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INTRODUCTZON 

‘In the course of investigations concerning the structure-activity relationships of 
organophosphorus compounds in their reaction with hydrolytic enzymes11 2 a method 
was required for the analysis of 0-alkyl $-nitrophenyl methylphosphonates (I), 
S-alkyl P-nitrophenyl methylphosphonothiolates (II) and 0-alkyl p-nitrophenyl 
methylphosphonothionates (III). 

(1) (II) mr) 

The separation of parathion and some related phosphates using reversed phase 
paper chromatography has been reported39 4. Because of a comparable lipophilic 
character of compounds I, II and III a similar technique was used. The three fore- 
mentioned types of organophosphorus compounds, as well as homologues of I and II 
(R = Me, Et, ut-Pr, WBU and n-Pe) separated satisfactorily on filter paper impregnated 
with silicone oil. A chloroform-ethanol-water system served as the mobile phase. The 
influence of the concentration of silicone oil on the separation was studied. 

For series I and II, a linear relationship between the quantity XM = log 
(I/RF -I) and the number of carbon atoms in the allcyl group (R) was found. 

It was possible to distinguish the three classes of organophosphorus compounds 
using two specific chromogenic reagents. 

EXPERIMENTAL 

The synthesis of the 0-alkyl $-nitrophenyl methylphosphonates (I), S-alkyl 
P-nitrophenyl methylphosphonothiolates (II) and paraoxon has been described 
previously61 2so. The 0-alkyl +nitrophenyl methylphosphonothionates (III) were 
prepared using the method described by KABACHNIK and coworkersr. Isoparathion 
was synthesized according to METCALF AND MARC@. Parathion (Ligtermoet N.V., 
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ll&&tU~aumn)) wzw uu=d aviiiAh~o~uut fittxtl~er purification.. Silicone oil, type DC 550, was 
COllDti~ ffjrOlum n&OR&- Gmliinlg G0nnpalny.. 

HOHW sermam ~~~~~-n~~o)~~e~~e~~s~ (iacylcholine acylhydrolase E. C. 3. I. I .8) was 
a iliaeez.ekkie~ ~IKO&LII~% obtiaknardl frolm Organon N.V., The Netherlands. c+Naphthyl 
auoet_t&~ nns&fl zus Ulb~e sxnlb&tnatt~! anall Fast EWe B salt were purchased from the British 
ll2uung lHl0~ lLUalL aumull Eulkiurull Guurr Ltdl, (London) respectively. 

Wllna~~ XO, II f2ltiea pe~lpe’r was. impregnated with 5, 10 or 15 yO solutions of 
siilkoomx ~ii.U iinn Itnexraurne by punlU&ong the paper sheets three times through the solution. 
Tlk W& plpxers nx-ere Itnllo~ttU~ Diiglh~tUy between filter paper and allowed to dry. The 
UQD~X llzn~e.r off zn nmi&hmre 04 ~~olrrolffol~~~~~~o’~-water (5 : 5 : 3, v/v) served as the mo- 
biike @lnznsx~ YR~IIFZ pJlnoq@t~~o~run.s c0nnilp0unndls were applied on the filter paper from a 0.05 M 
.kupqpmoll mlunUiiam; LU. pII szuna~pks were used for the separation. The ascending tech- 
Hniiallune! %u-alsJ lms&l alu 25”’ + 4x5”‘_ The clturomatograms were developed over a period of 
n6 lln a&&r exr~til!~xi&ik~~ axiiHh~ sollven~t vzarpolur folr 2’ lx They were removed from the tank 
almldldlIrii~iilm~lhl8ncoxowdlffOlrn Ru. 

ll%to~mm tie $2~ vallunes codlle&&l inu T’ablk I it can be seen that, in general, a 
~ttk6z~ctker~~ sepzurxtii~rm orlf ttlh~e honmo&agues 09‘ series I and II was obtained on filter 
pxatpuz.r iiqpgunaUd wiiltItn a~ 5. IIB)) or ng Ya, sdiiieome 021 solution in hexane. The methyl and 
et&@ In~m~ll~egunezs off &es I .&ns~ed no dliifkaence in mobility and the methyl and ethyl 
llu~~~~~ll~~ off &es HI gave! JJYGUIM~ overrllapping spots, on filter paper with a 5 yO degree 
cuff kunlprezgnna&km~ YJtnce: E&F vallunes a>$ aillll plhosphorus. esters decreased when the degree of 
sii!liiuz~~~~ 02l tilpregnnaki~rm wus iinnccnaesedl. llnr that case, an improved separation of the 
fkslt mnexumk3rr4 off lk0ti seriies; H aumd llll wzks obtGn.ed.. 



SEPARATION OP$-NJTR~PHENYL METWYLPHOSPW~NATES n%& 

TABLE I 
3~ VALUES X 100 WITH THEIR STANDARD DlZVIATIONS* 0-F ‘COMPO;CJNtDS ‘K&‘Uinm ‘UY@IIEi ~6OZN~~~ 

PORMULA (IV) ON FILTER PAPER IMPREGNATED WITH SILICON,33 OIL 

(Ix!) 

SE&S R Y Imjw3gnalion 

I 

MC 84 rt 4 
Et 83 f 2 
*n-Pr 0 0 73 h 1 
12-l3U 64 + 4 
IZ-PC? 49+5. 

II 

Me 
Et 
92-R 
W-‘Bu 
n-PC! 

III Me 
Et 

79 zk 3 
75 f 4 

s 0 63 rt 4 

2 = ; 

0 S II rt 5 
8&z 

* Standard devia.tiolis were obtained using the method of DEAN ANO tlhxoxaD.. 

The methyl and ethyl homologues of series I91 ‘gave overlapping :s~potts corm @illtter 
paper with a 5 YO degree of impregnation and were inseparable svihen l&$ner cdl~egu~~ 08 
impregnation were used. Higher homologues of this series were noti iin~estt&attedl ll~~~tt 
it is to be expected that their location will be very close te Rhe s;t;ark~ng ~poiiantt. 

It turned out to be impractical to use paper sheets with :stiM ll@ikr cdkegmees cotf 
impregnation as an irregularity in solvent flow ~occurred. 

P-Nitrophenol and the organophosphorus iacids, which weme anxsiiamdlily 
present as impurities due to hydrolysis, were found ton the dhmonaattqm~s wiittlh L?& 
values 0.75-o.So and o.go-1.00, respectively. 

RM vahce 
BATE-SMITH AND WESTALL~~ introduced the ~quankii;ty L?$M = I& ((I@&-1)) 

which is proportional to the free energy required. to transport :a rmoUec&e H&m CCDIEU~ (off 
two immiscible solvent phases to the ,other. The R M vdue is dih?Cti. m&atiadl. @ID d%Ke 
partition coefficient and. made up of additive values (of the vtious gronnlps (off ~~Ih%lu tie 
molecule is composed. 

In Fig. I the RM value is plotted VCYSUS the number of carbon :atioms lpmesemtt km 
the alkyl group (R) of the members of series I .and I9 ‘(R = Me., Et., &Pr,, A~%I,, ~AE?e)).).. 
A satisfactory linear relationship was found in the case #of D(o’% :siEioone (08 iimmlpmeg- 
nation. 

From the graphs represented in Fig. I almost identical dl &M m;&ues per CClEK, 
group, 0.26 & 0.01 and 0.29 -J= 0.05, were obtained for series H and iIII mesypectkdl~. 



ITS’6 A. VERWEI J, N. L. BOTER 

TEE positive signs of the Ll X&I values in both series correspond with an increase 
in tipopliilic character which is reflected in an increase in solubility in the stationary 
plb!!se;. 

The results found 
deviated l’rom linearity 
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Fig.. 0.. Fret: of R,VI veysu.5 the number of carbon atoms for series I ancl II on filter pnper with I0 o/o 
sticono~ oil! impregnation. 

As, was shown in Table I the RF values decreased on lengthening the carbon 
&&I of’ the, alkyl group (R) in series I, II and III. 

Substitution of a P-O bond by a P-S bond increases the lipophilic character of 
f&e* molecule;. Accordingly the phosphonothiolates (II) gave lower RF values when 
compared with those of the corresponding phosphonates (I) as is shown in Table I. 
A mu&u greater effect was found when the P = 0 bond was replaced by a P = S bond. 
Tlkikdemonstrated in Table II for the compounds I, II and III (R = Et). Rp values 
o& parao~on! (diethyl +nitrophenyl phosphate), isoparathion (OS-diethyl +nitro- 
plkeruyll phosphorothiolate) and parathion (diethyl $-nitrophenyl phosphorothionate) 
am aWedI for comparison. Partition coefficients obtained for paraoxon (4.2) and para- 
til!uion~ (z:n33! iinl the system liexane-water”6 are in agreement with the results recorded in 
TaM!ellJI ;: a high partition coefficient corresponds with a low Rp value. 

Replacement of the methyl group directly attached to the phosphorus atom by 
an ethylJ group; results in a more pronounced lipophilic character of the molecule and 
as a consequence a drop in 221~ value is found. The reverse is observed when an ethyl 
gro,up is, substituted by an ethoxy group (Table III), 
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TABLE II 

RJ? VALUES X 100 OBTAJNLD ON PAPER IBfPREGNATED WITH A 5 O/- SILICOSE OIL SOLztTIOS 

Compound Rp x 100 

T.,R=Et 83 
IT, Ii = Et 75 

III, R = Et 8 
Paraoson 70 (74)* 
Isoparathion 
Parathion 4: 2:’ 

* Figures in parentheses are from METCALF AND XLARCH~. 

Detection 
Resides iliZ ideniification by Z?p values, it was possible to distinguish the three 

classes of organophosphorus compounds I. II and III using two specific chromogenic 
reagents : Gibbs’ and Dragendorff’s. Phosphorothiolates and phosphorothionates give 
yellow and red coloured spots respectively, using Gibbs’ reagent. No colour is observed 
with organophosphorus compounds which contain no sulfurr”~rl. Similar results were 
obtained with the compounds I, II and III. Dragendorff reagent is generally used to 
detect ammonium or sulfonium compounds. In the investigation described here it was 
applied as a specific reagent in order to distinguish the series I, II and III on account 
of their differences in sensitivity. It gave orange spots on a faint yellow background. 
The lower detection limits were -, 30 pg. for the thiolates and - IO pug for the phos- 
phonates and phosphates. Thionates did not react up to a quantity of ISO /Lg. 

The detection results with phosphonates (I), phosphonothiolates (II) and 
phosphonothionates (III) were in agreement with those obtained for comparable 
compounds such as paraoson, isoparathion and parathion. 

Using a combination of Gibbs’ and Dragendorff reagents the identification of 
+nitrophenyl methylphosphonates could be performed as is shown inTable IV. 

The sodium hydroxide solution was used to check the presence of a #-nitro- 
phenyloxy group or $-nitrophenol. Hanes reagent detected the presence of a .phos- 
phorus atom. Most of the investigated organophosphorus compounds possess cholin- 

TABLE III 

RF VALUES X 100 OF COMPOUNDS \VITH THE GENERAL FOR>IULx\ (V) O,v PAPER IMPREGSATED 

TV1Tl-I A 5 o/o SILICON13 OIL SOLUTION 

R’ Rp x 100 

:, MC 83 
Et 55 
IX0 70 
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TABLE IV 

Gibbs’ Dva,ncndovfl 

yellow 
-I-+ 

red 
f-f- 

orange 
f-l- 

orange 
+ 

- 

* + + = Normal sensitivity, + = low sensitivity, - = no reaction. 

esterase inhibiting properties. The butyrylcholinesterase reagent showed the presence 
of inhibitors, giving white spots on a mauve background. 

The detection reagents described permitted a satisfactory estimation of the 
purity of some p-nitrophenyl methylphosphonates and their sulfur analogs. 
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SUMMARY 

On account of differences in lipophilic character it is possible to separate $- 
nitrophenyl methylphosphonates and their sulfur analogs by reversed phase paper 
chromatography. Whatman No. I filter paper was impregnated with silicone oil 55d; 
the upper layer of a chloroform-ethanol-water (5 :5 :3, v/v) system served as the 
mobile phase. 

The relation RM = log (.I/R~~-I) holds for homologous series of 0-alkyl 
$-nitrophenyl methylphosphonates (I) and S-alkyl $-nitrophenyl methylphospho- 
nothiolates (II) up to the gz-pentyl homologues. 

Using a combination of Gibbs’ and Dragendorff reagents it was possible to 
distinguish the phosphonates,! phosphonothiolates and phosphonothionates. 

0 
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