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Recent inventigatione /l-4/ on the stereochdetry of 

nucleophilio eubetitutlon at the thiophoephoryl centre gave 

a strong eupport to the view that bimolecular eubetltutlon by 

anlone involvee inversion of configuration. In a previoue work 

/4,5/ from thla Laboratory the invereion meohenlem was demon- 

etrated by transformation of one enantiomer of O-ethyl ethyl- 

phoephonothloic eaid into another by a eerie0 of two reaotione 

of which only one broke a bond at the asymmetric phoephorue atom. 
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,Invereion muet have occurred during the nuoleophilic attaok of 

the hydroxyl anion upon the thiophoephoryl group of the corree- 

ponding thiopyrophoaphonate system. 

In order to extend the previous results to other leaving 

group6 and nuoleophllee a etudy of ohloride-chloride exchange 

at the thiophoaphoryl oentre wae undertaken. A suitable model 

for suoh studio& O-ethyl ethylphoephonochloriclothionate, has 

recently been obtained by stereospeoifio eyntheeie from O-ethyl 

ethylphoaphonothioio acid by action of phoephorus pentaahlorlde 

/2,3/. Dlreot proof of hveruion at the thlophoephoryl centre 

war now provided by the demonstration that the rate of exchange 

between radioactive ohloride anion and the O-ethyl ethylphoepho- 

nochloriaothionate la equal to the rate of Invertion, e.g. to 

half the rate of raoemislatlon. Thie method, euccessfully applied 

in carbon ohemietry /6,7/, hae been recently extended to 

phosphorus /a/ and eilicone /9/. 

Raoemieation of (-1 O-Ethyl ethylphoephonochloridothionate 

LiCl + 
mo\ 

&-Cl - LiCl + 
l!to\ 

P-Cl 
E/l 

s s 

The rate of raoemieation of O-ethyl ethylphoephono- 

ohlorldothionate, [&I$5 -63.8’. ‘/0.2 M/ by lithium chloride 

/0.02 M/ in acetone*wae meaaured with a photoelectric Perkln- 

-Elmer 141 polarimeter /sensitivity *O.O01’/+at 25’ and 30°C. 

Reading6 were taken every 10 min. The pseudo-unimolecular rate 

con&ant was calculated from the equation k ho - /In &at . 
/where de andd(are the optical rotatione at t=O and time t, 
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that each dieplacement lnvolvee 

The rate conetane were obtained 

graphiaally. The results are eummariaed in table I. 

reepectively/ by aesumlng 

etereochemioal invereion. 
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TABLE I 

Rate-constant data for racemieatlon of Et/EtO/P/S/Cl, 

/0.2 M/ in acetone with lithium chloride /0.02 M/ 

Temp. 

Oc 

k rat . k rat . k inv. 

aeo. -1 
lseec. -1 *mole -1 l**ec.-‘.mole” 

25 3.6*10-5 1 A.10’3 9.0.10-4 

30 5.8*10’5 2.9.10-3 1.4.10-3 

30 5.3.10-5 2.6.10-3 1.3*10-3 

180 topic exchange 

Li36Cl + Rto’ ,P-Cl c Eta’ &l 
Et II E/g 

+ LiCl 

S 

The radioactive lithium chloride wae prepared from 

36Cl-labelled hydrochloric aold end lithium hydroxide, end 

the cryetalline product wae heated at 130°C for 3 houre. The 

isotopic exchange experiment8 were carried out with a reaoting 

mixture of Li 36 Cl /0.02 M/ end O-ethyl ethylphoephonochlorido- 

thionate /0.2 M/ In acetone kept in a cloeed glaae veeeel In 

a thermostat /* O.i’C/. In order to eepatiate the two reaotants, 
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2 ml aliquote of the mixture were ehaken with a mixture of 3 ml 

carbon tetraohloride and 13 ml water. In Independent experiment6 

it warn ehown that thia procedure enables oomplete end faet 

separation of lithium chloride and the O-ethyl ethylphoephono- 

ohlorldothionate. The 36 Cl-activity wae oounted with a glaee 

thin-wall Geiger-Mueller oounter, the reeulte being corrected 

for the different deneltiee’of organic and lnorganio fraotione. 

Valuee of the rate oonetant for the exchange reaction were 

calculated from k ex = ln2/(a+b) tli2, where a and b are the . 

concentrations of lithium ohlorlde and organic chloride. The 

half-time of the exohaage, tli2, wae detsrmined graphically 

from the function In/l-F/ vereue time, where F le the ratio of 

the organic phase after time t to that after the eetabliebment 

of equilibrium. In table II the oorreeponding valuee of the 

rate constants are listed, eaoh value being the mean from two 

or three determlnatione. The aotlvation energy of radiohalogen 

excbenge oaloulated from the date in table II ie 13.5 Kcal/mole. 

TABLE II 

Rate-oonetant data for radioohlorine exchange between 

Et/EtO/P/S/Cl /0.2 M/ and Li36C1 /0.02 AU/ in acetone. 

Temp. 

OC 

20 

30 

40 

k ex. 

l.eeo.-’ -mole -1 

6.2~10’~ 

1.3.10-3 

2.8*10-3 



No, 18 1923 

The equality of the rate oonetante k inv . and k ex . 
proves that thie reaction prooeede rtoreoepecifically with 

invereion of configuration. !&la reeult le 8 direot ooneequenoe 

of the etereoahemletry of the traneition etate involved. 

The franeition state /or intermediate/ is aeeumed to be of 

a form a trigonal bipyremid. Suoh a transition etate has been 

postulated for other nuoleophilio nubetitutlon reaotionu at 

pboephorue which prooeed with invereion of confipration /IO/. 

Although the queetion ae to whether the entering and leaving 

groupe oocupy axial or baeal poeitione ie not fully aettled 

/8,11,12/, the former euggeetion eeeme preferable on general 

chemlaal grounds /I)/. 

The reeulte of Hudson end Green /0/ end oure on the 

exchange reactione at the phoephoryl and thiophoephoryl centree 

are indicative of inversion 81 being the rule for the bimolecu- 

lar mechanic of Sg2-P eubetitution. 
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*/ Commsrclally pure aoetone wae refluxed with potaeeium 

permen~anate. It wae then dietilled end dried over calcium 

eulphate. Further purification involved the formation end 

subeequent deoompoeition of acetone-eodlum Iodide complex. 

Reailting acetone wae fraotionated through a column. 

!! The. authors are indepted to Prof. dr. F. Cramer who kindly 

provided ua with acceee to Perkin-Elmer 141 polarlmeter. 


