
EP 0 405 820 B1 Description This Invention relates to a novel process for
converting gentamicin B to isepamicin, 1-N[S)-3-amino-2- hydroxyproplony]
gentamicin B and to a novel formylatng agent,
2-formylmercaptobenzothiazole, useful in 5   the process. More
particularly, this invention relates to a process for converting gentamicin
B to 3,6'-di-N-formylgen- tamicin B by using 2-formylmercaptobenzothiazole,
acylation of the 1-amino group with an (S)-isoserine der- ivative, followed
by removal of the protecting groups under conditions which result in high
yields of the desired product. 10     Isepamicin, which has the formula
[err] 25         [err] is a known aminoglycoside antibiotic. The
preparation of this compound from gentamicin B is described in U.S. 30
Patent No. 4,230,847. The process described in the patent involves forming
3,6'-di-N-benzyloxycarbonyl gen- tamicin B by reacting a cupric-nickel (II)
salt complex of gentamicin B with N-benzyloxycarbonyloxyphthalimide and
then reacting the intermediate compound with
N-(S-3-benzyloxycarbonylamino-2-hydroxypropionyloxy) succinimide. The
benzyloxycarbonyl protecting groups were removed from the resulting
material by catalytic hydrogenation over palladium-on-carbon to produce
isepamicin in 80% yield from the intermediate starting ma- 35  terial.
Tsuchiya, et al., Tetrahedron Letters No. 51, pp 4951-4954 (1979), describe
a complex multistep process for the protection of the 3,3",8'-amino groups
in Kanamycin A comprising zinc acetate chelation, 3,6'-N-bis-
benzyloxycarbonylation, zinc removal, carbonate formation, and finally
trifluoroacetylation of the 3"-amino group. The 3,3",8'-N-triblocked
Kanamycin A so produced is then acylated at the free C-1 amino group using
40  an active ester of 1-N-[(S)-4-benzyloxycarbonylamino-2-hydroxybutyric
acid. Finally the resulting product is subjected to a 2-part deprotection
scheme to give Amikacin. A similar sequence is also described for the con-
version of dibekacin to its 1-N-[(S)-4-amino-2-hydroxybutyryl] derivative.
No reference to the use of this proc- ess forthe selective acylation of
other aminoglycosides was disclosed. The Tsuchiya et al. process sequence
is cumbersome involving both trffluoroacetylation and
benzyloxycarbonylation in the protection steps and re- 45  quiring both
aminolysis and hydrogenolysis in the deprotection steps. These steps render
the process com- mercially unattractive both in the sense of operating
costs and capital requirements for implementation. Fur- thermore, in our
hands, and contrary to the implications In the Tsuchiya et al. process
description, zinc acetate chelation does not Invariably lead to selective
3,6'-diblockade in aminoglycosides other than Kanamycin and dibekacin.
Thus, unexpectedly, the zinc acetate chelation of gentamicin B followed by
acylation with formyli- 50  midazole leads primarily to
1,6'-N-diformylation and not 3,8'-diformylation. Again acylation of this
same gen- tamicin B zinc acetate chelate with a different formylating
agent, formylacetic mixed anhydride, gives rise, in addition to the desired
3,6'-N-diformyl-gentamicin B, to undesired levels of acetylated gentamicin
B products. To underline the difficulty of prediction, formyl
p-nitrobenzoic mixed anhydride proved insufficiently reactive to be useful
in the formylation of gentamicin B zinc acetate chelate, whereas use of
formyl p-anisic mixed an- 55  hydride afforded excellent yields of the
desired 3,6'-diformyl gentamicin B, contaminated with minor amounts of
anisoyl impurities. Use of metal acetates, for example, zinc acetate and
the like, give rise to small amounts of undesirable by-products, for
example N-acetyl derivatives, which are difficult to remove and decrease
the yield of desired 2 



EP 0 405 820 B1 product. FR-A-2441831 describes processes for the
preparation of selectively acylated N-protected derivatives of
aminoglycoside antibiotics including synthesis of isepamycin via acylation
of 3,6'-protected gentamicin B in- 5   termediates and a process for the
preparation of 3, 6'-di-N-formyl-Kanamycin A. The formulation of
aminoglycosides has been previously described by Thomas et at, Tetrahedron
Letters, Vol. 21 pp 4981-4984 (1980) in connection with preparation of
1-N-alkylated Kanamycin antibiotics. However, Thomas et al do not teach the
value of formylation as an amine-protecting group in producing 1-N-acylated
aminoglycosides. Nor is this point recognized in any other aminoglycoside
literature. Instead, the literature de- 10 scribes the use of such as
trifluoroacetyl, trichloroacetyl, and phthaloyl groups for the protection
of amine groups and taches that the aminolysis or hydrazinolysis of such
groups can be carded out without materially affecting certain other N-acyl
groups which may be present on the molecule. In short the selective aqueous
base hydrolysis of formyl groups from 3,6'-N-formylated-1 -N-acylated
aminoglycosides Is unprecedented. We have now found that a novel
formylating agent 2-formylmercaptobenzothiazole of formula 11, 15 20
[err] can selectively formylate the 3,6'-amino groups of the gentamicin B
zinc chelate. Moreover, the procedure of this invention results in a high
yield if one uses a different zinc salt, such as zinc pivaloate, to avoid
formation of undesirable by-products. Furthermore, we have found that a
3,6'-N-diformyl gentamicin B obtained, by re- 25  moving zinc from the
chelate, can be selectively acylated with N-formyl-(S)-isoserine active
ester only at the C-I amino group without separate protection of the C-3"
methylamino group as in the Tsuchlya et al. proce dure. Finally, we have
found that all formyl groups can be removed from the resulting
3,6'-N-diformyl-1-N- N- formyi-(S)-isoserinoyl]-gentamicin B by aqueous
base hydrolysis in high yield without removing the desired isoserine side
chain. 30      This invention relates to an improved multistep process for
converting gentamicin B to isepamicin in high yields. The process of this
invention comprises (a) reacting gentamicin B with a chelating agent and
then with 2-formylmercaptobenzothiazole capable of selectively Introducing
formyl groups in gentamicin B to form 3,6'-di-N-formylgentamicin B. 35
(b) acylating the 1-amino group of 3,6'-di-N-formylgentamicin B with an
activated N-acyl protected (S)- isoserine compound; (c) removing all
protecting groups; and (d) Isolating isepamicin. The Intermediate compound,
3,6'-di-N-formylgentamicin B, is prepared by reacting a divalent metal salt
4o  complexofgentamicin Bwith 2-formylmercaptobenzothiazole to
introduceformyl protecting groupsatthe 3,6'- positions. The metal salt
complex is prepared using methods disclosed in U.S. Patent No. 4,136,254
and Tho- mas, et al., Tetrahedron Letter, Vol. 21, 4981-4984 (1980). The
reaction scheme for preparing 3,6'-di-N-formylgentamicin B (Ill) is set
forth below: 45 50 



55 3    [err] 30 Transition metal salts useful as complexing agents in the
process of this invention include such divalent 35  salts as copper (II),
nickel (II), cobalt (II), cadmium (II) and zinc (II) as well as mixtures
thereof. The divalent metal salts are salts of organic acids, preferably
organic acids such as formic, acetic, propionc, pivalic and benzoic acid.
Preferred divalent metal salts include pivaloate salts of zinc (II) and
cobalt (II). Of particular use is zinc (II) pivaloate. The formation of the
divalent salt complex of gentamicin B is carried out in an inert organic
solvent. Pre- 40  ferred organic solvents are for example,
dimethylsulfoxide, dimethylformamide, dimethylacetamide, methy- lene
chloride, toluene, ethyl acetate and mixtures thereof. In preparing the
divalent salt complex of gentamicin B, it has been found advantageous to
employ from about 1.5 - 4.5 moles of the divalent salt, for example zinc
(II), per mole of gentamicin B. The preferred molar ratio of reagents Is
about 2.7-3.5 moles of divalent salt per mole of gentamicin B. 45      The
divalentsaltcomplex of gentamicin B Is reacted with
2-formylmercaptobenzothiazolewhich Introduces a formyl protecting group at
both the 3 and 6'-amino groups. The molar quantity of
2-formylmercaptobenzothiazde is usually 2-3 to I of the molar quantity of
the di- valent salt complex of gentamicin B. The preferred molar quantity
is 2.5 to 1. Formylation of the divalentsalt complex of gentamicin B is
carried out ata temperature offrom [err] 50  preferably from [err] The
formylation reaction of the divalent salt complex of gentamicin B is
conveniently carried out In an or- ganic solvent or a mixture of organic
solvents. Organic solvents that can be utilized in this reaction include
dipolar aprotic organic solvents, for example, dimethylsulfoxide, dimethyl
formamide, dimethyl acetamide, and the like. It has also been found
advantageous to employ mixtures of a dipolar aprotic organic solvent with
an 55  Inert organic solvent, for example, toluene, ethyl acetate,
1,2-dimethoxyethane, tetrahydrofuran, acetonitrile, methylene chloride, and
the like. A preferred mixture of solvents Is dimethyl sulfoxide with either
methylene chloride or ethyl acetate. While all prior processes require the
use of a precipitating agent or a procedure to remove the divalent metal
salt cation, the use of 2-formylmercaptobenzothiazole and zinc allows for
an extractive removal of the 4    EP 0 405 820 B1 zinc
2-mercaptobenzothiazole salt in the organic solvent layer. The aqueous
solution comprises 3,6'-di-N-formylgentamicin B in a yield of approximately
90-95%. The product can be isolated and purified by conventional methods
such as ion exchange chromatography. 5      Introduction of the
(S)-isoserine side-chain at the 1-amino group of 3,6'-di-N-formylgentamicin
B is carried out by means of In-situ active ester formation of the
N-protected-(S)-isoserine with an activating reagent in 



the presence of dicyclohexylcarbodiimide according to the following
reaction scheme: [err] 30      N-Protected -(S)-isoserine compounds that
are useful in the process of this invention are those wherein the amino
group of-(S)-isoserine is protected with an acyl group which can be easily
removed under conditions which remove formyl protecting groups and which
will not affect other portions of the molecule. Acyl protecting groups
which can be easily removed under mild basic conditions or with hydrazine
are utilized in the process. Examples of N-acyl protecting groups which are
easily removed under mild basic conditions include formyl, 35
trichloroacetyl and trifluoroacetyl. Examples of N-acyl protecting groups
which are easily removed by hydrazine include phthaloyl and succinoyl. The
preferred N-acyl protecting group forthe isoserine compound is the formyl
group. N-Protected isoserine compounds that are useful In the process of
this invention include N-formyl-(S)-iso- serine, N-phthaloyl-(S)-isoserine,
N-trichloroacetyl-(S)-isoserine, and N-trifluoroacetyl-(Sisoserine. The
pre- 40  ferred N-protected isoserine compound is N-formyl-(S)-isoserine.
Active esters of N-protected-(S)-isoserine are prepared by reacting the
isoserine compound with a com- pound such as N-hydroxybenzotriazole,
N-hydroxy succinimide, imidazole, N-hydroxyphthalimide, N-hydroxy-
5-norbornene-2,3-dlcarboximide and the like, in the presence of a coupling
agent such as dicyclohexylcarbo- dilmide. 45      The reaction of
N-protected-(S)-isoserinewith3,6'-di-N-formyl gentamicin B is carried
outattemperatures between 0C and [err] preferably at about room
temperature, In a solvent Examples of solvents which can be employed in the
process of this invention Include protic organic solvents, for example
alcohols, such as me- thanol, ethanol, propanol and the like; mixtures of
water and alcohol, such as aqueous methanol, aqueous ethanol, and the like;
aprotic solvents, such as dimethyl formamide, dioxane, methylene chloride.
A preferred 50  solvent is aqueous methanol. The compound obtained by
reacting N-formylisoserine with 3,6'-di-N-formyl gentamicin B Is
triformylise- pamicin, compound IV. The protecting groups are removed from
the Compound IV by hydrolysis according to the following reaction scheme.
55 5    EP 0 405 820 B1 [err\ [err] Prior to deblocking Compound IV, the
solvent is removed from the reaction mixture. Although deblocking 30 by
hydrolysis is a conventional procedure the specificity for formyl group
removal without removal of the iso- serine side chain is unprecedented in
the aminoglycoside field. It has been found that when the hydrolysis
reaction is conducted by stirring overnight at room temperature, an
excellent yield (88-90%) of desired product is obtained. The resulting
hydrolysate is acidified to pH 6 with acid and isepamicin is obtained by
isolation. The following Examples are illustrative of a preferred mode of
carrying out our invention but are not to be 35 construed as limiting the
scope thereof. In the example HPLC means High Performance Liquid
Chromatography; Amberlite IRC-50 is a weak ca- 



tion ion exchange resin available from Rohm and Haas Company. Example 1
[err] Preparation of 2-Formylmercaptobenzothiazole To a dry three-necked
500 ml round bottom flask was added 80 ml of acetonitrile 5.0 ml (0.133
mole) of formic acid and 18.1 g (0.266 mole) of sodium formate. The
resulting suspension was cooled to [err] and 14.6 45  ml (0.2 mole) of
acetyl chloride was added slowly, while maintaining the temperature of the
reaction mixture below 8C. After the addition of acetyl chloride was
complete, the reaction mixture was allowed to warm up to 18-20C. The
completeness of the reaction was judged by [err]To the heterogeneous
mixture containing acetic formic anhydride, 60 ml of acetonitrile was added
followed by 20 g   (0.103 mole) of 2-mercaptobenzo- thiazo e and the
temperature was allowed to warm up to [err] and maintained at that
temperature, while the 50  progress of the reaction was monitored by HPLC
at 10 minute intervals. The reaction was considered to be complete when
ca.4% of 2-mercaptobenzothiazole (by area %) remained unreacted or when its
area % starts to increase due to decomposition of the product. The reaction
mixturewas then quenchedwith 200 ml of ice-waterand stirred for2 minutes.
The precipitated productwas filtered, washed thoroughly with water(4 x 150
[err] and dried undervacuum until the water content 55   of the solid is
<0.08% to afford 21.4 g (98% pure by HPLC,89% yield) of
2-formylmercaptobenzothiazole, m.p. 125-130C (decomposition) [err] 6    EP
0 405 820 B1 Example 2 Preparation of Zinc Pivaloate 5 To 250 ml of water,
warmed to 60-70C, was added 56.1 gm (0.55 mole) of pivalic acid
(trimethylacetic add). Then 31.25 gm (0.25 mole) of zinc carbonate was
added portionwise over a period of 10 to 15 minutes and then the
temperature was raised to 96-98C. After agitating the reaction mixture for
I hour, the mixture was cooled to [err] with an ice bath for 30 minutes and
the suspension filtered. The filter cake was washed 10  once with 75 ml
cold water and 3 x 50 ml cold acetone. The resulting product was dried at
[err] for 16 hours In a draft oven to yield 58 gm (87%) of zinc pivaloate.
Example 3 15  3,6-Di-N-formylgentamicin B To 285 ml of dimethylsulfoxide
and 285 ml of methylene chloride was added 34.0 g (127 mmole) of zinc
pivaloate and 19 g of gentamicin B (purity 93.1%, 36.7 mmole). The
resulting suspension was stirred for 10 to 15 minutes at room temperature
to effect solution. To this solution was added 16.0 g of
2-formylmercaptoben- 20  zothiazole (81.9 mmole) and after five minutes an
aliquot was taken for liquid chromatographic analysis of the ratio of the
monoformyl/ diformyl peaks. Two more small additions were made such that
the eventual total charge was 16.95 g (86.8 mmole) to give a final peak
ratio of 0.02, which was judged to be complete. The reaction mixture was
transferred to a 2 liter separatory funnel and 800 ml of water was added.
The phases were separated, and the aqueous layer was re-extracted with a 30
ml portion of methylene chloride. 



25  The aqueous layer was then filtered thorugh a small pad of celite to
remove a haze of solids. The filtrate was diluted with water to a final
volume of 2 liters, and its pH was about 6 at this poinL This aqueous
solution was charged onto a column containing 800 ml of Amberlite IRC-50
resin which had been ad- justed to a partial ammonium cycle. The product
was eluted with 0.75N ammonium hydroxide; the fractions containing the
prduct were pooled and concentrated to yield a solution, which was assayed
by liquid chroma- 30  tographic analysis and found to contain 17.9 g
(90.5%) of 3,6'-di-N-formylgentamicin B. Mass spectrum m/e (%)
(FAB/GLY-THIO) 539 [err] 511(9), 380(9), 350(4), 191(10), 190(5), 160(28).
[err] H-NMR (400 MHz, D20; pH=9) w 1.25 (s, 3H, C-4 [err] 2.57 (, 3H, [err]
5.11 (d, J=4.02 Hz, IH, anome- ric), 5.38 (d, J=4.02 Hz, 1H, anomeric),
8.15 (s, 1 H, N-CHO), 8.16 (s, 1H, N-CHO). [err] (100 MHZ, D20; pH=9) w
51.36(C-1), [err] 35  [err] Example 4 Preparation of
N,O-Diformyl-(S)-Isoserine 40 To a one liter round bottom flask containing
50 g of (S)-isoserine (.476 mole) and 62.5 ml of formic acid was added in
30 min. a freshly prepared acetic formic anhydride solution * (5 eq.) at
[err] After examining the completion of reaction by [err] (approx. 2 hrs),
the mixture was concentrated under vacuum at [err] to half of the original
volume; 250 ml of isopropanol was added slowly with simultaneous coding to
effect crys- 45  tallization. The slurry was stirred at [err] for one hour.
The product, N,O-diformyl-(S)-isoserine, was filtered and washed with
isopropanol. This afforded 64g of NO-diformyl-(S)-isoserine; 84% yield;
m.p. [err] -38 (1%, MeOH). [err] W 3.8 (dd, IH, J=14.6, 4.4 Hz), 3.91 (dd,
1H, J=14.6,5.5 Hz), 5.38 (dd, IH, J=5.5, 4.4 Hz), 8.15 (a, IH), 8.27 (s,
IH). 50 * Acetic formic anhydride was prepared by adding acetyl chloride to
1.2 eq. of sodium forrnate (anhydrous, micronized) In anhydrous
acetonitrile (the concentration of sodium formate/[err] can be as high as
50%) at [err] The reaction takes 2 hours to complete. The precipitate was
filtered, the filtrate was used as is in the above reaction. Some carbon
monoxide is evolved from this mixture, depending on the temperature.
Reasonable stability was observed at 0, for one month. 7    EP 0 405 820 B1
Example 5 Preparation of N-Phthaloyl-(S)-lsoserine 5 To a stirred
suspension of 15.75g (150 mmole) of (S)-isoserine and 22.29 (150 mmole) of
phthalic anhydr- ide in 600 ml oftoluene:dimethylformamide (3:1), was added
2.1 ml (15 mole) of triethylaminie. Thesuspension was heated to reflux and
the watergenerated was removed using a Dean-Stark condenser. No additional
water separated after two (2) hours at reflux. The solvent was evaporated
to a final volume of approximately 100 ml. 10  The reaction mixture was
cooled, diluted with ice-water and acidified with 2N hydrochloric acid to
afford a pre- cipitate. The product was filtered, washed with ice-water and
dried under vacuum to yield 30.4g (86%) of N- 



phthaloyl-(S)-isoserine; m.p. [err] [err] 5.77 Hz), 7.77-7.89 (m, 4H). 15
Example 6 Preparation of N-trifluoroacetyl-S-isoserine 20      To a stirred
solution of sodium methoxide in methanol, 11 ml (1 eq., 24.8% wlw solution)
was added 5 g of (S)-isoserine. The mixture was stirred at room temperature
for 15 minutes until a homogeneous solution was obtained.
Ethyitrifluoroacetate, 7 ml (1.25 eq.) was added. The mixture was stirred
for 30 minutes after the addition. The completeness of the reaction was
monitored by [err] The mixture was concentrated under reduced pressure to
as low a volume as possible. To the residue 50 ml ethylacetate was added.
The mixture 25  was cooled to 0-5C, 25 ml of 2N HCI (1 eq.) was added,
followed by 5 g of solid sodium chloride. The organic layer was separated.
The aqueous layer was reextracted with 50 ml of ethylacetate. The combined
organic extracts were dried (over 5 g of anhydrous magnesium sulfate),
filtered and concentrated under reduced pres- sure to 20 ml. To it 50 ml
heptane was added with stirring in an ice-bath for 30 minutes. The
productwasfitered and dried to yield 8.86 g (93%) of
N-trifluoroacetyl-(S)-isoserine; m.p. 142-143C; [err] 30  1H-NMR (D20) w
3.78 (d, 2H, J=5.48 Hz), 4.53 (t, IH, J=5A8 Hz). Example 7 Preparation of
Isepamicin The following methods illustrate the preparation of Isepamicin.
Method A. 40     A stock solution of N-formyi-(S)-isoserine was prepared by
stirring 20 9 (124.2 mmoles) of N,O-diformyl- (S)-isoserine in a mixture of
methanol (85 ml) and pyridine (15 ml, 1.5 equiv.) at room temperature for
14-16 hrs. The completion of the reaction was judged by [err] In a separate
flask, 20 9 of aq. concentrate (4.424 g active, 8.2 mole) of 3,6-diformyl
gentamicin B and 1.26 g (8.26 mmole) of 1-N-hydroxybenzotriazole
monohydrate were dissolved in 40 ml of methanol. To the 45 stirred mixture
the above N-formyl-(S)-isoserine solution in methanol (22.2 ml 24.4 mmole,
3 equiv.) and a solution of dicyclohexyl carbodiimide (59, 24.3 mole, 3
equiv.) in 20 ml of methanol were added simultaneously over a period of 40
min. The mixture was stirred for 15 mins. after the addition was complete.
The progress of the reaction was monitored by either HPLC or by TLC. The
solvents were then removed under reduced pres- sure, and the product,
triformylisepamicin, was hydrolysed by stirring at room temperature for 16
hrs. with 90 ml of 2N NaOH. The reaction mixture was neutrallsed to pH=6
with acid, filtered and the filtrate was diluted to a precise volume of
1000 ml. External standard HPLC assay of this solution indicated an 89%
yield of isepa- micin (4.17 g, 7.3 mole). Method B: 55 A solution was
prepared by dissolving 1.1 56g (96.6% pure, 2.07 mmole) of
3,6'-dl-N-formylgentamicin B, 800 mg (1.7 eq.) of N-phthaloylisoserine and
365 mg (1.2 eq.) of N-hydroxybenztriazole monohydrate in 40 ml of methanol.
To this solution was added 700 mg (1.7 eq.) of dicyclohexyicarbodilmide.
The reaction was stirred 8    



EP 0 405 820 B1 at room temperature for one hour and 160 mg of
N-phthaloyl-(S)-isoserine and 140 mg of dicyclohexylcarbo- diimide was
added and the reaction was allowed to stir at room temperature for
approximately three (3) hours. The progress of the reaction was monitored
by TLC. The solvent was removed by evaporation and the residue 5   taken up
in 50 ml ethanol and 5 ml water. The protecting groups were removed by
treating the resulting mixture with 6.0 ml (85%) hydrazine hydrate. The
reaction was heated at 85-900C under nitrogen for 14 hours. External
standard HPLC assay of the reaction indicated a yield of 89% (1.05 g, 1.85
mmole) isepamicin. Method C: 10 To 48.9 g of aq. concentrate (8.45 g
active, 15.7 mmole) of 3,6'-diformylgentamicin B, 2.4 g (15.7 mmole) of
1-N-hydroxybenzotriazole monohydrate was added followed by 80 ml of
methanol. To the stirred mixture, 9.5 g (47.3 mmole, 3 equiv.) of
N-trifluoroacetyl-(S)-isoserine in 40 ml of methanol and 9.7 g (47.1 mmole,
3 equiv.) of dicyclohexyl carbodiimide in 40 ml of methanol were added
simultaneously over a period of 40 min. 15  The mixture was stirred for 15
min. afterthe addition was complete. The progress of the reaction was
monitored by either HPLC or TLC. The solvents were then removed under
reduced pressure, and the product was hy- drolysed by stirring with 170 ml
of 2N NaOH at room temperature for 16 hrs. The reaction mixture was neu-
tralised to pH=6 with acid, filtered and the filtrate was diluted toa
precise volumeof 1000 ml. External standard HPLC assay of the solution
indicated an 88% yield of isepamicin (7.84 9, 13.8 mmole). 20 Claims Claims
for the following Contracting States: AT, BE, CH, LI, DE, DK, FR, GB, IT,
LU, NL, SE 25 1. A process for preparation of isepamicin which comprises:
(a) reacting a divalent salt complex of gentamicin B with
2-formylmercaptobenzothiazole which Is ca- pable of selectively introducing
formyl protecting groups at the 3,6-amino groups of gentamicin B to produce
3,6'-di-N-formylgentamicin B; 30        (b) acylating the 1-amino group of
3,6'-di-N-formylgentamicin B with an N-protected (S)-isoserine com- pound;
(c) removing all the protecting groups; (d) Isolating isepamicin. 35 2. The
process of claim 1 wherein the divalent salt complex of gentamicin B is
cobalt (II) or zinc (II). 3. The process of claims 1 or 2 wherein the zinc
salt is derived from zinc pivaloate. 4. The process of any one of claims I
to 3 wherein the divalent salt complex is formed from about 1.5-4.5 40
moles of zinc (II) per mole of gentamicin B. 5. The process of any one of
claims I to 4 wherein the molar quantity of 2-formylmercaptobenzothiazole
to divalent salt complex of gentamicin B is about 2-3 to 1, preferably 2.5
to 1. 6. The process of any one of Claims I to 5 wherein the
N-protected-(S)-isoserine compound in step (b) is 45
N-formyl-(S)-isoserine, (N)-phthaloyl-(S)-isoserine,
N-trifluoroacetyl-(S)-isoserine or N-trichloroacetyl- (S)-Isoserine. 7. The
process of any one of claims I to 6 wherein step (b) is carried out by
means of an in-situ active ester formation of the N-protected-(S)-isoserine
compound. 50 8. The process of any one of claims I to 7 wherein the
N-protected-(S)-isoserine compound in step (b) is 



reacted with an activating reagent in the presence of
dicyclohexyicarbodiimide. 9. The process of any one of claims I to 8
wherein the activating reagent is N-hydroxybenzotri azole, imi- dazole,
N-hydroxysuccinimide, N-hydroxyphthalimide or
N-hydroxy-5-norbornene-2,3-dicarboximide. 10. The process of any one of
claims I to 9 wherein the protecting groups are removed by basic
hydrolysis. 11. The compound 3,6'-di-N-formyl gentamicin B having the
structure 9    EP 0 405 820 B1 at room temperature for one hour and 160 mg
of N-phthaloyl-(S)-isoserine and 140 mg of dicyclohexylcarbo- diimide was
added and the reaction was allowed to stir at room temperature for
approximately three (3) hours. The progress of the reaction was monitored
by TLC. The solventwas removed by evaporation and the residue 5   taken up
In 50 ml ethanol and 5 ml water. The protecting groups were removed by
treating the resulting mixture with 6.0 ml (85%) hydrazine hydrate. The
reaction was heated at [err] under nitrogen for 14 hours. External standard
HPLC assay of the reaction indicated a yield of 89% (1.05 g, 1.85 mmole)
isepainicin. Method C: 10 To 48.9. g of aq. concentrate (8.45 g active,
15.7 mmole) of 3,6'-diformylgentamicin B, 2.4 g (15.7 mmole) of
1-N-hydroxybenzotriazole monohydrate was added followed by 80 ml of
methanol. To the stirred mixture, 9.5 g (47.3 mmole, 3 equiv.)
ofN-trifluoroacetyl-(S)-isoserine in 40 ml of methanol and 9.7 g (47.1
mmole, 3 equiv.) of dicyclohexyl carbodiimide in 40 ml of methanol were
added simultaneously over a period of 40 min. 15  The mixture was stirred
for 15 min. afterthe addition was complete. The progress of the reaction
was monitored by either HPLC or TLC. The solvents were then removed under
reduced pressure, and the product was hy- drolysed by stirring with 170 ml
of 2N NaOH at room temperature for 16 hrs. The reaction mixture was neu-
tralised to pH=6 with acid, filtered and the filtrate was diluted to a
precise volume of 1000 ml. External standard HPLC assay of the solution
indicated an 88% yield of isepamicin (7.84 g, 13.8 mmole). 20 Claims Claims
for the following Contracting States AT, BE, CH, LI, DE, DK, FR, GB, IT,
LU, NL, SE 1. A process for preparation of isepamicin which comprises: (a)
reacting a divalent salt complex of gentamicin B with
2-formylmercaptobenzothiazole which is ca- pable of selectively introducing
formyl protecting groups at the 3,6'-amino groups of gentamicin B to
produce 3,6'-di-N-formylgentamicin B; 30        (b) acylating the 1-amino
group of 3,6'-di-N-formylgentamicin B with an N-protected (S)-isoserine
com- pound; (c) removing all the protecting groups; (d) isolating
isepamicin. 35 2. The process of daim 1 wherein the divalent salt complex
of gentamicin B is cobalt (II) or zinc (II). 3. The process of claims I or
2 wherein the zinc salt is derived from zinc pivaloate. 4. The process of
any one of claims 1 to 3 wherein the divalent salt complex Is formed from
about 1.5-4.5 moles of zinc (II) per mole of gentamicin B. 5. The process
of any one of claims I to 4 wherein the molar quantity of
2-formylmercaptobenzothiazole to 



divalent salt complex of gentamicin B is about 2-3 to 1, preferably 2.5 to
1. 6. The process of any one of Claims 1 to 5 wherein the
N-protected-(S)-isoserine compound in step (b) is 45
N-formyl-(S)-isoserine, (N)-phthaloyl-(S)-isoserine,
N-trifluoroacetyl-(S)-isoserine or N-trichloroacetyl- (S)-isoserine. 7. The
process of any one of claims I to 6 wherein step (b) is carried out by
means of an in-situ active ester formation of the N-protected-(S)-isoserine
compound. 50 8. The process of any one of claims I to 7 wherein the
N-protected-(S)-isoserine compound in step (b) is reacted with an
activating reagent in the presence of dicyclohexylcarbodiimide. 9. The
process of any one of claims I to 8 wherein the activating reagent is
N-hydroxybenzotri azole, imi- 55       dazole, N-hydroxysuccinimide,
N-hydroxyphthalimide or N-hydroxy-5-norbornene-2,3-dicarboximide. 10. The
process of any one of claims I to 9 wherein the protecting groups are
removed by basic hydrolysis. 11. The compound 3,6'-di-N-formyl gentamicin B
having the structure 9    EP 0 405 820 B1 [err] 10 12. A compound of the
structure HO  HO [err] wherein R is H, [err] is H; or R and R' together
form the imide ring of a phthaloyl moiety. 13 The compound of claim 12
wherein R is H and R' Is H. 30 14. The compound
2-formylmercaptobenzothiazole. Claims for the following Contracting States:
ES, GR 35   1.  A process for preparation of isepamicin which comprises:
(a) reacting a divalent salt complex of gentamicin B with
2-formylmercaptobenzothiazole which is ca- pable of selectively introducing
formyl protecting groups at the 3,6'-amino groups of gentamicin B to
produce 3,6'-di-N-formylgentamicin B; (b) acylating the 1-amino group of
3,6'-di-N-formylgentamicin B with an N-protected (S)-isoserine com- pound;
(c) removing all the protecting groups; (d) isolating Isepamicin. 2. The
process of claim 1 wherein the divalent salt complex of gentamicin B is
cobalt (II) or zinc (II). 45   3.  The process of claims I or 2 wherein the
zinc salt is derived from zinc pivaloate. 4.  The process of any one of
daims I to 3 wherein the divalent salt complex is formed from about 1.5-4.5
moles of zinc (II) per mole of gentamicin B. so   5.  The process of any
one of claims I to 4 wherein the molar quantity of 2-formylmercaptobenzo
thiazole to divalent salt complex of gentamicin B is about 2-3 to 1,
preferably 2.5 to 1. 6.  The process of any one of Claims I to 5 wherein
the N-protected-(S)-isoserine compound in step (b) is 



N-formyl-(S)-isoserine, (N)-phthaloyl-(S)-lsoserine,
N-trifluoroacetyl-(S)-isoserine or N-trichloroacetyl- 55
(S)-isoserine. 7.  The process of any one of claims I to 6 wherein step (b)
is carried out by means of an in-situ active ester formation of the
N-protected-(S)-isoserine compound. 10    EP 0 405 820 B1 8. The process of
any one of daims 1 to 7 wherein the N-protected (S)-isoserine compound in
step (b) is reacted with an activating reagent in the presenos of
dicyclohexyicarbodiimide. 5   9. The process of any one of claims 1 to 8
wherein the activating reagent Is N-hydroxybenzotri azole, Imi- dazole,
N-hydroxysuccinimide, N-hydroxyphthalimide or
N-hydroxy-5-norbornene-2,3-dicarboximide. 10. The process of any one of
claims I to 9 wherein the protecting groups are removed by basic
hydrolysis. 10 Patentanspriche Patentanspriche for folgende Vertragsstaaten
AT, BE, CH, DE, DK, FR, GB, IT, Li, LU, NL, SE *   1. Verfahren zur
Herstellung von Isepamicin, umfassend (a) die Umsetzung eines Komplexes
eines zweiwertigen Salzes von Gentamicin B mit 2-Formyimer-
captobenzothiazol, das befihigt ist, Formyl-Schutzgruppen selektiv an den
3,6'-Amino-Gruppen des Gentamicins B einzufuhren, zur Herstellung von
3,6'-Di-N-Formylgentamicin B; (b) die Acylierung der i-Amino-Gruppe des
3,6-Di-N-Formylgentamicins B mit einer N-geschfitzten 20
(S)-isosedin-Verbindung; (c) die Entfernung samtlicher Schutzgruppen; (d)
die Isolierung von Isepamicin. 2. Verfahren nach Anspruch 1, worin der
Komplex eines zweiwertigen Saizes von Gentamicin B der Co- 25
balt(lI)- oder Zink(lI) -Komplex ist. 3. Verfahren nach den Anspruchen I
oder 2, worin das Zink-Salz sich von Zinkpivaloat ableitet 4. Verfahren
nach irgendeinem derAnsprOche 1 bis 3, worin der Komplexdes zwelwertlgen
Saizes aus etwa 1,5 bis 4,5 mol Zink(II) auf I mol Gentamicin gebildet
wird. 30 5. Verfahren nach irgendeinem derAnspruche I bis 4, worin das
Stoffimengen-Verhaltnis des 2-Formyimer- captobenzothiazols zu dem Komplex
des zweiwertigen Salzes von Gentamicin B etwa 2 bis 3: 1, vor- A
zugswelse 2,5:1, betragt. 3C  6. Verfahren nach irgendeinem der Anspruche I
bis 5, worin die N-geschfitzte (S)-isoserin-Verbindung in Schritt (b)
N-Formyl-(S)-isoserin, N-Phthaloyl-(S)-isoserin,
N-Trifluoracetyl-(S)-isoserin oder N-Trichlor- acetyl-(S)-isoserin ist. 7.
Verfahren nach irgendeinem derAnsprOche I bis 6, worin derSchritt (b)
mittels einerinsitu-Bildung eines 40      aktiven Esters der N-geschfltzten
(S)-Isoserin-Verbindung durchgef0hrt wird. 8. Verfahren nach irgendeinem
der AnsprOche I bis 7, worin die N-geschfltzte (S)-isoserin-Verbindung in
Schritt (b) miteinem aktivierenden Reagens in Anwesenheitvon
Dicyciohexylcarbodlimid umgesetztwird. 9. Verfahren nach irgendeinem der
Ansprilche I bis 8, worin das aktivierende Reagens N-Hydroxybenzo- triazol,
Imidazol, N-Hydroxysuccinimid, N-Hydroxyphthalimid oder
N-Hydroxy-5-norbornen-2,3-dicarbox- 



Imid ist. 10. Verfahren nach irgendelnem der Ansprflche I bis 9, worin die
Schutzgruppen durch basische Hydrolyse entfernt werden. 50 11. Verbindung
3,6'-Di-N-formylgentamicin B mit der Struktur 55    EP 0 405 820 B1 -
*  ~~~~~C   L   M   S OK*   HO    RO 5  1S                   NuN
C    H                    N 12. Verbindung der Struktur 15
HO   HO OR     O cR "J4   A H   O          "H'1O         mC 20
IL'      OHH RH 0~~~ 25      in der R            H. CC13 oder CF1 ist und
Rv           H ist oder R und RI     zusammen den Imid-Ring einer
Phthaloyl-Struktureinheit bilden. 30  13. Verbindung nach Anspruch 12, worh
R      H ist und Rv     H ist. 14. Verbindung 2-Formylmercaptobenzothiazol.
35 Patentansprflche fOrrfolgonde Vertragsataaten  ES, GR 1. Verfahren zur
Herstellung von Isepamicin, umfassend (a) die Umsetzung eines Komplexes
sines zweiwertigen Salzes von Gentamicin B mit 2-Formylmer- 40
captobenzothiazol, das beffahigt ist, Formyl-Schutzgruppen selektlv an den
3,6'-Amino-Gruppen des Gentamicins B einzuflhren, zur Herstellung von
3,6!-DI-N-Formylgentamicin B; (b) die Acylierung der 1-Amino-Gruppe des
3,6-Di-N-Formylgentambcins B mit einer N-geschitzten
(S)-isoserin-Verbindung; (c) die Entfernung slmtlicher Schutzgruppen; (d)
die Isolierung von Isepamicin. 2. Verfahren nach Anspruch 1, worin der
Komplex sines zweiwertigen Saizes von Gentamicin B der Co- balt(Il)- oder
jnk(Il) -Komplex 1st 3. Verfahren nach den AnsprOchen I oder 2, worin das
Zink-Salz sich von Zinkpivaloat ableitet. 50 4. Verfahren nach irgendeinem
der Anspruche I bis 3, worin der Komplex des zwelwertigen Saizes aus etwa 



1,5 bis 4,5 mol Zink(ll) auf I mol Gentamicin gebildet wird. 5. Verfahren
nach irgendeinem derAnsprriche I bis 4, worin das Stoffmengen-Verhaltnis
des 2-Formylmer- 55       captobenzothlazols zu dem Komplex des
zweiwertigen Salzes von Gentamicin B etwa 2 bis 3: 1, vor- zugsweise 2,5:1,
betragt. 6. Verfahren nach irgendeinem der Ansprflche I bis 5, worin die
N-geschtitzte (S)-Isoserin-Verbindung in Schritt (b) N-Formyl-(S)-isoserln,
N-Phthaloyl-(S)-isoserin, N-Trifluoracetyl-(S)-isoserin oder N-Trichlor- 12
1st.                                    *~~~~~~~~~~~~~~~~C    L   N S *
acetyl-(S)-isoserin ist. 7. Verfahren nach irgendeinem derAnsprfiche 1 bis
6, worin derSchrltt (b) mittels einerin-sltu-Bildung eines 5       aktiven
Esters der N-geschfitzten (S)-lsoserin-Verbindung durchgefihrt wird. 8.
Verfahren nach irgendeinem der Anspruche I bis 7, worin die N-geschfltzte
(S)-isoserin-Verbindung in Schritt (b) mit einem aktivierenden Reagens in
Anwesenheit von DicydohexylcarbodiimWd umgesetztwird. 9. Verfahren nach
irgendeinem der Ansprtche I bis 8, worin das aktMerende Reagens
N-Hydroxybenzo- 10      triazol, Imidazol, N-Hydroxysuccinimid,
N-Hydroxyphthalimid oderN-Hydroxy-5-norbornen-2,3-dicarbox- imid let. 10.
Verfahren nach irgendeinem der Ansprflche I bis 9, worin die Schutzgruppen
durch basische Hydrolyse entfernt werden. 15 Revendlcations Revendicatlons
pour les Etats contractants sulvants AT, BE, CH, DE, DK, FR, GB, IT, Li,
LU, 2'  NL, SE 1.  Proc6d6 d pr6paration d'is6pamicine, qui comprend: (a)
la r6action d'un sel divalent complexe de gentamicine B avec du
2-formylmercaptobenzothiazole, qui est capable d'introduire s6lectivement
des groupes protecteurs de formyle surles groupes 3,6'-ami- 25         no
de la gentamicine B, afin de produire la 3,6'-di-N-formylgentamicine B; (b)
I'acylation du group. 1-amino de la 3,6'-di-N-formylgentamicine B avec un
compoe6 de (S)-isose- rine N-prot6g6e; (c) I'6llmination de tous les
groupes protecteurs; (d) I'isolement de l'is6pamicine. 2. Proc6d6 de la
revendication 1, ob le sel complexe divalent de gentamicine B est cobalt
(II) ou zinc (II). 3. Procede des revendications I ou 2, ob) le sel de zinc
est d6rive du pivaloate de zinc. 35  4.  Proc6d6 selon l'une quelconque des
revendications I a 3, ob le sel divalent complexe estforme d'environ
1,5-4,5 moles de zinc (II) par mole de gentamicine1B. 5. Procede selon
l'une quelconque des revendications 1 A 4, ob) la quantite molaire de
2-formylmercapto- benzothiazole par rapport au sel divalent complexe de
gentamicine B est d'environ 2-3 a I et, de prMf- 40      rence, 2,5 a 1. 6.
Procede selon l'une quelconque des revendications 1 t 5, oA le compose de
(S)-isose6rine N-protg6e A I'6tape (b) est N-formyl-(S)-lsos6rine,
(N)-phtaloyl -(S)-isos6rine, N-trifluoroac6tyl-(S)-isos6rine ou N-ri-
chloroac6tyl-(S)-isos6rine. 



45  7.  Procede selon l'une quelconque des revendications 1 A 6, ob l'tape
(b) est effectuee au moyen dune formation in situ d'un ester actif du
compose de (S)-isoserine N-protegee. 8.  Procede selon lune quelconque des
revendications I A 7, ob on fait reagir Is compose de (S)-Isosefine
N-protegee A l'etape (b) avec un reactif activant en pr6sence de
dicyclohoxylcarbodiimide. 50 9.  Procede selon l'une quelconque des
revendications I A 8, ob le reactif activant est N-hydroxybenzotria- zole,
Imidazole, N-hydroxysuccinimlde, N-hydroxyphtalirnide ou
N-hydroxy-5-norbornene-2,3-dicarboxi- mide. s5  10. Procede selon l'une
quelconque des revendications I A 9, ob les groupes protecteurs sont
elimines par hydrolyse basique. 11. Compose 3,6'-di-N-formyl gentamicine B
ayant la structure 13    *C   L  M S HO T .H 0  OH
OH 6'NHCHO  CH NH         H      0             6NHO 3 to
H2N 1 2 12. Compose de la structure 15 HO      HO OH O OH 20~~~~~~~~~~~~~O
20~~~ 6|.............. NHCHO CH3NH-HCHO
NHCHO R       I            H OHN  25                             0 0~~~~ ob
R est H, CC13 OU CF3 et R' est H; ou bien R et R' forment ensemble le noyau
imide d'un fragment de 30      phtaloyle. 13. Compose de la revendication
12, ob R est H et R' est H. 14. Compos6 2-formylmercaptobenzothiazole. 35
Revendlcatlons pour les Etats contractants sulvants ES, GR 1. Proc6d6 de
pr6paration d'is6pamicine, qui comprend: (a) la r6action d'un sel divalent
complexe de gentamicine B avec du 2-formylmercaptobenzothiazole, 40
qui est capable d'introduire s6lectivement des groupes protecteurs
deformyle sur les groupes 3,8'-ami- 



no de la gentamicine B, afin de produire la 3,6'-di-N-formylgentamicine B;
(b) I'acylatlon du groupe 1-amino de la 3,6'-di-N-formylgentamicine B avec
un compos6 de (S)-isos6- rine N-prot6gee; (c) I'elimination de tous les
groupes protecteurs; (d) I'isolement de l'is6pamicine. 2.  Prodbd6 de la
revendication 1, ob le sel complexe divalent de gentamicine B est cobalt
(II) ou zinc (II). 3.  ProcWd des revendicatlons I ou 2, o0 le sel de zinc
est derive du pivoloate de zinc. 50  4. PmcWd6 selon l'une quelconque des
revendications 1 A 3, o0 le sel divalent complexe estform6 d'environ
1,5-4,5 moles de zinc (II) par mole de gentamicine B. 5. Proc6dd selon
l'une quelconque des revendications I A 4, o0 la quantite molaire de
2-formylmercapto- benzothlazole par rapport au sel divalent complexe de
gentamicine B est d'environ 2-3 A I et, de prefe- 55      rence, 2,5 A 1.
6. Procdh selon l'une quelconque des revendications 1 A 5, o0 le compos6 de
(S)-isos6rine N-prot6gee A I'etape (b) est N-formyl-(S)-isoshrine,
(N)-phtaloyl -(S)-isos6rine, N-trifluoroacetyl-(S)-isoserine ou N-tri-
chloroacetyl-(S)-lsos6rine. 14    'EP 0 405 820 51 31                     |
|||| ||||||       Ii | | C   L   M   S 7. Prw6de selon l'une quelconque des
revendications 1 a , o.  l '6tape (b) est effectuee au moyen d'une
formation in situ d'un ester actif du compose de (S)-isos6rine N-protegee.
5   8. Proced6 selon l'une quelconque. des revendications 1 A 7, ob on fait
r6agir le compos6 de (S)-isos6rine N-proteg6e a l'etape (b) avec un reactif
activant en presence de dicyclohexylcarbodilmide. 9. Proced6 selon l'une
quelconque des revendlications 1 a 8, ob le
reatifactivantestN-hydroxybenzotriazole, imidazole, N-hydroxysuccinimide,
N-hydroxyphtallmide ou N-hydroxy-5-norbornene-2,3-dicarboxdmlde. 10 10.
P1c2d6 selon l'une quelconque des revendications 1 a 9, oC, les groupes
protecteurs sont elimines par hydrolyse basique. 15 20 26 30 35 40 45 50 55
15    


