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Novel Synthesis of Isothiocyanatophosphoranes and Isothiocyanatophosphonium 

Hydroxy Groups into Thiocyanate and Isothiocyanate Functions 
Salts oia Ligand Substitution. Versatile Reagents for Converting 

By JANUSZ BURSKI, JAN KIESZKOWSKI, JAN MICHALSKI,* MAREK PAKULSKI, and ALEKSANDRA SKOWRO~~SKA* 
(Polish Academy of Sciences, Centre of Molecular and Macromolecular Studies, Boczna 5, 90-362 Lodz, Poland) 

Summary Alkoxy- or acyloxy-isothiocyanatophosphoranes 
(7) and phosphonium salts (12), prepared under mild 
conditions by stepwise ligand substitution from (5 )  and 
(ll), respectively, decompose in excellent yield into the 
corresponding thiocyanato (9) and isothiocyanato (10) 
derivatives, thus providing a new method of synthesis of 
(9) and (10). 

WE have previously shown the possibility of preparation of 
organophosphorus compounds of the general formula 
R1,R2P(NCS), (1) by addition of thiocyanogen (SCN), t o  
three-co-ordinate phosphorus compounds R1,R2P (2) (Scheme 
1).l Adducts of the type (1) decompose into alkyl thio- 
cyanates R3SCN or isothiocyanates R3NCS when Ra = 
0 ~ 3 . 1 9  

MSCN 
R1,R2 PCl, - R12R2P(NCS)CI 1 MSCN 

(3) 

(SCY 2 
R1zR2P -+ R1,R2P(NCS), 
(2) (1) 

SCHEME 1 

We here report the synthesis of (1) via stepwise ligand 
substitution of the corresponding dichloro adducts R1,R2PCl, 
(3) using a suitable metal thiocyanate. The application of 
this method is illustrated by Schemes 2 and 3 and the Table. 

SCHEME 2 
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TABLE 
Preparation of thiocyanato and isothiocyanato derivatives" from (4) and (10) 

(4) (10) 

Alcohols and acids 'Yielcib/ % RSCNc/ % RNCS/ %" Yicldb/ % RSCNc/ % RNCS/ %' 
MeOH 75 100 - 
EtOH so 100 - 85 100 
PrnOH s4 99 - 

ButCH,OH 85 60 40 88 100 
PhCH,OH 95 100 - 96 100 

MeCH(0H) [CH,j,Me 85 78 22 91 9 

MeC(0)OH 50 100 
(EtO),P (0) O H  55 100 
(EtO),P(S)OH 55 100 

PriOH SO 95 5 

[a]: - 31.5" [a]"," - 55.5' [a]i0-45" [ r ~ ] 2 - 5 6 . 2 ~  

a All products have i.r., n.m.r., and mass spectra consistent with the assigned structure. b Total yields of pure isolated compounds 
are based on the alcohols and acid used. C The percentage of RSCN and RNCS refer to their ratio in the products. 

The chlorophosphoranes (5 )  prepared a t  -40 "C from (4) 
and elemental chlorine3 were allowed to react with a small 
excess of potassium thiocyanate in methylene chloride in the 
presence of 18-crown-6 ethert at ca. -30 "C and gave (7) 
in quantitative yield1 (R = Et; 31P n.m.r. 6 - 77 p.p.m. ; 

PblSCNI2 + 
Ph 6Cl  CL- - Ph3PN=C=S SCN 

- 

gCN heat +Ph3P0 + RSCN 

(131 (9) 

SCHEME 3 

V N ~ S  1980 cm-l). Interestingly i t  proves much easier to 
convert (5 )  into (7) by treatment with 20% excess of lead 
thiocyanate in absence of the crown ether under the same 
reaction conditions. Formation of the intermediate 
chloroisothiocyanatophosphoranes (6)  was detected by 31P 
n.m.r. spectroscopy [R=Et ;  8(31P) -54 p.p.m.1. When the 

phosphoranes (7) were warmed to ambient temperature they 
decomposed to the alkyl thiocyanates (9), when R=n-alkyl, 
and to a mixture of (9) and (10) when R = secondary alkyl 
group. Commercially available (ll), which may also be 
prepared in sitzc from elemental chlorine and triphenyl- 
phosphine, has been converted under conditions described 
above into the phosphonium salt (12) [6 ("P) $39 p.p.m.; 
V N ~ S  1990 cm-l] in quantitative yield. A methylene 
chloride solution of (12) was allowed to react with the 
appropriate alcohol ROH a t  -30 "C to form the alkoxy- 
phosphonium salts (13) [R=Et ;  8 ("P) + S l  p.p.m.1.4 
The solution of (13) when warmed to ambient temperature 
gave (9) and (10) in excellent yield. The reaction of (12) 
with carboxylic acids and organic acids of phosphorus gave 
the corresponding acylisothiocyanates in good yields. 

Control experiments indicated that the isothiocyanates 
(10) are not formed by the isomerisation (9)+(10) and their 
formation is related to the ambident character of the SCN- 
anion. The methods discussed above can be applied to 
produce optically active (9) and (10). 
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t 1,4,7,10,13,1G-Hexaoxacyclo-octadecane; ca. 40 % stocheiometric amount. 

$ Yields of reactive intermediates (7), (12), and (13) were estimated from the 31P n.m.r. spectra; 31P shifts are reported as positive 
downfield from 85% phosphoric acid as standard. 
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