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Nine new Tammelin esters were studied on the basis of the chloroform extracts of their ion 
associates with bromophenol blue. A study was made of the effect of the alkyl on the amino and 
amido groups of diakylaminoethyl dialkylamidofluorophosphate and on the extraction effi- 
ciency of the ion pair, An increase in the number of carbon a t o m  on the amide group leads to 
an increase in the extraction efficiency of the ion pairs as a conseequnce of the increasing hydro- 
phobicity. A further contribution to the increase in the extraction efficiency with increasing 
number of carbon atoms in the alkyls of the amino nitrogen is clearly retarded by the increasing 
basicitiy of the amino group. An extraction spectrophotometric determination of the test derivat- 
ives of dialkylaminoethyl dialkylamidofluorophosphate was developed and the interferences 
from precursors in the synthesis were examined. 

In the nineteen fifties, in a search for toxic cholinergic phospho-organic substances, 
the Swedish team under the leadership of Tammelin'92 synthesized a number of 
substances including a group of derivatives of 0-(N,N-dialky1aminoalkyl)methyl 
fluorophosphate (called Tammelin esters3), with a structure similar to that of acetyl 
choline. The substances were prepared' *4 from the methylfluorochlorophosphate 
and 2-dialkylaminoethan01'*~. Special attention was paid to 2-dimethylaminoethyl 
methylfluorophosphate (I) and its choline derivative (II). 

Freshly prepared dialkylaminoalkyl methylfluorophosphates are transparent, colour- 
less liquids with high boiling points, preventing their distillation at  normal pressures 
Compounds of type (I) are very unstable liquids readily undergoing conversions 
It has been suggesteds that, on prolonged standing, the unstable cyclic compound 
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is formed spontaneously6; its structure has been studied by IR spectroscopy’. 
Bases ( I ,  11) cannot be stored for prolonged periods under normal conditions as they 
are gradually converted to solid substances with high melting points. In spite of 
their low stability as a consequence of hydrolysis, choline esters of type (11) are 
about 3-times more toxic than isopropyl methylfluorophosphonatezi8~9. These 
esters phosphorylate enzymes through the release of a fluorine atom”“ and cannot 
be reactivated by oximes in vitroI2; however, fast, spontaneous reactivation of 
the inhibited enzyme has been ~bserved’~. 

This work describes a study of the ability of selected dialkylaminoethyl dialkyl- 
amidofluorophosphates of the corresponding precursors - dialkylaminoethanol, 
dialkylamidodifluorophosphates and the decomposition hydrolytic products of dialkyl- 
aminoethyl dialkylamidofluorophosphates and dialkylamidodifluorophosphates 
to form ion associates with bromophenol blue that can be extracted into chloroform. 
This work was carried out in order to determine the possibility of determining the 
synthesized dialkylaminoethyl diallcylamidofluorophosphates by extraction spectro- 
photometry. 

EXPERIMENTAL 

Chemicals and Instruments 

The Tammelin esters were synthesized by the reaction of the corresponding precursors dialkyl- 
amidodifluorophosphate (G OY) and dialkylaminoethanol (V OX)  according to the general 
equation: 

G OY v xo GV XY 

where X is the number of carbons in alkyl R’ and Y is the number of carbons in alkyl R2. 
Table I gives a survey of the studied derivatives (manufactured by VOZ 072, Zemiansk6 

Kostolany) and precursors (Fluka). The purity of bromophenol blue (3,3’,5,5’-tetrabromo- 
sulfophthalein) was controlled spectrophotometrically’4 and on Silufol UV plates (Kavalier, 
Sazava) using acetic acid-butyl acetate-H20 (2:2:1) mobile phase; the dye was found to be 
97.6% pure. Citrate and phosphate buffers were prepared from pH 2.0 to 7.0 in 0.5 pH steps 
(ref.I5). Chloroform for extraction of the ion associates was shaken three times with distilled 
water and then distilled as the azeotropic mixture at 60°C. The remaining chemicals were at least 
of p.a. purity (Lachema, Brno). 

The pH values of the buffer solutions were controlled using an MV-870 Pracitronic pH Meter 
(Dresden) with a type G A  50 N glass electrode and reference type SE 20 calomel electrode 
(Meinberg). The absorbance values were measured using a Spekol 11 single-beam spectrophoto- 
meter (C. Zeiss, Jena). 
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Procedures 

The effect of the pH of the reaction medium on the formation and extraction of the ion associates 
of the test substances with the anionic dye was studied by determining the functional dependence 
A = f (pH)  at 410 nm (Figs 1, 2). Amounts of 2 ml of buffer with pH 2.0 to 7.0 in steps of 0.5 pH 
units were pipetted into test tubes along with 50 pl of a solution of the sample substance GV XY 
[XY, (cGv x y ,  pmol I-'): 1 1  (39), 12 (54), 13 (25), 21 (loo), 22 (23), 23 (22), 31 (43), 32 (29), 
33 (IS)] or precursor V XO [XO, (c, xo, mmol I-'): 10 (1.26), 20 (0*32), 30 (0.06)] and 0.1 ml 
of a methanol solution of the dye bromophenol blue (cL = 9 mmol I-'). The extraction was 
carried out by shaking into 2 ml of chloroform for a period of 2 min, drawing off of the aqueous 
phase and measuring the absorbance of the extract at 410 nm. 

The composition of the associate betueen the test substance and the dye during the reaction 
was found from the functional dependence A = f ( x L ) ,  where xL is the mole fraction of the dye. 
An amount of 2 ml of the buffer with pH 3.5, 10 to 100 p1 of methanol solution of the test sub- 
stance (ccv x y  = 50 mmol I-'), transferred by micropipette in steps of 10 p1 and 10 to 90 pl 
of a methanol solution of the dye (c, = 50 mmol I-') were extracted into 2 ml of chloroform 
and the absorbance of the ion associate was measured. 

The molar absorption coefficient of the ion associate was determined after quantitative ex- 
traction of the dye as the ion associate into chloroform. An amount of 0 to 1 ml of the dye soh- 
tion with cL = 50 pmol 1- '  in buffer of pH 3.5 was diluted to a volume of 1 ml with buffer 
solution and was mixed with 1 ml of buffered solution of the test substance with a concentration 
of 20 mmol 1-' with the same pH. The extraction was carried out by shaking with 2 ml of chloro- 
form, The quantitativeness of the extraction of the dye was checked spectrophotometrically. 

TABLE I 
Survey of the studied dialkylaminoethyl dialkylamidofluorophosphate, dialkylamidodifluoro- 
phosphates and dialkylaminoethanols 

_ _  

R' 

- 

CH3 
CZH5 
i-C3H7 

__ - - ~ _ - _ _  _ _ ~  

Purity 
% R2 Code 

- -. __ - - _________- 

CH3 GV 1 1  48.6 
CZH5 GV 12 98.0 
1-C3H7 GV 1 3  97.0 
CH3 GV 21 69.5 
CZH, GV 22 77.4 
1-C3H7 GV 23 81.0 

CZHS GV 32 97.6 
1mC3 H, GV 3 3  90.6 
CH3 G 01 97.8 
CZHS G 02 98.3 
]-C3H7 G 03 98.8 
- v 10 98.0 
- v 20 99.0 
- V 30 98.0 

CH3 GV 31 99.5 

__ ___ - _- 
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After extraction of the ion associate, 2 ml of a solution of sodium hydroxide with a concenttation 
of 0.1 mol 1-' was added to 1 ml of the aqueous phase and the absorbance was measured at 
590 nm. 

The dependence of the absorption at I = 410 nm on the base concentration was determined 
by pipetting 2 ml of buffer of pH 3.5 into a set of test tubes, followed by 0.1 ml of methanol 
solution of the dye with cL = 9 mmol 1-I, and micropipetting of 0 to 100 p1 in steps of 10 ~1 
of a methanol solution of the test substance. After shaking for 2 min with 2 ml of chloroform, 
the absorbance of the ion associate in the organic phase was measured at L = 410 nm against 
pure soh ent. 

Chromatographic control of the ion associates of the test bases with bromophenol blue was 
carried out on commercial Silufol plates with a methanol-pyridine-formamide 60:15:5 (vol. %) 
mobile phase. An amount of 20 p1 of the chloroform extract of the ion associated of the test 
dialkylaminoethyl dialkylamidofluorosphophate, methanol solutions of the technical products 
of their synthesis and the corresponding precursors with concentrations of 30 mmol I- '  were 
applied to the start of the activated plates (120°C, 2 h). After evaporation of the solvent, the 
plates were conditioned by vapour of the mobile phase for 30 min, were developed and dried 
in the air for 2 h. Biochemical choline esterase detection was carried out by first spraying the 
plates with a solution of butyrylcholine esterase (USOL, Prague), prepared by dissolving 100 mg 
of the substance in 100 ml of phosphate buffer at pH 7.6. After 30-minute incubation at 20°C, 
detection was carried out by spraying with a mixture of the substrate (100 mg of acetylthio- 
choline iodide in 10 ml of buffer, pH 7.6) and 5,5'-dithio-bis(2-nitrobenzoic) acid (25 mg of the 
substance in 10 ml of buffer, pH 7.6) in a volume ratio of 1:l .  After 3 min, white spots appeared 

r----------r-- 1 

2 4 6 
P H  

2 6 
p !-I 

4 

FIG. 1 FIG. 2 
The dependence of the absorbance (A = The dependence of the absorbance (1, = 

= 410 nm) of the ion associates of derivatives = 410 nm) of the ion associate of the pre- 
GV XY with bromophenol blue ( c =  0.45 cursor V XO with bromophenol blue ( c =  
rnrnol I-') on the pH. XY, cGv x y  (pmol = 0.45 mmol I-') on the pH. XO, cv xo 
I- '): 0 11, 39; 0 12, 54; 0 13, 25; o 21, 100; (mmol I-'): 0 10, 1.26; o 20, 0.32; 0 30, 

(3 33, 18 
22, 23; 23, 22; 8 31, 43; 0 32, 29; 0.06 
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on the yellow background. For detection with ninhydrin, the plates were heated for 10 min at 
120°C. The positions of the red to blue spots were drawn on the pale pink background. 

RESULTS AND DISCUSSION 

The absorption curves of the yellow extract of the ion associate of substances GV 11 
through 33 and precursors V 10 through 30 with bromophenol blue all exhibit an 
absorption maximum at a wavelength of 410 nm. It follows from the dependence 
of the absorbance at this wavelength on the pH (Figs 1,2) that a medium of citrate 
buffer solution with a pH of 3.5 is optimal for the formation and extraction of the 
ion associates of the studied bases and precursors of series V with bromophenol 
blue. 

Thin-layer chromatography of the extracts of the ion associates of the technical 
products of the synthesis of GV substances with bromophenol blue demonstrated 
that the associates of all the analyzed subjected to enzyme detection yield a single 
spot corresponding to the effective substance” - dialkylaminoethyl dialkylamido- 
fluorophosphate. Chromatographic separation of the ion associates of the GV sub- 
stances, their technical products and the corresponding precursors followed by 
detection of the amidic and aminic compounds with ninhydrin demonstrated that 
the technical products of the synthesis of dialkylaminoethyl dialkylamidofluoro- 
phosphates do not contain precursors of series V. Semiquantitative TLC separation 
determined the ratio of the components of the ion associate, i.e. the active components 
or precursors of series V and the dye as 1 : 1. A methanol solution of the studied 
GV substance, precursor of series V or the dye were applied to the chromatographic 
plate in a series of samples with increasing content, so that the size of the evaluated 
spots of the base and bromophenol blue of the separated ion associate fell within 
the calibration series of standards. Knowledge of the stoichiometric ratio of the 
derivatives of dialkylaminoethyl dialkylamidofluorophosphate with bromophenol 
blue permitted use of the method of continuous variations to determine the content 
of active components in the technical synthesis products. The results of thin-layer 
chromatography confirmed that precursors of series G and the isomer of substance 
GV 11 - dimethylaziridinium dimethylamidofluorophosphate’ with the studied 
dye do not yield an ion associate extractable into chloroform”. 

The extraction efficiency E (%) was calculated: 

E = ( E ’ / E )  100, 

along with the distribution ratio D, (Vo, = K,), 

D = E/(100 - E )  = E ’ / ( E  - 8 ’ )  , (2) 
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and the conditional extraction constant K:, (ref.ls): 

TABLE I1 
Characteristics of the ion associates of dialkylaminoethyl diakylamidofluorophophates and 
dialkylaminoethanol with bromophenol blue 

Parameter" 
Base 

LQ k Q e' E D log K:, L, 

GV 11 
12 
13 
21 
22 
23 
31 
32 
33 

v 10 
20 
30 

3 480 
11 250 
18 050 
6 580 

11 090 
20 270 
11 060 
15 480 
19 110 
720 

loo0 
8 720 

0.031 
0.043 
0017 
0029 
0.033 
0.0 
0055 
0010 
0.0 
0013 
0029 
0017 

3 480 
11 230 
18 010 
6 570 

11 070 
20 320 
11 040 
15 450 
19 070 

720 
lo00 
8 700 

17 600 
21 520 
22 880 
20 140 
20 120 
21 300 
21 100 
23 770 
19 330 
9 360 

18 180 
21 970 

0.25 3-28 0.97 1.37 
1-09 3.99 042  077 
3.72 4.89 0.44 073 
048 3.64 1.06 1.43 
1.22 5.45 062  078 

18.61 4.54 074  1.42 
1.10 4-50 0.74 1.14 
1.86 4.75 0.63 1.02 

89.91 6.70 0.97 1.95 
008 1.86 1-72 3.53 
006 2.13 2-01 3.27 
0.66 3.87 0.41 1-00 

-. 

k (in 1 mol-") and q are the parameters of the linear dependence of the absorbance A at  410 nm 
on the concentration of the ion associate c (A = kc + q), E' (in 1 m o l "  cm") is the conditional 
molar absorption coefficient of the ion associate and 8 (in 1 mol-" an-') is the molar absorption 
coefficient of the ion pair under the conditions of quantitative extraction at 410 nm, D is the 
distribution ratio, K:, is conditional extraction constant, L, (in pg ml-'I) is the detection limit 
and LQ (in bg ml-') is the determination limit. 

TABLE 111 
Matrix of the extraction efficiency E (%) in of the ion associate of dialkylaminoethyl dialkyl- 
amidofluorophosphatcs and diakylaminoethanols 

V 

0 1 2 3  
a 

1 6 20 52 . 79 
2 8 33 55 95 
3 40 52 65 99 
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where cL is the initial analytical concentration of the dye, A is the absorbance of the 
ion associate of the base with the dye, Al  is the absorbance of the blank solution, 
xL- is the mole fraction of the dye in the L- form, e' is the molar absorption coef- 
ficient of the ion associate, E is the molar absorption coefficient of the ion pair of 
the studied substance with bromophenol blue under conditions for quantitative 
extraction (Table 11) for A = 410 nm and 1 is the cuvette pathlength. 

As the number of carbons RZ in the dialkylamide group increases for a constant 
number of carbon atoms R' in the dialkylamine group, the increasing hydrophobicity 
of the test derivatives leads to increasing extraction efficiency for the ion pair, 
as can be seen from the homologous series in Table 111. A further, smaller contribution 
to an increase in the extraction efficiency for the ion associate can be seen in the 
homologous series of dialkylaminoethyl dialkylamidofluorophosphate, where 
alkyl RZ on the amide nitrogen is the same and the amine alkyl R' is methyl, tthyl 
and isopropyl. An increase in the size of the alkyl in the amine group leads to an 
increase in the basicity of the amine nitrogen, leading to a decrease in the growth 
in the extraction efficiency for the ion pair. The greater effect of the alkyl of the 
amide group than that of the amine group on the extractability of the ion associate 
can be seen from the isomeric series (GV 13, 22, 31), isomeric pairs of derivatives 
GV 12 and 21 with extraction efficiencies of 52 and 33%, respectively, and the pair 
13 and 31 with ion pair extraction efficiencies of 79 and 52%, respectively (Fig. 3). 

80 

E,  o/o 

LC 

c 
198 2 5 4  310 

Mr 

FIG. 3 
Dependence of E (in %) for the ion associates 
of the studied derivatives GV 1 1  ghrough 33 
with bromophenol blue on the relative mole- 
cular wieght M ,  of the studied derivatives 
of dialkylaminoethyl dialkylamidofluoro- 
phosphates 

3 3  

FIG. 4 
Diagram of the dependence of E (in %) of 
the ion associates of dialkylaminoethyl 
dialkylamido fluorophosphates GV 1 1  
through 33 with bromophenol blue on the 
number of carbons n in alkyls R' and R2 
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Arranging of the studied derivatives of dialkylaminoethyl dialkylamidofluoro- 
phosphates on the basis of increasing extraction efficiency into eight rows is in agree- 
ment with the theoretically predicted effect of alkyls R' and R2 of the amine and 
amide groups on the formation and extraction of the ion associates. 

The results obtained are illustrated in the spatial diagram of the extraction ef- 
ficiency of the ion pairs of the matrix of the nine studied derivatives of GV with 
bromophenol blue (Fig. 4). 

It was found from the dependence A = f(q) that a 5-fold excess of dye in the 
reaction mixture is optimal for the determination of the selected derivatives of GV 
and the precursors. A further increase in the concentration of bromophenol blue 
over a 10-fold excess leads primarily to an increase in the blank absorbance value. 

The measured calibration curves for the studied derivatives of the GV substances 
and precursors of series V are linear up to a concentration of 0.1 mmol 1-'. All the 
determinations obey the Lambert-Beer law in the measured concentration range, 
as was found from the values of the correlation coefficient r ,  which is equal to 
0.988 in the least favourable case. The detection and determination limits were 
found19. This method of extraction spectrophotometry can be used to determine 
0.8 to 2.0 pg of the studied dialkylaminoethyl dialkylamidofluorophosphates 
in 1 ml of sample. 
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