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1.  Process for the preparation of substituted diaminodicarboxylic acid derivatives
of the formula

Rt N\H

in which R' and R? in each case independently of one another are an optionally
halogenated straight-chain, branched or cyclic alkyl radical having 1-10 C atoms or a

o) o)
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Vet
radical A or 0

branched or cyclic alkyl radical having 1-10 C atoms or a benzyl radical which is
optionally mono- or polysubstituted by identical or different halogen, NO,, alkoxy or CN
substituents, or is 9-fluorenylmethyl and R’ isa straight-chain or branched alkyl radical
having 1-4 C atoms, the chirality centres in the molecules being determined by the
starting materials used and it being possible for both to be in the L or both to be in the D
or D,L or L,D configuration, and n is an integer from 2 to 8,

by optionally mixed Kolbe synthesis, which is characterised in that a protected amino acid
derivative of the formula

wherein A is an optionally halogenated straight-chain,
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in which R' and R’ have the abovementioned meaning and k is an integer, is dissolved
with a protected amino acid derivative of the formula

in which R' and R’ have the abovementioned meaning and 1 is an integer, wherein k and 1
together give the number n,

in a solvent R*'OH, wherein R* has the meaning of R’, or a heterocyclic or aliphatic
solvent containing at least one heteroatom or mixtures of such solvents, the solution is
subjected to electrolysis on platinum gauze clectrodes and, if appropriate, the product is
hydrolysed with LiOH.
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Process for the preparation of substituted diamino-
dicarboxylic acid derivatives

The invention relates to a new process for the
preparation of substituted diaminodicarboxylic acid
derivatives in a high yield by means of the Kolbe
synthesis.,

Substituted diaminodicarboxylic acid derivatives
are valuable intermediate products in the synthesis of
peptides.

In the synthesis which has been the most effec-
tive to date, for example, a-benzyl N-t-butyloxycarbonyl-
glutamate is subjected to a Kolbe electrolysis.

In this reaction, which proceeds under basic conditions,
the anion of the protected amino acid is firsgt oxidized

and converted into a free radical intermediate, CO, being

‘8plit off. This free radical can then react with a

Bolvent proton or can in turn release a hydrogen atom to
form a double bond, while reaction with a second free
radical leads to the desired diaminodicarboxylic acid
derivative.

The decisive disadvantage of this method is a side
reaction in which the reaction product can react with the
alcohol of the solvent and can in this way be partly or
completely transesterified. This process of course
considerably reduces the yield of pure isolated product,
which is a maximum of 20 % of theory, and also the
product mixture formed can be purified only with
particular difficulty and effort.

Surprisingly, it has been possgible to find a
process for the synthesis of diaminodicarboxylic acid
derivatives which avoids the formation of transesteri-
fication products.

The invention therefore relates to a process for
the preparation of substituted diaminodicarboxylic acid
derivatives of the formula
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R0 - C - CH - (CHy), -~ CH - C - OR (.
R1-NH R2-NH

in which R! and R? in each case independently of one
another are an optionally bhalogenated straight-chain,
branched or cyclic alkyl radical having 1-10 C atoms or

a radical

o o)

/JLA or /JLO’A

wherein A is an optionally halogenated straight-chain,
branched or cyclic alkyl radical having 1-10 C atoms or
a benzyl radical which is optionally mono- or polysubsti-
tuted by identical or different hnalogen, -NO,, alkoxy or
~-CN aubstituents, or is 9-fluorenylmethyl and R’ is a
straight-chain or branched alkyl radical having 1-4 C
atoms, the chirality centres in the molecules being
determined by the starting materials used and it being
possible for both to be in the L or both to be in the D
or D,L or L,D configuration, and n is an integer from 2
to 8,

by optionally mixed Kolbe synthesis, which is characteri-
zed in that a protected amino acid derivative of the

formula

0

R30 - C - CH - (CHy)x - COOH (1)

R1-NB

in which R} and R’ have the abovementioned meaning and k
is an integer, is dissolved with a protected amino acid
derivative of the formula
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R1-NH

in which R! and R® have the abovementioned meaning and k
is an integer, wherein k and 1 together give the number
n,

in a solvent R'OH, wherein R' has the meaning of R}, or a
heterocyclic or aliphatic solvent containing at least one
heterocatom or mixtures of such solvents, the solution is
subjected to electrolysis on platinum gauze electrodes
and, if appropriate, the product is hydrolysed with LiOH.

The advantage of this process is on the one hand
the high yield of pure isolated product of at least 34 %
of theory, and on the other hand the fact that the
purification effort can be reduced considerably owing to
the lower content of by-producte. This process is there-
fore capable of considerably reducing the preparation
costs of secondary products, such as peptides, and
compounds containing amino acids which do not occur
naturally.

In the formulae I, II and III R' and R? are in
each case an optionally halogenated straight-chain,
branched or cyclic alkyl radical having 1-10 C atoms, for
example a methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, t-butyl, pentyl, hexyl radical and the like,
which can optionally be mono- or polyhalogenated.

R’ and R? furthermore can be a radical

o) (o]

)]\A or )LO'A

wherein A is a 9-fluorenylmethyl radical, or a benzyl
radical which is optionally mono- or polysubstituted by
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identical or different halogen, NO,, alkoxy or -CN
substituents, for example a bromobenzyl, dibromobenzyl,
chlorobenzyl, dichlorobenzyl, nitrobenzyl, methoxybenzyl
or cyanobenzyl radical and the like.

R! and R? are preferably in each case a radical

(o] o]

’JLA or /JLO'A

wherein A is a 9-fluorenylmethyl radical, an optionally
substituted benzyl radical or a straight-chain or
branched alkyl radical having 1-4 C atoms.

The radical R’ is a straight-chain or branched
alkyl radical having 1-4 C atoms, for example methyl,
ethyl, n-propyl, i-propyl, mn-butyl, i-butyl or t-butyl,
preferably methyl, ethyl or i-propyl.

The chirality centres of the dicarboxylic acids
are determined by the choice of starting materials used.
They can either both be in the D or both be in the L or
D,L or L,D configuration, for example N’-R-N"-R*-2,7-D,L-
2,7-diaminosuberic acid di-R’-esters when N-R'-D-glutamic
acid R’-esters and N-R’-L-glutamic acid R’-esters are
used.

The amino acid derivatives of the formulae II and
III are dissolved in a solvent R'‘OH or a heterocyclic
solvent, such as, for example, pyridine or dimethylforma-
mide or acetonitrile, or mixtures of such solvents,
wherein R' has the meaning of R’, that is to say is, for
example, methyl, ethyl, n-propyl, i-propyl, n-butyl or
t-butyl, preferably methyl, ethyl or i-propyl.

A base, for example an alkali metal in R'OH, for
example sodium methoxide in methanol, or potassium
ethoxide in ethanol, ie added to the solution in the
electrolysis cell.

Electrolysis is then carried out on platinum gauze elec-
trodes, while cooling, the temperature being preferably
kept at 18-25°C. The current strength during the electro-
lysis is about 5-15 A with a voltage of 60-120 V applied,
and furthermore depends on the geometry of the electrode
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The electrolysis operation is ended as soon as no further
starting material can be detected in the electrolysis
solution.

The electrolysis solution is then concentrated, if
appropriate under low pressure, the residue is taken up
in a suitable solvent, for example ethyl acetate, and
this solution is washed successgively with dilute acid,
for example dilute hydrochloric acid, a saturated salt
solution, for example a saturated sodium bicarbonate
solution, and saturated sodium chloride solution.

The solution is then dried with a suitable drying agent,
for example sodium sulphate or magnesium sulphate,
filtered and concentrated again, if appropriate under
reduced pressure.

The residue is purified by chromatography, for
example over silica gel, which is poassible with compara-
tively little effort because of the low content of by-
products. Compared with a previous process in which R?
and R' were not identical, the reaction proceeds in a
yield of up to 35 % of theory, in contrast to 10-15 %

previously.

Example 1:

47.40 g (181 mmol) of a-t-methyl N-t-butyloxy-
carbonylglutamate were dissolved in 240 ml of MeOH and
80 ml of pyridine by swirling. The reaction solution was
transferred to the electrolysis cell with cylindrically
arranged platinum gauze electrodes. The dissolution
vessel was rinsed with MeOH and the electrolysis cell was
topped up with MeO® wuntil thz two electrodes were
completely immersed.

0.8 ml of NaOCH, (30 % strength in MeOH) was now added
and the reaction snlution was coocled to 15°C. The reac-
tion temperature was kept at between +18°C and +24°C by
temperature regulation or by regulation of the current
strength and voltage (5-15 A, 60-120 V).

The course of the reaction was monitored by means of TLC.

When the reaction was complete, the reaction solution was
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evaporated on a rotary evaporator at 40°C,

The residue of the Kolbe synthesis was dissolved
in 250 ml of ethyl acetate and the solution was washed
first with dilute HCl solution (75 ml of concentrated HCl
topped up to 200 ml with E,0), then with 200 ml of
saturated NaHCQO, and finally with 200 ml portions of
saturated NaCl until the aqueous phase was neutral.

The organic phase was dried with Na,SO, and
filtered and the filtrate was evaporated. Evaporation
residue: 37.93 g.

The evaporation residue was filtered over silica
gel and then separated by means of column chromatography.

The product-containing fractions were concen-
trated and 13.69 g of colourless crystals were obtained
from the oily residue (24.08 g) from 100 ml of petroleum
ether:cyclohexane = 3:1.

Yield: 13.69 g of pure dimethyl bis-N’,N"-benzyloxy-
carbonyl-2,7-diaminosuberate (35 % of theory), melting
point 65-68°C,

B¢ (cpcl,, 100 MHZ) : 24.86 (2CH,), 28.30((CH,),C),
32.53(2CH,), 52.17(20Me), 53.29(2CH), 79.87(2(CH,),C),
155.31(2carbamate-C0O), 173.20(2eater-CO).

Example 2:

1.5 g (1.16 mmol) of dimethyl bis-N’,N”"-benzyl-
oxycarbonyl-2,7-diaminosuberate were dissolved in a
solution of 1.5 ml of water and 3 ml of MeOH. 1.45 ml
(2.90 mmol, 1.25 equivalents) of a 2 N LiOH solution in
water were added to this solution. A clear solution was
formed from the s8lightly cloudy solution by careful
addition of about 1 ml of MeOH. The reaction solution was
stirred at room temperature and then concentrated to 3 ml
on a Rotavapor, and the pH of the solution was brought to
2-3 with 5 % strength KEBSO, solution. The acid solution
was extracted with chloroform and the organic phase was
dried with Na,sO,, filtered and concentrated. 0.555 g of
crude product, which was recrystallized from
acetonitrile, was obtained.

Yield: 0.324 g (80 %). Analysis by chiral capillary
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electrophoresis shows that no racemization is detectable.
The following compounds were synthesized analo-

gously to Examples 1 and 2:

Di-Boc-D,D-SUB-di-OMe

Yield: 1.15 g, (3% % of theory), melting point: 42-47°C,

'H NMR (400 MHz, CDCl,) & 4.99 (s, 2 H, 2 NH), 4.27(s, 2

H, 2 CH), 3.73(s, 6 B, 2 OMe), 1.76 and 1.60 (m, 2 H),

1.44(s, 18 HB), 135(m, 4 H).

c NMR (100 MHz, CDC1l,) & 173.2, 155.3, 79.9, 53.3, 52.2,

32.5, 28.3, 24.9.

Di-Boc-D,D-SUB

Yield: 0.37 g (79 % of theory), melting point: 152-154°C.

'H NMR (400 MHz, MeOH-4,) & 4.12(s, 2 H, 2 CH), 1.82 and

1.70(m, 2 H), 1.48(s, 18 H, 2 C(CH;),), 1.45(m, 4 H,

2 CH,).

B¢ NMR (100 MHZz, DMsSO-4,) o6 176.5, 158.1, 80.8, 55.1,

33.0, 29.0, 26.8.

Di-BOC-L,L-SUB-di-QEt

Yield: 7.29 g of HN-60204, (33.6 % of theory), slightly
vellowish oil.

'H NMR (400 MHz, CDCl,) 6 5.00(br 8, 1 H, NH), 4.26(br s,
1 H, CH) 4.19(q, 2 B, OCH,CH,), 2.46(m, 2 H), 1.78 and
1.60(m, 2 B), 1.44(s, 18 H), 1.35(m, 4 H), 1.28(t, 3 H,
OCH,CH,) .

BCNMR (100 MHz, CDCl,) 6 172.4, 155.0, 79.4, 60.9, 53.1,
32.3, 28.0, 24.6, 143.9.

Di-BOC-L,L-SUB

Yield: 3.7 g (84 %), melting point: 150-153°C.

C,H,N analysis: C B N
Calculated: 53.4 7.97 6.93
Pound: 53.2 8.1 6.8
The abbreviations used above have the following
meanings:
Boc: t-butyloxycarbonyl
SUB: 2,7-diaminosuberic acid
Me: Methyl

Et: Ethyl
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The claims defining the invention are as follows:
. Process for the preparation of substituted diaminodicarboxylic acid derivatives
of the formula

RY” N\H

5 in which R' and R’ in each case independently of one another are an optionally
halogenated straight-chain, branched or cyclic alkyl radical having 1-10 C atoms or a

0 o)
/U\A or )kO/A

branched or cyclic alkyl radical having 1-10 C atoms or a benzyl radical which 1s

radical wherein A is an optionally halogenated straight-chain.
optionally mono- or polysubstituted by identical or different halogen, NO,, alkoxy or CN
10 substituents, or is 9-fluorenylmethyl and R is a straight-chain or branched alkyl radical
having 1-4 C atoms, the chirality centres in the molecules being determined by the
starting materials used and it being possible for both to be in the L or both to be in the D
or D,L or L,D configuration, and n is an integer from 2 to 8,
by optionally mixed Kolbe synthesis, which is characterised in that a protected amino acid

R3 0

Rt /N\H OH

15 denvative of the formula

in which R' and R’ have the abovementioned meaning and k is an integer, is dissolved
with a protected amino acid derivative of the formula

Rey, M

OH 0

20 in which R' and R® have the abovementioned meaning and [ is an integer, wherein k and |
together give the number n,
in a solvent R"OH, wherein R* has the meaning of RJ, or a heterocyclic or aliphatic
solvent containing at least one heteroatom or mixtures of such solvents, the solution is
subjected to electrolysis on platinum gauze electrodes and, if appropriate, the product is
25 hydrolysed with LiOH.
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2. Process for the preparation of those substituted diaminodicarboxylic acid
derivatives of the formula I according to Claim 1, in which R' and R® are each a radical
o) O
)LA )LO/A o . . |
or wherein A is an optionally halogenated straight-chain,
branched or cyclic alky! radical having 1-10 C atoms or an optionally substituted benzyl
radical or 9-fluorenylmethyl and R’ is a straight-chain or branched alkyl radical having 1-
4 C atoms, the reaction taking place in a solvent mixture of R*OH, wherein R® and R* are
identical, and pyridine, dimethylformamide or acetonitrile, and the yield of reaction
product of the formula I being at least 1.5 times the yield when R® and R* are not
identical.

3. A process for the preparation of a substituted diaminodicarboxylic acid
denvative, substantially as hereinbefore descnbed with reference to any one of the
examples.

4. A substituted diaminodicarboxylic acid derivative whenever prepared by the
process of any one of claims | to 3.

Dated 31 May, 1995
Hafslund Nycomed Pharma AG.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON




L LR AT N g

Process for the Preparation of Substituted Diaminodicarboxylic Acid
Derivatives

Abstract
The invention relates to a new process for the preparation of substituted

s diaminodicarboxylic acid derivatives of the formula
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R H

in which R' and R® in each case independently of one another are an optionally
halogenated straight-chain, branched or cyclic alkyl radical having 1-10 C atoms or a

0 o]

. )LA )ko’A . . . . .
radical or wherein A 1s an optionally halogenated straight-chain,
branched or cyclic alkyl radical having 1-10 C atoms or a benzyl radical which is
optionally mono- or polysubstituted by identical or different halogen, NO,, alkoxy or CN
substituents, or is 9-fluorenylmethyl and R’ is a straight-chain or branched alkyl radical
having 1-4 C atoms, the chirality centres in the molecules being determined by the
starting materials used and it being possible for both to be in the L or both to be in the D
or D,L or L,D configuration, and n 1s an integer from 2 to 8, by optionally mixed Kolbe
synthesis, which is characterised in that a protected amino acid derivative of the formula

R3_ 0
O)j\rh\f

N. OH
R H

in which R' and R® have the abovementioned meaning and k is an integer, is dissolved
with a protected amino acid derivative of the formula

OH 0

in which R' and R® have the abovementioned meaning and 1 is an integer, wherein k and |
together give the number n, in a solvent R‘OH, wherein R* has the meaning of R’ ora
heterocyclic or aliphatic solvent containing at least one heteroatom or mixtures of such
solvents, the solution is subjected to electrolysis on platinum gauze electrodes and, if
appropriate, the product is hydrolysed with LiOH.
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