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JPRS: 18,872

CHEMICAL STRUCTURE AND BIOLOGICAL ACTIVIIY O¥F
ORGANOPHOSPHORUS INHIBITORS (F CHOLINGSTERASE

um-

ollowing is the translation of an articis by R. I. Volkova,
- Ne No Godovikov, M I‘o ;(aba k, Lo G Nagazmﬁ.k, Ts A,
Mastryukova, M, Ya. Mikheltgon, Te. K. Roshkova, N. K.
Fruyentov and V. A, Yakovlev of the Laboratory of Pharmacology
and Blochemistry of Biologieally Actiws Substances of the
Sechenov Institute of Evolutionary Physiology of the USSR
Acsdenmy of Sciences and the Laborabery of Organophosphorus
Compounds of the Institute of Organcmetallic Compounds of
the USSR Acadeny of Sciences, leningrad, in the Russian-

language periodical V mediteinsicoy Kiimii (Problems
;ga-llﬁdical Chemiatry), Vole s Noe 3, , pages 250=

We know that the action of nitrogen-conbtaining pharmacologically
active substances on choline receptors and cholinesterases is usually
intensifisd when the tertiary nitrogen of these compounds is converted
into a quaternary. Tho samd increased activity is observed in & number
of sulfw-conbaining compowds whon the divalent sulfide sulfur is con-
verted into a trivalant sulfonium sulfw, This spplies both t¢ cholinoe
lytic and cholinomimetic substances and to & like degree to inhibitors
of cholinesterases and their substrates o It has been shown that
wo find analogous bohavioar in organophosphorus compounds which contain
nitrogen [2/ and swifw /I, 3-6/, In particular, we have pronounced.
intensification of physiological activity when we compare the two
compounds (D=7 (O=othyl=S-bsta-sthylmarcaptoethylmethylihiophosphinate)
and GD-hi2 (methylsulfomsthylate of GD-7) (Cf. Table) /17,
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In adbudy of the xeaction with cholinssterase of certain choe
linolytic substances with & structure similar to acetylcholine and
capable of produaing reversible inhibkdtion of cholinestersse (diphacyl,
arpensl, pentaphene and other substances and their iodomethylates), we
obaérved that the conversion of tertiary nitrogen into quaternary almost
always had an effect on the reaction of the substance with the enzyme.
Howevar tﬁ effact depends on the position of tho nitrogen in the
molecule . :

If the mitrogen is separated frem ths ethar oxygen by two methyl
groups as in acetylcholioe » methylation produces a much stronger
reaction with cholinesterase ( hylation of diphacyl = diethylaminocethyl
acid). But in the case of methylation of mitrogen separated from the
ether oxygen by threc methylens groups (arpenal - diethylaminopropyl
ester of diphenylacetic acid), we do not have a stronger reaction with
the cholinesteresec. '

In order to elucidate the effect of tha position of the atom
carrying a positive charge on the blological activity of organo-
rus compowmds we synthesized fowr O=othyl-S-ethylmercapto-
alkylmethylthiophosphinates (A) and their corvesponding methylsulfo-
methylates (B).

: 0
| c,n..f(cn.),,-s-réoc,n,' n= 1(M=136), nw=3(rd-18j,

. ‘ Y] Cthy n=z{r0=7), n=a{rd-ss)
o + R
- |ete—§— (cn‘,).—s—ri--oc,u,‘ 50,01, neA(N=137), n = 3(rd~73),
: ‘ €ty CH, A =2(rd-42), a=s(rd-8s)
i

The compounds M-136, (D=7 and GD-84 were synthesized through ths
actien of chlormethylethylsulfids, beta~chlordiethylsulfids and delta=
.chlorbutylethylsulfide respectively with O-moncethylmethylthiow
phosplinate sodiume

| Chy s o, .
\ L + CCHyJy SCHy = P
i 7\ -

+
: C.fl,l/ \s(cn.},. S0y

NeCl
Calig0

; n=1,2,0



co:npomis (D-78 was synthesized through the reaction of O-athyls
S-gama-brompropylmethylthdophosphinate and sodium et ylmeroaptide,

/N v Msoh, = \,/

N e Nabr
et \s(cu,),sr

‘ 53”50/ \S(C”.)JSCgH,:

. Compowds M<137, GD-42, GD=79 and GD-85 were cbtained through the
"~ action of dimethylsulfate on the appropriate O-ethyl-S-sthylmercapto-
alkylnethylthd ophospldnates.

e, 0" T oo, 0 St
N7 4 [EH), S50, e |
> 2 50, * £y So,cH,
Cd” Nsfon, ey Cuty0” S(ChyJn $Co g -

Simbhesais and Anslvwies mebhodology

Sl

1, O-othyl-S-athylmercaptomethylmethylthlophosphinate (M«136),

To a solution of 6.6g (0,04 mol) of Owmoncethylmsthylthiophosphinate
sodium in 30ml dry acetons we stirred in 6.7g (0.05 mol) of chlormethyl-
sthylsulfide /87, The resulting mixture was heated in & water bath at
600 for 2 how's after which ths sodium chloride precipitate was filtered
off, the acatons distilled off and the residve suwblimited in & vacwm,
Production L4e8g of O-othyl=S-ethylmercaptomsthylmethylthiophosphinite
(M-136). Yield 55% of theoretical, bolling polnmt 101-101.5° at Lwm Hg,

) n?onl.5155, a 10559, MRD analyzad 550111, caletlatad 56.00.

By analyais: C = 3342 33.4%; H = 762 741%; P = Lhoks 1eb%; 8 =
2946 29.5% CoH1EPS202. Calculated € =~ 33.5%, H = Tulf3 P = 11.9%;

S - 290 L)
2. O-gtlyl-S-bota-othylmerceptosthylnethylthiophoaphinate (GD=7),

To sodium ethylate, obtained from 2.3z (0.1 gram atom) sodium and
50ml absolute alcohol, was added lig (0.1 mol) O=tonoethylmethylthiophos-
phinate, then slowly abt 50° was added 12.4g (0.1 mol) beta~chlordisthyl-




sulfide, mixture boiled in a water bath for 2 howrs and the residus
sublimeted in a vacums, PFProduoe 18z of O-ethyl-S=beta-ethylmsrcapto-
ethyl-methylthiophospiinate ((D-7), !%ald 80% of thearetical, boiling
pmt?goagzm Hg, n°Up 1.5181, 40y 1,1)29, MRy analysed 60.55,
ca, : 20 e .

By mﬂiﬂ: c 37.“, 3606%3 B 705, 706%3 P 13.5, uoao
ol 7PS8202.

Caleulated: C 36:8%; H 7.6%3 P 13.5%
3¢ Owethyl-S-delta-ethylmercaptobutylmpthylthiophosphinatae (GD-84),

Produced by the above msthed from O-monoethylmethylthi phinate
sodium and freshly distiiled delta-chlerbutylethylsulfide /Hote:
delta~chlarbutylathylsulfide synthasized firon delts-oxybutylethyle
sulfide Yy reaciion with thiomyl ghlarido s Tield 60% of thecretiocal,
boildng point Th=75¢ =t &me Hg, n<Op 14695, Very wnstable o .
Data in literature gives boiling point 97-104° at 20mm Hg .
Yield 55% of thearetical, bolling point 126-126,5¢ at lms Hg, n
1,509k, 420y 1.0970, MRD analyzed 59.84, caleulated 69.86.

By analysiss Y M‘O‘, h2.2$; H 8'2, Boll%; P 1106, 1167’. 09H21P32°20
Calculated:s C 42,1%; H 8.2%; P 12,1%,
he O=othyl=S-gammetrompropylmethylthiophosphinate.,

Alcohol solution of O-monvethylmethylihiophosplinate - sediun, .
obtained from 28g (0.2 mol) Ow-monoethylmethylihiophosphinate and 0.2
mol sodimn ethylate in 70 ml absolate alcchol, added at 50° to a mixtwre
of 1i0g (0.7 mol) le3-dibrompropans and 30 ml absolute alcohol,
Resultant mixtwe boiled in water bath for 2 hours, after which the
separated sodivm bromide filtared off, alcohol and excess l.3-dibrompropans
distilled off and the residuve sublimated in 2 vacume. Production 27.lg
of) -etmrl-s-gamna-m'ompropylmthyltlﬁophospkﬁmge. Yield 53% of
thecretical, boiling point 106-107 at lmm Hg, n20p 1.5162, a20p 1.L0k3,
MRp anelyzed 5578, caleulsted 55.73.

% BrBy snalysis: C 27.7, 27.7%; H 5.6, 5.5%8; P 12,2, 12,1%. CgHy) 8o

Calculated: C 27.6%5 H SJli¥; P 11.8%.
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Ka  Ouatityle-S-gsrma-sthylmercaptopropylmsthylthiophosphinate (GD768),

. Mo l.bg (0,07 geam atem) of sodlum (divided by Bruhl's method
in 70ndl agsolute sther was added 10g (0.16 mol) ethylmevcaptan and
mixbure gtirred wrtil there wis total cessation of hydrogen liberation -
after ubich 1842z (0,07 m01) 0f O=sthyl-Segaime~brompropylnethylthicm
phospiinate was added & drop at 8 time, Then the mixture was bedled
in a weter bath for 2 hours, the sepsrated scdium tromide was f1ltered
off, ‘the ethier and excess ethylmeroapten dletilled off and the residue
sublimnted in 8 vacmm,. Production was 9.5¢ of) =ethyleS-gammi.
ethylmpr captopropylmetiylthicphosphinate (GD-78), Yield 508 8
theoretical, toiling point 1121140 at 2mm Hg, 2<0, 13,5121, .4<Y, 1.118L,

MRy anslyzed 65,03, caleulated 6542e

By sonlysis: C 39.h, 39.4%; B 7.8, 8.0%; P 12.4, 12.4%. Cg
BigPSy0z : ' | .

Caleulated: € 39.6%8; H 7.9%5 P 12.8%, _
fia Msthyleuifomsthylate of O-athyl-S-sthylmercaptomethylmethyl-

thiophcephinate (l-I-aITfi?).

Le 6 {0,075 mol) of O-ethyleS-ethylmercaptomstiylmethylihdophose
phinste snd 1,08 {0,075 mol) of dimethylsulphate in 3 ml abaclute benzens

- heated for 1L howr in a wabter bath. Then the benzene was driven off in

& yaouum sid the remsindng syrwp twice precipitated from chloroform by
sthey, After the ether was removed thers remalind an a8lmost colorless

syrupy methylsulfomethylate of O-sthyl-sthylmercaptomethylmathylihlow
phosphinete (M-137). Yield 2,2g {close to quantitative).
By enalysis: O 27.9, 27.8%; H 3.5, 3.6%; P 8.7, B.68. CaH21F8304,
Calovlated C 26,183 H 3.6%; P 9,10,

In & aimiloar monmer the following 'cowowda‘ provided ylelds
close to quantitative:

7. Hethylsulfomethylate of Qwathyl-Sebeta-stiylmercaptoethyl-
mmry?,mopmeph:ute {GD-42), n0p 1.5220. phosthyl

By anslysis: C 29.2, 29.3%; H 6.5, 6ulBe CgHp3P8306.
Guilenlateds © 290%, H 603’0

u6-



8. Methyleulfomethylate of O-ethyl-S-gamma-ethylmercaptopropyle
methylthiophosphinate (GD79), n20p 1.5169.

By snalysis: C 32.5, 32.1%; H 6.7, 6.7%; CyoHpgPS30¢.

9. Methylsulfomethylate of O-ethyl-Sedelis~-athylmercaptobutyl-
methylthiophogphinate (GD-85), n2Cy 1.5138.

By analysis:s C 3446, 3LeTE; H Tel, 7283 P 840, 7.9%.
Cy1H2783306.

Calculateds C 3L4e8%; B 741%; P 8.1%

Anticholinsgterase activity with relation to pseudocholinesterase
was tested by two methods., For purified horse serum (preparation
purified LO times) we determined the constants (Kyy) of inhibition
rate &t pB 7 and L0° (second of the two methods described in an srticle
by Re I. Volkova and V. A, Takovlew, 1959 /T17) in the absence of
acetylcholine and with concentrations of the organophosphorus compound
and cholinesterase close to stoichiometrice

For raw horse serum we determined Jgg - the concentration of
;g; organophosphorus compound which reduces cholinesterase activity by

L)

For true cholinesterase of defibrinated cowls blood we determined
only Jgo. Following conditions observed in making detersdnatioms. To
Iml blood we added 2 ml water or an inhibitor solubtion. After 10-12
mins of preliminary contact between the blood and the inhibitor
acetylcholine chloride was added (1 ml 1°10~3), After 2 minutes the
reaction between the cholinesterase and the acetylcholine wes stopped
by the addition of trichloracetic acid, The amowmt of acetylcholine
remaining undecomposed wes determined by Hestrin's method /12/. The
entire experiment was performed in & combrolled water chamber at 389,

The phaxmacologicsal effact was rated on the basis of the effect
of the preparation on the transverse and smooth musculatwre of amimals.
The effect on tonic muscle fibers was studied on an isolated m, rectus
abdominis of a froge We determined the concentrations of the organo-
phosphorus compowmds capable of doubling the tonic comtraction caused
by acetylcholine and the concentrations which induce residual contrace
tion with stimlation from the nerve. '

~7-



Ia evalmating the effect on the nontanic muscles of warn-blooded
aimls we Jdatermined the sindismm doses which intensifly the pesssimel
reaction of the gustrocnerdus of & cat (wethane anesthesia) with high

.ﬂeamncy stimulation of a peripheral segment of the sciatic nerve

In order to eveluate the effact on the smooth musoles we deter-
rdned the mixdxal doso which injected imtravenocusly cauwsed total spasm
of the tromchisl musonlature. The ConoetteResslar-lurpayev method

wae wsed /1,157,

Negative log Jpg of true cholinesterase
Log of inhibition rate af serum cho

R B
Nos CHp groups between sulfur atoms

Fig. 1 Antichoiinssterase actiom of the organophosphorus compownds.

studied,
1l = true cholinesterase; 2 « serum cholinsstersse;

A = indlostors of substances with a sulfide atow of sulfur;
B = with 2 sulfonium atom. .

-8-.
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Negative log of effective concentraticns and doses
oy

No. CHp groups betwean sulfir atoms

Fige 2 Fharmacological activity of the substances studied.
1 - dose (in mol/kg) osusing total tronchial spasm in a caty 2
concentration (in mol) causing residual comtracture of me
rectus abdominis of a frog. Other symbols same as in Fig, 1



Kasesrch Results

All the data on the biologleal effects of crgancphosphoras
corpounds are sumwcized in the table, In Mge 1 we have a graphic
representetion of reauits of determdning the anticholinssterese
activity, in Fige 2 the pharmacologiocal effect,

0y
Y ey~ ,,mﬁ,,,f/"‘ I
Nen, I

From the tabls @ can see that ia serdes of compounds (I) there
a9 1o real or yegular chuiges in biologlonl activity when the mumber
of metlylone groups n changes from 1 to 4. All fouwr preparations
. possess similar and ocaperatively low blological activity. All the
corresponding sulfonivum compounds (II) are mich mave aotive,

. cl”’ - ' ;/af:;“’
/s-(cn,)n-s—f?

o AN

1
| 1

Most important is the fact that quantitatively the incresse in
aotivity with the appearance of & positive charge changes sbruptly
depanding uni the mumber of msthylens groups between the sulfoniwm
and the ether atoms of sulfur, When there are ons or two mathylens
groups methylation intensifies activity hundreds or oven thounsands
of times (compare preparstions M-135 and M-137, GD~7 and OD-}i2). When
there ars thres methylans groups in batwesn the incresss is lsss
peonounced 599-?8 and GD-‘.’9§. With fowr grouwps the intensifiocation
is mirdoan) (GD-8L and QD-85).

With respect to comatants of rate of irhibiticn of cholinestersse:
eotivity the maximal incresse was observed with & separation of s
single wethylens growp (M-136 and M«137). In determining the Jgp of
true cholimssterass and the dossge inducing bronchial spasm, we fownd
the maximal incvease in activity when two methylene groups intervens
(0D~T and @Di2)e It 13 possible that this is related to the extrems
instability of the sulfonium compound with a single msthylens group.
Constante of inhdbdtion rete were dsterminad in other cases but in
determindng two typss of blological activity the rapdd hydrolysis of
the mreparstion in a water mdium may distort results towsrd lower
activity or render determination coupletely impossibls,

-l) -



In the mein pharmocological effects varied parallel to the change
in anticholinesterase activity. This agrees with the concept that
the pharmecclogical activity of the organophosphorus compomds under
study is besed on thelr ability to inhdbit cholinestersss. Qualitatively
the changes were always the ssme: both the sxticholinesterase and
pharmacologlcal. activity increased with methylation. Quantitetive
differences mey depend on the fact that the pharmacologicel activity
1z effectad by suwch factors ag the rate of develomment of the inhibitery
effoct, the alllity of the orgencphosphorvs compounds to activate ar
inactivate in the body {hydrolyeis), their capacity for rescting not
only with cholinssterase but other sngymes and protein bodies, the
distribution of the organophosphorus compound in the body, their greater
a lesser ability to stimmlate (nomenticholinesterese activity) the
cheline recaptors directly, etc.

Particularly indlcative in this respect are the results of
exrerimente on sn isolated m. rectus abdominds of a frog. The swrvival
conddtiong of the isolated organ were reduced ¢ aminimmm and thus
reduced the effect of mayy of the above mentioned side factors.

Yot it was this object which produced the most strildng results.
With two methylene groups between the sulfur atoms a preparation of
the sulfonium type - GD-4i2 ~ was S000-10000 times stronger then ite
snslog with divalent sulfur (GD-7). With thves methylens growps the
increase was only 166-175 times (GD-78 and GD-79). With fowr
mothylens grouna (Cf, table) between the sulfur aboms the a;:gau‘mco
;g .gu:;.fonimn sulfix incressed activity only 2630 times (GD-BL and
5) .

Mochanism of Activity Increase As A Function of Ondum Grouping

The guastion of the importance of ths fres positive charge and ita
position in ths organcphosphorus molscule for the blologleal activity
mst be discussed on the basis of modern concepts of the chemical
reuction batween cholinesterase and acstylcholine and organophosphorus
caapounds /15-227.

Twe hypotheges ere possible in the light of these concepte.

ls The constant pozitive charge asswes the establishmant of
an iom bond between the cation center of the subsbance amd the anton
polnt of the enzyme and thus orients the phosphorus orvganic molecule
with relation to the active surface of the cholinesterass, facdilitae
ting the xroaction of the ester grouping of the substance and the
agterase poiunt of the encyms.



2. The positive chargs has an induction effect om tha thio-
ather grouping of the organophosphorus compound, increasing the
offective positive charge on the phosphorus atom and thus facilitating
the reaction with the enzyms,

Both of these effects must facilitate the phosphorylation of
the chwlimsstearase.

It is probably tarme that both factors play a part im the reaction
of acstylcholine and cholinesterass.

Anion point Esterase

INUONANG JEmepanuL,
N NN N \Q
A nm\\\ ‘ﬂ:m \

+ "

& .
(CH )N Oy cp-0/ g;

4, Ths orienting effect of the positive charge wurt be msximal
in the svlfoxrimm organophosphorus compound in which the distance
betwsen the suifoniun sulfur and ths phosphorus ia closest to the
distance betwesn the quaternary nitrogen and the carbonyl carbom in
ihe soetylcholine molacule {a) while a reduction in this distance
(b) o an increase {c) mima?n the anticholinssterase action.

LRolinesterase

(-]
. By - T _:/O-CQ"O
m > =,

6
] ::§'>59;---s-?"0 =4t

g “s’:t>sg _____________ boerne = saprO il

. i“’)(: H l\C"’

In cases b and ¢ the formation of an ion bond between the
sulfoniun sulfur and the snion point of the enzyme facilitatea %o a
lessar degree (then in &) the reaction of the ester grouping of the
organophoaphorus compouwnd with the osterase point of the snayme.

The strongest andtcholinesterase effect and the grestest degree
of incresss in yethylation were obearved in a compound with a single
mlhylene groupe Caloulations show that for & compound with &
methylens group the distance betwsen the sulfr and phosphorus (h.ﬂ%
is nearest to the distance between the armmonium mitrogen and the
carbony) carbon in scetyloholine (L.7490),

-12‘-
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Thus the recurrent weakening of the effect of the charge in
the organophosphorus compownds studied ag the muber of methylens
groups inereased fram 1 %o 4 agree very well with the hypothesls that
the lmporbancs of the charge lies in its effect in orientation.

Be Imduciion effecct, let us now congider another possible
explanation for the increase in activity when the charge appears on
the suifur atomes The cation center developing in the molecule has an
induction effech, i.e., 1% induces a shift in the electron cloud along
the atum chain and activates the egter portion of the moleanle,
facllitating She mucleophilie attack from the esterase point of the
enzyme and increasing the mobility of the P8 hond vwhich is disrupted
in phesphorylation of the enzyim.

“5{43\@ /QCz",
oS [Ty am § A |
- ; \cn,

h

If this is so, we might expect that in an organcphosphorus compound
of a sulfoniwn structure there is an ineresse in reactive capacity not
only toward ths cholinesterase bubt toward wabs» ag well sines the
reactlon of an orgencphogphorus cempound with wator and hydeoxyl ieons
in analogous in mechanlsm to the reaction of the arganophosphorus
conponnd with the esterase point of cholinesterase lé?: Of course
the orientation influonce is not of inportance in the resction with
water.,

The winetics of the hynrolyeis of swllonium orpnoghosphorus
compounds wag stulled in an alkeline mediwn at 229 by potentionetric
titration. Valuas of Jogavithms of bimolecular consbants of the rate
of reaction of organophosphorus compounds with CH= are compared wita
constants of the eaction rate of cholinesterase of blood serun in

- 13 .-



Fig. 3¢ Ve cen see that the reaction capacity of sulfonium
organcphosphorus compounds with regard to CH- ions increases
regularly with 2 dacreass in the distance betwsen the cation
csnter of the molecule and the phosphoryl group. This increass
oceurs concomitantiy with the increase in anticholinestersse
activity. The greatest anticholinegterase activity

™
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N 17 %
5 | ] \\ \\vr 3
i . ~. 44 ]
3 N R “

7 \\ IX‘» o2 45 _§
g Z
Y e \\ ‘ g

o i : §
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: | i
- 4 ‘ k‘\ ! 2
4 ‘ l\'x 5%
ﬁ 2 ‘\..\J “‘0 % g
: g
2 S T

Yo. of CHz groupe bhotwaen S abtoms

Fige 3+ Ambicholivestervase activity and slkaline hydrolysis of suifonium
organcphagphorus conpounds «

1 = trus cholinesterase; 2 - purified serum cholinesterass;
3 « alkaline hydrolysis of organophosphorus compuunds (non-
logarithmic scale), Other designations sams as in Figs. 1 and 2.
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n that ation (with one matwlene 81‘0‘19) which s
%ﬁefgnugd %a pidly m..yzed. As the muber of methyleme groups
between the sulfur atoms increases both anticholinesterase activity
and hydrolysis become weaker, These facts agree very well with the
hypothesis that the mechanism of activity increase in arganophosphorus
compowmids as related to the sulfonium sulfur in the moleculs is an
induction effect which grows weaker as the chain grows longer.

The resulia obtained may be interpreted as deriving from the
hypothesis of the importance of the orientation effect of ths onium
center in the phosphorus organic compownd molecular as well as from
the hypothesis that the decisive role is played by the induction effect
produced by the cndwm center on the ester growp of the organsphose
phorus moleculse

t is still alfficult to decide which effest is the more impor=-
tant siwa the structure with a singls methylens group wes most
advantageous for both the orientation aud the induction effact: as
the number of methyleons geoups increases there is a concondband
weakening of both effscts alomg with biological activity. A quantita-
tive evaluation of both proposed mechanisms will be the subject of
fubwre investigations.
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