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Abstract. Two new methods to ensure selective alkylation of the N* of 2-piperazine-
carboxylic acid Yo give 4-(3-phosphonopropyl)-2-piperazinecarboxylic acid (CPP, 1) are
reported. CPP can be convenientiy prepared using a copper chelate fo sefectively protect
the N' position during alkylation. A second procedure uses methy!-4-BOC-1-CBZ-2-piperazine-
carboxylate 5 as a versatile intermediate, which was further elaborated to CPP.

4-(3-Phosphonopropy | )-2-piperazinecarboxylic acid (CPP) is a high affinity competitive
antagonist of the N-methyl-D-aspartate (NMDA) subtype of glutamate receptor.*:2* [>H]-CPP
has become the ligand of choice to evaluate NMDA receptors in vitro,®>** and has been
utilized to quantify the distribution of NMDA receptors in the rat brain.® CPP also has
been shown to reduce ischemia-induced hippocampal brain damage in a gerbil ischemia model.®

The original synthesis of CPP involved, as +the key step, a heterogenous
addition-elimination coupling between 2-piperazinecarboxylic acid and diethyl
3-bromoprop~2-enyl-1-phosphonate in aqueous sodium hydroxide solution.” In our hands this
procedure was ineffective, and we set out to develop a useful synthesis whereby we could
ensure selective alkylation of N* of the piperazine ring. Herein we report two methods
which successfully give CPP.

First, we chose copper chelation chemistry to selectively protect the a-amino acid
functionality and free N* for selective alkylation. Later, to allow greater versatility, we
intended to prepare an intermediate that could be manipulated in organic solvents, be
available to unambiguous alkylation at either or both nitrogen atoms, and permit convenient
scale-up. Synthesis of methyl! 4-BOC-1-CBZ-2-piperazinecarboxylate 5 provided a versatile
intermediate for the synthesis of CPP. Infermediate 5 and its partially deprotected
derivatives, may also find broad utility in the synthesis of novel peptides.

Copper chelation was chosen to protect the a-amino acid moiety and allow the selective
alkylation of N*®* of the piperazine ring system, Scheme 1. in a typical experiment, a
solution of 2-piperazinecarboxylic acid® 2 in water was treated with excess CuCOs+Cu(OH),
and heated to reflux for 1 hour. The undissolved copper salts were removed by filtration
after cooling, and the aqueous blue sclution was mixed with the diethyl 3-iodopropy!-
phosphonate’® (1.8 eq) and heated to 70°C for 18 hours. The solution was cooled, extracted
with methylene chloride, and hydrogen sulfide was bubbled through the water layer. The
precipitated copper sulfide was filtered off, and the water was concentrated and applied to
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a Dowex 50W ion exchange column. |norganic salts were eluted off the column with 0.5 N HCI.
The purified diethy! phosphonate adduct was eluted from the column with G.8 N HC{ as a
yellow oil. The ester was hydrolyzed in refluxing 6 N HCl for 24 h to give CPP 1 in a 22%
overall yield from 2. Purification was accomplished on a Dowex 50W ion exchange column by
elution with 1 N HCI containing 10% ethanol.

Scheme 1.
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a. CuCOs+Cu(OH)5; b. ICHLCH.CH.POsEt.; c. H,S; d. 6 N HCI, reflux.

An alternative approach was taken to allow the synthesis of 1 in organic solvents. The
fully protected 5 was prepared from 2-piperazinecarboxylic acid as shown in Scheme 2. Using
a sequential one-pot protection procedure similar to that used to profect lysine,™ a
solution of Z-piperazinecarboxylic acid (24.1 g, 0.185 mol) in 1:1 dioxane-water (1.2 L) was
maintained at pH 11 with 50% aqueous sodium hydroxide during the addition of a solution of
2-(1-butyloxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON,'* 51 g, 0.21 mol) in dioxane
(0.3 L). After 3 h, the reaction mixture was cooled in an ice bath and the pH was adjusted
to pH 9.5 with 6 N HCl. Benzylchloroformate was added dropwise to the cold solution while
maintaining the pH with 50% aqueous sodium hydroxide. The reaction was warmed to room
temperature and stirred for 24 h. The solution was washed with diethy!l ether (4 x 250 mL),
the aqueous layer was acidified to pH 2 and extracted with ethyl acetate (4 x 250 mL).'?
The organic layer was dried over magnesium sulfate, filtered and evaporated to give a pale
yellow oit.*?

The methyl ester 5 was obtained by treatment of a tetrahydrofuran solution of the crude
acid with excess diazomethane. Alternatively, the methyl ester could be obtained on large
scale by treatment of a saturated sodium bicarbonate solution of the intermediate carboxylic
acid 4 with a methylene chloride solution of methy! iodide and Adogen 464,'':'* or
preferably by refluxing an acetone solution of the carboxylic acid, dimethylisulfate and
potassium carbonate.’ The N*-BOC group was removed quantitatively by treatment of a
methylene chloride sclution of 5 with trifluorcacetic acid to give the trifluoroacetate salt
6, in a 53% yield from 2. The N* deprotected intermediate 6 (10 g, 25.5 mmol) in ethanol
(60 mL) was alkylated with diethyl 3-bromopropyliphosphonate (7.9 g, 30.6 mmol). After
workup, the CPP precursor 7 was purified on silica gel (ethyl| acetate as eluant) to give a
colorless oil (10.53 g). Hydrolysis of 7 in refluxing 6 N HCI (250 mL) followed by
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evaporation of the water in vacuo afforded a white soiid. |n order to remove excess HCI,
the solid was triturated with acetone and evaporated, then water was added and evaporated
+wo more times, and dried in vacuo to give analytical CPP+2 HCI 1 in 81% yield from 6.

Using the versatile synthon 5, we have routinely synthesized CPP and other related NMDA
antagonists on a multigram scale. Since 5 can be selectively deprotected at any of its
reactive functional groups, it represents an attractive intermediate for the synthesis of
novel CPP related compounds and allows the elaboration of structure activity relationships
in this developing field.

Scheme 2.
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a. BOC-ON,'® pH 11, 1:1 dioxane-H;0; b. CBZCI, pH 9.5; c. CH.N,, THF; d. CHxi, NaHCOs,
Adogen 464'2, CH,Cl,; or (CHs0),S0>, K:COs, acetone, reflux; e. CFsCOOH, CHCl 5,
f. BrCH,CH,CHoPOsEt., Na,COs, EtOH, 12 h, reflux; g. 6 N HC!, reflux.
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2-Pyrazinecarboxylic acid was reduced quantitatively in aqueous sodium hydroxide
solution (1 eq) with 20% Pd/C as catalyst under a hydrogen atmosphere (50 psi). After
reduction to sodium 2-piperazinecarboxylate, the filtered solution may be used directly
in the protection sequence to 5, or can be isolated by conversion to the dihydrochloride
salt and crystallized from water.
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Extraction with toluene instead of ethyl acetate provided a purer intermediate 4, at the

expense of slightly lower overall yield.

. The intermediate 4 was deprotected with frifluorcacetic acid, alkylated with diethyl

3-bromophosphonate, and hydrolyzed to give CPP. However, the alkylation produced a
lower yield than the methy! ester derivative 5.

. V. Bocchi, G. Casnati, A. Dossena, R. Marchelli Synthesis 1979, 957-61; A solution of 4

(3 g) in saturated sodium bicarbonate solution was treated with a methylene chloride
solution (15 mL) of Adogen 464 and methyl| iodide. After stirring for 24 h, the reaction
mixture was extracted with methylene chloride and the organic layer was washed with
water. After drying (MgSO.), 1.8 g of 5 was cbtained by filtration of crystals from the
methylene chloride solution.

J. Grundy Tetrahedron Letters 1972, 9, 757-60; A solution of 4 (251 g, 0.69 mol) in
acetone (1 L) was treated with potassium carbonate (124 g, 0.89 mol) and dimethyl-

sulfate (78 mL, 0.83 mol) and was refluxed for 6 h. The reaction mixture was filtered,
concentrated and the residue dissolved in diethy! ether. The ether solution was washed
with saturated sodium bicarbonate solution and water. After drying, 221 g of 5 was
obtained (85%).

. Selected physical data for intermediates and CPP.

1 4-(3-Phosphonopropy | )-2-piperazinecarboxy!ic acid dihydrochloride. mp dec. > 195°C.

4 1,2,4-Piperazinetricarboxylic acid, 4-(1,1-dimethylethyl) 1-(phenylmethyl) ester.
'"H-NMR (CDC!s) - 1H, s, 9.15 ppm; 5 H, s, 7.25; 2H, s, 5.10; 9 H, s, 1.40.

5 4-(1,1-Dimethylethyi) 2-methyl 1-phenyimethyl 1,2,4-piperazinetricarboxylate. ‘H-NMR
(CDCls) - 5H, s, 7.35 ppm; 2H, s, 5.17; 3H, d, 3.73; 9H, s, 1.49; mp 85-86°C.

6 2-Methyl t-phenyimethyl 1,2-piperazinedicarboxylate, trifluorocacetate (1:1)(sal+).
"H-NMR (CDCls) - 5H, s, 7.47 ppm; 2H, s, 5.27; 3H, s, 3.83; mp 129-130°C.

7 2-Methy| 1-phenyimethyl 4-[3-(diethoxyphosphiny!)propyl]-1,2-piperazine dicarboxylate.
'H-NMR (CDCl5) - 5H, s, 7.25 ppm; 2H, s, 5.05; 3H, s, 3.65; 6H, +, 1.25.
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