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ABSTRACT 

Sisomicin was converted into 3,2’,6’-tri-~-acetylsisomi~n by acetylation of 
its 3”,4’‘-vicinal-cis and 1,2”-rropr-vicinal amino-hydroxyl group pair complex of cop- 
per(R) or cobalt(H) acetate. The tri-llr-blocked derivative was reductively monoal- 
kylated at the l-position with a~etaldehyde and sodium cyanoborohyd~de and then 
~-deprotected to give netilmicin. 

Netilmicin (6) is the latest semisynthetic aminoglycoside-aminocyclitol anti- 
biotic to enter the market. It is the I-N-ethyl derivative of sisomicin (l), an antibio- 
tic produced by Micromonosporu purpurea. Its first synthesis’*2, proof of struc- 
ture’, microbiological spectrum of activity’, and report of clinical utility4 have ap 
peared in the literature5. This paper describes a much improved and practical syn- 
thesis of the antibiotic from sisomicin employing the novel vicinal and non-vicinal 
transition-metal complexing of aminoglyco~de-aminocyclito1 antibiotics developed 
in our laboratory6s7. 

RESULTS AND DISCUSSION 

As pointed out ear-herb, divalent transition-metal cations form five types of 
reversible complexes with aminog~ycoside-aminocyclitol antibiotics in solution 
owing to the presence of five types of amino and hydroxyl group pairs. The five 
types are: primary amino-hydroxy cis-vicinal, primary amino-hydroxy @ulas-vi&al, 
secondary amino-hydroxy cis-vicinal, secondary amino-hydroxy bruns-vicinal, and 
primary amino-hydroxy non-vicinal. A raon-vicinal amino and hydroxy group pair 
is one in which the two groups are located several bonds away on different rings, 
yet are in proximity owing to a unique stereochemical consequence as a result of 

*Dedicated to Professor R. U. Lemreux. 
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Scheme 1. Vicinal and non-vicinal aminohydroxy group pairs in sisomicin (1): 1,2”-non-vicinal, 2’,5- 
non-vicinal, and 3”,4’*-vi&al. 

conformational preference about the glycosidic linkage and possible further stabili- 
zation of the conformation by intramolecular hydrogen-bonding between the two 
groups7. In sisomicin (1) are a vicinal cis amino and hydroxy group pair at 3”,4”- 
position, and two non-vi&al amino and hydroxyl group pairs at 1,2” and 2’,9posi- 
tions (see Scheme 1). Under suitable conditions, the amino-hydroxyl group pairs 
form reversible complexes with divalent transition-metal cations, the extent to 
which these cation complexes are formed in solution being de~ndent on the type 
of transition-metal salt, availability of the amino hydroxyl group pair for complex- 
ing, stability of the complex, and nature of the sofvent7. The noncomplexed amino 
groups are then allowed to react with suitable N-blocking reagents to give, after re- 
moval of the transition metal, selectively N-protected derivatives7. By making use 
of the reactivity differences among the non~mplexed amino groups, it is possible 
to achieve further selectivity. In the case of sisomicin (l), as we have shown previ- 
ously, complexing occurs at the 3”,4” and 1,2”positions’. No complexing takes 
place between the amino and hydroxyl group pair at the 2’,5-position owing to in- 
accessability of OH-5 which is buried between two sugar residues’. N-Protection at 
the 3,2’ and 6’positions of sisomicin (1) could therefore be readily achieved7. 

Treatment of sisomicin (1) with 14 equivalents of cupric acetate dihydrate in 
aqueous N,iV-dimethyiformamide, followed by 3 equivalents of acetic anhydride 
afforded 3,2’,6’-tri-~-acetylsisomicin (4) as the major product. It was isolated in 
75% yield by column chromatography on silica gel after removal of cupric ions with 
hydrogen sulfide. 1,3,2’,6’-Te~a-~-acetylsisomicin (2) was formed as a by-product 
which was isolated in 11% yield. 

The structure of 2 was readily proven by a direct comparison of its physico- 
chemical properties with those of an authentic sample prepared by an alternate 
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methods. The st~~ture of 4 was proven as follows: The ‘H-n.m.r. spectNm 
showed the presence of three N-acetyl groups. The absence of an acetyl group at 
NH-3” was inferred from the chemical shift (S 2.51) and the sharp singlet nature of 
the N-methyl signal’. The electron impact (e.i.) mass spectrum showed a molecular 
ion at m/z 573 consistent with the structure. The absence of an acetyl group in the 
garosamine moiety of the molecule was further confirmed by the ion at m/z 160 
which is characteristic of the unsubstituted garosaminyl cation”. The presence of 
a single acetyl group in the 2-deoxystreptamine portion of the molecule was clearly 
evidenced by ions at m/z 233, 215, 205, and 187. The ions characteristic of a frag- 
mentation pattern of the protonated formyl 2-deoxystreptamine are 191+173, 
1914163, 145. The presence of two acetyl groupS in the purpurosamine C portion 
was clear from the ions at m/z 211 (expected for purpurosamine C glycosyl cation, 
127), and 443,425,415, and 397 (the characteristic fra~entation pattern” of pro- 
tonated formyl sisomine is 317+299, 317+289-+271). From the ~orementioned 
studies the only question that remained unanswered was the position of the acetyl 
group in the 2-deoxystreptamine part. To answer this question, compound 4 was 
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selectively hydrolyzed in aqueous acid, utilizing the higher reactivity of the vinyl 

ether, to give 3-K-acetylgaramine (3). 

In tetraamine copper solution (TaCu), the c.d. spectrum of 3 gave [0Ez, 

-6260, which meant that the acetyl group was present at NH-3 (ref. 11). If the 

acetyl group were at NH-l, the value expected would be twice that observed”. 

Therefore, the structure of 4 was proven to be 3,2’,6’-tri-N-acetylsisomicin. 

The yield of 4 was further improved by enhancing the selectivity. Thus, it was 

increased to 87% by conducting the reaction in the presence of 2 equivalents of 

cobalt(I1) acetate tetrahydrate in N,N-dimethylformamide. This could be further 

improved to 95%: by increasing the amount of cobalt(I1) acetate tetrahydrate to 3 

equivalents and changing the solvent to dimethyl sulfoxide. 

Reductive alkylation of 4 with acetaldehyde and sodium cyanoborohydride in 

aqueous acid gave 3,2’,6’-tri-N-acetyl-1-N-ethylsisomicin (5) in 70% yield after 

chromatography on silica gel. The data presented in the experimental section are 

consistent with the structure. N-Deacetylation of 5 with aqueous sodium hydroxide 

gave, after purification on silica gel, 1-N-ethylsisomicin (6, netilmicin) in 90% 

yield. The product was identical in its physicochemical and microbiological proper- 

ties with an authentic sample. 

EXPERIMENTAL 

General. - Details of experimental techniques have been given in earlier 

publications’2V’3. 

3,2’,6’-Tri-N-acetylsisomicin (4) by use of cupric acetate dihydrate. - 
Lyophilized sisomicin (1, 1.3 g, 3 mmol) was dissolved in water (16 mL) and N,N- 

dimethylformamide (54 mL) was added with stirring. To the stirred solution was 

added cupric acetate dihydrate (9 g, 41.5 mmol) and the mixture kept with stirring 

at room temperature for 35 min. A freshly prepared M solution of acetic anhydride 

in N,N-dimethylformamide (9.9 mL) was added dropwise at the rate of 25 drops/ 

min. After the addition was complete, the mixture was stirred for a further period 

of 30 min and diluted with water (20 mL). Hydrogen sulfide was bubbled through 

the solution for 10 min to precipitate cupric sulfide, and to ensure complete precipi- 

tation the mixture was stirred for additional 30 min. The suspension was filtered 

through a pad of Celite, the residue thoroughly washed with water (3 x 10 mL), 

and the filtrate evaporated to dryness in vucuo. The residue was chromatographed 

on a column (2.5 X 96 cm) of silica gel (150 g) with 30: 10: 1 chloroform-methanol- 
ammonium hydroxide as the eluant. The fractions containing 4 were pooled, 

evaporated to dryness, and lyophilized to give 1.29 g (75%). Fractions containing 

2 were processed in a similar manner to give 0.2 g (11%). Compound 4 showed 

MD” +186.7” (c 0.45, water); ‘H-n.m.r. (D,O); S 1.94, 1.98, 2.0 (9 H, 3 

NCOCH,), 1.22 (s, 3 H, C-C&), 2.51 (s, 3 H, N-W,), 2.59 (d, 1 H, J 9.5 Hz, H- 

3”),5.10(d,1H,J4.2Hz,H-l”),and5.51(d,1H,J2.5Hz,H-l’);m.s.:miz573 
(M+), 443, 425, 415, 397 (protonated formyl tri-N-acetylsisomine series), 397, 



374,364,346 (protonated formyl ~-a~etyl~aramine series), 233,215,205,187 (pro- 
tonated formyl ~-acetyl-2-deoxystreFtamine series}, 211 (di-~~-a~tyl~nr- 
purosamine C cation), and 160 (garosaminyl cation). 

Anal. Cafe. for C25H4301$?5 1 H&OS: C, 49.13; L-I, 7.14; N, 11.02: Found: 
c, 49.10; H,?.M; N, 11.38. 

3,2’,6’-Tri-N-ace2ylsiromicin (4) by use of cobah acetate tetra~y~r~te. - 
Lyophilized sisomicin (1, 0.447 g, 1 mmol) was dissolved in iV,N-dimethylfor- 
rn~id~ (20 mL) and cobalt(I1) acetate tetrahydrate (0.516 g, 2.07 mM) was added 
with stirring, After 20 min at room Eemperat~re, a freshly prepared M solution of 
acetic anhydride in oxolane (3 mL, 3 mmol) was added dropwise. After 1 h at room 
tem~rature, water (10 mL) was added and hydrogen sulfide bnbbled through the 
solution as described earlier until aif the cobalt had comptetely precipitated. The 
solids were removed by filtration through Celite and washed with water. The com- 
bined filtrates were evaporated in vacua and the residue chromatographed on silica 
gel (50 g) with 40:20:7 ~hlorofo~-methanol-ammonium hydroxide as the e~uant. 
The homogeneous fractions ~ontainjng the product were pooled, concentrated, 
and lyophjfized to give pure 4 (0.5 g, 87%). 

3-N-Ace~~gu~~~~~e (3). - compound 4 (tI.275 g) was dissolved in 50% tri- 
fluoroacetic acid (4 mL) and set aside at room tem~rature for 18 h. After removal 
of the solvents in vucuo, the residue was chromatographed on a column of silica gel 
(25 g) with 100:50:17 chloroform-methanol-ammonium hydroxide as the eluant. 
Fractions (2 mL) were collected, and the homogeneu~s fractions pooled, concen- 
trated, and lyophilized to give pure 3 (95 mg), [@]$r& -6260; ‘II-n.m.r. (l&0): S 
2.98 (s, 3 H, NC~~~~~, 1.28 (s, 3 H, C-C&), 2.8 (s, 3 H, N-C&), and 5.15 (1 H, 
J 3.5 Hz, H-3’). 

2’,3,6’-‘X~~-N-acelyl-I-N-et~y~~~micin (5). -The pH of a stirred and cooled 
(3”) solution of 4 (1,136 g) in water (20 mL) was brought to 27 by the addition of 
o.lM HCI. A freshly prepared M solution of a~taldehyde in oxolane (2.2 mL) was 
added, fo~owed by a solution of sodium ~yano~rohyd~de (160 mg) in water 
which was added dropwise while maintaining the pH at 2.7 by the addition of 0.1~ 
HCI. The mixture was stirred for I h at -3”. A ~.~-mL potion of the above stock 
solution of a~etaldehyde was added, followed by sodium cyanoborohyd~de (35 
mg) in a little water while maintaining the pH at 2.7 by the addition of O.lM HCl. 
After 1 h, the above process was repeated with 0.22 mL of the acetaldehyde solu- 
tion and 10 mg of sodium cyanaborohydride. After an additional hour, the last step 
was again repeated. The mixture was stirred for 18 h at room temperature, and 
then stirred for 1 h with Amberlite IRA&B (OH-) ion-exchange resin to bring 
the pH to 9. The resin was removed by filtration and washed thoroughly with 
water, The solution was evaporated to dryness in vacuu and the residue chromatog- 
raphed on silica gel (100 g) with ~2O:~:l chlorofo~-methano~ammonium 
hydroxide as the eluant. The homogeneous fractions ftS-mL fractions) were 
pooled, ~n~entrated, and ~yoph~li~ed to give a 70% yield (0.84 g) of 5, [a]2 +165* 
(c 0.8, in water); ‘H-n.m.r. (I&O): 6 1.05 (t, 3 H, 1’7.0 Hz, CHaCH,), 1,17 fs, C- 



C&I), I.&t, 1.9,1.91 (N-~~~~~‘s), 2.52 (s, 3 H, N-C&), 4.80 (m, H-4”), 4.92 (d, 
J1”,2u 4.0 Hz, H-1”),5.4 (d, .&*,a? 2.5 Hz, H-l’); ms.: m/z &lo1 (M”), 4@2,392,3?4 
~roto~ated formy 3-N-a~tyl-l-N-ethyl~ramine series), 160 (g~~amin~~ ca- 
tion), 471,453,443,425 (protonated formy tJi-N-acetyf-1-N-ethylsisomine series), 
211 (di-N-acetylpurpurosamine C cation), and 261 (pro&mated formyl3-N-acetyl- 
2~d~oxy-~~~-ethylstreptamin~). 

Anal. Calc. for C$7H47Ns01e * 1.5 H&I: C, 51.58; H, 8.02; N, 11.14. Found: 
C, X.47; H, 8.89; N, 10.91. 

l-N-Ethykiisomicin (Aktiimicin) (6). - Pure 5 (100 mg) was dissolved in M 

sodium hydroxide (10 mL) and the solution heated under reflux and nitrogen until 
only the product spot was .seen on t.1.e. in 40:20:‘7 cbIoroform-methano~am- 
monium hydroxide (r~u~red -48 h). The volume of the cooled ~~~t~~~n was 
brought to 50 mL with water and the solution stirred with water-dashed Am~rl~te 
IRC-SO ion-exchange resin (H’; 40 mL) until the pH of the solution was 5.5. The 
resin was removed by ~ltrat~o~ and washed with water (t.1.c. of the water wash 
should indicate the absence of 6). The resin was stirred with 7% ammonium 
hydroxide solution (100 mt) for 30 min. The s~p~rnatant solution was decanted 
and the resin treated with 7% ammonium hydroxide solution twice more (50 mL 
each time). The ammonium hydroxide extract was evaporated to dryness and the 
residue extracted with methanol. The rn~tb~~o~ extract was evaporated to dryness 
and the residue chromatogr~phed on a ~olnrn~ (0.8 cm x 311 em) of silica gel with 
40:20:7 chloroform-methano~~mmonium hydroxide as the eluant. The 
homogeneous fractions containing the product were pooled, evaporated to dry- 
ness, and lyphitized to give pure netilmicin1~2 (71 mg, 90%); ‘H-n.m.r. of the sul- 
fate salt f&O): 6 1.33 (t, 3 H, J ‘7.0 Hz, C&&Hz), 1.35 fs, 3 H, C-3-c&), 2.93 (s, 
3 H, N-C&), 3.18 (q, 2 H, 17.0 Hz, C&CH,), 3.45 (d, 2 H, J 11.0 Hz, H-3”), 5.20 
fd, 1 H, J 4.0 Hz, H-l”), and 5.6’7 (d, 1 H, J 1.5 Hz, H-l’); m.s.: m/z 476 (~~)~ 
475 (M”), 458 (Mf - NH& 332 (~-~-ethyi~aramine cation -OH), 299 (l-N- 
~thy~s~sorn~~e cation -OH), 219 (prot~nated formyt ~-deoxy-l-~~~th~Istr~~ 
tarnine), 160 (garosaminyl cation), and 127 (p~~p~r~arni~g C cation). 

Anal. Calc. for CzIH4rNS07 * 2.5 H&X&: C, 34.99; H, 6.43; N, 9.72; SO,, 
33.32.. Found: C, 34.43; H, 6.46; N, 9.81; SO,, 32.41. 

The authors wish to thank Mr. J. Morton and his staff for physical analytical 
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