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'P-NMR chemical shift variation of O-ethyl ethylphosphonic acid
with change of pH’s and solvents in metabolic and chemical oxidation of
O-ethyl S-methyl ethylphosphonothioate

Jang-Hyun Hur and Dae-Sung Han

Abstract

O-Ethyl S-methyl ethylphosphonothioate was studied for chemical and metabolic oxidation using P-
NMR analyses. The chemical shifts of O-ethyl ethylphosphonic acid (2) which is one of major metabolites
were changed with the variation of cxidation systems.*’P-NMR chemical shifts of 2 were observed at 40.15ppm
from oxidaton by MCPBA, 30.98 ppm by MMPP, 29.31 ppm from ix vitro rat liver microsomal oxidation,
and 29.10 ppm from i» vivo metabolism in houseflies. *'P-NMR chemical shift of 2 in two different solvents
such as deutero-chloroform and deuterium oxide were observed at 30.70 ppm and 40.15 ppm, respectively.
And those of the metabolites were also observed at around 30 ppm under the conditions of pH 3, 5.6
and 14 and 47.91 ppm under pH 1 which is a strong acidic condition. It could be explained that the
ionized form of 2 should have greater shielding effect on phosphorus atom and hence shows upfield
chemical shift in polar solvents and alkaline conditions. On the other hand, a protonated form under
organic solvents and the strong acidic condition should have less shielding effect than its ionized form,

shifting the peak downfield.
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1. &y BFEH
1) O-Ethyl S-methyl ethylphosphonothioate (1)
B AR wEE s s e
A Jasl $¥E Hur 59 2o 2
skx)o] glct.

2) O-Ethyl ethylphosphonic acid (2)9] 42

g
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Hoffman,,,%mi'/]— Worms % Schmidt-Dunker 572]

7t A ¥3ke A28k KOH (19.3g, 03
mole)7} 350} U+ ethanol £ 0,0-diethyl eth-
ylphosphonate (54.6¢g, 03 mole)& T}A] Ao
ethanolell o] H7[%k 3 8/\]4 Bt BHAFh
HHEES IM HClE AHdsir7la, A8 ES CHCL
2 #3239} Rotary evaporator & £} )43k
%, vacuum distillationg 33} 289 g9 O-ethyl
ethylphosphonic acidE ¥t} +8& 69%; bp 138-
140C/02 mm Hg. NMR, 8, CDCly;: 4.15 (OCH.-,
multiplet, 2H), 1.8 (PCH,-, doublet of quartets, 211),
1.3 (CH,CH;, OCH.CH,, multiplet, 6H).
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Proton nuclear magnetic {H-NMR) spectra® ¢
7] 915t varian EM-390 spectrometer (Varian) <}
QE-300 spectrometer (General Electric)7) A}£-y)
o4, internal standard % tetramethylsilane
(TMS) & A}8-3}99ck 'H decoupled *'P-NMR spec-
trag 97| $138l4 Fourier Transform 7)o 2hg
NT-300 spectrometer (Nicolet)E A}-&3l oM, ex-
ternal standard % phosphoric acid7} A}&%|S)ch
A EY TRECLS B PSS 98 sy
oej7bAl BFEEEES epib3-Eol spike
o] %9 chemical shiftE W wRAsle] 43t}
Hdag 9ol 'H coupled *'P-NMR spectra®
Aol FEAAA FuE gk

v AE s FAHE AEEEY Btz
2rol3l7] 918l Gas Chromatograph (Hewlett-Pac-
kard 5790 A series)7} %-2% Finnegan 3500 mass
spectrometerg AMESY oW, sample® 1ulS
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1) MCPBA 4tgyhg: B H3le fsle Ahgd
MCPBA (85%, Aldrich Chemical Co.)9] & 3= Fie-
ser 5 (1967) o] H gk wlyido) o3& s Hrl.
O-Ethyl S-methyl ethylphosphonothioate (1, 73 mg,
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0.43 mmole)& 5 mle] CDCl; &7} o] &= 10 ml
Mg ¥ & A F, ice bathE ©] &3l A
& #75%A MCPBA (148 mg. 0.86 mmole)S
A3 Arbetdh Al EE o] wautsol ¢ F,
ANRRE YB3 F2A 4 A Fehg wwket
Hch ¥3-E2 12mm NMR tubed] &4 *P-NMR
S siglrh

2) MMPP 4+&}tulk-g-: O-Ethyl S-methyl ethylphos-
phonothicate (1, 73 mg, 0.43 mmole)E 0.5 mlg]
acetong@ 3ml9 D,O (deuterium oxide)?} Eo]
e 10ml AEH] ¥ & e F, ice bathE
ol g3t &g FASEA 15mlel D0 &3
5ol 9l MMPP (123.7mg 0.2 mmole, Aldrich
Chemical Co)E A3 Hrislgch Adas &
DE3led oA 4 A7 Fehg W AR F,
HH2-E-S MP-NMRE o] &3l EAstqrt

4. CHALE A3pbS

1) # z+& ©]43F in vitro microsomal system

# 9] 3t microsomed F¥[37] $13 HHE H
5o Hav ugirh

e PREAZL 0.1M tris-HCI buffer (pH 7.8,
5ml), glucose-6-phosphate (G-6-P, 10 mM, Sigma
Chemical Co.), reduced nicotinamide adenine dinu-
cleotide phosphate (NADPH, 5 mM, Sigma Chemi-
cal Co.), G-6-P dehydrogenase (10 EU, Sigma Che-
mical Co), # 3+ microsome pellet (175 mg/wet
weight), ZL2]1 O-ethyl S-methyl ethylphosphono-
thicate (1, 1.69mg, 2mM)E 25ml Erlenmeyer
flaskoll @o} 37.5ToA 2 AIZF B ¥H-&A1HTh 1

ml?] acetoned ¥Wol W& EXAZ] &, WL ES

12mm NMR tubed] &7 ¥P-NMR & £4& 3
<=
2) Aute] HAE o] _F in vive A3} system
g2 (Musca domestica, Sxapm)olA2] TIALE
42 22sr) 98t of 5000 whale] Ao (ML

& 35 ) O-ethyl S-methyl ethylphosphono-
thicate (& LDs¥(14 pg/g) W34 A28tk

kA= acetoned)) Hgon, Hute] & 1 ul A topi-
cal A=Atk ME AgeE2 1580 2 &
#4 (25T, 0% FusE)dA Bad F, —20C2
FAHE Y2 A3 ¥ AAYE ice
bathE o]&3te] A FA3HA Potter-Elveh-
jem homogenizer& AR&3lo] w3t vl &

300 ml hexane-acetone (1:1)2.2 WAIZEES F
3}, rotary evaporator2 o] 83t 5ml 7}X

ZHUrh 5 E-2 12mm NMR tubed] $47 ¥

SP.NMR 2 #4434t
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1. 3iaty AtslekS

O-ethyl S-methyl ethylphosphonothioate (1)&
CDCl, Z73ke1 4 MCPBA St whg-sho] oixl 2
314 Z-8 'H decoupled *'P-NMRE 3 #43
Aok uzkRe F AgEe EATe BARE 9
ALk O] EL 3 T Bt ugkg AFEEL
O-ethyl S-methyl ethylphosphonothioate (1, 64.28

i

ppm), O-ethyl ethylphosphonic acid (2, 40.15 ppm),
O-ethyl ethylphosphinyloxymethylsulfonate (3, 32.
65 ppm), O-ethyl ethylphosphonic acid anhydride
(4, 27.337} 2741ppm) 2 A=A (Figure 1).

O-ethyl S-methyl ethylphosphonothioate (1)E&

deuterium oxide (D,0) 7oA ¥kg A7l Az

0 O
Et Et.!
e P -SCH, £ioP—OH
1 2
0 0 q ?
Etil . * Et{! 1 ,OEt
e S0 gCH; PO,
3 4

Figure 1. The chemical structures of O-ethyl
S-methyl ethylphosphonothioate (1)
and its metabolites.
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'H decoupled ¥P-NMR spectrum ‘g~ #zH
u]—o /%JMU': o ]'ﬂ’i zq—Tu:v 2] (1, 69.05 ppm)jq_
2 (30.98 ppm)°]gtlk. MMPP Abahub-g-Eof 49| Hh
o ATEA, = 19 chemical shiftt= MCPBA 4}3}
S 2o A 2] chemical shifto]] B3] 4.78 ppm THF
downfield o2 o]EsE AL EFUUTL
Ae AME Bulel FiHel uhgl #FEHIARUE
durA 9] Aoz A MCPBA Ahsl AgoA dojA
Asl AR 3, 48] ZASoE MMPP 28l 4ol
spike 8% 7% downfield 22 chemical shift7}
7rz} 298, 255ppm olEHE AEE ‘JrE}LHcH
12l MMPP 4ha} dgella] #34 29 Holle
chemical shift7} 30.98 ppm <. &4 MCPBA "*ﬁ} HEg-
Z70]4 dojx 2¢] chemical shift 40.15 ppmT}=
2 2polE BYow, ol tE AsdALE (1, 3,
4 So] ¥ ZAgIE wiwkoez, 3 upfield
Zog olgds HAY F AUNUTh

= AR AR

2. CHAPY Abshule

O-ethyl S-methyl ethylphosphonothioate (1)&
o] 7+o g RE| FZ3 microsome 3 ¥Fg3F & A&
‘:H}\}‘)‘g A XL L= o IAP.NMR = \:l M 3], 7:]4_ HI ].%

ALEA (1, 668lppm)F 2 (2931 ppm)7} &
etk B AFoA AR A AEE 29 chemi-
cal shifti= CDCLE ©]83§ MCPBA 2Rs}il-g-oA
@o]d 40.15 ppmHe AFE Hjo|E mglow, D,

g &l AMg-§ MMPP 2Fsiut-golA #54 30.
98 ppm3te= AHEE chemical shiftE ok

S 12 Uotelol topical HAH F FEE
A= YP-NMR 2 B3 43, dAgdE
2 (2910 ppm)7t ElE Yt o] AFoME A
A A5 29] chemical shift7t CDCLE o] &3
Abshulgo A dojzl A& 2] g chemical
shift, 40.15 ppm E.r}% 11.05 ppm yHEo|u} upfield
202 o|Fyo] M&F MMPP 2+shit-3-# micro-
somal 2Halkga tlEe] 29| Qe ol&& H
Ak B AWE 98 Y EFEY F 0§
spiking test® F3 tiAbEAAE 29 SAE &8t

At

3. O-Ethyl ethylphosphonic acid (2)2|
ol

2 ARS S foF A By AR T
12 FE 88hs, fabH "*ﬁ}”'é" Esled 29
AAL g% F AslEd, ol *P-NMR spectrum
¥} chemical shifte] X ]HEP] R}y G4aegh
spiking testZ F&he] 29 EAQE FHE Aol
g @ BEE R ®Brlde Wi & chemical
shift zto] (¢f 10 ppm HE)E HYdon), w Ha
ghupe} o] 3M8HE 1, 3 18] AL 42] 5o+ db e
shift &g Hol ole] g gk BaHl 2o
el E)Qc), gehd abahibg- AR Abaink-g-of A
Ao]x AL 20] th3F 'H coupled *P-NMR
Mo M 2

31‘_] FEURS §Lo]5]—1\ A=, ol
oo kg gaEarel R adeloln

AE
71 5191 ¥ split-split coupling®} & 23l #-2] spect-
ume 9L 5 A7) WRolddrh. GC-MS 4ol
A Zhzpe] kBl EASE diab 4% 20
2AE A F 4 AUT

12)2 MCPBA 4+slutg, MMPP 4F8hub-g-, mic-
rosomal oxidation system, ®utv] A F& &8
dojzl giA} MAEES 25 28 12mm NMR
tubeo]l ol P-NMR & #4& &t 712} 40.

15, 30.98, 29.31, 29.10 ppmoll A &l E YAMYAE
29] chemical shifts7} 2 E3H&E o] H Ao A= 30.02
ppmoll A slte] peak ® #HEE A} (Figure 2).

Figure 2. *'P-NMR spectrum of O-ethyl ethyl-
phosphonic acid (2) in the oxidation
mixture pooled from the different
oxidation systems.
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o]l2A AME ThE systems FollA AFAHE 27} VP-
NMR spectra 4rollA] t}ekgt chemical shift &
BYAR, FYe systemoA= §HHe] peakE v}
Elo] o]50] BF FUFH IFE, = 2 9& A
28T Adch

4. 2o ¥ pH &1}

B OAES Bete " F oukg AREY O
ethyl ethylphosphonic acid (2)7} systemsel] w2}
3P.NMR spectracl| A2} chemical shift7} =LA #H3}
gholl ube} ol AwWsly] st "rkRl Fp3
Ado] =AUt

WA SHE 20 UG &) AAE BFS] Y
sl v]34 &gl CDCLY 48012 DOE <]
#3le] SP-NMR H4-g& 334} Figure 39 &
oFgiulel o] BARE 1, 3, 4= &7} CDCLoIA
D, 0% vl#'A A downfield 208 487, +4.3, +3.
7ppm ¥ olF o WbgE, 2+ vkl 30.70
ppmel Al 40.15ppmeZ , & —95ppm yrEou}
upfield %02 olFHUrk ol2fd AF2 HikEk
FeA HEE 271 F718me CDCLy 2738k e
protonated form®. & ZEA &Ryt FAle] &8 (D,
0)ZHANAME ionized formO. 2 ZEA)SHHA] 3§E
wWe] B 94X FRAAE i AHAH=ETS

70 60 50 40 30 20 10 ppm
[ f I I . .
. ) 3 4 (in CDCl3)
60.2 40.2 336 260

26.1

+87.7 -95 +37
30.7 ' 297
689 379 29.8
1 3 24 .
| | 1l (in D:0)
7 50 50 40 20 ) 10 ppm

Figure 3.*P—NMR chemical shifts of O-ethyl
S-methyl ethylphosphonothioate (1)
and its metabolites in deutero-ch-
loroform and deuterium oxide.

(shielding effect)”} © ZAA&d 71808e Aoz
Agso] A gtk ¥48tax} 3= nucleusol
3 ZAE EHrE AXA EH NMR spectrum 4}¢]
chemical shift7} upfield 2202 olFHU}=7AL 4
el Wodolrki

B5HE 29] pH &7E Uolw7] $iste @iz
& pH =1d& 9Eo] ¥P-NMR £4& 3suct
(Figure 4). 81518 25 pH 56 2 D00 Yo 3P-
NMR 2 ¥43 Z3, 29] chemical shift7} 30.71
ppmoll A &2 =9tk 8% KOH 49 (pH 14)°) 4
#&% 29] chemical shift= pH 5.6 ¢ D,0o)| A<}
W42 3065 ppmo.E JERGow, pH 39 AH4
FHIME 3098 ppmeZ A AR FEEck

pH 3

Figure 4.°*P—NMR chemical shifts of O-ethyl
ethylphosphonic acid (2) under the
conditions of various pH’s

2t pH 19 A4 223180 84 §944E 29
chemical shift7} 47.91 ppm .= VeR} pHe| 2}o]9]
w2} Abdet Az o] chemical shift ©3al7} 8¢l &
o). ol A= SIFHE 27} pH 19 44
Z71o) A= protonated form .2 EA|&HATH AT

pH 3 o] ZAdME $£49218 Yol WA joni-
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zed formo.2 EA37] v &l # AAe] hgt 2t
Hazsrt SisEe] ded Hieh 2ol YP-NMR
spectrum “3ollA) 9] chemical shift”} downfield %
o2 olF Huhe: o229 F RIYHE FHolUrh

ol Augx 3gE 29 chemical shifts7}
£oie] FH9 pHY dslel wet dat@F ol
&<l wsded, pH 3 01444 84 3ol A ionized
formo. 2 &A= 29] chemical shift= <F 30 ppm
oA, CDCl; 9 #54 f718wd Folide=
29] protonated form2 40.2 ppmoilA, 18] pH
19] 4t Z7e A= protonated form BB}z down-
field 202 ©]$ o]l%H 4791 ppme 2 eI
olgfgt A oinlx IFE 29 B AAd oF
Ao AZEY e hh AR Aked
oA protonation o} #§ ¥t g A ax7}
H& Z0]52 A3} (deshielding effect)el] 7]31%
Ro g A=At (Figure 5).

O-Ethyl S-methyl ethylphosphonothioate (1)2]
YA A E 28 SP-NMR spectrum® 8 EA35F 3,
2 ARE Mgy ofr|HUR o#EE oA
=959 &0 2 pH 748 o83t AAHES]
chemical shiftg {43t =W ooz 47
H8F ol #U=EAt oz gAEAE
29} At F2E 7HR SEE, 53] /7104 AdE
APESEES "P-NMR EXHE o] &3l #Eld
Ao BioA nAHYA JEES IAHREY
chemical shift £-& s)43tA 5H & &<l
E=go] Azled Algdrh

CH - o + o
- - Et
Bt |4 wtooEt 1 H \ll’—o‘
7 P—O0H =—/—— /P-—OH *-—‘;—' -
EtO + H*  Eto + HY Eto
pH 1 non-ionizing pPH 3 ~ 14
solvent
(47.91 ppm) (40.20 ppm) (~ 30 ppm)

Figure 5. Effects of pH’s and solvents for *'P
—NMR chemical shifts of O-ethyl
ethylphosphonic acid (2)

2 ¢

FAA HIEF FAdol vl§ AF O-ethyl
S-methyl ethylphosphonothioate (1)2] 3133, oA}
A AU ESe g YP-NMR H4elr Fd
243} 4143830 O-ethyl ethylphosphonic acid (2)¢]
chemical shift7} MCPBA 4Fg-o)A]  40.15 ppm,
MMPP vF$-oA] 30.98 ppm, microsomal oxidation
systemoll A 29.31 ppm, 221 Hatz] A 2FH A
2910 ppmo 2 W-&F e wal Mz 433 Aol
shA A= o] 23t AAdE 2] P-NMR spect-
rum “FolA2] chemical shifte] st fvjaze
deutero-chloroform& A& 2w} 30.70 ppm, +4]
£vll2l deuterium oxideE A& 40.15 ppm o
Z #AFH%e, pHel i3 azl= pH 3, 56, 14
A& 30 ppme AF3te], pH 19] b3 =78}
ol 3= 47.91 ppmell A YEPT ol {714 el 2]
438 (2)7F ionized forme] JFAHEFUE 2E
o Ae Adadae] HlFRAAEE o3t <l
217} 2} 5] o] chemical shift7} upfieldZ o 2
3, v v # b &8kl Al proto-
nated formo. & EAjste] B atol] gk 2 g 77t
#0157 m&Eol downfieldFoz o]Fste Ao
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