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A NEW SYNTHESIS OF THIOPHOSPHORIC ACID ESTERS WITH A C-S-P BOND 

Chrlsta E. MatIer’ and Hennann J. Roth 
Pharmazeutiscfws Irrstihd, Univsrs~~t TUbingen, Auf der Morgenstefts 8, P7400 TUbingsn. West G8f’mmy 

Varbus S-substiiuted thiosuccinimkfesla-d and thiophthalimides 2a-d were found to react with triaikylphosphites 
acccrding to a Mbhaelis-Artruzov type mechanism. This provides an efficient way to prepare thiiphosphcrb acid esters, 

particularly thiiphospholipkts, with a C-S-P tbnd. 

Thbphosphorb a&t esters wfth a C-S-P bend (phcsphcmthblates) are of spscbl interest as pesticiiest and as thb 

analogues of naturally occurrbg phcspholipids with phospholipase-inhibitory,2 cytostatic. or hypotensive activii.s They 

are often prepared by the reaction of sulfenyl habgenides with Bcoordinate phosphorus esters.4 These sulfenyl 

habgenlde reagents are extremely labile and their reactions often yield habgenated by-pmductss 

S-substituted thibimbes are known to react as electmphilic thbf derivatives with a number of nucleophiies. such as 

thiols, amines, alkoxides, and pyrrc1es.s Harpp7 used the reaction of thbphthallmkfes with tris(dimethylaminc)- 

phcsphine to desulfurlze thiiirnides. We found that thiisuccinimides and thbphthalimkfes spontaneously react with trl- 

alkylphcsphiies according to a Michaelis-ArfxJzov type mechanism to yield thbphosphorb acid esters and N-alkylimkles. 

The exothermic reaction takes place extremely rapidly at any temperature and provides a convenient synthesis of 

thiiphcsphortc ackf esters. Thbimkbs are easy-to-prepare. highly stable precursors. The reactions were carried out with ’ 

two different phcsphites, namely trimethytphosphite and trb(trfmethylsilyl)phcsphite, and various S-alkyl and -aryl thb- 

derivatives of two diierent imktes, succinlmtde and phthalimide. Broad applicability of the new method was thereby 

demonstrated. 

Miihaelii-Arhuzov 0 
?R rearrangement QR’ 

F-OR’ - RS-E-OR + 

OR r.t. 0 
b 

Thiisuccinimldes (TSI) la@’ 
Thbphthalimkfes (TPI) 2a-d 

R’=CHs : 3&d 0 

R = Si(CH3)s : 4w 

**see table for R 

4a-c 1. solvolysis t R&r HsN+a 

2. cycbhexybmM 8 
5a-c 

Thiiimides were prepared as descritr4.s S-substiiuted dimethyl phosphoric acid esters 3a-d were obtained by slow 

additbn of 10 n&l of freshly diilled trfmethylphcsphite in 10 ml toluene to 10 mmol of the appmprfate thiosucdnimkle 

(TSI) la-c or thbphthalimkb (TPI) 2,d in 20 ml toluene at r.t. The solvent was removed in vat&. Ths product was 

puritii by distillatbn (3a.h) or sfllca gel column chromatography with a dichbmmethane/methanol gradient (X,d). 
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Phosphoric acid esters 5a-c were synthesized anabgously, by adclttbn of tris(trimethylsilyl)phosphitee in toluene to the 

thioimides lb-d, or 2c. respectively. in wacuo, the silylatecl phosphoric aclcl esters were 

solvolyzed by addltbn of 10 ml ctbthyl ether and 5 ml methanol. The precipitated imide was removed by filtration. The 

phosphoric acid esters were precipitated by addition of an appropriate amount of cycbhexylamine, collected by filtratbn, 

and recrystrallized. 

TABLE. Synthesis of Thiophosphorb Esters 

compound R precursor yield[%] 31 P-NMRa m.p.pC] or lit. m.p.pC] or 
Wwml b.p.PC/mmHg] b.p.[oChnmHgk 

-_cII~-_l-~-~~-----_~---_~~-_I^-__1-----__~-~~-~--~--_---_.~---__-_____________ 
3a c&is TSI 15 67 

TPI 28 72 
83/0.01 70-75lO.005’ 

3b 
G 

36.65 92IO.007 90-95IO.005’ 

SC n-r+Hs7- TSI lc 
z 

-31 .a9 38 
TPI 2c 

3d TO-18” TPI 2d 74 29.74 45 46-48” 

5a csH&+- TSI lb 83 16.770 172 

Sb n-Q&7- TSI lc 64 21.15 151 

SC TG-145 TSI Id 4s 14.00 5s 
me--- _--__ _- _____ _ _____ - --____ - __I_ - _-_____ - _____I_ _I_______ ____ _ ----1----11----1 --ll_-_____-__ 

b “&$O~S- 

cCHCb:methand 1 :l 

TG-14 : n-13; m-27 
0 CnH, 

;I 

TGls : n-17; m-35 

Further work is to .ba done on the synthesis of thbphospholiplds with a C-S-P honcl, e.g. thbphosphatidylserlne and 

thb-anabgues of Platelet Activating Factor which have up to now not been described in the literature 
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