
EP 0 242 385 B1 Description This Invention relates to an Improved process
for converting sisomicin to netilmicin (1-N ethyl-sisomicin). More
particularly, this invention relates to a process for converting
selectively blocked sisomicin to a 1-N- 5    imine derivative, then
reducing the imine to a 1-N-ethyl derivative (netilmicin) under conditions
which result In high yields of the desired compound with very low yields of
interfering co-products. Netilmicin, which has the formula [err] [err]
[err] is a well known aminoglycoside antibiotic. The antibiotic and its
preparation are described in U.S. patents Nos. 20    4,002,742 ; 4,029,882
; 4,230,847 and 4,337,335. Originally netilmicin was prepared by reacting
sisomicin sul- fate with acetaidehyde under reducing conditions. Since,
however, sisomicin has five amino groups, this pro- cedure led to an
unusually high percentage of undesired products and the overall yield was
only about 10-11  %. The process described in U.S.P. 4,230,847 marked a
substantial improvement. By using copper complexes, selective blocking of
the 3,2' and 6' amino groups of sisomicin was obtained. 25     Alkylation
by means of acetaldehyde in the presence of a reducing agent of this
intermediate led to sub- stantial Improvement in yield (60% yield in the
laboratory, 49% in commercial manufacture). However, this improved process
also results in formation of a substantial percentage of undesired products
which reduces the overall yield. The largest quantity of undesired
side-product consists of 1,1-N-diethyl-sisomi- cin. Under the conditions
used in the process referred to above, Le., reaction with acetaldehyde In
the presence 30  of a reducing agent, unreacted or excess acetaldehyde
seems to react with already formed 1-N-ethylated sisomicin to form the
1,1-diethylated product. CA-A 1 034 573 is directed to 1-N-substituted
4,6-di(aminoglycosyl) 1,3-diaminocyclitols and processes for preparing said
compounds. This invention relates to an improvement of the above process
resulting in less side reactions and, accord- 35  Ingly, higher yields.
This invention comprises: a process for preparation of netilmicin by
1-N-ethylation of sisomicin by means of acetaldehyde charac- terized in
that a) a selectively blocked sisomicin derivative of the general formula
40                                                          [er] 45 [err]
50 wherein each X is an organosilyl group [err] 2    EP 0 242 385 B1 



with [err]independently being lower alkyl, phenyl or phenyllower alkyl ; X
is hydrogen or an organosilyl group as defined above; each Y represents an
amino blocking group, and Y' represents hydrogen or an amino blocking
group, is reacted with acetaidehyde at a temperature between 10[err] and
room temperature in an inert aprotic 5      organic solvent under anhydrous
conditions to form the corresponding 1-N-ethylidene derivative; b) reducing
any excess of unreacted acetaldehyde present in the reactive mixture with a
metal hydride reducing agent; c) reducing the 1-N-ethylidene group to the
ethylamino group under aqueous conditions with a reducing agent by
adjusting the pH of the reaction mixture to pH 7-12; 10      d) removing
all protecting groups ; and e) isolating the netilmicin in free base form
or in the form of an acid addition salt. The sisomicin derivative is
reacted with amino-blocking compounds at the 3,2',6' and optionally at the
3" position. Preferred amino-blocking substituents comprise acetyl, formyl,
proplonyl and aroyl groups, with acetyl substituents being particularly
preferred. The methods by which the acetyl, propionyl and aroyl groups are
15  added to the sisomicin are disclosed in U.S. Patent No. 4,337,335. The
formyl substituent could be added by reaction of sisomicin with unsymmetric
formic anhydride. The formation of 3,2',6-tri-N-acetyl sisomicin
(hereinafter Compound 1) from sisomicin also is disclosed in United States
patents 4,230,848 and 4,136,254. Example 16C(1) of each patent shows the
reaction of cupric acetate hydrate with sisomicin followed by reaction with
acetic anhydride and then hydrogen sulfide gas. The 20 product is recovered
from an ion exchange resin in the hydroxide cycle. Another method of
manufacturing 3,2',6' -tri-N-acetyl sisomicin from sisomicin is as follows.
To cupric ace- tate suspended In an approximate 6: 2 mixture of
N,N-dimethylformamide and water, sisomicin concentrate is added. By the
addition of triethylamine, the pH Is adjusted to 8.5-10.5. The suspension
is cooled to about 5[err], and a solution of acetic anhydride in
N,N-dimethylformamide is gradually added at 0-10[err] with efficient 25
agitation. The pH of the reaction mixture is maintained at 8.5-10.5 by
adding more triethylamine, as required. Alternatively, about90% of the
acetic anhydride solution in N,N-dimethylformamide, is added first as
described. The remaining 10% of the solution is diluted with ca. 6 volumes
of N,N-dimethylformamide, and added subse- quentiy. The reaction is
monitored for completion by thin-layer chromatography. If not complete,
increments of acetic anhydride solution in N,N-dimethylformamide may be
added, to complete the reaction. After the reaction 30    is complete, the
mixture is concentrated, under reduced pressure. The concentrate Is diluted
with water, cooled for about four hours at 0 to 10C, and filtered to remove
the solids. The product again is recovered from an ion exchange resin in
the partial ammonium cycle. The 3,2',6'-tri-N-acetyl sisomicin produced by
either process then is spray dried to remove the water. By means of the
process of this invention yields of about 85% to 90% or more of netilmicin
based on the 36 starting material (Compound 1) are obtained with about 3%
to 7% unreacted sisomicin, generally about 5%, and negligible side reaction
products. In the first step of the process of this invention
3,2',6'-tri-N-acetylsisomicin (compound 1) is silylated. In addition to
blocking potential reaction sites, silylation also improves the solubility
of the sisomicin derivative in the solvent. The silylation agents comprise
organosilyl compounds which react with the hydroxyl sites resulting 40 in
organosilyl substituents of the general formula [err] 



[err] being lower alkyl, phenyl or phenyllower-alkyl. Preferred
substituents are triloweralkylsilyls, with trimethylsilyl substituents
being particularly preferred. so      The three hydroxyl sites, i.e., the
5,2" and 4" may be slylated. However, it also is within the scope of the
invention that only two sites may be silylated, i.e., the 5 and 2" sites.
This may be accomplished by the proper selection of silylating agent,
silylation conditions, and regulation of the quantity of silylation agent
added. The extent to which the sisomicin derivative has been silylated
could be monitored by NMR. To simplify the silylation process and to
improve the solublity, it is preferred to silylate all three hydroxyl
sites. In the preferred process 55 depicted below
3,2',6'-tri-N-acetylsisomicin is silylated to
3,2',6'-tri-N-acetyl-5,2",4"-trimethyl silyl sisomicin (compound 2)
according to the following reaction scheme. 3    EP 0 242 385 B1 SCHEME A
[err]                                                [err] [err]
hexamethyldisilazane 20 [err] [err] 3                   2 30 The reaction
depicted in Scheme A is conducted under anhydrous conditions at reflux,
preferably in the presence of a catalyst, such as a sulfate salt; an
ammonium salt, such as ammonium chloride or ammonium sulfate; sulfuric acid
; or trimethylsilyl chloride. A preferred catalyst is the sulfate saltof
compound 1, I.e., 3,2',6'- tri-N-acetylsisomicin sulfate. The reaction of
compound 1 (mixed with a very minor amount of Its sulfate salt) 35 and a
silylating agent, e.g. a trimethyl silylating agent such as
hexamethyidisilazane, bis (trimethylsilyl) acetamide (BSA), mono
(trimethylsilyl)acetamide (MSA), trimethylchlorosilane (TMCS) or other
equivalent silylating agent Is carried out in an inert organic solvent i.e.
an organic solvent which is inert to the reaction conditions, e.g.
acetonitrle, toluene, 1,2-dimethoxyethane and the like. A preferred solvent
is 1,2-dimethoxye- thane (DME). The progress of silylation Is monitored by
'H-NMR. The reaction is completed in about 5 hours. 40  The silylated
substituent is used to block alkylation at the 3'-amine group because of
steric hindrance at the trimethylsilylated 2"- and optionally at the
4"-positions. The 1-amino group of compound 2 is then converted to an
N-imino according to the following reaction scheme under preferably
anhydrous conditions. The presence of water during the N-imino formation
step may result In incomplete reactions at the 1 position. 45 50 55 4 



EP 0 242 385 B1 SCHEME B 5 10        (a) [err]
OTMS [err] This imine formation reaction is the key reaction in the
multistep process of this invention. The reaction of compound 2 with
acetaldehyde is carried out at temperatures between about 10[err] and room
temperature 20  (about 25[err] preferably at about 15[err] in an organic
aprotic solvent which is inert to the reaction conditions, e.g. 1
,2-dimethoxyethane, acetonitrile, toluene, hexane, methylene chloride
ortetrahydrofuran. A preferred sol- vent Is methylene chloride. After the
reaction proceeds for about 30 minutes, a metal hydride reducing agent is
added to the mixture, preferably still maintained under anhydrous
conditions, to completely react any excess acetaldehyde and thus prevent
any undesired side reactions. Preferred reducing agents comprise sodium 25
borohydride, amine boranes, lithium aluminum hydride, with sodium
borohydride being particularly preferred. The sodium borohydride, is added
and the reaction mixture is warmed to about room temperature and reacted
for about 10 to 15 minutes. The Imine formation is monitored by 'H-NMR. The
first step of the reaction is com- pleted in about 30 minutes. The sodium
borohydride reduces any unreacted acetaldehyde, thus preventing undesired
side reactions. 30      After the excess acetaldehyde has been eliminated
the amino substituent may be reduced to the ethylamino functionality by a
reducing agent, such as those previously described, under aqueous
conditions. A buffering agent preferably is added and the pH maintained in
the range of 7-12, preferably 9.5-10. When sodium borohyd- ride is used as
the reducing agent for this step, a otonating agent, such as water and/or a
buffering agent, pref- erably is present. This reaction is set forth below
as Scheme C. 35 SCHEME C [err] [err]
4 50 Any conventional buffer which will maintain the pH at about 7-12 is
suitable, as for example, phosphate, citrate or borate buffers. Borate
buffers are preferred. The buffer is quickly added to the reaction mixture
which is then stirred at ambient temperatures for about 15 to 120 minutes
until the reaction of reducing the imine is complete. The progress of the
reaction can be monitored by 'H-NMR. 55      The acetyl and trimethyl silyl
groups are removed from compound 4 by hydrolysis to obtain netilmicin, com-
pound 5, as Illustrated in the following reaction scheme.    EP 0 242 385 1
SCHEME D 



5 OH                                          [err] [err] 15
5 Prior to deblocking compound 4 by hydrolysis, sufficient sodium hydroxide
is added Initially to deactivate the sodium hydroxide and then the solvent
Is removed from the reaction mixture. This should be done as soon as the
reaction is completed. The deblocking by hydrolysis is a conventional
procedure. It has been found that 20  when a base, preferably 10% sodium
hydroxide, Is then added and the hydrolysis reaction Is conducted at reflux
under nitrogen for about 10-20 hours, a satisfactory result Is obtained.
The progress of the reaction can be moni- tored by thin layer
chromatography. The resulting hydrolysate Is acidified to pH 6 and
netilmicin is recovered in a yield of about 85 to 90%. The following
processes illustrate the invention. In the examples HPLC means High
Performance Liquid 25 Chromatography, NMR means Nuclear Magnetic Resonance.
EXAMPLE 1 Tri-Silylated Tri-N-Acetyl Sisornicin 30 a) Charge 15.0 g (26.2
mmoles; 83% purity by HPLC) 3,2',6'-tri-N-acetylsisomicin, 0.750 g (1.12
mmoles) 3,2',6'-tri-N-acetylsisomicin sulfate, 150 ml 1,2-dimethoxyethane
(DME) and 25 ml hexamethyidisilazane (1 18.5 mmoles) to a 500 ml 3-neck
round bottom flask equipped with an overhead mechanical stirring device, a
reflux condenser stoppered with a drying tube, and a thermometer. Heat the
mixture to reflux In an oil bath 35  (external oil bath temp. at 105[err]
for 5 hours, and monitor the progress of silylation by 'H-NMR. The
silylation reaction Is complete at the 5,2" and 4" sites In about 3-8
hours. Silylated 1-N-ethyl 3,2',6'-Tri-N-Acetyl Sisomicin 40     b) Add 150
ml methylene chloride to the anhydrous reaction mixture from part (a) at
room temperature. Cool the mixture to about 15C before adding 3.0 ml cold
acetaldehyde (53.6 mmoles) Into it. Continue stirring for 30 min., and then
add 1.9 g powdered sodium borohydride (50.2 mmoles). Warm the reaction
mixture back to room temperature, and allow it to stir for 10 to 15 min to
completely eliminate any excess acetaldehyde. Then, add 30 ml 0.5 M aqueous
borate buffer (pH 9.75) at a fast drop rate from an additional funnel into
the mixture, 45 and allow it to stir at ambient temperature for 2 hours to
reduce the imine to the corresponding ethylamino sub- stituent. Netilmicin
50     Add 30 ml of 10% aqueous sodium hydroxide solution to the reaction
mixture from part (b) to deactivate sodium borohydride. The solvent
mixture, DME/[err] is removed under reduced pressure. Then charge 200 ml
10% aqueous sodium hydroxide solution, and heat the mixture to reflux in an
oil bath (103[err] under a gentle stream of nitrogen gas for 20 hours.
Monitor the progress by thin layer chromatography (TLC) using the lower
phase of 1:1: 1 -chloroform: methanol: concentrated ammonium hydroxide as
developing solvent. 55      Cool the hydrolysate with an ice bath, acidify
it to pH6 using 25% aqueous sulfuric acid, and filter off the precipitate.
Dilute an aliquot of the filtrate to an appropriate concentration of HPLC
assay. A corrected HPLC yield for netilmicin Is 88%. 6  



EP 0 242 385 B1 EXAMPLE II Preparation of 2",5-disilyl-3,2',6'-Tri-N-Acetyl
Sisomicin 5      To a stirred suspension of 4.0 g (6.04 mmol, 86.6% purity
by HPLC) 3,2',6'-tri-N-acetyl sisomicin and 0.04 g (0.06 mmol)
3,2',6'-tri-N-acetyl sisomicin sulfate, in 40 ml 1,2-dimethoxy ethane (DME)
was added 4.4 ml hexamethyldisilazane and the mixture was heated to reflux
in an oil-bath for 3 hours. The reaction mixture tur- ned into a clear
homogeneous solution and was stopped at this stage ('H-NMR showed that the
mixture con- tained major amounts of 2",5-disilylated tri-N-acetyl
sisomicin). 10      The imine formation, reduction and hydrolysis was
carried out as described in Example I. A corrected HPLC yield for
netilmicin Is 83%. EXAMPLE III 15  Preparation of Netilmicin from
3,2',6',3"-Tetra-N-Acetylsisomicin The purified
3,2',6',3"-tetra-N-acetylsisomicin used for this study was obtained by
acetylating the 3" amino group of 3,2',6'-tri-N-acetylsisomicin with
N-acetylimidazole and isolating by silica gel column. 4 g of this
lyophilized tetra-N-acetyl sisomicin was suspended in 40 ml of DME and 4.4
ml of HMDS was 20  added. The mixture was heated to refluxfor 7 hours.
'H-NMR showed that the silylation reaction was complete. Imine formation,
reduction, and hydrolysis was carried out in a similar manner to that
described In Example I. A corrected HPLC yield for netilmicin is 83.5%. The
'H-NMR of 3,2',6'-tri-N-acetyl-5,2",4" trimethylsisomicin and 3,2',6',
tri-N-acetyl 5,2",4" 1-N-ethylidene sisomicin are set forth In Table I
below. 25 TABLE I A.   Tri-silylated  tri-N-acetylsisomicin: (err) [err]
[err] 35          [err]                                                   0
0                                0 [err] 40 5.01  (d, 1H,  J  = 2.19  Hz,
CH  at  C-1"),  5.08  (d,  1H,  J  = 1.82  Hz,  CH  at C-1'),  6.03  (d,
1H,  J  = 6.99  Hz,  NH-C-), 45      6.47  (dd,  1H,  J =  5.11  and  6.96
Hz,  CH2 NH-C-),  and  7.1 [err] ppm  (d,  1H, J  = 9.13  Hz,  NH-C-). 50
0 55 7  



EP 0 242 385 B1 B. Silylated 11-N-ethylidene 3,2'-6'-tri-N-acetylsisomicin:
'HNMR (err) 5    0.102  [S, 9H, Si-[err] 0.140  [S, 9H, Si-[err] 1.5 (S,
3H, [err] at C-4"), 1.83 (S, 3H, CH3C-N), 1.86 (S, 3H, 0 [err], 1.89 (d,
3H, J = 4.76 Hz,   [err], 1.93 (S, 3H, 10      [err] 0 [err] 2.36 (S,
3H,[err] at C-3"), 4.71 (bm, 2H, CH's [err] 15   at C-4' and C-1"), 5.19
(d, 1H, J = 1.46 Hz, CH at C-1'), 6.37 (d, 1H, J = 8.04, NH-C), 6.77 (d,
1H, J = 8.4 Hz, [err] NH-C-), 6.99 (t, 1H, J = 5.48 Hz, [err] and 7.69 ppm
20 [err] (q, 1H, J - 4.76 Hz CH3CH=N), 25 30 CNMR [err] = 162.04 (N =
CHCH3) and 22.46 ppm (N=CH- [err] 35 Claims Claims for the Contracting
States BE, CH, DE, FR, GB, IT, LU, NL, SE, ES, GR 40 1. Process for
preparation of netilmicin by 1-N-ethylation of sisomicin by means of
acetaldehyde, charac- terized in that a) a selective by blocked sisomicin
derivative of the general formula 45 50                         [err] [err]
55 wherein each X is an organosilyl group 8    EP 0 242 385 BI
*  C  L  M  S   * 



B. Silylated 1-N-ethylidene 3,2'-6'-tri-N-acetylsisomicin: 'HNMR [err] =
0.08  (S, 9H, [err] 5    0.102  [S, 9H, Si-[err]  0.140  [S, 9H, Si-[err]
1.5 (S, 3H, [err] at C-4"), 1.83 (S, 3H, [err]  1.86 (S, 3H, [err], 1.89
(d, 3H, J = 4.76 Hz,[err], 1.93 (S, 3H, 10 [err] 2.36  (S, 3H,[err] at
C-3"), 4.71 (bm, 2H, CH's 15   at C-4' and C-1"), 5.19 (d, 1H, J = 1.46 Hz,
CH at C-1'), 6.37 (d, 1H, J = 8.04, NH-C), 6.77 (d, 1H, J = 8.4 Hz, [err]
NH-C-),  6.99 (t, 1H, J = 5.48 Hz, CH2-N-C-) and 7.69 ppm 20       [err] H
0 (g, 1H, J    4.76 Hz CH3CH=N), 25 30 CNMR [err] = 162.04 (N = CHCH3) and
22.46 ppm (N=CH- [err] 35 Claims Claims for the Contracting States BE, CH,
DE, FR, GB, IT, LU, NL, SE, ES, GR 40 1. Process for preparation of
netilmicin by 1-N-ethylation of sisomicin by means of acetaldehyde, charac-
terized in that a) a selective by blocked sisomicin derivative of the
general formula 45 C 0                                                 CH
CH3 55 wherein each X is an organosilyl group 8    * C   L  M   S  * [err]
with [err] independently being lower alkyl, phenyl or phenyllower alkyl; X
Is hydrogen or an organosilyl group as defined above ; each Y represents an
amino blocking group ; and Y' represents hydrogen or an amino blocking
group, 10     is reacted with acetaldehyde at a temperature between
10[err]and room temperature in an inert aprotic organic solvent under
anhydrous conditions to form the corresponding 1-N-ethylidene derivative; 



b) reducing any excess of unreacted acetaldehyde present in the reactive
mixture with a metal hydride reducing agent; c) reducing the 1-N-ethylidene
group to the ethylamino group under aqueous conditions with a reducing 15
agent by adjusting the pH of the reaction mixture to pH 7-12; d) removing
all protecting groups and e) isolating netilmicin in free base form or in
the form of an acid addition salt. 2. The process claim 1 of above further
characterized in that the amino blocking group is acetyl and RI, [err] are
each methyl. 20      3. The process of any of either of claims 1 or2 above
further characterized by X' being an organosilyl group. 4. The method of
any of claims 1 to 3 above further characterized in that the sisomicin
derivative is silylated by contacting with hexamethyldisilazane. 5. The
process of any of claims 1 to 4 above further characterized by the
reduction of excess acetaldehyde and the reduction of the ethylidene
substituent to the ethylamino substituent being effected by the addition of
25  sodium borohydride. 6. A selectively blocked sisomicin derivative of
the general formula OX' 30 35             [err] [err] 40  wherein each X is
an organosilyl [err] with [err] independently being lower alkyl, phenyl, or
phenylloweralkyl; 50      X' is hydrogen or an organosilyl group as defined
above; each Y represents an amino blocking group; and, Y' represents
hydrogen or an amino blocking group. 7. The compound of claim 6 above
further characterized by each X being trimethylsilyl and each Y being
acetyl. 55      8. The compound of either claim 6 or claim 7 above further
characterized by X' being trimethylsilyl. 9. The compound of any of claims
6 to 8 above further characterized by Y' being hydrogen. 10. The compound
of any of claims 6 to 8 above further characterized by Y' being acetyl. 11.
A selectively blocked sisomicin derivative of the formula 9    EP 0 242 385
B1 [err] 10 wherein each X Is an organosilyl group [err] 



with 20       [err] Independently being lower alkyl, phenyl or phenyllower
alkyl; X' is hydrogen or an organosilyl group; each Y represents an amino
blocking group; and, Y' represents hydrogen or an amino blocking group. 12.
The compound of claim 11 above further characterized by Y being acetyl, Y'
being hydrogen, X and 25  X being trimethylsilyl. Claims for the
Contracting State: AT 1. Process for preparation of netilmicin by
1-N-ethylation of sisomicin by means of acetaldehyde, charac- 30  terized
in that a) a selective by blocked sisomicin derivative of the general
formula NHY 35 [err] wherein each X is an organosilyl group 45 [err] [err]
with [err] Independently being lower alkyl, phenyl or phenyllower alkyl; X'
is hydrogen or an organosilyl group as defined above; each Y represents an
amino blocking group; and Y' represents hydrogen or an amino blocking
group, 55     is reacted with acetaldehyde at a temperature between 10[err]
and room temperature In an inert aprotic organic solvent under anhydrous
conditions to form the corresponding 1-N-ethylidene derivative; b) reducing
any excess of unreacted acetaldehyde present in the reactive mixture with a
metal hydride reducing agent; 10    EP 0242385
*   C   L    M     S   * c) reducing the 1-N-ethylidene group to the
ethylamino group under aqueous conditions with a reducing agent by
adjusting the pH of the reaction mixture to pH 7-12; d) removing all
protecting groups and e) isolating netilmicin in free base form or in the
form of an acid addition salt. 5      2. The process claim 1 of above
further characterized in that the amino blocking group is acetyl and[err]
R2 and R3 are each methyl. 3. The process of any of either of claims 1 or2
above furthercharacterized by X' being an organosilyl group. 4. The method
of anyof claims 1 to 3 above further characterized in that the sisomicin
derivative is silylated by contacting with hexamethyldisilazane. 10     5.
The process of any of claims l to 4 above further characterized by the
reduction of excess acetaldehyde and the reduction of the ethylidene
substituent to the ethylamino substituent being effected by the addition of



sodium borohydride. 6. A process for the preparation of a selectively
blocked sisomicin derivative of the general formula 15 ox [err] 25 wherein
each X is an organosilyl [err] 35  with [err] independently being lower
alkyl, phenyl, or phenylloweralkyl;. X' is hydrogen or an organosilyl group
as defined above; each Y represents an amino blocking group; and, Y'
represents hydrogen or an amino blocking group, 40      characterized in
that a 3,2',6'-tri-N-acetylsisomicin is reacted with a silylating agent in
an inert organic sol- vent under anhydrous conditions at refiux in the
presence of a catalyst. 7. A process forthe preparation of a compound
according to claim 6 characterized in that the silylating agent is selected
from the group hexamethyidisilazane, bis(trimethylsilyl)acetamide,
mono(trimethylsilyl)acetamide, trimethylchlorosilane. 45      8. A process
according to claim 6 wherein the catalyst is a sulfate salt. 9. A process
according to claim 6 for the preparation of a compound wherein each X being
trimethylsilyl and each Y being acetyl. 10. A process according to claim 6
for the preparation of a compound wherein X Is trimethylsilyl. 11. A
process according to any of claims 6-10 for the preparation of a compound
wherein Y' is hydrogen. 50      12. A process according to any of claims
6-10 for the preparation of a compound wherein Y' Is acetyl. Revendications
55   Revendications pour ise Etats contractants: BE, CH, DE, FR, GB, IT,
LI, LU NL, SE, GR, ES 1. Proc6d6 de preparation de n~tilmicine par
1-N-6thylatlon de sisomicine au moyen d'ac6taldehyde, carac- tiris6 en ce
que: 44    a) on fait r6agir un d6riv de sisomicine selectivement bloqu6e
de formule gdndrale 0OX '                                           NHY 50
CH3                           o x                     0 10       gN   '
H2N                      N                NHY, 3 15     ob chaque X eat un
groups organosilyle Si-R2 20                                             3 



RI A R3 etant Independamment alkyle Inffireur, phbnyle ou ph6nyli Inferieur
alkyle; XI eat lhydrogbne ou un groups organosilyle comma deflni ci-dessus
; chaque Y represente un group. de blocage amino ; et Y' 25     repr6sente
I'hydrogbne au un groups de blocage amino, avac de I'acetald6hyde A uns
tbmperature entre 10C et Ia temp6rature ambianta dans un solvant organi-
qua neutre Inerte sous des conditions anhydres pour former Is deriv6
1-N-6thylldbne correspondant; b) on redult tout exces d'acbtald6hyde non
entr6 en reaction pr6sent dans le melange reactionnel avec un agent
reducteur d'hydrure metatlique; 30     c) on r6duit le groups
1-N-fthylldbne en le groups 6thylamno sous des conditions aqueuses avec un
agent - riducteur en ajustant le pH du melange r6actionnel A pH 7-12; d) on
611mine tous les groupes protecteurs; et a) on isole la n6tllmIcine sous la
forme de base libre ou SOUS la forms d'un sel d'additlon d'acide. 2.
Procede sulvant la revendication 1, caract6rIsb en ce qua le groups de
blocage amino esat acbtyle et RI, 35  R2 et R3 sont chacun methyle. 3.
Procede suivant la revendication I ou 2, caracterisb en ce qua X' eat un
groupe organosilyle. 4. Procbd6 suivant l'une des revendications I A 3,
caracteris6 en ce qua le d6riv6 de alsomicne esat silylb par contact avec
de lMhexam~thyldisilazane. 5. Proc6de suivant l'une des revendicatlons I A
4, caractbrise par la reduction de I'ac6taiddhyde en exces 40 et la
r6duction du substituant ethylidbne en le substituant ethylamino, que lon
effectue par iraddition de bor- hydrure de sodium. 6. D6rivb de aisomicine
saiectivement bloquee de formula genbrale Ox, NHY CH 3
H 55  obi chaque X est un groups organosilyle 12    EP O 242 385 SI
*   c .       R                                        1 ,, Si  R R1 A Ra
etant Inhdpendamment alkyle inferleur, phenyle ou ph6nyle infefieur alkyle;
X' eat l'hydrogbne ou un group. organosilyle comms defini cl-dessus; chaque
Y represente un groupe de blocage amino; et 10     Y' est I'hydrogene ou un
groupe de blocage amino. 7. Compose sulvant la revendication 6, caract6rlse
en ce qua chaque X eat tfimethylslyie et chaque Y eat ac6tyle. 8. Compose
auivant la revendication 6 ou 7, caracter9is en ce que X' est
trim6thylsllyle. 9. Compos6 suivant l'une des revendlcatlons 6 A 8,
caracteris6 en co quo Y' est l'hydrogene. 15     10. Compose sulvant l'une
des revendlcations 6 a 8, caractbri6 en co quo Y' est ac6tyle. I1. DMrivO
de uisomicine selectivement bloques de formule g6n6rale 



OX'                                              NHY 20o CH3
oax                      a 's                           CH CH=
C CH3                                           NHY            H NHY obi
chaque X eat un group. organoslyle 30 "   ,..R1   ,, Siz<R2 35
\  ~~~~~~~~R3 R1 a R3 eant independamment alkyle Inf~ieur, phenyle ou
phenyle Inferleur alkyle; X' eat I'hydrogbne ou un groups organosilyle;
chaque Y eat un groups de blocage amino ; et 40     Y' eat lrhydrogbne ou
un group. de blocage amino. 12. Compose suivant la revendication 11,
caracterise en ce que Y est acetyle, Y' est hydrogene, X et X' sont
trimithylsilyle. Rovondications pour l'Etat contractant: AT 4S 1. Procede
de prhparation de ndtllmloine par 1-N-ethylat7on de aisomicine au moyen
d'acetaldehyde, carac- terise en ce quo: a) on fait r6agir un derive de
sisomicine shlectivement bloquee de formule generale 50 56 13    aX'
NHY C3      0                                   '-0~~~~~~0 ffi ~C z]QaH
NYx'                H2                      NHY          H 2 NHY
NHY 10        CH3 obi chaque  X eat un groupe  organosilyle    Si
R2 \     R3 15 RI & R3 dtant Ind6pendamment alkyle Inferieur, phenyleoau
ph6nyle inferieur alkyle ;X' eat l'hydrogbne ou un groupe organosilyle
comme d6flni cl-dessus ; chaque Y represente un groups de blocage amino; et
Y' repr6sente I'hydrogene ou un groups de blocage amino, avec de
l'acetald6hyde a une temperature entre I OC et la tbmperature amblante dans
un solvant organi- 20      quo neutro inert sous des conditions anhydres
pour former Is deriv6 1-N-6thylidbne correspondant; 



b) on reduit tout exces d'acetaidehyde non entr6 on r6action pr6sent dane
le m6lange reactionnel avec un agent reducteur d'hydrure metallique; c) on
reduit le group. 1-N-6thylidene on le groups ethyiamino sOu8 des conditions
aqueuses avoc un agent r6ducteur en aJustant le pH du m6lange reac0ionnel a
pH 7-12; 25     d) on i1imine tous les groupes protecteurs ; et e) on isole
la n6tllmicine sous la forms de base libre ou sous la fomse d'un sel
d'additlon d'acide. 2. Proced6 suivant la revendicatlon 1, caracteris6 en
cs quo le groupe de blocage amino est acetyis et RI, R2 et R3 sont chacun
m6thyle. 3. Proo6de sulvant la revendicatbon I ou 2, caracterise en co quo
X' est un groups organosilyle. 30     4. Proced6 sulvant i'une des
revendications I a 3, caracterish en ce quo le derive de sbsomboine eat
sityl6 par contact avec do I'hexamithyldisilazane. 5. Procede suivant l'une
des revendications I a 4, caract6ris6 par la r6ductlon de l'acetaidehyde on
exces et la r6duction du substituant ethylidbne en le substituant
6thylamino, quo I'on effectus par I'additIon de bor- hydrure de sodium. 35
6. Prooede pour la preparation d'un d6riv6 de slsombcine s6lectivement
bloques de formule g6nerais OX' 4"     CNII0 ox~~~~~a 45    ~CH3
H2N ..---Q~                NHY      CH2 NHY obi chaque X est un group.
organosilyle 50 R3 R1 a R3 tant indNpsndamsnt alkyie hnfrisur, phenyie ou
phenyie inf2rieur alkyls; X' sat l'hydrogbne ou un groupe organosiiylo tot
quo definl ci-desaus; 14    EP 0242 385 i1                      IiV I
2ll 1ll chaque Y representb un groups de blocage amino; at Y esat
I'hydrogene ou un groupe de blocage amino, caract6rise en ce qu'on fait
r6agir une 3,2',6'-tri-N-ac6- tyllsbomiolne avec un agent de aslylatlon
dans un solvant organique Inerte sous des conditions anhydres au reflux en
preaence d'un cataiyseur. 5      7. Procd6 pour la preparation d'un compos6
suivant la revendicaton 6, caractirlas en ca quo lagent de seiylation est
chohii dans le groups comprenant l hexamhthyidisilazane. le
bis(trimdthylsiliacktamide, le mono(bim6thyiailyi)actamide et le
trimethyichlorosilane. 8. Proc6d6 suivant Is revendication 8, caracterbe en
e quo le catalyseur est un sel de suifate 9. Proced6 suivant Is
revendication 6 pour la preparation dun compos6 dans Isquel chaque X eat
trime- 10  thyisilyse et chaque Y eat actyle. 10. Proo6de suivant la
revendlication 6 pour la preparation dun compose dans Isquei XI eat
trim6thysialyle. 



11. Proc6de sulvant lune des revendications 6 a 10 pour la preparation d'un
compos6 dane lequei Y' est I'hydrogbne. 12. Procede sulvant i'une des
revendicatfons 6 a 10 pour la preparation d'un compos6 dans [equel YV est
1C  ac6tyle. Anspr~iche 20  PatentansprOche fOr die Vertragastaaten BE CH
DE FR GB IT LI LU NL SE, GR, ES 1. Veriahren zur Herstellung von Nelimilin
durch 1-N-Ethylierungvon Sisomicin mit Hiife von Aceteldehyd, dadurch
gekennzeichnet, daB a) sin selektiv blockiertes Sisomycin-Derivat der
allgemelnen Formel 25 30X ' 3HY 36          3 >        ~~~In der X ewells
eine Organosilyl-Gruppe 40                                               1
n1/R S_2 33 45 Ist In der RI bis R3 unabhaingig voneinander Niederaikyi,
Phenyi oder Phenyiniederalicyl sind, X Wasser- snoff oder eine
Organosilyl-Gruppe Ist wle sie im Vorsshenden deflnlert ist Y Jeweils sine
die Amino- Gruppe blocidierendle Gnuppe dlarstellt und Y' Wasserstoff oder
sine die Amino-Gruppe blocklerende. Gruppe darsteilt 5D      mit
Acetaldehyd bei einer Temperatur zwischen I10C und Raumntemperatur In iehem
inerten aprotischen oyganischen L-5sungsmitiel unterwasserfireien
Bedingungen zur Bldung des entsprechenden ImN-Derivats um gesetzt werden ;
b) ein etwe noch vorhandener Oberschul& an unumngesetzben Acetaldehyd In
der Reakioctnsmischung mit einem Metailhydrid-Reduktionsmittel reduziert
wird ; S5      C) die I-Ethylyiden-Gruppe unter w&Brien Bedingungen mit
elnemn Relukdlonsmittel durch Einstallen des pH-Worbes der
Reaktionsmischung auf pH 7 ble 12 zu der Ethylemino-Gruppe reduziert wird
d) sintiiche Schutzgruppen entrernt werden, und e) Netilmichn in Form der
freien Basevoder in Form sines Saureadditionssakzes Isoliert wird. 14    EP
0 242 385 B1                         c   L  M   S 2. Verfahren nach dem
vorstehenden Anspruch 1, welterhin dadurch gekennzelchnet, dag die die
Amino- Gruppe blociderende Gruppe Acetyl ist und RI, R2 und Rs Jeweils
Methyl sind. 3. Verfahren nach irgendeinem dervorstehenden AnsprOche I
oder2, wefterhin dadurch gekmnnzelchnet, daB X' sine Organosiyi-Gnuppe Ist.
s      4. Verfahren nach Irgendeinern der vorsehenden Ansprflche I bis 3,
welterhin dadurch gekennzeichnet, 



dag das Sisomicin-Derivat durch In-Berfghrung-Bringen mit
Hexamethyl-dilsilazan silyliert wird. 5. Verfahren nach Irgendeinem der
vorstehenden Ansprflche i bis 4, weiterhhn dadurch gekennzelchnet, das die
Reduktion des Oberachfssigen Acetaidehyds und die Reduktlon des
Ethyliden-Substituenten zu dem Ethylamlno-Substltuenten durch Zugabe von
Natbiumborhydrid erfoigt. tO      6. Selektiv blociciertes
Sisomycin-Derivat der allgemeinen Formle -~~~          ox' 15 CH  xo    0o
/ .3                    H2                       NHH          CH 20
NHY                     my In der Xjewells sine Organosilyl-Gruppe 25 R2
Si-R 30                                            \R Ist, In der R1 bis R3
unabhfngig voneinander Nlederalkyl, Phenyl oder Phenyintederaikyl sind, XI
Wasserstoff oder sine Organooilyi-Gruppe ist, wie ale im Vorstehenden
definiert Ist, 35      Y jewels sine die Amino-Gruppe biockierende Gruppe
darstellt und Y' Wasserstoff odor sine die Amino-Gruppe blocklerende Gruppe
darsteit. 7. Verbindung nach dem vorstehenden Anspruch 8, weitorhin dadurch
gekennzelchnet, dai, Jedes X Tr- Ky        methylsilyl !st und jedes Y
Acetyl lst. 8. Verbindung nach einem dervoratehenden Ansprflche 6 oder 7,
welterhin dadurch gekennzelchnet, daB 40  XI Trimethylsilyl 1t. 9.
Verbindung nach Irgendeinem der vorstehenden Ansprflche 6 bis 8, welterhin
dedurch gekennzeichnet, dag Y' Wasserstoff ist. 10. Verbindung nach
irgendeinem dervostehendenAnsprfiche 6 bis 8, weiterhin dadurch
gikennzeichnet, dali Y' Acetyl ist. 46      11. Selektiv blocklertes
Sisomycin-Denivat der Formel OX#
HY 50        CH3IX1 CH
NHY 5s           3 in der X jeweils sine Organoslyl-Gruppe    "        ,R
Si:-fl2 \R3 5 ist, in der 



RI bis R3 unabhangig voneinander Niederalkyi, Phenyl oder Phenyinlederalkyl
sind, XI Wasserstoff odor sine Organosllyl-Gruppe bst, 10      Yjewelils
esine die Amino-Gruppe blockierende Gruppe daratellt und Y' Wasserstof oder
sine die Amino-Gruppe blockierende Gruppe darstellt. 12. Verbindung nach
dem vorsathenden Anspruch 11, welterhin dadurch gekennzeichnet, daBl Y
Acetyl ist, Y' Wasserstoff ist und X und X jeweils Trimethylsilyl sind. 15
Patentansprache fOr den Vertragsetaat : AT 1. Verfahrenzur Hersteilung von
Netilmicin durch 1-N-Ethyllerung von Sisomicin mit Hilfe von Acetaldehyd,
dadurch gekennzeichnet, dml                    ; a) ein selektiv
blocklertes Sbsomycin-Derivat der aligemeinen Formal 20 CX3 30 in dir X
Jeweils eIin OrganosilyJ-Gruppe 35                                        "
3Ro    " 2~~~ Si-R \R3 40     ist, in dir R1 bla R3 unabhangig voneinander
Niederulicyl, Phenyi oder Phenylniidsralkqyl sind, X' Wasser- stoff oder
eisne Organosilyi-Gruppe lst, wie aie Im Vorsehenden definiert ist, Y
Jeweils eln die Amino- Gruppe biockiderende Gnuppe darsteilt und Y'
Wasserstoff oder eine die Amino-Gnuppe biocicierende Gruppe darateilt, mit
Acetaldehyd bel einer Temperatur zwischen 10C und Raumtemperatur in ehlem
inerten aprotichen 45      organbschen Ldaungsmittel unterwasserfrelen
Bedingungen zur BIdung des entsprechenden 1-N-Derivats um gesetzt werden;
b) ein etwa noch vorhandener Oberschuli an unumgesetzten Acetaldehyd in der
Reaidlonsmischung mit einem Metallhydrid-Reduktlonsmittel reduziert wird;
c) die 1-Ethyliden-Gruppe unter wilarigen Bedingungen mit einem
Reduktonsamittel durch Einetellen des 50      pH-Wertes der
Reaktdonsmischung suf pH 7 bW 12 zu der Ethylamino-Gruppe reduziert wird d)
samtiiche Schutzgruppen entfernt werden, und e) Netlmicin In Form der
frelen Base oder in Form elnes Saureadditionsesazes isoliert wird. 2.
Verfahren nach dem vorstehenden Anspruch 1, welterhin dadurch
gekennzeichnst, daB die die Amino- Gruppe blocklerende Gruppe Acetyl Tst
und R1, R2 und R3 Jewells Methyl sind. 55      3. Verfahren nach
Irgendeinem der vorsthenden Anspriche 1 oder2, weiterhin dadurch
gekenreeichnet, daB X esne Organosilyl-Gruppe ist. 4. Verfahren nach
irgendelnem der vorstehenden Ansorflche I bb 3, welterhin dadurch
gokennzeichnet, dat das Sisomicin-Derivat durch In-Beruhrung-Bringen mit
Hexamethyidisilazan silyilert wird. 17    



EP 0 242 385 B1                     *Ic   L   M   S   * 5. Verfahren nach
Irgendelnemn der vorstehonden Ansprdiche I bis 4, weiterhin dadurch
gekennzelchnet, da6 die Redukton des (Iberschassigen Acetaldehyds und die
Reduktion des Ethyliden-Substituenten zu dam Ethyiamino-ubstitueitten durch
Zugabe von Natiumborhydrid erfblgt. 6. Verfahren zur Herstellung eines
selektiv blockierten Sisomycin-Derlvats der ailgemelnen Fonntl 5 *OX' HY
NY'       X _ C/    00 3                    H2
C *5    NHY in der X jeweils sine Organosilyl-Gruppe 20
1 Si-R \R3 25 ist, In der R1 bis R3 unabhangig voneinander Niederalkyl,
Phenyl oder Phenyinlederalkyl sind, X WasserstofF oder sine
Organosilyl-Gruppe ist, wie sie Im Vorstehenden definiert bt, Y Jewels eine
die Amnino-Gruppe blockierende Gruppe darsaeilt und 30      Y' Wasserstoff
odor eine die Amino-Gruppe blockierende Gruppe darstelit, dadurch
geikennzelchnet, da3. sin 3,2',6'-Trl-N-acetyllsomicln mit elnen
Silylierungsmittel in einem Inerten organischen Usungsniittel unter
wasserfrelen Bedingungen unter RflcIkuil In Gegenwart sines Katalysators
umgesetzt wird. 7. Verfahren zur Herstellung elner Verbindung nach Anspruch
6, dadurch gekennzeichnet, daB das Sily- lierungsmittel aus der Gruppe
Hexamethyidisilazan, Bls(trimethylsilyi)acetamid,
Mono(trimethyisilyl)acetamid, 35   Trimethyichlorsilan ausgewihit wird. 8.
Verfahren nach Anspruch 6, worin der Katalysator sin Sulfat-Salz ist. 9.
Verfahren nach Anspruch 6 zur Herstehlung elner Verbindung, in derjedes X
Trimethyisllyl Ist und jides Y Acetyl ist. 10. Verfahren nach Anspruch 6
zur Herstellung einer Verbindung, in der XI Trimethylsilyl ist. 40      11.
Verfahren nach irgendeinem der Anspruche 6 bbs 10 zur Herstellung einer
Verbindung, in der Y' Was- serstoff lat. 12. Verfahren nach Irgendelnem der
AnsprOche 6 bis 10 zur Hrsteflung elnerVerbindung, In der Y' Acetyl ist. 4S
50 56    


