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Attempts to devise stereochemical Walden aycles in order 

to establish inversion of configuration at the asymmetric 

phosphoryl and thlophosphoryl centres were so far only part- 

ly successful (1,2). It was desirable, for the puqose of 

carrying out stereochemical studies of displacement reaction 

at the thio~~hosphor,yl centre by Kenyon-Phillips method (3), 

to have ootioal1.y active compounds of special grogerties. 

With this end in mind the optically active (+)triethyl ethyl- 

pyrophosphonodithionate (II), Et(EtO)?(S)CP(s)(QEt)2, was 

prepared by condensation of (-)sodiun C-ethyl ethylphosphono- 

thioate with diethyl ~hospborooh~or~dot~~onate. 
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Study of the ;jyroThosohorodithionate sptem>~(S;)O~'(t)( 

reveals a considerable change of susccptlbilit;r of tFe 

ohosohorus atom to nucleooh%lio attack when an ester bond is 

reolaoed by the direct C-P bond. Yor instance, the nuoleo- 

philic fission of the (+)oyrophosohonodithionate (II) hg 

methoxide anion affords the (+)meth,vl ethyl ethyl:~hospliono- 

thionate (IJI) and diethpl !phosphorotF:ioic acid. 
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The attaok of the reagent j.s directed on the more eleotro- 

philio ghoaphorus atom containing the C-? bond. ','liiS i:: 

consistent with the hic:her reactivity of uhos~~lonothionates 

than that of L>hosnhorothionates towards nucleophilio reagents 

(4). The lack of ootical activitv of the acid fraction is 

indicative of a unidirectional course of this delradation. 

it was reasonable to expect that the attack of the 

hydroxide anion will I'ollow the same sattern. iience, 

alkaline hydrolysis of (+)p.vroohosphonoc!it?_ionate (II) was 

chosen to prove the inversion at the thiophos;horyl centre. 

Vhf2 sanole of (+)(I;),L~lL~;:~..~~O, was h.ydrol.ysed in an 

excess of aqueous hvaroxidc to {yive, after acidification, 

(+)+ethyl ethylllhosallocot;~ioic. acid (I) and diethvl 

ahosohorothioic acid. !+I(‘!- .th.vl et‘r!.l?hoslJhonott~ioic acid 

(T),;*Jh+lS.!~iflq isolated from the mixture b:/ distillc.tions 

;has a rotation sipn on;)osite to the startin;: one. 



No.23 1781 

U ~4 t 1. Qi< t 

I 
05x _ ON 

,,t-. -_Ljy 
L. 

i 
Et-+ - 0 -+t JQP Edou + cEto)qso- 

.: s S ii 

(z),Lo(JL-14..350 (II) ,LajD+29.85' (I),Loc] +12.90° D 

This shows definitely that reaction of (+)pyrophosphonodl- 

thlonate (II) with hydroxide anion Involves Inversion at the 

asymmetric thio?hosphorpl centre since In the formation of 

(+)anh,vdrldc (II) LO-phosphorylation of the (-Jacid (I)] no 

bond is exchanged at the asymmetrio phosphorus atom. This 

reaction sequence comprises the example of a Walden cycle 

InvolvlnE; phosphorus. The stereospecificity of the hydrolysis 

is 9%. The decrease of optical activity (10%) of the 

(+)acid (I) in comoarison with the startinp: (-1aci.d (I) is 

most likely to be due to other factors than retention 

mecPSanisms. 

In view of the reasonable assumption that the nucleo- 

ohillc attack of the hydroxide and of the methoxide anions 

-on (+)pyrophosphonodi.thionate (II) follows the same sterlc 

course (li), (+)ester (III) is ex;jected to have a configura- 

tion like that of (+)aoid (I). Yoreover, alkaline hydrolysis 

of (i-jester (III) affords (-Iacid (I). 
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Therefore, alkaline hydrolysis of (+)ester (III) should 

oocur with inversion of configuration. 

Resides the reactions outlined above, (-)ester (111) 

and (+)pyrophosphonodithionate (II) were synthesized star- 

ting from the (-)&ethyl ethylshosphonochloridothionate (IV)(6). 
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The fact that (-)ahosohonochloridothlonate (17) and (+)p.yro- 

phosphoncdithionate (II) can be converted by methoxide anion 

into methyl eth,yl ethylphosphonothionate (III) of oa;)osite 

configurations, strongly sup:jorts the assumption that (-)(IV) 

and (+)(]I) have also opdosite configurations. !Ience, the 

reaotiou of (-)acid (I) with ohosphorus pentachloride and 

conversion of C -)(IV) into (+)(Ti) should qocceti with 

inversiorL. 

The interrelations and pro:>osed relative configuratiocs 

are represented by the scherre given below. 
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e Neat compounds were used for all specific rotation 

determinations mentioned in the paper. 


