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An Expedient Synthesis of Symmetrical Tetra-alkyl 
Monothiopyropho~phateses. 

RomanDembidski,Aleksan&a Skowobka and Jan hGhaW 

Abawdz The lt3auim of re&ily Wailsbk dislkyltrimaulylsilyl ph@lkoo (Ro)#OsiMe$ wilb suWur 
dichlori& Iti to t&HlkylQWWwth~ (RO)zp(o)sp(oxOR)z 1 in hi@ ybld. The 
method ia suitable for the syntbmis of tctra t-httyl v Id. 

Oligoanhydrides of phosphorus acids are essential compounds in the storage of chemical energy 

and metabolism regulation in living organisms. Theiisulfuranaloguesareofgrowinginlportancein 

biological studies including the sym-thiopyrophosphoric acid (HO)2P(O)-S-P(OxoH)r.1 

Monothiopyrophosphates can exist in two isomeric forms 1 and 2 as well as the conesponding acids 1 

and 2 (R=H-). 

Synthesis of the compounds 2 is based on phosphorylation of the diallrylphosphorothioates salts 3 

or other procodurcs in which this reaction is involved as a crucial step. Wts 3 am always phosphorylated 

on the hard oxygen cartre.2 It has been demonstmted that the structure 1 is not involved in these 

phosphorylations.3 

The unique route of formation of the structure 1 via dialkoxyoxophosphor sulfenyl chlorides 4 has 

been discovered in this laboratory. Sulfenyl chlorides 4 react with the PII1 ccntre to form the 

>P(O)-S-P(O)< system.4 
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Thcrcaction(2)isvcry~~ykpcIldentanliprayln81thCtricOOrdinatephwphorusSandonlywhcn 

R’=SiMq leads to the qw- thie 1 in a very high yield4. 

Our more recent efforts were dire&d towards tbe synthesis of the thiopyrupbosp&ates containing 

substituents that could serve as protective groups which are removable without break@ up of the >P(O)- 

S-P(O)< system. Having this in mind we decided to investigate the reaction of diallqltrimethylsiIy1 

phosphites 5 with sulfur dichloride. We have folmd that the reaction of two equivalents of 

diltknethylsilyl phosphite 5 with one equivalent of sulfur dichloride #s very smoothly at low 

tempcmtwes and provides the thiopyrophosphates 1 in high yield. 

2 
Y 

,P-osIh+ + sa,- @Ok$-S-fl(oR)z + 2CI--SiMq (3) 
Ro 

I 0 0 
1 

Table 1. Syntbesii of m-monothiopynqhoaphaks 1. 

R y (%) 831PNhiR 

18 Me 95 17.8 CH2Cl2 

lb Et 85 16.0 CDClj 

le i-R 90 13.7 cDC13 

ld6 t-Bu 95 6.1 Et20 

le t-BuCH2 82 16.3 CDC13 

If R2=Me$(CH& 91 6.7 cDC13 

Dialkyltrimethylsilyl phosphites 5 were prepared from the appropriate dialkyl phosphitea and 

trimethylsilyl chloride in the presemx of triethylamimz7 The reaction was carried out in dichloromethane 

or die&y1 ether under strictly anhydrous conditions in an argon atmosphere. Small amounts of impurities 

wm~~bychromatographyonsilanisedsilicagel.Bytbemethod(3)wewaeabletopnparefor 

the first time the tetn-t-butyl thiopyrophospbte Id (R==t-Bu). This compound which decomposes slowly 

at room tempemtum was prqarcd in 95% yield. 
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O=ala%craneeoftcmpsrahrrw wehilcdtoob@aveby3’PNMR8pe&mcqfamadionof 

suWmy1 chlorides 4 and phosphnium intamediates 6. 7 and 8 at any phaw of the reaction (3). 

Intermediatesofthesctypulltwebeen ohuvedarwinthecaseofakoxys&stitwnts.~.8onecan 

consider two ways of formation of the tbiopyqh@w 1 which arc inhated in s&me (4). 

Ifthspathway~bendcisinvolvbdoaemustcrcceprthattfie~onbetweensulfmylchlorideI 

andthe&imethylsilylpbosphittS(stepb) ismuchfastertbcntbeconvaGmofthepborpboniumsalt6 

intothechloridc4(stepa).Asimilarwsumptionis lwccaaq to explain fomwion of the diphoapllonium 

salt7viatbep&waydande.Awxdiagtoourexpuiuw theformerpathway(a,bandc)seemstobe 

more likely. 

A solution of sulfur dichlori& (1.035, 10 mmol) in methylarc chloride or dicthyi ether (10 ml) ~89 

added dropwise to a stirred solution of two equiwkkts of dialkyltrimethylsilyl phosphh (5) (20 mmol) 

in 10 ml of CH2Cl2 or Et20 at -UPC. The solutkm was stirred until ambient tempaahne wwR!achai. 

stirring was conthcd for anotkl 15 min. The Jolvent was cvapolated off at rahced piwsure. If 

purification was rquircd the liquid compounds (1 a-c) were pmitial by column cluomatogqhy using 

silica gel 60 silenissd (dimethylsilan derivative, 63-200 m Muck, 1:40 by wei& eluent benzew- 

chloroform); compowxls (1 a& were rc4xyJtallized hmdiethyl ether - hexane. 

Thcspectrosoopicpropaticsofthctlli~l8~afein~ withauthe&sampl~ 

and tbcir purity was confinned by elemental anulysis and MS. 
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