on-carbon. The catalyst was removed by filtration and the 
solvent evaporated. Residual hydrochloric acid was removed by evaporation of 
methanol, leaving 0.668 g (loo”/,) of 4 as the tetrahydrochloride salt: b]i2 +55” 
(c 1.0, methanol); GE: 1640 cm-‘; S(D?O): l.Sl d (J6,,,, 6.7 Hz, 6’-CH,), 3.63 
(NCH,), 4.06 (OCH,), and 5.79 d (Jr.,,, 3.7 Hz, H-l’): (M+*) talc. for C,,H,,N,O,: 
405.2587, measured 405.2580; (diamino sugar fragment) talc. for C7H15N,0: 
143.1184, measured 143.1178; (cyclitol fragment) talc. for C,,H2,N,0,: 246.1454, 
measured 246.1429. 

A solution of the tetrahydrochloride salt of 4 (6.46 g) in water (25 mL) was 

applied to a column of AGI-X2 (SO:-) resin, and the product was eluted with 
water. Lyophilization of the combined fractions containing the product gave 6.66 g 

(84%) of the disulfate salt of 4; [XI:” t58” (c 1.0, water); 6(DzO): 1.82 d (J,.,,. 
6.8 Hz, 6’-CH,), 3.66 (NCH,), 4.09 (OCH,), 5.S2 d (Jr.,,, 3.4 Hz, 1’-H). 

Anal. Calc. for C17H39N5014S - 4 H,O: C, 30.30; H, 7.03; N, 10.39. Found: 
C, 30.61; H, 6.29; N, 10.49. 

(b) Compound 6 (0.110 g)was hydrogenated for 4 h in 0.1 hr met!lanolic hydrogen- 
chloride (19 mL) under 3 atm of hydrogen in the presence of 0.110 g of 5 7” palladium- 
on carbon. Isolation as before gave 0.063 g (98 %) of 4 as the tetrahydrochloride salt, 
identical with that prepared as already described. 

2-0-Gfycyl-2-epi-fortiKci~z A (11). - Compound 7 (0.18 19 g) was hydrogenated 
for 4 h in a solution containing 16 mL of 0.2br hydrochloric acid in methanol and 
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‘r4 tTG_ C.i5? iTlt%hiWid UiXki 3 t3kTl C-f ?S~dtXX@3 it% @3X ~~~~ Qf Cl.2 g Qf 5 :I_ $Eil!.adiUm- 

on-carbon. Conventional isolation gave 0.077 g (74%) of 11 as the pentahydrochloride 

salt; [z]g3 f 50” (c 1.0, methanol) 3::: 1750 cm-l; S(D,O): 1.82 d (J6.,,, 6.7 Hz, 

6’-CH,), 3.67 (NCH,), 4.02 (OCH3), 5.84 d (J,P,2S 3 Hz, I’-H), and 6.16 q (J,,Z 4, 

J2,3 9 Hz, H-2); (ML-) talc. for C19H38N607: 462.2802, measured 462.2777; (cyclitol 

fragment); talc. for C, ,H1,N,05: 303.1668, measured 303.1672; (diamino sugar 

fmgment).ralr__fnr C,H15N110: 143.1184, measured 143.1178. 

I-N-GIycyI-2-epi-fortinticin A (12). - An aqueous solution of the pentahydro- 
chloride salt of 2-0-glycyl-2-epi-fortimicin A (11, 0.431 ,e) was applied to a column 

of 25 mL of AG2-X8 (OH) resin (50-100 mesh). The basic eIuate was collected, and 

the resulting aqueous sotution was kept for 1 h at room temperature. The resulting 

solution was then brought to pH 1 by addition ofU.2w hydrechloric acid. The water 

was evaporated and residual water was removed by evaporation of ethanol and then 

methanoI, Ieaving 0.345 g (85%) of 12 as the tetrahydrochloride salt: Ca]L4 f69’ 

(c 1.0, methanol), “g; 1642 cm-‘; S(DLO): 1.82 d (J6,,7S 7.0 Hz, 6’-CH3), 3.64 
(NCH,), 4.06 (OCH,), and 5.72 (Jr.,,. 3-6 Hz, 1 ‘-H); (M +-) caIc_ fur C,,HSaN60,: 

462.2802, measured 462.2737; (cyclitol fragment) talc. for Ci2H,,NbOs: 303.1668, 

measured 303.1683; (diamino sugar fragment) talc. for C,H,,N,O: 143.1184, 

measured 143.1173. 
1,2’, 6’,2”-Tetra-N-be~l~_~~io_~ycarbo~~~~l- 2 - 0 - (N-benzyIoxycarbonyI)gIycyi- 5 - 0 - 

thiocarbonyhidazoyt-2-epl’-fortimicin A (19). - A solution of compound 7 (0.600 g), 

1,l ‘-thiocarbonyldiimidazole (0.436 g), triethylamine (0.6 mL), and 1,2-dichloro- 

ethane (22 mL) was boiled under reffux for 1.5 h. The solution was cooled and the 

solvent evaporated Ieaving a dark-brown oil (1.25 g), which was chromatographed 

on a coIumn of 60 g of silica gel with ethyl acetate to yield 0.565 g (%$‘A) of pure 19: 

PC13 3440, 3360(s), 1755(s), 1712, and 1652 cm-‘; G(CDC1,): 1.13 d (J6S,7 .6_2Hz, mltx 
6’-CH,), 2.80 (NCH,), and 3.42 (OCH,) 

Z,Z’, 6’, 2”-Tetra-N-benzyZo_xycarbonyI- 2 - 0 -(N-benzyIosycarbonyl)gIycyI- 5 -de- 
oxy-2-epi-fortinzicin A (21). - To a stirred refluxing solution of tributylstannane 

(2 ml,) in l,&dioxane (45 mt) under an atmosphere of nitrogen was added, dropwise, 

a solution of compound 29 (0.532 g) in 1 ,Cdioxane (15 mL}. After the addition was 
complete, refluxing was continued for 2 h. The resulting solution was cooled to room 

temperature, and the solvent evaporated. Hexane (-20 mL) was added and the 

resulting mixture was kept overnight at room temperature_ The hexane supernatant 
was removed by decantation and the residue chromatographed on a column of 50 g 

of silica gel with 4: 1 ethyl acetate-hexane to yield 0.307 g (63 %) of 21; b]i4 -i- 18” 
(c 1.0, methanol); %.m;Lr YCDC’a 3435, 1752, 1714, and 1652 cm-‘; G(CDC1,): 1.15 d (J6.,,, 

6.5 Hz, 6’-CH,), 2.80 (NCH,), and 3.31 (OCH,). 

Anal. Calc. for C,,H,,N,O,, - HzO: C, 62.42; H, 6.22; N, 7.41. Found: C, 
am; Et> 6_4L; N, S-53. 

2-O-BenzyI-1,2’,6’,2”-terra-N- benzylosycarbonyI-5-0-tlliocal-bolt)2- 
epi-forthkin A (2U)_ - A stirred solution of compound 18 (1.64 g) I,1 ‘-thiocarbonyL- 

diimidazole (I.31 & of triethylamine (1.3 mL), and 1,Zdichloroethane (65 mL) was 
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boiled under reflux for 8 h. The solvent was evaporated and the residue chromato- 
graphed on a column of 200 g of silica gel with 9: i (v/v> ethyl acetate-hexane to 
yield I.95 $ (I IO%, not further purified} of 20; FZ$‘I 3425, 3370(s), I710, and 
1647 cm-‘; G(CDC1,): 1.16 d (Js.,7. 7.0 Hz, 6’-CH,), 2.80 (NCH,), and 3.09 (OCH,). 

2-O-Bett~~I-I,2’,6’,2”-tetra-N-bett~~~lo_~~~carbott~l-S-~eos~~- 2-epi-fortittticitt A 

(22). - To a stirred, refluxing solution of tributylstannane (8 mL) in 150 mL of 
1,4_dioxane, under an atmosphere of nitrogen, was added, dropwise, a solution of 

_ __ 
compound 20 (1.5‘5 g) in 50‘ mL of I,@-dioxane. After the addirion had been com- 
pleted, heating was continued for 2 h. The resuhing solution was cooled to room 
temperature and the 1,4-dioxane was evaporated_ Hexane (60 mL) was added, and 
the resulting mixture was kept overnight at room temperature_ The hexane was 
removed by decantation, and the residue (2.9 g) was chromatographed on a column 
of silica gel with 7 : 3 ethyl acetate-hexane to yield 0.694 g (40’;/,) of 22; [u]: + 33 o 
(c 1.0, methanol): trnax fCDCu 3432, 33.50(s), 1712, and 1647 cm-‘; d(pyridine, room 
temperature, rotamers): 1.42 d (J6,,,, 6.8 Hz, 6’-CH,), 2.74, and 2.87 (NCH,), 
3.40, 3.44 (OCH,); S(pyridine, 110”): 1.32 d (J6,,,. 6.8 Hz, 6’-CH,), 2.80 (NCH,), 
and 3.42 (OCH3). 

Anal. Calc. for C56H65N50,3: C, 66.19; H, 6.45; N, 6.89. Found: C, 65.43: 
H, 6.54; N, 6.82. 

1,2’,6’,2”-Tetra-N-bet~~~lo_~~~carbot~~l-5-~eo_~~-2-epi~for~itt~icitt A (23). - A 
solution of 21 (0.270 g), 5 % aqueous sodium hydrogencarbonate (1.6 mL), and 

methanol (16 mL) was stirred for 2 days at room temperature. The mixture was 
poured into 5% aqueous sodium hydrogencarbonate and extracted with chloroform. 
The dried extract was evaporated to give a glass (0.253 g), chromatography of which, 
(0.218 g) on a column of 25 g of silica gel with ethyl acetate, gave 0.139 g (62%) of 
23; CaJF +43” (c 1.0, methanol); I,,,=~ ycDcl’ 3437,3337, 1710, and I647 cm-‘; S(pyridine, 
room temperature, rotamers): 1.36 d (Jo..,, 6.5 Hz, 6’-CH3), 2.76, 2.89 (NCH,), 
3.48, 3.51 (OCH,); G(pyridine, 110”): 1.29 d (Jh+.7, 7.0 Hz, 6’-CH,), 2.84 (NCH,), 
and 3.49 (OCH,). 

Atzal. Calc. for C,,H,,N,0,3: C, 63.55; H, 6.42; N, 7.56. Found: C, 64.02; 
H, 6.79; N, 7.07. 

5-Deosy-2-epi-fot-titnicitz A (13). - (a) Compound 23 (0.579 g) in 0.2~ hydro- 
chloric acid in methanol (50 mL) was hydrogenated under 3 atm of hydrogen for 
4 h in the presence of 0.58 g of 5% palladium-on-carbon_ The catalyst was removed 
by filtration and the solvent evaporated, Ieaving 0.307 g (92 %) of 13 as the tetrahydro- 
chloride salt. An aqueous solution of the latter was passed through a column of 
16 mL of AGl-X2 (SO;-) resin (50-100 mesh). Lyophilization of the eluate con- 
taining the product gave 0.3 19 g (82%) of 13 as the disulfate salt; [~]g + 50” (c 1.0, 

water); b(D,O): 1.35 d (J6,,,, 6.8 Hz, 6’-CH,), 3.05 (NCH,), 3.54 (OCH,), 4.09 
(COCN2NH,), and 5.37 (Jr a.?, 3.0 Hz, I’-H); (M’-) talc. for C1,H3sN505: 389.2638, 
measured 389.2641; (cyclitol fragment) talc. for CiaHz,N,O,: 248_16IO, measured 
248.1608; (diamino sugar fragment) talc. for C,H, ,NzO: 143.1184, measured I43.1184. 

Anal. Calc. for C,7H39NS013SL - 5 H,O: C, 32.37; H, 7.03; N, 11.11. Found: 
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C, 32.30; N, 6.92; N, 11.11. 
(b) Compound 22 (0.514 g) in 0.2b1 hydrochloric acid in methanol (50 mL) 

was hydrogenated for 4 h under 3 atm of hydrogen in the presence of 1.0 g of 5% 
paliadium-on-carbon. The catalyst was removed by filtration and the solvent evapo- 
rated ieaving 0.262 g (97 %) of 13 as the tetrahydrochloride salt. An aqueous solution 
of the latter was passed through 17 mL of AGI-X2 (SO;-) resin. Lyophilization of 
the eluate containing the product gave 0.270 g (82%) of 13 as the disulfate salt, 
identical with that prepared as already described from 21. 
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