This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

gﬁ!?{lj:‘; and http://www.informaworld.com/smpp/title~content=t713618290

and the Related Elements

R SEPARATION OF RACEMIC PHOSPHONIC ANALOGUES OF
A GLUTAMIC ACID

Kazimierz Antczak?; Jerzy Szewczyk™

2 Department of Physics and Chemistry, Merchant Navy Academy, Gdynia, Poland ® Department of
Organic Chemistry, Technical University of Gdansk, Gdansk, Poland © Chemistry Department, Duke
University, Durham, NC

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Antczak, Kazimierz and Szewczyk, Jerzy(1985) 'SEPARATION OF RACEMIC PHOSPHONIC
ANALOGUES OF GLUTAMIC ACID', Phosphorus, Sulfur, and Silicon and the Related Elements, 22: 2, 247 — 251

To link to this Article: DOI: 10.1080/03086648508073454
URL: http://dx.doi.org/10.1080/03086648508073454

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformaworld.coniterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or nmake any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clains, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648508073454
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 44 30 January 2011

Downl oaded At:

Phosphorus and Sulfur, 1985, Vol. 22, pp. 247-251 © 1985 Gordon and Breach, Science Publishers, Inc.
0308-664X /85 ,/2202-0247 /$10.00 /0 and OPA Ltd. Printed in the United Kingdom

SEPARATION OF RACEMIC PHOSPHONIC
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and
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( Received June 9, 1984; in final form July 19, 1984)

a- and y-phosphonic analogues of glutamic acid were separated to give all enantiomers. 2-Amino-4-phos-
phonobutyric acid enantiomers were separated as 2-N-benzoylamino-4-diethylphosphonobutyric acid
derivatives by the action of papain. Resolution of 4-amino-4-phosphonobutyric acid was performed by
crystallization of 4-N-carbobenzoxyamino-4-diethylphosphonobutyric acid salts of both optically active
1-phenylethylamines. Enantiomers of 4-amino-4-phosphonobutyric acid as N-carbobenzoxydiethyl-
phosphono derivatives, as N-carbobenzoxy-diethylphospho DCHA salts and as free amino acids are
described.

Recently, a number of phosphorus analogues of amino acids have been studied in
order to determine their biological activity.!"* These experiments required the
resolved enantiomers of aminophosphonic acids. Several amino-phosphonic acids
have been resolved®~!° but there are no analogues of glutamic acid reported.

In this report, we present the results of our investigation on the resolution of two
phosphonic analogues of glutamic acid.

We decided to resolve racemic 2-amino-4-phosphonobutyric acid (1) by the action
of papain because we expected'! its a-aminocarboxylic system to be a good
enzymatic substrate. 2-N-Benzoylamino-4-phosphonobutyric acid (2) was obtained
by the classical method from the free amino acid (1).

The triester (3) was obtained by the reaction with ethyl orthoformate and the
corresponding diester (4) by basic hydrolysis with an equimolar amount of sodium
hydroxide.

N-benzoyl protection was selected as the best substrate for papain. The anilide (5)
was produced in the efficient enzymatic reaction as a thick oil. The acidic hydrolysis
of compounds (4a) and (5) yielded optically active amino acids (1a) and (1b). The
use of the papain method of resolution provided information about the absolute
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SCHEME 1 Separation of 2-amino-4-phosphonobutyric acid into enantiomers.

configuration of the enantiomers (1a) and (1b). Thus, dextrorotatory enantiomer (1a)
obtained from the anilide (5) has L(S) configuration and levorotatory (1b) has D(R)
configuration. :

4-Amino-4-phosphonobutyric acid (6) was resolved by the crystallization of the
diastercoisomeric salts of 1-phenylethylamine. 4-N-Carbobenzoxyamino-4-phospho-
nobutyric acid (7), obtained from the amino acid (6), was esterified with ethyl
orthoformate to triester (8). The basic hydrolysis of triester (8) gave the correspond-
ing diester (9) which was resolved by the crystallization of its diastereoisomeric salts
with 1-phenylethylamine (10a, 10b). The optical active forms of the corresponding
derivative of amino acid (6) were identified as enantiomers of 4-N-carbo-
benzoxyamino-4-diethylphosphonobutyric acid (9a,9b) and their DCHA salts. The
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SCHEME 2 Separation of 4-amino-4-phosphonobutyric acid into enantiomers.

enantiomers of free 4-amino-4-phosphonobutyric acid (6a, 6b) were obtained by the
acidolysis of the diastereoisomeric salts (10a, 10b).

EXPERIMENTAL

Melting points are uncorrected. 'H NMR spectra were recorded on a Tesla BS 487 80 MHz spectrometer
2-Amino-4-phosphonobutyric acid (1) was obtained according to the literature.!?

4-Amino-4-phosphonobutyric acid (6) was obtained by the general method described by Oleksyszyn and
Tyka!® Yield. 36% M.p. 169-170°. 'H NMR HMDSO (D,0) 2.1-2.7 (m, 2, CH,, CH—P), 2.97
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(t, J = 7 Hz, 2, CH,COOH), 3.4-3.9 (m, 1, CH—P). Anal. Calcd. for C,H,;(NO;P: C, 26.23; H, 5.50; N,
7.65. Found: C, 26.46; H, 5.49; N, 7.73.

2-N-Benzoylamino-4-phosphonobutyric acid (2) was obtained according to the literature.!* The recrystalli-
zation from water yielded white crystals, m.p. 201-203°, yield 80% 'H NMR HMDSO (DMSO) 1.4-2.6
(m, 4, CH,CH,P), 4.2-4.8 (m, 1, CHCOOH), 7.4-8.2 (m, 5, C;Hy), 9.00 (d, J = 7 Hz, 1, NH). Anal.
Calcd. for C,; H,,NO(P: C, 45.99; H, 4.91; N, 4.87. Found: C, 45.65; H, 4.98; N, 4.64.

4-N-Carbobenzoxyamino-4-phosphonobutyric acid (7) was obtained by the general method according to the
literature.'®> The crude crystalline product was purified by the trituration with ethyl acetate. m.p. 157-8°.
Yield 85% 'H NMR HMDSO (DMSO + D,0) 1.7-2.7 (m, 4, CH,CH,); 3.8-4.3 (m, 1, CH—P); 5.25 (s,
2, CH,C¢Hy); 5.6-6.5 (m, 1, NH) 7.55 (s, 5, C¢Hs). Anal. Caled for C,, H,(NO,P: C, 45.43; H, 5.08; N,
4.42. Found: C, 45.50; H, 5.13; N, 4.65.

Preparation of N-acylaminophosphonobutyric acid diethyl esters (4), (9). The triesters (3) and (8) were
obtained with ethyl orthoformate according to reference.!® The crude product (0.05 moles) was dissolved
in 100 ml of ethanol and 50 ml aqueous. 1N NaOH was added dropwise to this solution with vigorous
agitation at 0°C. The stirring was continued for 1 h at room temperature. The ethyl alcohol was removed
under reduced pressure below 25°C and the remaining aqueous solution was acidified with 6 N HCl at
0°C and extracted three times with ethyl acetate. The acetate solution was dried with anhydrous Na, SO,
and then evaporated to dryness.

2-N-benzoylamino-4-diethylphosphonobutyric acid (4) was recrystallized from CHCl;: m.p. 104-106°. Yield
15.6 g (91%). 'H NMR HMDSO (DMSO) 1.5 (t, J = 6 Hz, P—OCH,CH,), 1.7-2.6 (m, 4, CH,CH,),
3.8-4.5 (m, 4, CH,CH,), 4.5-5.0 (m, 1H, CH—P), 7.3-8.3 (m, 5, C4H;) 8.87 (d, 7 = 7 Hz, 1, NH). Anal.
Caled. for C;sH,, NOgP: C, 52.50; H, 6.46; N, 4.08. Found: C, 52.25; H, 6.52; H, 3.80.

4-N-Carbobenzoxyamino4-diethylphosphonobutyric acid (9). The bright yellow oil was obtained in 89%
yield i.e. 16.8 g. 'H NMR HMDSO (CDCl,;) 1.0-1.3 ¢m, 6, CH,CH,); 1.6-2.5 (m, 4, CH,CH,); 3.7-4.3
(m, 5, CH—P, CH,CH,); 5.00 (s, 2, CH,C4Hjs); 6.00 (d, J = 10 Hz, 1, NH); 7.22 (s, 5, CgHj), 10.00 (s,
1, COOH). The DCHA salt of (9) was obtained for analysis. Recrystallization was from ethanol-ethyl
ether, m.p. 126-127°. Anal. Caled. for C,3H3N,0,P: C, 60.62; H, 8.54; N, 5.05. Found: C, 60.34; H,
8.62; N, 4.99.

Optically active 2-amino-4-phosphonobutyric acid (1a) (1b). Separation of 8.58 g (0.025 mol) of (4) by the
action of papain with aniline was performed according to the literature.!! The anilide (5) was hydrolyzed
by refluxing with 6 N HCl for 18 h. The hydrolysate was cooled; the precipitate of benzoic acid was
discarded. The filtrate was evaporated to dryness.

Product was purified by column chromatography (Dowex 50WX8) with water as eluent: Crude acid
was recrystallized from 70% ethanol and gave 1.6 g (35% yield) of (+)-2-amino-4-phosphonobutyric acid
(1a). m.p. 205-207°C. [a]} = +11.2 (¢ = 2, H,0). Anal. Calced. for C4H,;,NOsP: C, 26.23; H, 5.50; N,
7.65. Found: C, 26.15; H, 5.24; N, 7.38. The solution obtained after the decantation from anilide /5/ was
refluxed and the denaturated protein was filtered.

The filtrate was evaporated to dryness and the residue was hydrolyzed with 6 N HCIl for 18 h.
(—)-2-Amino-4-phosphonobutyric acid (1b) was isolated as described above. After two recrystallizations
from 60% ethanol, 1.1 g (24% yield) of (—)-2-amino-4-phosphonobutyric acid (1b) was obtained. m.p.
205-207°C. [a] = —11.0° (¢ = 2,H,0). Anal. Calcd. for C,H,,NO;P: C, 26.23; H, 5.50; N, 7.65.
Found: C, 26.15; H, 5.25; N, 7.38.

Resolution of 4-N-carbobenzoxyamino-4-diethylphosphonobutyric acid (9) 3.73 g (0.01 mol) of (9) and 1.3 ml
(0.01 mol) of (—)-1-phenylethylamine was dissolved in 5 ml of methanol and then 30 ml of ethyl ether
was added to this solution. The reaction mixture was left for 24 h at room temperature. The precipitate
was filtered and recrystallized from a mixture of 5 ml CH,OH and 25 ml ethyl ether 1.73 g (35% yield) of
the corresponding salt (10a) was obtained. m.p. 142-142.5°. [a]% = +9.8° (c = 2.44, CH;0H. Anal
Calcd. for C,,H;5N,0,P: C, 58.28; H, 7.13; N, 5.66. Found: C, 57.98; H, 7.22; N, 5.51. The salt (10a)
was dissolved in methanol and Dowex 50WX8 (H*) was added. The resin was filtered and the optically
active (+)-4-N-carbobenzosy-amino-4-diethyiphosphonobutyric acid (9a) was obtained as colorless oil by
removing the methanol. [a]}), = +20.6° (c = 2.5, methanol). The DCHA salt of (9a) was obtained. m.p.
123-123.5°. [a]} = +6.0° (c = 2, methanol). Anal. Caled. for C,;Hy;N,0,P: C, 60.62; H, 8.54; N,
5.05. Found: C, 60.50; H, 8.70; N, 4.91. In order to remove phenylethylamine from the collected filtrates
obtained after the filtration of the salt (10a), Dowex 50WX8 (H™) resin was added. Then the resin was
filtered and the resulting filtrate was mixed with 0.85 ml (0.0065 mol) (+)-1-phenylethylamine. 1,88 g
(38% yield) of salt (10b) m.p. 142-142.5° was obtained by the procedure described above. [«]% = —9.6°
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(c = 2.5, methanol). Anal. Caled. for C;,H;sN,0,P: C, 58.28; H, 7.13; N, 5.66. Found: C, 58.04; H,
7.28; N. 5.38. (—)-4-N-carbobenzoxy-4-diethylphosphonobutyric acid (9b) as colorless oil was obtained
from the salt (10b) by the method described above. [a]® = —20.2° (¢ = 2, methanol). The DCHA salt of
(9b) was obtained. M. p. 123-123.5°. [a]} = 5.9° (¢ = 2, methanol). Anal. Calcd. for C,3H,4;,N,O,P: C,
60.62; H, 8.54; N, 5.05. Found: C, 60.45; H, 8.62; N, 5.00.

Optically active 4-amino-4-phosphonobutyric acid. 0.988 g (0.002 mol) of the salt (10a) or (10b) was
dissolved in 10 ml of 45% HBr/CH,COOH. The mixture was left for 72 h at room temperature. Then the
solution was evaporated to dryness. The residue was dissolved in water and was passed through a Dowex
50WX8 (H") column. Recrystallization from water—ethyl alcohol gave the optically active 4-amino-4-
phosphonobutyric acid.

A. 0.28 g (78% yield) of (+)-4-amino-4-phosphonobutyric acid (6a) was obtained from the salt (10a)
M.p. 163-165°. [@]} = +17.2 (c = 5, IN NaOH). Anal. Calcd. for C;H,,NOsP: C, 26.23; H, 5.50; N,
7.65. Found: C, 26.04; H, 5.71; N, 7.40.

B. 0.3 g (82% yield) of (—)-4-amino-4-phosphonobutyric acid (6b) was obtained from the salt (10b)
M.p. 164-166°C. [@]} = —17.8 (¢ = 5, LN NaOH). Anal. Calcd. for C,H,;,NO;sP: C, 26.23; H, 5.50; N,
7.65. Found: C, 26.01; H, 5.72; N, 7.39.
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