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The ethyleneimides of N -phthalyl-D, L-valine, N-phthalyl-D, L -glycine, N-phthalyl -D, L-  
alanine, N-carbobenzoxy-D,L-valine, N-benzoyl-D,L-leucine, and of the T-methyl es ter  
of N-carbobenzoxy-L-glutamic acid and monomethyl succinate were synthesized. A 
number of O,O-diethyl S- (8 -acrylaminoethyl) dithiophosphates were obtained by opening 
the ethyleneimine ring in the ethyleneimides of N-acylated amino acids with diethyl di- 
thiophosphoric acid. The fl-chloroethylamides of phthalyl-D,L-valine, N-acetyl-D,L- 
valine, and monomethyl succinate were obtained. 

As is well known, O,O-dialkyl dithiophosphates are relatively strong acids {K a ~ 10 -2) that are cap- 
able of nucleophilic addition. In recent years ,  the addition of O,O-dialkyl dithiophosphates to olefins has 
been thoroughly studied. Numerous O,O,S-trialkyl dithiophosphates, which have found broad application as 
highly active insecticides and acricides of low toxicity to animals and man, have been synthesized [1]. In- 
formation is also available regarding the addition of O,O-dialkyl dithiophosphates to ethylene oxide [2] and 
ethylene sulfide [3]. Ethyleneimine reacts with lower O,O-dialkyl dithiophosphates to form undistillable 
O,O--dialkyl S-(fi-aminoethyl) dithiophosphates, which are character ized as the i r  picrates [4]. Ethylene- 
imine derivatives, including N-alkyl- and N-acyl-substituted ethyleneimines, have not been studied in this 
reaction. Because of the high strain of the three-membered ethyleneimine ring, ethyleneimine derivatives 
are readily opened by various nucleophilic agents, and their reaction with O,O-dialkyl dithiophosphates may 
serve as a convenient route for the synthesis of substituted O,O-dialkyl S -~  -aminoethyl) dithiophosphates. 

In the present research,  we have studied the reaction of a number of N-acylated ethyleneimines with 
O,O-diethyl dithiophosphoric acid. The starting ethyleneimine compounds used were N-phthalyl-D,L- 
phenylalanine ethyleneimide (i),which we previously synthesized [5], as well as the ethyleneimides of  N- 
phthalyl-D, L-valine (II), -glycine (III), -D, L-alanine (IV), N-carbobenzoxy-D, L-valine (V), the T-methyl ester  
of N-carbobenzoxy- L-glutamic acid (V 1), and N-benzoyl-D, L-leucine (VII), obtained by the same method used to 
prepare I - by the action of 1,3-dicyclohexylcarbodiimide on a mixture of the corresponding N-acylated s-amino 
acid and ethyleneimine. We foundthatthe ethyleneimides of the s-amino acids (I-VII) reac t  comparatively readily 
with O,O-diethyl dithiophosphoric acid in apolar  solvent (usually methanol). In this case, one obtains the co r r e -  
sponding (and apparently difficult-to-obtain by other synthetic methods) O,O-diethyl S-(fi-aeylaminoethyl) dithio- 
phosphates {VIII-XIV) as stable, crystalline compounds, the structure of which was confirmed by the IR 
spectra (Table 1). O,O-Diethyl S- (8 -aminoethyl) dithiophosphate r was characterized as a water-soluble 
salt with tar tar ic  acid (XVI). The possibility of the synthesis of O,O-diethyl S-(8-acylaminoethyl) dithio- 
phosphates from fi --chloroethylamides of several  N-acylated a-amino acids and potassium O,O-diethyl di- 
thiophosphate via the known alkylation of alkaline salts of O,O-dialkyl dithiophosphoric acids with alkyl 
halides [8] was also investigated. The fl-chloroethylamides of N-phthalyl-D,L-valine (XIX), N-acetyl-D,L- 
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T A B L E  1.  O , O - D i e t h y l  S -  (8 - A c y l a m i n o e t h y l )  D i t h i o p h o s p h a t e s  

mp, *c 
Comp. r r" (crystallization solvent) 

VIII C~H~CH2 

IX 

X 

XI 

XII 

XIII 

XIV 

Phthalimido 

The same 

C~HsCH~OCONH 

C~H6CH~OCONH 

C6HsCONH 

(CHa) 2CH 

H 

CfIa 

(Ct-ta)~CH 

CHaOCOCHeCH= (L- )*  

(CHa) =CH~CH~ 

109--110 
(ethyl acetate + petroleum ether) 

]07--1o8 
(ethYs1 ae~5tate) 

(ethyl acetate) 
76--77 

(ethanol) 
64--65 

(aqueous ethanol) 
104--105 
(ethanol) 

Table 1 (continued) 

Comp. 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

Empirical formula 

CzaI127N205S~P 
C19H27N2OsS2P 
C16H2~N2OsS2P 
CITH2~N2OsSeP 
C~gHalNeOsS2P 
C2oHal N207S2P 
CIgHaIN204S2P 

Found, % 

C I I P 

54,71 5 ,16  5,94 
49,33 6 ,54  6,10 
46,58 5 ,12  7,93 
48,07i 6,08 7,79 
49,6(~ i 6,92 
47,43 6,57 5,98 
51,09 7,20 6,54 

Calc. % 

C I H 

I 
54,51[ 5,37 
49,75 i 5,93 
46,15] 5,08 
47,42 ! 5,39 
49,33 i 6,75 

6,27 
' i 7,0 

6,11 
7,44 
7,44 
7,19 

6,11 
6,93 

Yield, 
% 

86 
62 
57 
75 
76 
80 
82 

* F o r  XI I I ,  [a ]  D = - 7  ~ • 2 ~ (CHCla,  c 0 .5  M) .  

T A B L E  2. Ethyleneimides 

rr,CllCO n(i H2 
\CH2 

Comp. 
rap, *C II I F~176176176176 - - -  
(erystalli- ] E m p i x i e a l l _ _ _  hera ,  
venZafi~ sol- formula c H C H ~176 

II 

III 

IV 

V 
VI 

VII 

Phthalimido 

The same 
t t  

CsHsCHzOCONH 
C6HsCH2OCONH 
C6HsCONH 

(CHa)2CH 

H* 

CHa 

(CHa)2CH 
CHaOCOCH~CH2 
(CHa) 2CH2CH~ 

97--98 C15Hl~N2Oa 
(ethanol) I 

114 [Cj~HIoN~Oa 
(ethanol) i 

92--94 [ClaHt2NzO~ 
(pelroleum 

ether) t 
Oil C~sH2oN208 
Oil IC ~6H2oN205 

77--78 [Cr~H2oN20~ 
(pelroleum 

ether) 

6970 

6,35 66,16 

5,2( 63,93 

59S4 

5,92 72 

- -  73 

4,95 96 

76 
7,~5 80 80 

* Prev ious ly  synthes ized from the acid chloride of phthalylglycine 
and ethyleneimine [6]. 

valine (XX), and of the methyl es ter  of succinic  acid (XXI) were obtained by opening the ethyleneimine ring 
of the corresponding ethyleneimides  of the carboxylic  acids (II, XVII, and XVIII) with dry hydrogen chloride.  
However, the products of the reaction of XIX-XXI with potassium O,O-diethyl dithiophosphate proved to be 
oi ls  that were difficult to purify. 

HCI 
R r ' c H c O - N  - - - ~ R R ' C H c O -  N H c H 2 c H ~ c l  

i l ,  XV[I, XVI I I  X |X- -XXI  
|1 R=phlhalimidoR'=(CHa)2CH; XVll R=CHaCONH, R'-(CHa)2CH; 

XVIIi R= H,R'= CH~OCOCH2 
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E X P E R I M E N T A L  

Ethyleneimides If-VII and XVIII were synthesized by the method in [5] by condensation of the c o r r e -  
sponding N-acylated amino acids with ethyleneimine in the presence  of 1,3-dicyclohexylcarbodiimide in 
CHC13 or te t rahydrofuran with cooling to 0 ~ (Table 2). Ethyleneimides V and VI were obtained as oils.  The 
oils could not be purified by chromatography with a column filled with KSK sil ical gel (65-150 mesh) with 
elution by benzene. Analysis  of the residue after  evaporation of the solvent demonstrated the presence  of 
f rom 5 to 10% of impurit ies (titration by the thiocyanate method [7]). 

General Method for the Synthesis of O,O-Diethyl S-(~ -Acylamino) Dithiophosphates (VIII-XIV). A 
0.025 mole sample of the ethyleneimide (I-VII) was added slowly with vigorous s t i r r ing  to a cooled (to -5  ~ 
solution of 0.025 mole of diethyl dithiophosphoric acid in 15 ml of absolute methanol while maintaining the 
tempera ture  no higher than 10 ~ After s t i r r ing  at room tempera ture  for 15 min, the react ion mixture was 
heated slowly and refluxed for 2 h until it gave a negative reaction (with respec t  to Congo red ) to thep re sence  
of the s tar t ing acid. It was then cooled, and the solvent was vacuum-evaporated to give the O,O-diethyl S-  
(/3-acylaminoethyl) dithiophosphates (VIII-XIV) as solid residues,  which were rec rys ta l l i zed  f rom suitable 

solvents.  Intense doublet absorption bands, charac te r i s t i c  for the valence vibrations of the o~p~s, 
O $--C 

grouping [9], are  present  in the IR spec t ra  of VIII-XIVin the 655-660 cm -1 region. 

O,O-Diethyl S-(B-Aminoethyl) Dithiophosphate (XV). A 0.046-mole sample of ethyleneimine was 
added dropwise with s t i r r ing  to a cooled (to - 5  ~ solution of 0.042 mole of diethyl dithiophosphoric acid in 
20 ml of absolute methanol.  At the end of the addition, the react ion mixture  was s t i r red  at room t empera -  
ture for 1 h. The solvent and excess ethyleneimine were vacuum-evaporated to give 8 g (85%) of analyt ical-  
ly pure XV with n~ 1.5280 and d 2~ 1.185 ~a~ 1.5287, d 2~ 1.17 [4]). The substance was quite soluble in organ-  
ic solvents and insoluble in water .  Found: C 32.4; H 7.2; S 13.5%; MR D 59.59. CGHt6NO2S2P. ca lcula ted:  
C 32.7; H 7.3; S 13.7v/c; MR D 59.99. 

Tar t ra te  of O,O-Diethyl S-(~-Aminoethyl)  Dithiophosphate (XVI). A solution of 0.01 mole of t a r t a r ic  
acid in 2 ml of water was added slowly to 0.02 mole of O,O-diethyl S-(/3-aminoethyl) dithiophosphate. The 
mass  warmed up spontaneously and solidified at the end of the addition. It was t r i tura ted  with ether,  f i l-  
tered,  and washed with acetone to give 2 g (52%) of XVI with mp 155-157 ~ (from methanol).  Found: C 32.1; 
H 6.0; P 7.9; S 3.8%. Ci0H22NS2P. Calculated: C 31.6; H 5.8; P 8.2; S 3.7%. 

N-Phtha ly l -D,L-val ine  f l -Chloroethylamtde (XIX). A total of 20 ml of a cooled (to - 5  ~ absolute ether,  
saturated at 0 ~ with dry hydrogen chloride,  was added with s t i r r ing  to a cooled (to -5  ~ solution of 0.0075 
mole of N-phthalyl-D,L-val ine ethyleneimide (II) in 35 ml of absolute e ther .  The solution was allowed to 
stand in a r e f r i ge r a to r  to give 2.0 g (84%) of XIX with mp 131-132 ~ (from ether).  Found: C 58.2; H 5.5; C1 
11.6%. CisHITN203C1. Calculated: C 58.4; H 5.6; C1 11.5%. 

N-Acetyl -D,L-val ine  f i -Chloroethylamide (X-X). A total of 25 ml of absolute methanol saturated with 
dry  hydrogen chloride was added rapidly with s t i r r ing  at -5  ~ to a solution of 0.01 mole of N-ace ty l -D ,L-  
valine ethyleneimide (XVII) [5] in 10 ml of absolute methanol.  The mixture was s t i r red  a t - 5  ~ for 3 h and 
at room tempera ture  for 1 h. The solvent was removed in vacuo, and the residual  viscous oil began to 
c rys ta l l ize  on t r i tura t ion with absolute ether to give 1.5 g (68%) of XVIII with mp 175-177 ~ (from ethanol). 
Found: C 49.3; II 8.1; C1 16.1%. CoHisN202C1. Calculated: C 49.0; H 7.8; C1 16.1%. 

fi -Chloroethylamide of Methyl Succinate (XXI). Dry  hydrogen chloride was bubbled for 6 h into a 
solution of 0.03 mole of the ethyleneimide of monomethyl succinate (XVIII) [10] in 40 ml of benzene at 0 ~ . 
The mixture was then allowed to stand for several  hours at room tempera ture ,  the solvent was vacuum-  
evaporated, and the residue was distilled to give 4.4 g (52%) of XXI with bp 141-142 ~ (1.5 ram), n~ 1.4854, 
and d] ~ 1.2480. Found: C 43.4; H 6.1; C1 17.6%; MR D 44.72. CTH12NO3C1. Calculated: C 43.4; H 6.2; C1 
17.8%; MR D 44.66. 

O,O-Diethyl S - [~ -  (N'-Phthalylvalyl)aminoethyl] Dithiophosphate (IX). A 0.015-mole sample of potas-  
sium diethyl dithiophosphate [11] was added in smal l  portions to a solution of 0.0125 mole of the fi - ch lo ro -  
ethylamide of N-phthalyl-DL-val ine (XIX) in 15 ml of acetone, and the mixture was heated at 50-60 ~ for 3 h. 
The KC1 (0.89 g) was removed by filtration, the fi l trate was vacuum-evaporated,  and the residual  oil was 
purified by chromatography with a column filled with KSK si l ica gel (65-150 mesh) with b e n z e n e - e t h e r -  
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methanol (8 : 2 : 1) as the eluent.  Th in- layer  chromatography on plates with a fixed layer  of KSK si l ica  gel 
(200-250 mesh) in the same solvent sys tem (with iodine as the developer) demonst ra ted  that the product  was 
identical to an analytical sample of IX (see Table 1). 
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