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SACTION OF DITHIOPI-DSPHIRIC ACID CHLORIDE E E T A I E  WITH 

BIF'JKTIOWL COPPOUNDS - A EEW WUTE TO CYCLIC DITHIOPHOSPHATES 

PANFED EISEL and CHRISTIANE CONATH 

Zentralinstitut fur anorganische Chernie der Akademie der Wissen- 

schaften der DDR, DDR - 1199 Berlin, Rudower Chaussee 

1 
Dithiophosphoric acid chloride pyrididium betaine, 4. .pS2Cl 

dely used for the synthesis of various wganophosphorus compounds. 

- I reacts in the presence of a base with an excess of nucleophiles like 

amines , alcohols cr thiols to the corresponding disubstjtuted thiophosphoric 

acid derivatives . 
In extension of this work it was famd that a new synthetic approach to 

five membered cyclic dthicphosphates &) is based cn the reaction of bi- 

functional compounds like pyrocatechol ci- c-phenylenediamine with 1. in a 

molar ratio of 1:l in the presence of a tertiary arnine. 

, can be wi- 

2-3 

axH base o - - x ' - P @ s  PyH+ + base.HCI 
S /-Y' ' - / YH - Py.PS2CI + 

X = 0, S ,  NH; Y = 0, S ,  Ntl; Py = pyridine 

The phosphole derivativesll-are obtained in 70-95 % yield. The 31P N4R 

chemical shifts of the phospholes are found in a range from 135 ppm to 

95 ppm typical fcr  dithiophosphoric acid derivatives. 

The exchange of 0 by S and NH inn leads to an upfield shift of d 3tP 

v,hich is caused by an increased shielding of the P nucleus. 

The failure of the stretching frequencies of free O H ,  SH and NH2 groups, 

respectively, in the infrared spectra of the compounds rnenticned above 

evidences the proposed phosphole structure. 

In the case of the reaction of 1 with pyrocatechol it has been proved 

that also an excess of nucleophile exclusively leads to the phosphole 

derivative besides unreacted pyrocatechol . 
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160 M. MEISEL AND C. DONATH 

l'.'c d d  not find any indication fcr  the fcrmation of penta a- hexacoordina- 

ted species as i t  was observed on the reaction of PqSl0 or 

4-5 with pyrocatechol . 
The phosphole derivatives 11 are stable crystalline 

pounds which can recrystallized from alcohols. On treatment with v/ater no 

hyckolysis of n takes place. In the presence of amines OT ammonia cnly the 

pyridiniurn cation is  exchanged. 

Like most dithiophosphoric acid salts 1 can be converted into the corres- 

ponding S-alkylesters by reaction with alkyl halides and c( -halcgen carbonyl 

compounds respectively: 

non-hygroscopic com- 

BH+ + wal - + [EW] Hal 

111 - 
d: X = S; Y = PH; R = Ct- Ph 2 
e: X = 5; Y = PJ!; R = Ct12COPh 

f: X = NIi; Y = MI; R = i4c 

a: X = Y = 0; R = ele 

b: X = 0; Y = NH; R = Fk 
c :  X = S; Y = IdH; R = Xe 

A comparison of the mass specb-a shov:ed that the corrpounds of t y p e 1  

and 1, especially the S-alkylesters own a very similarity in the fragmenta- 

tion pattern. 

Considering the reactivity of the corrtpounds of type& there are some ciiffe- 

rencec, . \Pllhereas, e .g . , Q and - 111 c do not react in boiling b'IeOk1 or CtCt! 
- 111 a yields under ring cleavage the o-hy8oxyphenyl-Gethyl-S-rrethyl dithio- 

phosphate: 

EtO, #S OH 

Me S /p\oo \ I  
+ EtOH- (Jy SMe 

On melting salicylamide v:ith I in different molar ratios two sixmerrbered 

cyclic thiophosphates are obtained: 
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A NEW ROUTE TO CYCLIC DITHIOPHOSPHATES 161 

d 31P + 88 ppm (d) 6 31P + 39 ppm (d) 

Accordin9 to their infrared spectroscopic data both compounds contain the 

thicc;;r!>onyl group. The sulfuration of the carbonyl group most likely occurs 

;n the first staze cf the reaction. The presumable mechanism consists in a 

primary interaction of the P-CI group of with the amido group of the sali- 

cylamide follovtcd by oxygen-sulfur exchange and, finally, ring closure to v. 
By alkylation of - IV with alkyl halides in acetone the corresponding S-alkyl- 

esters are dtainec! in 80-90 % yield. 

TABLE I 31P [SIR chemical shift of some cyclic dithiophosphates 

S c:: P<. - 

+ 130 

+ 121 

+ 125 

-t 121 

+ 110 

+ 77 
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I62 M. MEISEL AND C .  DONATH 

Different to the biphilic aromatic compounds bifunctional aliphatic nucleophiles 

do not rcact exclusively with 1. to the corresponding cyclic thlophosphates . 
The ratio of cyclic and acyclic conipounds formed by this reacticn deoerids 

on the molar ratio of the starting components. 

The best yields of cyclic corrpounds are h ta ined  by reacting of I with an 

aliphatic biphile in a molar ratio of 1:l , 

The 31P PIIR chemical shifts (table I) shov, a similar dependence on the 

atoms attached to phosphorus as it was found for the cirorratjc ckrivi t ivns. 

Furthermore dn increasing stiielaing is observed on the transition from rl 

five to a sixnernbcrcd r inS system. 

The structure of 211 prcpcirc,d cornpounds has been confirmed by i w z s -  and 

N,iF?-sp ec tr 0s c opi c inve s tjga ti on s . 
Surrvarizing our results it can be stated that v / e  have not found any 

restriction for the general applicability of this synthesis based upon ring 

closure reaction of brphiles v4th Fy .PS2CI. 
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