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EFFICIENT REGIOSELECTIVE ALKYLATION OF
2-CARBOXAMIDOPIPERAZINE. APPLICATION TO THE
SYNTHESIS OF THE NMDA COMPETITIVE ANTAGONIST (1)-CPP

Submitted by P. Pevarello®, G. Scappi and M. Varasi
(08/11/93)
R&D/Farmitalia Carlo Erba, Via Imbonati, 24 20159 Milano, ITALY

The search for selective competitive antagonists at the NMDA-subtype of the excitatory
amino acid (EAA) receptors has lead in the recent past to the synthesis of several compounds
having therapeutic potential as antiexcitotoxins.! Among the new compounds so far introduced 2-
carboxy-4-(3-phosphonopropyl)piperazine (CPP; 4) is one of the most frequently employed tools
for biochemical and behavioral studies.>* Very recently, a synthesis of CPP® overcame some of the
problems of selectivity which had emerged in the first procedures.® Furthermore, new NMDA-
antagonists have been presented which bear a tetrazole group linked through an alkyl chain to the
N-4 piperazine nitrogen.’

Compounds 2a-d (Scheme) were suitable intermediates for the synthesis of the NMDA-
antagonists and were obtained in low yields (28-37%)? from the corresponding @-bromoalkanenitrile
and 2-carboxamidopiperazine. Under suitable experimental conditions (e. g. DMF, K,CO,, 50°, 3
hrs), the N-4 alkylation is nearly regiospecific” and can be accomplished in good yields (50-67%).
This observation seems to be of general value in the N-4 alkylations of 2-carboxamidopiperazine.
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Consequently, we were able to develop an improved synthesis of (+)-CPP consisting in only

three steps starting from commercial reagents, without the need of employing protecting groups as

(CH2)nCN ’J/ H
Elo;,,— El — El LA

CONH; CONH, N COOH
H

shown below.

P(OELt), PO(OH),

ayn=1(0%) i) BR(CH,),CN, K,COs3, DMF, 3 hrs, 50°
byn=2(61%)

C) n=73 (67%) ll) BF(CH2)3PO(OE02, K2C03, DMF, 6 hI'S, 50°
d)n=4(61%) iiiy 6N HC], reflux, 6 hrs

This procedure which can be carried out on a gram-scale, also avoids the use of unsafe solvents such

as benzene.
EXPERIMENTAL SECTION

Melting points are uncorrected. IR Spectra were recorded on a Perkin-Elmer 297. 'H NMR Spectra
were acquired on a Bruker WP 80 SY or Varian VXR 200, respectively at 80 and 200 MHz. Chemical
shifts are reported in ppm (0) relative to the solvent signal (DMSO-d;, 2.49 ppm). EI-MS spectra were
recorded on a Varian MAT CH-7 mass spectrometer at 70 eV. FAB-MS spectra were recorded on a
Finnigan MAT TSQ 70 mass spectrometer. Elemental analyses were performed by our analytical
Jaboratories and agreed. Common reagent grade chemicals and starting materials purchased from
commercial sources were used as received.

2-Carboxamidopiperazine (1).- A solution of 2-carboxamidopyrazine (5.0 g; 0.041 mol; Aldrich) in
ethanol-water (1:1; 60 mL) was hydrogenated over 20% Pd(OH),/C (2.5 g) at 50° and 50 psi until
uptake of H, ceased (2 hrs). The mixture was filtered and the solvent was evaporated. The residue was
flash-chromatographed on silica gel (CH,Cl, 60: CH,OH 40: 30%NH,OH 3) to yield 3.35 g (64%)'°
of 1 as a white solid, mp 134-136°, lit. 134-136°(dec.),'! 143-144°1! and 144-145°'2 (after recrystal-
lization from ethanol).

'H NMR (DMSO-dy): 6 7.05 and 6.90 (2 bs, 2 H, CONH,); 3.07 (dd, 1 H, J = 3.2Hz, J = 9.0Hz, H-2);
2.25-2.76 (m, 6 H, piperazine CH,). EI-MS(m/z): 129 (9.1, [M*]); 112 (9.9, [M-NH,]*); 100 (24, [M-
CH,=NH]*); 85 (100, [M-CONH,[*). IR (Nujol): 1595, 1290, 1270, 1150, 995, 955, 800, 740 cm".
Anal. Calced. for CSH1 ]N3O: C, 46.50; H, 8.58; N, 32.53. Found: C, 46.75; H, 8.42; N, 32.72
4-Cyanomethyl-2-carboxamidopiperazine (2a).- To a stirred suspension of 2-carboxamidopiper-
azine 1 (1.0 g; 7.8 mmol) and anhydrous K,CO, (1.08 g; 7.8 mmol) in dry DMF (40 mL), kept at 50°,
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under nitrogen with stirring, was added in a single portion 0.75 g (6.25 mmol; 0.43 mL) of bromoace-
tonitrile. Stirring was continued for 3 hrs at 50°; then the mixture was evaporated in vacuo and the
crude residue was flash-chromatographed on silica gel (eluent: CH,Cl, 98: CH;0H 2; 30%NH,OH
0.2; then 95:5:0.5) to give 2a as a pale yellow solid (0.53 g; 50%); mp 172-174°.

'H NMR(DMSO-d,): 7.20 and 7.08 (2 bs, 2 H, CONH,); 3.68 (s, 2 H, CH,CN); 3.16 (dd, J = 3.2Hz,
J =9.0Hz, 1 H, H-2); 2.45-2.90 (m, 4 H, H-6eq, H—3eq, H-6,,, H-Seq); 2.27 (bs, 1 H, NH); 2.06-2.21
(m, 2 H, H-3,,, H-5 ). IR(Nujol): 3300, 3110, 2240, 1655, 1375, 1315, 1255, 1140, 1110, 1040, 990,
940, 900, 860 cm'l. FAB-MS(m/z): 169 (100, [M+H]*); 142 (21.6, [M-CN]*); 124 (18.9, [M-
*CONH,J*).

Anal. Caled. for C;H ,N,0°0.1 HZO: C, 49.46; H, 7.23; N, 32.96. Found: C, 49.53; H, 7.23; N, 32.96
Under the same conditions, 2b-d were obtained as white solids, starting from 1 and the corresponding
-bromoalkanenitriles.

Compound 2b (61%; mp 148-150°).

'H NMR(DMSO-d;): 8 7.16 and 7.00 (2 bs, 2 H, CONH,); 3.14 (dd, J = 3.2Hz, J = 9.0Hz, 1 H, H-2);
2.78-2.86 (m, 2H, H-Geq, H-3,.); 2.57-2.66 (m, 4 H, H-6_, H-5.,, CH,CH,CN); 2.52 (m, 2 H,
CH,CH,N); 2.18 (bs, 1 H, NH); 1.83-2.02 (m, 2 H, H-3 , H-5 ).

FAB-MS (m/z): 183 (100, [M+H]*); 138 (22.8, [M~CONH,]*). IR (Nujol): 3290, 3110, 2240, 1655,
1315, 1245, 1140, 1110, 1040, 990, 945, 900, 860 cm'!.

Anal. Caled. for CgH | ,N,0+0.15 H,0: C, 51.96; H, 7.79; N, 30.30. Found: C, 51.81, H, 7.71; N, 30.05
Compound 2¢ (67%; mp 120-122°).

'H NMR(DMSO-d,): 6 7.18 and 7.02 (2 bs, 2 H, CONH,); 3.13 (dd, J = 3.2 Hz, /= 9.0 Hz, 1 H, H-
2),24-29 (m, 6 H, H—Geq, H-3 e H-5 - H—6eq, CH,CN); 2.28 (t, J = 6.9 Hz, 2 H, CH,CH,N); 2.20
(bs, | H, NH); 1.86-2.02 (m, 2 H, H-3,,, H-5,); 1.69 (m, 2 H, NCH,CH,CH,CN). FAB-MS (m/z):
197 (100, [M+HJ*); 152 (18, [M-CONH,]*). IR (Nujol): 3300, 3140, 2230, 1655, 1415, 1320, 1285,
1245, 1180, 1120, 1075, 1040, 1000, 990, 940, 890, 860, 830 cm'!.

Anal. Calcd. for CgH ([N,O: C, 55.08 H, 8.22; N, 28.55. Found: C, 54.80; H, 8.15; N, 28.32
Compound 2d (61%; mp 121-123°)

'H NMR(DMSO-d): 87.17 and 7.01 (2 bs, 2 H, CONH,); 3.11 (dd, 1 H, /=32 Hz, /= 9.2 Hz, B-
2); 2.4-29 (m, 6 H, H-6,,, H-3eq, H-5,, H-6,,, CH,CN); 222 (t, J = 6.6 Hz, 2 H, CH,CH N); 2.18
(bs, I H, NH); 1.80-1.98 (m, 2 H, H-3,,, H-5,); 1.4-1.6 (m, 4 H, NCH,CH,CH,CH,CN). FAB-MS
(m/z): 211 (100, [M+H]*); 166 (18, [M--CONH,]*). IR(Nujol): 3300, 3120, 2230, 1655, 1415, 1310,
1280, 1240, 1140, 1110, 1080, 1040, 980, 900, 855, 860 cm'!.

Anal. Calcd. for C,(H,¢N,0: C, 57.12; H, 8.63; N, 26.64. Found: C, 56.96; N, 8.56; H, 26.50
(x)-2-Carboxamido-4-[ 3-(diethoxyphosphinyl)propyl]piperazine (3).- To a stirred mixture of ()-
2-carboxamidopiperazine (1; 1.0 g; 7.8 mmol), K,CO, (1.08 g; 7.8 mmol) and anhydrous DMF (40
mL), kept under nitrogen at 50° was added dropwise a solution of diethyl 3-bromopropylphos-
phonate!3 (1.53 g; 5.9 mmol; 95%) in anhydrous DMF (5ml). The mixture was maintained at 50° for
6 hrs, then it was cooled, filtered and evaporated.The residue was flash-chromatographed on silica gel
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(eluent CH,Cl, 97: CH,0H 3: 30%NH,OH 0.3) to afford 3 (1.38 g; 80%) as a colourless, thick oil.

'H NMR (DMSO-dy): 8 7.18 and 7.02 (2 bs, 2 H, CONH,); 3.95 (m, 4 H, 2 OCH,CH,); 3.11 (dd, J =
3.2Hz, J=92Hz1 H,H-2);24-29 (m, 4 H, H-6eq, H-SSq, H-Seq, H-6,,); 2.26 (m, 2 H, CH,N); 1.4-
2.0 (m, 7 H, H-3 ,, H-5,,, NCH,CH,CH,P); 1.19 (t, / = 7.1 Hz, 6 H, OCH,CH,). FAB-MS (m/z):
308 (100, [M+H]*); 263 (19.2, [M-CONH,]*). IR (neat): 3450-3150 (broad), 2930, 2800, 1670, 1440,
1390, 1310, 1230, 1160, 1090, 1050, 1020, 960, 800 cm' !,

Anal. Calcd. for C,,H,N;0,P*0.8 H,0: C, 44.80; H, 8.65; N 13.06. Found: C, 44.79; H, 8.62; N, 13.01
(£)-2-Carboxy-4-(3-phosphonopropyl)piperazine (CPP; 4)

The procedure’ described as Method A was followed to give 4 (72%). Its 'H NMR, MS, IR and TLC

were in agreement with the literature data.’
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IN THE HYDROPROCESSING OF NAPHTHALENE

Submitted by Mike D. Cagle, Sharbil J. Firsan and E. J. Eisenbraun”
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1,2-Dihydronaphthalene (3) is an important intermediate in the hydroprocessing of naphtha-
lene which in turn, is a useful model in studies of the hydroprocessing of aromatic constituents of
fossil fuels.! Knowledge of the precise thermochemical properties of 3 is essential for introducing
improvements in refinery design and other petroleum processing technology.? Determination of these
properties has been precluded thus far by the unavailability of 3 of the required purity. To meet this
need, we prepared 68+ g of 3 (= 99.97% purity).3

\B
DIBAL H CuSO4 Brz hexane wBr
hexane Zn HOAc

While 3 and its I-tetralol (2) precursor are commercially available,* they were synthesized

starting with 1-tetralone (1) in order to minimize the presence of impurities boiling in the same range
s 3. Thus, treatment of freshly distilled 1 with DIBAL-H in hexane and dehydrating the resulting 2
by distilling from anhydrous copper(Il) sulfate’ afforded 3 in 98% initial purity. These reagents were
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