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protected 4-keto-proline

(1)

(57) Abstract: Disclosed is a process for the synthesis of N-protected 4-keto-prolines (1), starting with the corresponding protected
4-hydroxyproline, in the presence of the oxidising system P,Os/dimethylsulphoxide (DMSO). Said process can also be applied in the
presence of a chiral centre in the position bearing carboxylic acid (the 3 position) without significant epimerisation of said centre.
Said process is particularly advantageous from the environmental standpoint and in terms of yields, productivity and the purity of the
product obtained, since it does not use chromium-based oxidants, metals such as ruthenium, or oxidising systems which are precurs-
ors of genotoxic impurities.
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PROCESS FOR THE SYNTHESIS OF PROTECTED 4-KETO-PROLINE

The invention relates to a process for the preparation of N-protected
4-keto-prolines by oxidation of the corresponding N-protected 4-hydroxyprolines.

BACKGROUND TO THE INVENTION

4-Keto-proline derivatives are important intermediates for the preparation of
(inter alia) ACE inhibitors, which are used to treat hypertension and cardiovascular
disease.

As reported in the literature (JACS 1957, 79, 185-92), 4-keto-proline
derivatives are unstable, especially under basic conditions, where they can give rise
to aldol condensation or ring opening, generating by-products and impurities.

The synthesis of 4-keto-proline intermediates by oxidation from the
corresponding hydroxyl derivatives is described in various patents and articles.

DD283626A5 discloses the oxidation of N-benzyloxy-4-hydroxyproline via
a pyridine-SOs complex. Although the oxidation described takes place in the
absence of metals, its main drawback is the use of pyridine, which is highly toxic.
The same reagent is used in the presence of an organic base in CN 102 453 033 to
oxidise an N-protected 4-hydroxyproline.

Conventional oxidation methods are also reported which use the chromium-
based Jones reagent, the system most widely used for oxidation of N-protected
4-hydroxyprolines. Said oxidative systems containing chromium are highly toxic
(US4296113, JOC2001, 66, 3593; JOC2002,67,7162).

Organic Process Research & Development, 19(1), 270-283; 2015 describes
oxidation of N-BOC hydroxyproline using TEMPO/hypochlorite as oxidising
system, which can generate genotoxic impurities.

US 8618310 discloses oxidation in homogenous aqueous phase in the

presence of RuO> and NalO4 according to the following scheme:
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PG PG
The product formed precipitates, thus preventing further oxidation and
degradation reactions. Although from the toxicological and environmental
standpoint said oxidation has a lower impact than the processes described in the
5 literature cited above, it uses ruthenium which, as well as having a certain economic
impact, also requires strict monitoring in the isolated product to limit its
contamination by heavy metals.
The oxidising system P2Os/DMSO has been used on substrates other than
N-protected 4-hydroxyprolines, in the presence or absence of a base (Synthesis,
10  Georg Thieme verlag, Stuttgart, no. 10, 1-10-1990, 8§57-870; Claudio Palomo et al.:
“New Synthesis of a-Amino Acid N- Carboxy Anhydrides through Baeyer-Villiger
Oxidation of a-Keto & Lactamst”, J. Org. Chem. Ber. Dtsch. Chem. Ges.. Dtsch.
Chem. Ges. J. P.;Winitz, M. Chemistry of the Amino Acids, 15-4-1994, 39-861).
DESCRIPTION OF THE INVENTION
15 An advantageous oxidation process for 4-hydroxyproline derivatives has now
been found wherein oxidation is obtained with the P-Os/DMSO oxidising system
under basic conditions, with subsequent isolation under controlled conditions to
prevent the degradation thereof known from the literature.

The process according to the invention is shown in the scheme below:

HO. o 0 o
)
A (8),
N\ OH DMSO/P,05 N OH
PG \PG

20

_
base

wherein PG is an amino-protecting group (as described in the book
“Protective Groups in Organic Synthesis, Third Edition. T.W. Greene”) which

comprises a carbonyl function and is bonded via said function to the amino nitrogen.
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One of the most common groups is tert-butyloxycarbonyl (BOC).

The process consists of a single oxidation stage followed by isolation of the
product. The product can be purified as salt with organic or inorganic bases and then
isolated again as carboxylic acid.

Oxidation takes place in a mixture of organic solvents, such as a mixture of
dichloromethane and dimethylsulphoxide, or in pure dimethylsulphoxide.

Oxidation takes place by consecutive additions of phosphoric anhydride
(P20s) and an organic base such as diisopropylethylamine or triethylamine.

When the conversion has been completed, the reaction mixture is quenched
and extracted in organic solvent.

The reaction product is then precipitated from the end-of-workup
concentrated organic solution in salified form, for example as phenylethylamine,
naphthylamine or dicyclohexylamine salt.

Subsequent desalification in an organic solvent such as methyl tert-butyl ether
and subsequent precipitation from acetonitrile provides the desired product of
oxidation with high purity.

According to a preferred embodiment of the invention, the process is
performed as follows:

1 mole of N-protected hydroxyproline is basified with 1.0-1.1 moles of
organic base, preferably diisopropylamine in dimethylsulphoxide. 5-25 volumes of
solvent are used, preferably 14-16 volumes relative to the quantity of N-protected
hydroxyproline, or mixtures of dimethylsulphoxide/methylene chloride. At a
temperature of under 25°C, preferably at a temperature ranging between 15°C and
18°C, the organic base, preferably diisopropylamine, is added in portions, in aliquots
of 0.25-0.65 moles at a time, preferably 0.4-0.5 moles, for a total of 7-18 portions,
preferably 9-11 portions, followed, in rapid succession, by portions of phosphoric
anhydride, in aliquots of 0.08-0.21 moles at a time, preferably 0.14-0.17 moles, for

a total of 7-18 portions, preferably 9-11 portions, at a temperature of under 25°C,
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preferably at a temperature ranging between 15°C and 20°C.

The reaction is monitored by UPLC analysis, using an ACQUITY BEH C18
column and water/acetonitrile/0.1% trifluoroacetic acid as eluent phase.

When the reaction is completed, the mixture is acidified to a pH ranging
between 2.0-4.0, preferably 2.5-3.5, with hydrochloric acid.

The mixture is then extracted with an organic solvent, preferably methylene
chloride, and the aqueous phase is back-extracted to recover the product with the
same solvent. The oil obtained after concentration can be used directly in the
subsequent salification stage.

The oil obtained is dissolved in organic solvent, preferably ethyl acetate. 5-8
volumes of solvent are used, preferably 6-7 volumes relative to the initial quantity
of N-protected hydroxyproline. 1.5-2.5 moles of organic base, phenylethylamine or
naphthylamine or dicyclohexylamine, are added to the resulting solution, at a
temperature of under 25°C, preferably between 20°C and 25°C. Said moles are
calculated on the N-protected hydroxyproline content present in the titrated starting
oil.

The resulting suspension is filtered. The solid thus obtained can be further
purified if necessary by recrystallisation or triturating with ethyl acetate or other
known solvents.

The N-protected 4-keto-proline acid salt is then dissolved in 3-5 volumes of
water and 4-6 volumes of organic solvent, preferably methyl tert-butyl ether. The
resulting suspension is acidified with inorganic acids, preferably phosphoric acid,
and the organic phase is evaporated until dry. The oil obtained is dissolved in 3-5
volumes relative to the starting salt in organic solvent, preferably ethyl acetate.

The filtered solid is dried under vacuum at the temperature of 45°C-55°C to
obtain N-protected 4-keto-proline.

The solid thus obtained can be further purified if necessary by

recrystallisation or trituration from ethyl acetate or other organic solvents known
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from the literature.

The process according to the invention is particularly advantageous as, unlike
known processes, it is carried out without the use of oxidising systems containing
harmful or toxic substances, and in the absence of metals whose use must be strictly
monitored in the isolated product. Moreover, from the economic standpoint said
oxidation presents the advantage of using reagents with a low cost impact, the by-
products of which are easily removed in aqueous phase.

Finally, said process is safe in calorimetric terms, and is therefore industrially
scalable.

The invention is illustrated in detail in the following examples.

Example 1: synthesis of N-BOC-4-keto-proline naphthylamine salt

Diisopropylamine (14.0 g, 0.108 moles) is added to a solution of N-BOC
hydroxyproline (25 g, 0.108 moles) in dimethylsulphoxide (350 ml). The resulting
solution is cooled to 16-17°C, and aliquots of diisopropylamine (6.28 g, 0.0486
moles) are added in about 10 portions, followed by corresponding aliquots of
phosphoric anhydride (4.60 g, 0.0162 moles).

The reaction is then monitored by UPLC. When the reaction has ended, the
reaction mixture is slowly dripped into a mixture of methylene chloride (250 ml)
and water (30 ml) at pH 3.0+0.5, at a temperature of 0-5°C, maintaining the pH
constant between 3.0+0.5 by simultaneous addition of hydrochloric acid (about
40 ml).

When the phases have been separated the aqueous phase is back-extracted
with dichloromethane (150 ml), and the combined organic phases are washed with
water (2x100 ml).

The mixture is then concentrated to an oil by drying with ethyl acetate.

The resulting oil is dissolved in ethyl acetate (162 ml). Naphthylamine
(18.6 g, 0.13 moles) is added to the resulting solution at a temperature of 20-25°C.

The resulting product is filtered and washed with ethyl acetate (41 ml).
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The isolated solid is dried at low pressure at 50°C to obtain N-BOC-4-keto-
proline naphthylamine salt (24.2 g, 0.065 mol) as a white solid. Molar yield from
N-BOC-hydroxyproline: 60%.

Example 2: synthesis of N-BOC-4-keto-proline from N-BOC-4-keto-
proline naphthylamine salt

23.2 g of N-protected 4-keto-proline naphthylamine salt (93%, 0.058 mol) is
suspended in a mixture of 100 ml of water and 250 ml of methyl tert-butyl ether.
85% phosphoric acid is added to the suspension until a pH of 2+0.5 is reached. The
phases are separated and the aqueous phase is back-extracted with methyl
tert-butyl ether (125 ml). The combined organic phases are then washed with water
(50 ml) and evaporated until dry, drying with ethyl acetate (3x50 ml). Ethyl acetate
(25 ml) is added to the resulting oily residue, and the mixture is stirred at 25+5°C
for 1 h. The solid is then filtered, and washed with ethyl acetate (10 ml). The
resulting product is then dried at low pressure at the temperature of S0°C to obtain
N-protected 4-keto-proline (12.2 g, 0.053 mol) as a white solid. HPLC purity: 99.5%

Molar yield from N-BOC-keto-proline naphthylamine salt: 91%.

The solid thus obtained can be further purified if necessary by
recrystallisation or trituration from ethyl acetate or other known organic solvents.

UPLC-MS [M+H+] =228

1H NMR (400 MHz, DMSO)

& 12.85 (s, 1H), 4.54 (m, 1H), 3.86-3.78 (m, 1H), 3.69-3.64 (m, 1H),
3.16-3.06 (m, 1H), 2.53-2.45 (m, 1H + DMSO), 1.42 and 1.40 (2 x s, 9H).

Example 3: synthesis of N-BOC-4-keto-proline dicyclohexylamine salt

Diisopropylamine (21.0 g, 0.162 moles) is added to a solution of N-BOC
hydroxyproline (37.5 g, 0.162 moles) in dimethylsulphoxide (530 ml). The resulting
solution is then cooled to 16-17°C and aliquots of diisopropylamine (9.42 g,
0.0729 moles) are added in about 10 portions, followed by corresponding aliquots
of phosphoric anhydride (6.90 g, 0.0243 moles).
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The reaction is then monitored by UPLC. When the reaction has ended, the
reaction mixture is slowly dripped into a mixture of methylene chloride (400 ml)
and water (45 ml) at pH 3.0+0.5, at a temperature of 0-5°C, maintaining the pH
constant between 3.0+0.5 by simultaneous addition of hydrochloric acid (about
60 ml).

When the phases have been separated the aqueous phase is back-extracted
with dichloromethane (230 ml), and the combined organic phases are washed with
water (2x150 ml).

The mixture is then concentrated to an oil by drying with ethyl acetate.

The resulting oil is dissolved in ethyl acetate (250 ml). Dicyclohexylamine
(35.3 g, 0.2 moles) is added to the resulting solution at a temperature of 20-25°C.
The resulting product is filtered, and washed with ethyl acetate (60 ml).

The isolated solid is dried at low pressure at 50°C to obtain N-BOC-4-keto-
proline dicyclohexylamine salt (45.2 g, 0.11 mol) as a white solid.

Molar yield from N-BOC-hydroxyproline: 68%.

Example 4: synthesis of N-BOC-4-keto-proline from N-BOC-4-keto-
proline dicyclohexylamine salt

40 g of N-protected 4-keto-proline dicyclohexylamine salt (93%, 0.09 mol)
1s suspended in a mixture of 155 ml of water and 390 ml of methyl tert-butyl ether.
85% phosphoric acid is added to the suspension until a pH of 2+0.5 is reached. The
phases are separated and the aqueous phase is back-extracted with methyl
tert-butyl ether (200 ml). The combined organic phases are then washed with water
(80 ml) and evaporated until dry, drying with ethyl acetate (3x80 ml). Ethyl acetate
(31 ml) is added to the resulting oily residue, and the mixture is stirred at 25+5°C
for 1 h. The solid is then filtered, and washed with ethyl acetate (15 ml). The
resulting product is then dried at low pressure at the temperature of 50°C to obtain
N-protected 4-keto-proline (19 g, 0.083 mol) as a white solid. HPLC purity: 99.6%.

Molar yield from N-BOC-keto-proline dicyclohexylamine salt: 92%.



WO 2017/021378 PCT/EP2016/068347
8

The solid thus obtained can be further purified if necessary by
recrystallisation or trituration from ethyl acetate or other known organic solvents.
UPLC-MS [M+H+] = 228
1H NMR (400 MHz, DMSO)
& 12.85 (s, 1H), 4.54 (m, 1H), 3.86-3.78 (m, 1H), 3.69-3.64 (m, 1H),
3.16-3.06 (m, 1H), 2.53-2.45 (m, 1H + DMSO), 1.42 and 1.40 (2 x s, 9H).



10

15

WO 2017/021378 PCT/EP2016/068347

CLAIMS

1. A process for the preparation of N-protected 4-keto-prolines comprising the
oxidation of the corresponding N-protected 4-hydroxy-prolines by means of
P20s/dimethylsulphoxide (DMSO) in basic conditions.

2. A process according to claim 1 wherein the oxidation is carried out in a
mixture of dichloromethane and dimethylsulphoxide or in pure dimethylsulphoxide.
3. A process according to claim 2 wherein the oxidation is carried out by means
of consecutive additions of phosphoric anhydride (P2Os) and an organic base.

4. A process according to claim 3 wherein the organic base is
diisopropylethylamine or triethylamine.

S. A process according to one or more of claims 1 to 4 wherein the
N-protected 4-keto-proline is N-BOC 4-keto-proline and the N-protected
4-hydroxy-proline is N-BOC 4-hydroxy-proline.

6. A process according to one or more of claims 1 to 5 wherein the product is
purified as salt with organic or inorganic bases and then isolated again as carboxylic

acid.
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