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Preparation of the phosphonic analogs of z.-methylaspartic (4 a d), giutarnic 
(7 a b) and ~-methylpyroglutamie (5 ab)  acids by aminoalkylation of trivalent 
phosphorus chlorides with ethyl esters of oxoalkyloacids and benzyl earbamate 
is described. The phosphonic analogs of pyroglutamic acid (8 ab)  was obtained 
by the cyelization of the corresponding esters (9a b). The stability of the 
phosphonie analogs of pyroglutamic acid in acidic and alkaline media was also 
studied. 

(Keyword,s': Aminoalkylation; Aminophosphonates; A~7)artic acid analog.s; 
Glutamic acid analog,s) 

Die Herstellung yon neuen Phosphonanalogen der A~paragin- und Glutamin~iiure 
in der Reaktion yon trivalenten Phosphorchloriden mit Ethyl-acetyloacetat oder 

Ethyl-l~ivulinat bzw. Benzylcarbaminat 

Es wurde die Darstellung der Phosphonanalogen der ~-Meth~lasparagin- 
s~ure (4a-d), Glutamin (7 a-h) und ~-Methylpyroglutaminstiure (5 a b) in der 
Reaktion der trivalenten Phosphorchloride und der OxoMkans£ureethylester 
sowie des Benzylcarbaminats beschrieben. In der Ringschluf3reaktion der Ester 
(9 a-b) erh/i,lt man PhosphonanMoge der Pyroglutamins/~ure. Die Stabilit~t der 
Analogen der Pyroglutamins/~ure wurde in sauren und alkalischen Medien 
gepriift. 

Biological a.ctivity of a var ie ty  of aminophosphonates  1 st imulates 
interest in the synthesis of phosphonic analogs of earboxylic amino 
acids. Especially interesting are the glutamic and aspartic acid analogs 
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Table 2. Pho~phonic analogs of pyroglutamic acid 

J x  X/',, ~ 0  

OH 

Compound Yield M.p. 1H-n.m.r. (D20 or D20 + D2SO 4, HMDS)  8 [ppm] 

8a 86 a 238 241 

8 b  8 1  ~ c 
d 

5 a 53 b 244 245.5 

5b 50 b 227.5 229 

2.37 3.03 (m, 4H~ --CH2Ctt2); 
4.034.45 (m, 1H, CH) 

2.032.5 (m, 2 H, ~H2CH2CH--) ;  2.63 
(t, 2H, JHH = 7.0Hz, HOOCCH 2 ); 3.38 
(dt, 1H, JPH = 17.0Hz, JHH = 8.0Hz, --CIt ); 
7.87 (m, 5H, arom.) 

1.75 (d, J3 H = 14.5Hz, 3H, CH3) 
2.0 3.1 (m, 4H, 2 x CH2) 

1.72 (d, J3 H = 13.0Hz, 3H, CH3) 
2.0 2.9 (m, 2H, CH, Ctt2CP); 
2.6-3.4 (m, 2 H, CH2CONH2); 
7.8-8.6 (m, 5H, H arom.) 

By eyclization reaction. 
b From ethyl levulinate. 
e Very hygroscopic. 
d Contains ethanol as impurity. 

for which strong neuroactive 2-6, antibioticT,S and antiviral 9 and an 
other10, I2 activity has been demonstrated. 

Syntheses of several phosphonic analogs of aspartate and glutamate 
have been described 13 16 except for glutamic acid analogs in which 
phosphonic group replaces the ~-carboxylic function. Also unknown so 
far are the phosphonic analogs of ~-methylaspartic and pyroglutamic 
acids. 

We found that  ~-phosphonic analogs of ~-methylaspartie, glutamic 
and pyroglutamic acids can be obtained readily by the general proce- 
dure developed in our laboratory for the preparation of 1-aminoalka- 
nephosphonates from carbonyl compounds, amides and trivalent phos- 
phorus chlorides tT. 

Thus the reaction of ethyl aeetoacetate (1, n = 1) with benzyl 
earbamate (2) and phosphorus triehloride or diehlorophosphines (3) 
gave the analogs of ~-methyl aspartie acid (Table 1). 
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To provide samples for biological studies these analogs were conver- 
ted to carboxylic esters and amides by s tandard methods. 

Similar reaction with ethyl levulinate (1, n = 2) gave unexpectedly, 
cyclic products  (5) representing the phosphonic analogs of ~-methyl- 
pyroglutamic acid (Table 2). 

O O 
II II 

EtOOC--(CH2)n--C--CH 3 + H2N~--OCH2CGH~,+ R'--PC12 

n = l  

2 

1) AcOH 

2) HC1/H20 n = 2  

i 
CH3 O 
I Ii 

HOOC--CH~ C - -  P ~ R  
J I 

NH2 OH 

/ / ~  N / N ,  0 p~O 
i q"R 

H X ~ H  

5 

R 

a b e 

OH (~6H5 CH 3 C~H5 R 

i a b 
T 
i 

i OH C6H 5 

0 

EtOOC--CHe--CH2--C 

O 
II 

+ 2N--C--OCH2C(sH 5 + R'--PCI~ 

2 3 

1) AcOH 

2) HC1/HzO 

0 

HOOC~CH2--CH2-- CH P I R  

NH 2 OH 
7 

7 a b 

R OH CsHs 

t 0 

o ~, P - R  
H' I 

OH 

8 a b 

R OH CGH~ 
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Cyclisation was not expected because an analogous reaction of ethyl 
succinate semialdehyde (6) produced in a moderate  yield, the open 
chain product  (7) (Table 1) with only traces of the cyclic one (8). 

w e  were able to prepare the pyroglutamic acid analogs 8 (Table 2) 
by cyelisation of the ester 9. The synthesis of ester 9 was accomplished 
from the corresponding oxophosphonate  10 which was converted to the 
oxime 11 and then reduced with zinc in formic acid. 

0 0 0 
[I R~P(OEt)~ If II 

MeOOC--CH2~2H2--C--C1 ) M e O O C ~ H 2 - - C H 2 ~ - - P - - R  2 
I 

NH2 0 
I II 

MeOOC~H2CH2--CH--P  R 2 
I 

O E t  
9 

A 

Zn 
HCOOH 

10 

NH20H 

10 

R ~ 

O E t  

a b 

O E t  C6H5 

NOH 0 
[J / /  

M e O O C ~ C H 2 ~ H  2 C P R2 

\ O E t  

11 

1~2 HBr ~//~ N p__/~ 
- -  A~OH ' 0 ] [ 

H OEt H OH 

12 8 

Phosphonic analogs of pyroglutamic acid 5 were hydrolysed in 
sodium hydroxide solution yielding salts of the open chain product  13 
(Table 1). 

In  acidic media, the a-methylpyroglutamic  acid analogs 5, are in 
equilibrium with open chain compounds 14. Thus after prolonged 
heating of 5 in hydrochloric acid there were obtained mixtures of cyclic 
and open chain products.  
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Ring opening with ethyl alcohol and hydrogen chloride yielded C- 
ester 15 (Table 3), and unchanged substrate. Similar mixture was 
obtained upon esterification of open chain product  14. 

No such equilibria were observed in the case of pyroglutamie acid 
analogs 8. We were unable to eyclise the open chain compound 7 or its 
C-ethyl ester by heating in acidic media and acid hydrolysis of the 
cyclic to open chain product  was complete. 

J 
CHa 0 
I / /  

HOOC--CH~CH,)--C--P--R 
J \ 
NH2 OH 

14 

0 

14 a 

R OH C6H ~ \ 
\ 

]_/CH~ 

o 

OH R 

CH 3 
t 

EtO OC--CH2--CH~--~--P0aHz 

NH2 

NaOH/H20 

15 

CHa 0 
i 

NaOOC--CH2--CH2 C - -  -P--R'  

N H 2 0 N a  

13 

13  a b 

R' i ONa C6H5 

5* 
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Experimental 
Melting points are uncorrected. 1H-n.m.r. spectra were recorded with a 

Tesla 80 MHz spectrometer, with hexamethyldisiloxane as standard. Structure 
of the all obtained compounds were additionally proved by means of 13C-n.m.r. ; 
i.r. spectrocopy elemental analyses and potentiometrie titration. 

Preparation of phosphonic and phosphinic analogs of ~-methylaspartic acid; 3- 
amino-3-phosphonobutyric acid (4 a) ; 3-amino-3-phosphino-butyric acids 4 b e 

Ethyl acetoaeetate (1, n = l) (0.3tool, 38ml) was added dropwise, to a 
stirred mixture of benzyl carbamate (2) (0,2 mol, 30.6 g), phosphorus trichloride 
(3, R ' =  C1) (0,2tool, 18ml) and glacial acetic acid (40ml). Addition was 
complete within 20rain. Exothermie reaction with evolution of hydrogen 
chloride gas occurred. The resulting mixture was refluxed for 30rain, then 
treated with concentrated hydrochloric acid (80 ml) and refluxed again for 3 h. 
After cooling the organic layer was removed and the aqueous solution was 
evaporated, in vacuo to dryness. The obtained residue was dissolved in 
methanol (60-100ml) and left for crystallization. After 1-3h the crystalline 
product was collected by filtration. Yield of the product and spectral analyses 
are summarized in Table 1. 

~-Phosphonic and phenylphosphinic analogs of glutamic acid; 4-amino-4-pho~ • 
phonobutyric acids (7 ab )  

Ethyl sueeinate semialdehyde (6) (0.15 mol, 19.5 g) was added dropwise to a 
stirred mixture of benzyl earbamate (2) (0.1 mol, 15.3 g), phosphorus trichloride 
or phenyldiehlorophosphine (0,1mol) and glacial acetic acid (20ml). The 
addition was complete within 5 min. The resulting mixture was refluxed for 
30 rain, treated with concentrated hydrochloric acid (20 ml) and refluxed again 
for 0.5 h. After cooling, the organic layer was removed and the aqueous solution 
was purified by boiling with charcoal (2g). After filtering the solution was 
evaporated to dryness and obtained residue was dissolved in methanol (30 ml) 
and treated with propene oxide. The precipitated product was filtered out, 
washed with ethanol and dried. Phenylphosphinie acid required more time tbr 
precipitation. 

Yields based on trivalent phosphorus chlorides and spectral data of the 
obtained compounds (7 a b) are given in Table 1. 

~- P hosphonic and phenylphosphinic analogs of ~- methylpyroglutamic acid (5 a b) 

Ethyl levulinate (1, n = 2) (0,3tool, 43g) was added dropwise, during 
20 min, to a stirred mixture of benzyl earbamate (2) (0.2 mol, 30.6 g) phosphorus 
triehloride or phenyldichlorophosphine (0.2 tool) and glacial acetic acid (40 ml). 
The obtained mixture was refluxed for 30min, treated with concentrated 
hydrochloric acid (40 ml) and refluxed again for 0.5 h. After cooling, the organic 
layer was removed and the aqueous solution was evaporated in vacuo to 
dryness. The obtained residue was then dissolved in methanol (60-80 ml) and 
left for crystallization. The precipitated product was collected by filtration, 
washed with the mixture of methanol and acetone (1 : 1) and dried. Yields based 
on the trivalent phosphorus chlorides and spectral data of the products are 
given in Table 2. 



New Phosphonic Analogs 67 

C-allcyl e,sters of 3-amino-3-phosphonobutyric acids 

3-amino 3-phosphonol)utyric acid (4a, b or d) (0.04reel) was added to a 
chilled solution of thionyl chloride (15ml) in alcohol (60 100ml) and the 
mixture was shaken vigrously %r a few minutes, until most of the solid 
dissolved. The reaction mixture was then permitted to stand overnight at room 
temperature, the solvent was evaporated in vacuo. The oily residue was 
dissolved in ethanol (50 ml) and dry pyridine was added until pH reached of 
about 6. The mixture was then permitted to stand at room temperature until 
the product precipitated. Alkyl 3-amino-3-phosphonobntyrates were crystalli 
zed from the nfixture of water and acetone. 

For example: Methyl 3-amino-3-phosphonobutyrate: 88% yield, 
m.p. =231 232°C dec.; 1H. n.m.r. (D20 + DgSQ. HMDS) ~, pp,: 1.99 (d, 
J3  H = 14.0Hz; 3H, CHa); 3.2-3.5 (m, 2H, CH2CO); 4.40 (s, 3H, OCH3). Ethyl  
3 amino-3-(P-ethylphosphino)butyrate : 85~o yield, oil 1H-n.m.r. 
(I)20 + D2804, HMDS) 3, ppm: 1.92 (t, J3  H = 12.5 I2Iz, 3H, CCHa); 3.1 3.4 (m, 
2H, CHeCO); 1.252.¢5 (m, 5H, PCH2CH3); 1.63 (t, J 3 H = 7 . 5 H z .  3H, 

j3  = 715Hz, 2H. OCHe). OCH2CH:3); 4.60 (g,. HH 

C-amides of 3 amino-3-phosphonobutyric acids 

Ethyl 3-amino-3-phosphonobutyrate (0.03 mol) was dissolved in 25~/o aq. 
ammonia (100ml) and the obtained solution was permitted to stand for five 
days at  room temperature. Then the solution was evaporated in vacuo to 
dryness, dissolved in dilute hydrochloric acid and evaporated again. The oily 
residue was dissolved in ethanol (50 ml) and pyridine to pH of about 6 was 
added. After several hours the product precipitated off, then was filtered and 
recrystallized from water--acetone.  

For example: 3-amino-3-phosphonobutyramide: 96.5% yield, m.p. 
=235237°C.  dee. 1H-n.m.r. (DeO+D2S04, HMDN) ~ ppm: 2.11 (d, 
J3  H = 14.0 Hz, 3H, C--CH3); 3.3 3.6 (m, 2H, CH2CO ). 

C-alt:yl esters of 4-amino-4-phosphonobutyric acid 

The standard procedure for esterifieation, given for alkyl 3-amino-3- 
phosphonobutyrates was used. The alkyl 4-amino-4-phosphonobutyrates were 
obtained. 

For  example: Methyl 4-amino-4-phosphonobutyrate: 84~ yield; m.p. = 
174 175°C: 1H-n.m.r. (D~O+D2S04. HMDS) ~, ppm: 2.13.25 (m, 4H. 
OOC CtI2CH2) ; 3.71 (t-t, J~IH = 7,0Hz, J~tt  = 15.0Hz 1H, CH); 4.07 (s, 3HI 
COOCH3). 

Hydrolysis of phosphonic analog of ~-rnethylpyroglutamic acid; 4-amino-4-pho,~'~ 
phonovaleric acid (14 a) 

a) Acid hydrolysis 

Compound 5 a (5.0g, 0.028 mot) was dissolved in concentrated hydrochloric 
acid and the resulting solution was refluxed for 30 h. Then the aqueous solution 
was evaporated in vaeuo to dryness and the oily residue was dissolved in 
methanol (30ml), fbllowed by addition of 2 ml propene oxide and 1 ml of 
pyridine. After few days the product precipitated and was collected by filtrate, 
washed with ethanol and dried. Pure open-chain product (14a) was obtained 
with 53~o yield (Table 1). 
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The filtrate was evaporated in vacuo to dryness, the obtained residue was 
dissolved in methanol (15ml) and acetone (10mI) was added. After several 
hours the substrate (5 a) crystallized out. 

b) Alkaline hydrolysis 

Compound 5a  (1.8g, 0.01tool) was dissolved in 2M-sodium hydroxide 
solution (20 ml, 0.04 mol) and refluxed for 20 h. Then the solvent was evapora- 
ted in vaeuo and the oily residue was refiuxed with ethanol (20 ml). The product 
was filtered, washed with ethanol and suspended in ethanol (20 ml) again, and 
then refluxed. This operation was repeated several times. Finally the product 
was suspended in acetone and refluxed again. Fi l t rat ion yielded semisolid, very 
hygroscopic substance (13 a) (Table 1). 

Acidification of the alkaline reduction, after the hydrolysis, with concentra- 
ted hydrochloric acid to pH about 1, evaporation of the obtained solution in 
vaeuo to dryness and dissolving the residue in ethanol, filtration offthe sodium 
chloride and precipitation of the product with propene oxide and pyridine 
yielded the open chain acid 14a (Table 1). 

Hydrolysis of P-phenylphosphinic analog of ~ methylpyroglutamic acid," 4-amino 
4-( P-phenyl ) phosphinovaleric acid (14b) 

a) Acid hydrolysis 

Acid hydrolysis of 5b (2.4g, 0.01 tool) in concentrated hydrochloric acid 
(50 ml) was unsueeessfull. 

b) AUcaline hydrolysis 

Compound 5b (2.4g, 0.01tool) was dissolved in 2M-sodium hydroxide 
solution (20ml, 0.04mol) and was refluxed for 20h. Then the solvent was 
evaporated in vacuo and the product was purified by refluxing of its ethanol 
and/or acetone suspensions. Then the product was filtered, washed with 
acetone and dried. The obtained disodium 4-amino-4-(P-phenyl)phosphinova- 
lerate (13 b) (Table 1) appeared to be hygroscopic substance. 

Acidification of the alkaline solution, after hydrolysis, to pH of about 1 
with concentrated hydrochloric acid followed by evaporation to dryness, 
dissolving the residue in ethanol, filtration off the sodium chloride and addition 
of propene oxide and pyridine yielded the open chain analog (14b) (Table 1). 

Alcoholysis of phosphonic analog of ~-methylpyroglutamic acid (5a); Ethyl 4- 
amino-4-phosphonovalerate (15) 

Compound (5 a) (1.8 g, 0.01 mol) was added to a chilled solution of thionyl 
chloride (5 ml) in ethanol (50 ml). The resulting mixture was refluxed for 2 h, 
cooled and next portion of thionyl chloride was added (5ml). The reaction 
mixture was refluxed again for 2 h and the solvent was evaporated. The oily 
residue was dissolved in ethanol (30 ml) and pyridine (to pH of about 6) was 
added. After several hours the product precipitated. I t  was collected by 
filtration, washed with acetone and dried. The yield of the ester (15) was 22~. 

1H-n.m.r. (D20 +D~SO4, HMDS) 8, ppm: 1.56 (t, J3H=37.5Hz,  3H, 
COOCH2CHs); 1.91 (d, J~H = 14.5Hz, 1.5H, P - 4 ~ H a ) ;  1.93 3(d, JPH = 14.5Hz, 
1 5H, P~CH3);  2 25 3 25 (m ¢H, CH2CH2P); 4.08 (q, JHH = 7.5Hz, 2H, 
OCH2); m.p. 136--137 °C dec. 
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To the filtrate acetone (40 ml) was added and the substrate precipitated. 
The yield of unreacted product (5 a) was 74~o. 

E~'terification of 4-amino-4-phosphonenvaleric acid (14a); Ethyl 4-amino~4 
phosphonovalerate (15) 

4-amino-4-phosphonovaleric acid (2.0g, 0.01 mol) was added to a chilled 
solution of thionyl chloride (5 ml) in ethanol (30 ml). The mixture was shaken 
vigrously for a few minutes until most of the solid dissolved. The resulting 
solution was left overnight at  room temperature and the solvent was evapora- 
ted in vacuo. The obtained yellow oil was dissolved in ethanol (50ml) and 
pyridine added. After several hours the product precipitated. The yield of the 
ester was 30~o. 

To the filtrate acetone (40 ml) was added and the solution was permitted to 
stand at room temperature for several hours. The unchanged substrate 
precipitated with 67~o yield. 

(J-methyl P,P-diethyl 4-phosphono-4-oxobutyrate (10a) 

This compound was prepared by the procedure described by Asano et al#S. 
Yield of the product is 91~o. The crude ~roduct was used to obtain oxime 11 a. 

1H.-n.m.r. (CDC13) S ppm : 1.38 (t. JI-It4 = 7.0 Hz, 6H POCH2CH3); 2 62 (t. 
J 3  H = 6.0Hz, 2H, "'CH.)-~?H2--C); 3.15 (t-t, J 3  H = 6.0Hz, Ct te~CH2-~ ' ) i  
3.66 (s, 3H: CH~OOC); 4.20 (q-q, J 3 H =  7.OHz, .J~(;H = 7.0Hz,  4H,  POCH2). 

Oxime of C-methyl P,P-diethyl 4-phosphono-4-oxobtdyrate (11 a) 

The oxime was obtained by the Asano method is with 93~o yield of the crude 
product. 

1H-n.m.r. (CDCls) S, ppm: 1.34 (t, J~IH--~7.0Hz, 6H, POCH~CI4~): 
2.45 2.97 (m, 4H, CH2--CH~); 3~68 (s, 3H, c o o e H a ) ;  4.20 (q-q, J~H = ~" 0 Hzl 
J3po H = 7.0Hz, POCtI2) ; 11.10 (s, 1H, NOH). 

C-methyl P ,P-diethyl 4-amino-4-phosphonobutyrate (9 a) 

C-methyl P,P-diethyl 4-amino-4-phosphonobutyrate was obtained by the 
procedure described by Kowalik et ah19 with 49~ yield, after purification by 
oxalic acid salt of 9 a. 

1H-n.m.r. (CDCla) S, ppm: 1.20 (t, J 3  u = 7.0Hz, 6H, POCH2CH3) ; 
1.54-2.60 (m, 6H, Ctt2CtI 2. NH2): 2.63 3.t0 (m, 1H, Ctt); 3.55 (s, 3H, 
COOCH3). 3.98 (q-q. J~'H =~7.0 Hz, J~oH = 7.0 Hz, 4H, POCH2). 

P-Ethyl ester of phosphonic analog of pyroglutamic acid (12 a) 

C-methyl P,P-diethyl 4-amino-4-phosphonobutyrate (9a) (12.65g, 
0.05 tool) obtained by the described procedure 19 was heated tbr 30 rain on metal 
bath (150 °C). Reaction started at  110 °C giving the dense oil. 

1H-n.m.r. (CDC13) ~, ppm: 1.27 (t, J~tH = 7.0 Hz, 3H, POCCH3) ' 2.052.55 
(m, 4H, --CH2CH2--); 3.55-4.4 (m, 5 H, POCt I2 , - -CH-- ) ;  7.52 (s~ 1 H, NH). 

Phosphonic analog of pyroglutamic acid (8 a) 

The product of eyclization reaction (12a) was added to 40~o solution of 
hydrobromide in acetic acid (70ml) and was permitted to stand at room 
temperature for 48h. Then the mixture was evaporated to dryness and the 
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residue was mixed with ethanol and product solidified. The resulting solid was 
filtered and recrystallized from water.The yield of pure product was 9.5g (86~) 
The analytical data  are given in Table 2. 

C-methyl P-ethyl 4-( P-phenyl)phosphino-4-oxobv~tyrate (10b) 

This compound was also obtained by the described procedure is. The yield 
of reaction of crude product was 92~o. 

1H-n.m.r. (CDCla) 8, ppm: 1.25 (t, J a H = 7 . 0 H z  , 3H, POCH2Ctta); 
2.48 2.99 (m, 4H, CIleCH2); 3.60 (s, 3H. COCtta) ; 3.99 (q-% J 3  H = 7.0Hz: 
JaOH = 7.0Hz, 2H, POCii2); 7.12 7.98 (m, 5H, phenyl ring). 

Oxime of C-methyl-P-ethyl 4-( P-phenyl )phosphino4-oxobutyrate (11 b) 

The oxime ( l l  b) was obtained by the described procedure is with 93% yield, 
of the crude compound. 

1H-n.m.r. (CDCla) ~, ppm: 1.18 (t, J~ IH=7 .0Hz ,  3H, POCH~CHa): 
2.33 3.15 (m, 4H, CH2CH2) ; 3 62 (s 3H, COOCHa) ; 3 97 (q q, J~H = 7 0 H z  
2H, POCHe) ; 7.05 7.93 (m, 5H~ phenyl ring); 11.05 (s, 1H, NOH). 

C-methyl P-ethyl 4-amino-4- ( P=phenyl ) phosphinobutyrate (9 b) 

The aminoester 9b was obtained by the method described by Kowalik 
et al. 19 with 34~o yield, after purification by via oxalate of 9 b. 

1H-n.m.r. (CDC13) 8~ ppm: 1.23 ( t , ' J3HH=7.0Hz ,  3H, POCHeCHa); 
1.67 2.50 (m~6H, CH2CH> Nile) ; 2 60-3 20 (m, 1 H, Cil) ; 3.55 (s, 3H, COOCHa) : 
3.98 (q-q, JHH = 7.0Hz, ~JPoH = 7.0Hz, 2H, P- -OCH2)  7.18 8 O0 (m, 5HI 
phenyl ring). 

P-ethyl ester of (P-phenyl)phosphinic analog of pyroglutamic acid (12 b) 

Compound 12 b was obtained by cyclization of 9b (14.2 g, 0.05 tool) by the 
same procedure as for 12 a. The product was not purified because it was already 
chemically pure. 

1H-n.m.r. (CDCla) 8, ppm: 1.23 (t, J 3 H = 7 . 0 H z ,  3H~ POCHaCII3); 
1.78 2.38 (m, 4 H, CHeCile) ; 3.45=4.27 (m, 5 H, POCII> CH) ; 7.22 7.93 (m, 6 H, 
phenyl ring, NH). 

(P-phenyl)phosphinic analog of pyroglutamic acid (8 b) 

The ethyl ester 12 b was acidolized by the means of hydrobromide in acetic 
acid. The obtained dense oil solidified. I t  was purified by washings by washings 
with ethyl ether. The obtained product was hygroscopic and slightly impure. 
The open-chain product appeared as impurity. I t  crystallized with ethanol. 
Data  for cyclic 8 b are given in Table 2. 

Acid hydrolysis of phosphonic analog of pyroglutamic acid; 4-amino 4 phos 
phonobutyric acid (7 a) 

Cyclic analog 8a  (1,65g, 0,01 tool) was dissolved in concentrated hydro- 
chloric acid (50 ml) and refluxed for 8h. Then the mixture was evaporated to 
dryness and the oily residue dissolved in ethanol (50 ml). Addition of pyridine 
was followed by precipitation. The product was filtered and air dried. Yield and 
physical data  of the product are given in Table 1. 
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Acid hydroly~'i.~" of ( P-phen!]l)pho.,phinic aJtalog of pyrogltttam ic acid: 4 am ino-4- 
( P-phenyI- )phosphinobutyric acid (7b) 

The reaction was c~rvied out like for 7a  starting t~'om cyclic analog 8b 
(2.25 g, 0.01 tool). The yield and oiher data, of the product ohtaincd are given in 
Table 1. It contains traces of cyclic analog (checked by tle.). 
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