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In a number of their properties, ~-aminophosphinic and a-aminophosphonic acids are 
close to the natural a-aminocarboxylic acids, which is largely responsible for the growing 
interest in them [i, 2]. In contrast to the a-aminophosphonic acids [3-5], the s-amino- 
phosphinic acids have not been described in the optically active form. In the present paper 
we synthesized ethyl a-aminobenzylphenylphosphinate (EABPP), established the absolute con- 
figuration of its C(R),P(S)-isomer, obtained R-a-aminobenzylphenylphosphinic acid, and 
synthesized some asymmetric ionites with C(R) ,P(S)-EABPP and R-a-aminobenzylphenylphosphinic 
acid groupings. 

EABPP was synthesized by the addition of ethyl phenylphosphinate to the double bonds of 
hydrobenzamide and subsequent decomposition of the bis(phenylethoxyphosphoryl)tetrahydro- 
hydrobenzamide with HCI. 
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L i k e  i n  t h e  s y n t h e s i s  o f  d i e t h y l  a - a m i n o b e n z y l p h o s p h o n a t e  [ 4 ] ,  t h e  c a t a l y t i c  p r o p e r t i e s  
o f  t r i e t h y l a m i n e  a r e  m a n i f e s t e d  o n l y  i n  t h e  p r e s e n c e  o f  m o i s t u r e .  At 100~ a t i m e  o f  2 h 
i s  s u f f i c i e n t  t o  c o m p l e t e  t h e  r e a c t i o n .  B i s ( p h e n y l e t h o x y p h o s p h o r y l ) t e t r a h y d r o h y d r o b e n z a m i d e  
d e c o m p o s e s  v e r y  e a s i l y .  The q u i t e  p u r e  EABPP h y d r o c h l o r i d e  i s  i s o l a t e d  i n  up to  85% y i e l d .  
The p r o p o s e d  method  f o r  t h e  s y n t h e s i s  o f  EABPP (and e v i d e n t l y  o f  many o t h e r  s i m i l a r  p h o s -  
p h i n a t e s )  i s  much more  c o n v e n i e n t  and p r o d u c t i v e  t h a n  t h o s e  d e s c r i b e d  i n  [6,  7 ] .  

The s t e r e o s p e c i f i c i t y  o f  t h e  r e a c t i o n  i s  c o n v e n i e n t l y  s t u d i e d  by t h e  PMR method on t h e  
b a s i s  o f  t h e  a b s o r p t i o n  i n t e n s i t y  o f  t h e  m e t h y l  g r o u p s  o f  t h e  EABPP d i a s t e r e o m e r s .  The 
s p e c t r u m  o f  a b e n z e n e  s o l u t i o n  o f  EABPP, s y n t h e s i z e d  a t  100 ~  h a s  two t r i p l e t s  (~1 1 . 0 ,  62 
0 . 8  ppm) o f  e q u a l  i n t e n s i t y ,  wh ich  t e s t i f i e s  to  t h e  p r e s e n c e  o f  b o t h  d i a s t e r e o m e r i c  r a c e m i c  
m o d i f i c a t i o n s  o f  EABPP i n  e q u a l  c o n c e n t r a t i o n .  The r a t i o  o f  t h e  EABPP d i a s t e r e o m e r s  can  be 
changed  by l o w e r i n g  t h e  t e m p e r a t u r e  e i t h e r  i n  t h e  f i r s t  s t e p  o f  t h e  r e a c t i o n  to  55-60  ~ o r  
i n  t h e  s t e p  o f  d e c o m p o s i n g  t h e  b i s ( p h e n y l e t h o x y p h o s p h o r y l ) t e t r a h y d r o h y d r o b e n z a m i d e  w i t h  
i n s u f f i c i e n t  a c i d .  I n  t h e  f i r s t  c a s e  t h e  r a t i o  o f  t h e  d i a s t e r e o m e r s  ~ : ~ 2  r e a c h e s  1 : 2 ,  
w h i l e  i n  t h e  s e c o n d  c a s e  t h e  6~ d i a s t e r e o m e r  i s  i s o l a t e d  a f t e r  a d d i t i o n a l  r e c r y s t a l l i z a t i o n .  

The o p t i c a l  r e s o l u t i o n  o f  EABPP was r u n  by r e p e a t e d  r e c r y s t a l l i z a t i o n  o f  t h e  d i b e n z o y l -  
d - t a r t r a t e  o f  t h e  mixed  EABPP d i a s t e r e o m e r s  (~1:~2 -- 1 :1 )  f rom e t h a n o l .  A f t e r  s e v e n  r e -  
c r y s t a l l i z a t i o n s  t h e  m e l t i n g  p o i n t  and o p t i c a l  a c t i v i t y  o f  t h e  s a l t  r e m a i n  c o n s t a n t .  The 
6 1 - i s o m e r  o f  EABPP i s o l a t e d  f rom t h i s  s a l t  h a s  [a]D 2~ + 1 4 . 0  ( e t h a n o l ) .  

To e s t a b l i s h  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  a s y m m e t r i c  c e n t e r s  o f  t h e  i s o l a t e d  
EABPP e n a n t i o m e r  we made an  x - r a y  s t r u c t u r e  s t u d y  o f  i t s  h y d r o c h l o r i d e .  W i t h i n  t h e  l i m i t s  
o f  a c c u r a c y ,  t h e  p r i n c i p a l  v a l e n c e  a n g l e s  i n  b o t h  i n d e p e n d e n t  ammonium c a t i o n s  A and B h a v e  
i d e n t i c a l  v a l u e s  ( T a b l e  1 ) .  The s t r u c t u r e  o f  t h e  c a t i o n ,  w i t h  t h e  p r i n c i p a l  bond l e n g t h s ,  
is shown in Fig. i. 
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Fig. I. Geometry of EABPP cation with 
principal bond lengths (marked with an 
asterisk for cation B). 

TABLE i. Principal Valence Angles (deg) in Cations A and B 
of Ethyl ~-Aminobenzylphenylphosphinate 

Angle A B Angle A B 

OtPO z 
OiPC l 
OIPC s 
OzPC t 
O=PC s 
CIPC s 
P02C i~ 

tt6,S(S) 
114,4(8) 
iti,5(S) 
99,5 (8) 

t06,S (8) 
106,7(8) 
tt8(1) 

ti6,4(8) 
115,0(8) 
ill,O(9) 
9s,5(8) 

t07,4(9) 
t07,5(9) 
120(i) 

PCtN 
pCIC 2 
CzC*N 
C~CzC 3 
CICzC 7 
pcsc 9 
pCsC ~a 

111(1) 
t i i (1)  
1t2(1) 
12o(2) 
121 (2) 
t22(t) 
119(t) 

111(1) 
112(1) 
112(i) 
12i(2) 
i2o(2) 
12o(2) 
122(2) 

The P atom has a distorted tetrahedral coordination, typical for tetracoordination 
organophosphorus compounds of type RR'P(=X)Y [8]. Thus, the valence angles RPY and R'PY are 
smaller (average for both cations: 02PC 1 99 ~ , 02PC 8 107 = , and CIPC s 107~ whereas the 
angles XPR and XPY, formally involving the P=X double bond (01PO 2 116.6 ~ , 01PC 1 114.7, and 
O:PC s 111.3 ~ ) are larger than the ideal tetrahedral values, which is in agreement with the 
mutual repulsion of the electrons of the double bond and the valence electrons of the 
P--R(R') and P--Y bonds. The lengths of the P--O ~ double bond (1.47 A) and the P-O = single 
bond (1.57(1) A) are usual (for example, in the hydroxyoxaphosphafluorene molecule 

o 

C~=HsP(=O)OH [9] they are equal to 1.481 and 1o553 A). In harmony with the different char- 
acter of the h~bridization of the carbon atoms of C:--sp 3 and C6--sp ~, the length of the P--C ~ 
bond [1.83(2) %] is somewhat greater than that of the P--C 8 bond (1.80(2) ~)o The phenyl 
rings are planar, with an average C--C bond length of 1.38(3) A. 

+ 
Each C6HsCH(NH3)P(O)(OC2Hs)C6H5 cation has three ammonium H atoms, which are capable 

of forming H bonds. In harmony with this, 6 H bonds exist in the structure, in which con- 
nection they are all of the type N--H...CI, and each CI- anion takes part in three such bonds 

O 

(Table 2). The H bonds have a length of 3.10-3.21 A, which is somewhat shorter than the 
usual value of 3.3 ~ [I0], i.e., these bonds are quite stable. Cation A forms two hydrogen 
bonds with the CI(A) anions, connected by translation (relay) c. In a similar manner, cation 
B is bonded to two CI(B) anions. As a result, the chainlets ...CI(A)...H-N(A)-H... and 
...CI(B)...H--N(B)--H... arise along bond c. The remaining bonds N(A)--H...CI(B) and 
N(B)--H...CI(A) of these chainlets contract to ribbons, which are also parallel to the c axis. 

R-~-Aminobenzylphenylphosphinie acid was obtained by cleaving the ester groups of 
C(R),P(S)-EABPP with HBr [Ii] in glacial CH3COOH. The reaction is quite rapid and the half- 
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TABLE 2. Hydrogen Bonds N-H...CI 

Bond Length. ~ A~le o. deg 

N(A) . . .  Cl(h) , ,  
N(A) . . .  CI(A) (z-a) 
N,(A). �9 �9 C~(B ) 
N(B) . . . .  CI(B) 
N ~ )  . . .  CI(B) (z+t) 
N (B) . . . .  CI(A) 

3,10(I) 
3,15(,I) 
3,16(I) 
3,21(I) 
3,18(I) 
3,i2(i) 

CI(A)N(A)CI (B) 
CI(A) N (A) CI(A) (z- l )  
CI(B)N (A)CI(A) (z - l )  
C] (A) N ~ )  C! (B) 

C1 (B)N(B)CI(B) (z+i) 
C1 (h) N (B)ClfB) (z+i) 

93(I) 
127(I) 

91(I) 
91(1) 

122(I) 
91(I) 

reaction time is ~i h. With excess dealkylating agent, the following values of the first- 
order reaction rate constants (sec -~) were obtained at 15, 25, 35, and 45~ k~5 = 3.83" 
10 -5 , k25 = 1.88"10 -4 , ka5 = 4.30"10 -4 , and k45 = 12.65"10 -4 �9 The values of the energy of 
activation, preexponent, and entropy of activation, calculated from these data, are: E = 
20 kcal/mole, log A = 11.14 and ASF = --12.2 eu. 

Sorbents with C(R),P(S)-EABPP and R-~-aminobenzylphenylphosphinic acid groupings were 
obtained as described in [12], by aminating the chloromethylated cross-linked styrene copoly- 
mer with the indicated phosphinate and subsequent cleavage of the ester groups of the sor- 
bent. The latter asymmetric sorbent can be used for the ligand-exchange chromatography of 
the enantiomers of complexing compounds. 

EXPERIMENTAL 

EABPP Hydrochloride. The HCI salt was synthesized as described in [4] from 79.3 g of 
hy~robenzamide [13], 114 g of freshly distilled ethyl phenylphosphinate [14], 41 ml of EtsN, 
and 0.6 ml of water at 55-100 ~ . The reaction course was checked by TLC. Slight heating up 
of the mixture is observed at the start of reaction. The crude EABPP.HCI salt has mp 166- 
169 ~ , 170-172 ~ after recrystallization from EtOH, and 183-184 ~ after a second recrystalliza- 
tion. Found: C 57.5; H 6.2; N 4.5; P 9.8%. C15HIgNP02CI. Calculated: C 57.8; H 6.1; 
N 4.5; P 9.95%. 

The yield of the EABPP hydrochloride reaches 85% and depends on the purity of the 
ethyl phenylphosphinate, the reaction temperature, and the amount of water in the mixture. 
A deficiency of water leads to isomerization of the hydrobenzamide to amarin as described 
in [4]. Excess water facilitates the formation of a by-product, which, in contrast to bis- 
(phenylethoxyphosphoryl)tetrahydrohydrobenzamide, is insoluble in ethanol--ether mixture, but 
is readily soluble in water. The product gives a positive ninhydrin test, and evolves 
ammonia when alkali is added; mp ~183 ~ These data permit assuming that the by-product is 
the ammonium salt of phenylphosphinic acid. Found: C 44.7; H 5.9; N 8.6; P 19.6%. 
C6HIoNP02. Calculated: C 45.3; H 6.3; N 8.8; P 19.5%. The partial saponification of 
phosphorus-containing components is also observed when aminophosphinates and aminophos- 
phonates are synthesized by the Fields--Kabachnik-Medved method [6, 15]. 

C(R),P(S)-EABPP. Synthesized as described in [4] by the repeated recrystallization 
of the acid salt, obtained from a mixture of the diastereomeric racemic modifications of 
EABPP and the monohydrate of dibenzoyl-d-tartaric acid (DBTA) [16] (Table 3)~ After seven 
and more recrystallizations the salt has mp 160 ~ and [~]2o (%, nm): --79.5 ~ (589), --83.8 ~ 
(578), --97.5 ~ (546), --193 ~ (436), --370 ~ (365) (C i, methanol). Found: C 62.2; H 4.9; 
N 2.1; P 4.9%. Cs3Ha2NPOIo. Calculated: C 62.6; H 5.1; N 2.2; P 4.9%. 

The EABPP, isolated from the salt in 85% yield [16], is an oil that crystallizes 
rapidly on standing, mp 85-89 ~ [~]2o (%, nm): +14.0~ +14.3~ +16.2~ 

+26.3~ +36.7~ (C 5.2, EtOH). 

Racemic a-Aminobenzylphenylphosphinic Acid. The acid was obtained by keeping for 3 
days a solution of 0.64 g of mixed diastereomeric racemates of EABPP in i0 ml of glacial 
AcOH, saturated with dry HBr. After working up the solution as described in [16] we iso- 
lated 0.29 g (47%) of a-aminobenzylphenylphosphinic acid monohydrate. After recrystalliza- 
tion from 50% EtOH, mp 234-235 ~ . Found: C 58.5; H 6.3; N 5.2; P 11.3%. C~3HI4NPO2"H=O. 
Calculated: C 58.9; H 6.0; N 5.2; P 11.7%. 

R-~-Aminobenzylphenylphosphinic Acid. The acid was obtained from 0.59 g of C(R),P(S)- 
EABPP as indicated above. We isolated 0.19 g (33.5%) of the compound. After recrystalliza- 
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TABLE 3. Recrystallization of Acid Salt of EABPP and DBTA 
from Ethanol 

Taken ~rrecrystal l izat ion Salt isolated afte~recrystallization 

salt, g 

59,t EABPP + 
+7t,0 DBTA'H20 

92~8 

42,0 
26,4 
2t,0 
i7,2 
12,8 
t0,6 
8,7 
6,6 

EtOH, ml 

50 EtOH+ 
+500 ether 
100 MeOH+ 
i +260 ether 

i25 
85 
72 
85 
62 
62 
60 
55 

93,0 

42,0 

26,4 
21,0 
t7,2 
t2,9 
t0,8 
8,7 
6,9 
5,3 

78 

45 

63 
80 
82 
75 
88 
82 
79 
80 

rap, ~ 

~ i45 

i54-i56 
154-t56 
i56-t58 
156-t58 
159-i60 

t60 
160 
169 

r 
[a]}'~ (C i, MeOI-I) 

-57,9 

-62,t 

-68,i 
-70,8 
-73,6 
-76,1 
-79,t 
-79,4 
-79,5 

TABLE 4. Amination of Styrene 
Copolymer with EABPP 

0 t>O~)4-, ~, 
C ,-.~ 0 " ' |  

g ..d ~ OI 

15 
30 
40 

Found. % 

N P 

3,5 
5,~ 
5,7 

>.-~ O= 

-, 50 
65 

2~5 too 

Found, qo 

N P 

5,7 
5,8 
5,5 2,5 

TABLE 5. Coordinates of Atoms of EABPP Hydrochloride (for 
CI, P, O, and N'I0 ~, for C'I03; A and B are independent 
cations and anions) 

A B 

atom x Y Z X Y Z 

CI 
P 
0 i 
02 
N 
C' 
C z 
C ~ 
C ~ 
C ~ 
C 6 
C v 
C s 
C 9 
CJ0 
Cil 

Ci2 

C13 
0t4 * 
0141 * 
Ci5 

665i (3) 
8634(3) 
865o(7) 
8o99 (8) 

o 
13~(4) 
io53 (7) 
2907 (8) 

5911 (s) 
-598(9) 
-3ti3(20) 

-33(25) 

5850(3) 
3938 (3) 
3870(8) 
4597 (8) 

t827 (4) 
3t6 (4) 
545(~) 

-298 (8) 
7233(7) 
816(t) 
858 (i) 
9ior 
952(i) 
94t (i) 
888(1) 
845(I) 
966(1) 
980(i) 

to~o(i) 
t i25(i)  
i t t2 ( i )  
t034(i) 
821 (2) 

755(2) 

583(8) 
64(i) 

- i i ( l )  
-34(t)  

- t o i  (t) 
-i45(1) 
- i24( i )  
-58(i)  
t48(1) 
t85(i) 
290(1) 
177(I) 
138(1) 
t24(t) 
27t (2) 

975 (24) 
i46(3)~ 
t3i (3) 
310(3) 
293(4) 
'i02 (4) 
-75(4) 
-64(4) 

54(3) 
270(3) 
547 (3) 
2i3(5) 

5(4) 
-74(3) 

- i63 (6 )  

5225 (7) 
431(1) 

, 382 (i) 
39o(1) 
542(i) 
285(i) 
276(i) 
324(i) 
296 (i) 
225(i) 
i48(2) 
i42(2) 
2o4(3) 
288 (2) 
450(2) 
474(4) 

2 ~ ( 2 )  -30i  (6) 5i5(2) 

ii72(8) 
i03(i) 
174(i) 
222(1) 
288 (i,). 
304(i) 
256(i) 
192(1) 

o(i) 
i7(i)  

-4(2) 
-38(2) 
-58(2) 
- 33 (2), 
l i l (2)  
-88(4) 

-io7(2) 

821 (9) 
4ii2(i0) 
t598 ('20 
4703(26) 
5827 (24) 
6i6 (3) 
597 (3) 
404(4) 
394(4) 
576(4) 
763(4) 
776(3) 
52i (4) 
40O(5) 
463(6) 
674(7) 
8t3(6) 
734(5) 
344(6) 
327 (9) 
151(7)~ 

*Atoms of disordered C2H5 groups, refined isotropically; the 
15 14 C occupies one position, while the C atom occupies two 
0 it" l~ I~' �9 �9 p s ions, --C and C , in whlch connection the C :~' 

position could not be detected in cation A, while in cation 
B the populations of the positions are respectively equal 
to 0.7 and 0.3. 

835 



O
O
 

~
o
 

T
A
B
L
E
 

5
. 

A
n
i
s
o
t
r
o
p
i
c
 
T
e
m
p
e
r
a
t
u
r
e
 
F
a
c
t
o
r
s
 
('

i0
) 

a
s
 
T 

= 

a
to

m
 

C
1 P O
 l 

O
 2 

N
 

C
 l 

C
 2 

C
 a C
 4 

C
 5 

C
 ~ 

C
 7
 

C
 ~ 

C
'J 

C
lo

 
(7

t 

C
l2

 

C
t3

 

C
la

 

B
,, 

38
(2

) 
49

 (2
) 

56
 (6

) 
,6

0(
7)

 
23

(6
) 

53
 (i

o)
 

33
(8

) 
48

 (1
1)

 
47

(1
2)

 
49

(t
l)

 
66

(1
3)

 
4o

(t
o)

 
45

 (1
o)

 
60

(i
3)

 
69

 (1
2)

 
53

(t
t)

 
51

(t
2)

 
38

(9
) 

13
5(

9)
 *

 

14
6 

(9
) *

 

B
22

 

48
(2

) 
31

 (2
) 

52
 (7

) 
38

(7
) 

36
(7

) 
34

(9
) 

32
 (t

0)
 

43
(1

0)
 

54
(1

2)
 

40
(1

0)
, 

35
(1

t)
 

38
(t

t)
 

24
(9

) 
47

 (1
t)

 
40

(1
2)

 
43

(1
4)

. 
50

(t
2)

 
47

 (t
t)

 

B
a3

 

36
(2

) 
31

 (3
) 

2t
(6

) 
62

,(8
) 

33
(7

) 
t7

(7
) 

29
(s

) 
31

 (t
o)

 
58

(1
3)

 
39

(1
2)

 
36

(t
2)

 
5o

(1
2)

 
29

(9
) 

29
(1

0)
 

25
(1

0)
 

55
(t

5)
 

65
 (1

4)
 

43
(lO

) 

*
B
i
s
o
,
 
~
2
"
i
0
.
 

B
I2

 

5(
2)

 
-t

 (
2)

 
-9

(5
) 

16
(6

) 
8(

5)
 

7(
8)

 
5(

7)
 

12
(9

) 
t6

(1
t)

 
tt

 (
9)

 
5(

9)
 

2(
8)

 
-9

(7
) 

22
(1

1)
 

24
(1

1)
 

6(
1o

) 
-5

(1
1)

 
-3

(9
) 

B
la

 

-I
 (

2)
 

3(
2)

 
5(

5)
 

10
(6

) 
6(

5)
 

0(
7)

 
5(

7)
 

-5
(9

) 
- 

t9
 (

t0
) 

-9
 (1

0)
 

13
(1

0)
 

-6
(9

) 
-2

(8
) 

15
(9

) 
-5

(9
)'

 
-8

(t
l)

 
8(

lO
) 

ti
(9

) 

B
23

 

1 
(2

) 
0(

2)
 

-2
(5

) 
-5

 (7
.) 

t(
6)

 
3(

7)
 

1 (
8)

 
-2

(9
) 

[0
(1
1 

-3
(I

C
 

1O
(9

 ~, 
2(

tC
 

6(
7)

 
-5

(9
) 

I6
(I

( 

4(
t2

 
-8

(t
c 

e
x
p
[
-
-
i
/
4
(
B
1
1
h
2
a
 ~
2 

+ 
..
. 

+ 
2
B
1
a
h
k
a
*
b
*
.
.
.
)
]
 

B 

' B
Ix

 

43
(2

) 
3o

 (,3
) 

64
(7

) 
64

(8
) 

30
(6

):
 

. 
38

(t
o)

 
31

 (l
O

) 
46

(1
1.

) 
53

(t
2)

 
27

 (9
) 

45
 (,

10
) 

3t
 (9

) 
57

 (1
1)

 
35

(9
) 

58
(t

8)
 

77
(t

6)
 

11
 t 

(3
1)

, 
59

(2
t)

 
10

3(
t2

) 
* 

t2
2 

(g
2)

 *
 

13
3(

12
) 

* 

B
22

 

55
(3

) 
34

(2
). 

46
(7

) 
43

(8
) 

33
(8

) 
3o

(8
) 

3O
(lO

 
44

(1
1 

35
 (1

01
 

56
(t

2 
57

(1
3 

45
(1

t 
4O

(lO
 

55
 (1

41
 

98
,(2

~ 
78

 (2
'6

 
t6

(~
t:

 
94

(2
4'

 

B
33

 

4t
 (3

) 
39

 (3
) 

3t
(6

) 
63

(9
) 

38
(7

) 
24

(9
) 

36
 (1

01
 

34
(.1

1:
 

58
(t

3)
 

58
(1

3)
 

46
(t

2)
 

43
(t

0)
 

33
(1

t)
 

,o
,o

(1
7)

 
99

 (2
2)

 
94

(2
,5

) 
66

 (1
9)

 
49

 (1
6)

 

B
u 8(
2)

 
4(

2)
 

-7
(6

) 
8(

7)
 

- 
1 

(6
) 

-4
(7

) 
7 

(8
) 

-9
0

) 
-t

t 
(1

0)
 

-8
(9

) 
11

 (9
) 

5(
9)

 
-1

1 
(l

O
) 

-2
(1

o)
 

-6
(1

7)
 

-t
6

 (
17

) 
-4

4(
'2

8)
 

-5
8(

19
) 

Bn
3 

6(
2)

 
-2

(2
) 

-1
 (

6)
 

-t
6

(7
) 

5(
5)

 
t(

7)
 

-3
(8

) 
7(

9)
 

-3
(t

t)
 

1(
9)

 
t9

 (9
) 

1t
(8

) 
-3

(9
) 

5(
1t

) 
-~

(t
7)

 
0(

17
) 

45
 ~

Z2
.) 

-4
(t

5)
 

B
2a

 

3(
2)

 
2(

2)
 

1(
6)

 
-1

5(
7)

 
3(

7)
 

3(
7)

 
-1

(9
) 

-4
(9

) 
-t

3(
,t

0)
 

12
(1

t)
 

-9
(t

l)
 

9(
9)

 
1(

10
) 

25
(1

2)
 

20
(2

1)
 

-2
5(

2t
) 

t9
(1

9)
 

26
(1

6)
 



tion from 50% EtOH, mp 232 ~ [~]2o (%, nm): --28.8 ~ (589), --30.2 ~ (578), --35~0~ 
-67.0 ~ (436), --122 ~ (365) (C 0.9, HCI, i:i). 

The hydrolysis rate of EABPP was studied polarimetrically in 4.5% EABPP solution (in 
glacial AcOH), enriched with the C(R),P(S)-isomer ([~]~, = +3.3 ~ ethanol). The equation 
for a first-order reaction was used to calculate the reaction rate constants (integral 
method) [17]. 

The sorbent with R-~-aminobenzylphenylphosphinic acid groupings was obtained as de- 
scribed in [12], by aminating at 40 ~ the chloromethylated macroreticular styrene polymer, 
crosslinked with 5% p-xylylene dichloride and 0.5% divinylbenzene [18], with EABPP ([~]~8 = 
+3.3 ~ ethanol) and subsequent cleavage of the ester groups of the sorbent using HBr and 
either alkaline or acid hydrolysis [16] (checked via the IR spectrum). The reaction is com- 
plete (Table 4) in 40 h. From the elemental analysis data, the capacity of the anionite 
reaches 1.8 mg-equiv/g. 

C__rystal and Molecular Structure of (+)-EABP_p_P. The experiment was run on a 4-circle 
Hilger--Watts automatic diffractometer using % Cu radiation (graphite monochromator), 2~ 
2e ~ 120 =, e/2e scan, 1500 reflections with F 2 ~ 3 a. The structure was deciphered by 
the direct method and was refined by the method of least squares as the full-matrix aniso- 
tropic approximation (the C ~ and C ~5 atoms of the disordered C2Hs groups were refined 
isotropically). The position and isotropic heat parameters (Biso 5.0 A=) of the H atoms of 
the phenyl rings and the C ~ atom, arranged in the calculated positions, were fixed during 
the refining process. All of the calculations were made on an Eclipse S/200 minicomputer 
based on Syntex-EXTL programs. The final value was R 0;058, R w 0.059. The absolute con- 
figuration of the cation (R for the C atom and S for the P atom) was determined by the 
Hamilton test [19], taking into account the anomalous corrections for the CI, P, and 0 
atoms (for the inverted structure R 0.067, R w 0.070). 

The crystals of the EABPP hydrochloride are monoclinic, = = 16.119 (2), b = 18.010 (2), 
c = 5.581 (I) A, ~ = 90.61 (2) , V = 1620.0 (4) A , dmeas = 1.27, dcalc 1.28 g/cm 3, Z = 4, 
space group P2~, and each cell has two independent cations and anions. The coordinates of 
the atoms and their temperature factors are given in Tables 5 and 6. 

CONCLUSIONS 

i. A convenient method was proposed for obtaining ethyl ~-aminobenzylphenylphosphinate 
from hydrobenzamide and ethyl phenylphosphinateo It was found that this reaction is stereo- 
specific as regards the configuration of the C and P atoms. 

2. The first members of ~-aminophosphinic acids, and specifically ~-aminobenzylpheny!- 
phosphinic acid and its ethyl ester, were obtained in the optically active form, and the 
absolute configurations of the asymmetric C and P atoms were determined. 

3. The rate of hydrolyzing ethyl ~-aminobenzylphenylphosphinate by dry HBr was studied. 

4. Sorbents of the polystyrene type, containing the groupings of R-~-aminobenzyl~ 
phenylphosphinic acid and its ethyl ester, were obtained for the first time. 
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SYNTHESIS, REACTION WITH ESTERASES, AND TOXICITY OF 0-ALKYL 

S-(CARBALKOXYMETHYLMERCAPT0)METHYL METHYLTHIOPH0SPHONATES 

T. A. Mastryukova, A. E. Shipov, 
Z. K. Emkuzheva, A. P. Brestkin, 
I. L. Brik, Yu. E. Mandel'shtam, 
A. N. Fedin, T. I. Nozhko, 
Z. Tilyabaev, S. A. Roslavtseva, 
Yu. S. Kagan, E. A. Ershova, 
and M. I. Kabachnik 

UDC 542.91:541.69:547.1'118 

Previously [i] we had described the synthesis and physiological activity of compounds 
of general formula CHa(R0)P(S)S(CH2)nSCH2C00R ' (I) (R = CH3, CaHs; R' = CHs, C2H5, i-C3HT, 
i-C~Hg; n = i, 2~,among which are included active insecticides and acaricides with a mod- 
erate toxicity toward warm-blooded animals. It was shown that the physiological activity 
of the (I) compounds depends to a large degree on the structure of the R and R' sub- 
stituents. In this connection it was interesting to follow the effect of the R and R' 
groups on the ability of the monothio analogs of the (I) compounds to inhibit the esterases 
of warm-blooded animals and arthropoda and compare the obtained data with the toxicity of 
these compounds. In addition, it was previously established [2] that an increase in the 
size of the alkyl in the alkoxyl group on the phosphorus atom enhances (due to the hydro- 
phobic interactions with the environment of the active center) the ability of methylthio- 
phosphonates to inhibit the cholinesterases of warm-blooded animals. Consequently, it also 
seemed interesting to ascertain to what degree this relationship extends to the esterases 
of arthropoda. 

We synthesized a number of 0-alkyl S-(carbalkoxymethylmercapto)methyl methylthiophos- 
phonates: 

CH3(R0)P(0)SCH~SCH~C00R' (II) --  (XIV) 

R : CH~, C~Hs, C3H7, C4H9, i-C4H9, C5H11, C~Hla, CTHls, CsH17; R' = CH3, 
C2H5, i-C4H9. 

Thes e compounds were o b t a i n e d  by the  r e a c t i o n  of  sodium O - a l k y l  m e t h y l t h i o p h o s p h o n a t e s  wi th  
c a r b a l k o x y m e t h y l  c h l o r o m e t h y l  s u l f i d e s .  The c o n s t a n t s  of  the  o b t a i n e d  compounds and t h e i r  
e l e m e n t a l  a n a l y s i s  da t a  a r e  g iven  in  Table  1. 

To e s t i m a t e  the  a n t i e n z y m a t i c  a c t i v i t y  of  compounds ( I I ) - ( X I V )  we de te rmined  the  b i -  
m o l e c u l a r  r a t e  c o n s t a n t s  (k2) of  t he  r e a c t i o n s  o f  t h e s e  compounds wi th  the  a c e t y l c h o l i n -  
e s t e r a s e  of  human e r y t h r o c y t e s  (ACE), the  b u t y r y l c h o l i n e s t e r a s e  of  ho r se  serum (BuCE), the  
c h o l i n e s t e r a s e  (CEt) and c a r b o x y l e s t e r a s e  (CBE) o f  the  ne rve  t i s s u e  of  the  American cock-  
roach  ( P e r i p l a n e t a  amer icana  L . ) ,  and a l s o  the  I5o v a l u e s  f o r  the  c h o l i n e s t e r a s e  of  h o u s e f l y  
heads (Musca domes t i ca  L . )  (CEm). The t o x i c i t y  of  the  compounds was c h a r a c t e r i z e d  by the  

LDso v a l u e s .  
I n s t i t u t e  of  H e t e r o o r g a n i c  Compounds, Academy of  Sc iences  of  the  USSR, Moscow. T rans -  

l a t e d  from I z v e s t i y a  Akademii Nauk SSSR, S e r i y a  Khimicheskaya,  No. 5, pp. 1131-1136, May, 
1980. O r i g i n a l  a r t i c l e  submi t t ed  A p r i l  16, 1979. 
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